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ABSTRACT

A sensitivity study was performed to test the impact on core damage fre-
quency stemming from the assumption of the failure of isolation valves to
close following a high energy 1ine break outside drywell. The pipes connect-
ing the reactor pressure vessel to the reactor building were identified, and
their rupture frequency was evaluated. The time available for the operator to
respond before all equipment located in the reactor building fails was esti-
mated. Event trees for large, medium, and small pipe breaks outside drywell
were prepared in evaluating the core damage frequency. Comparison of the
results with the case of successful operation of isolatfon valves is given.
The study concludes that the main contributors in the case of successful
operation of isolation valves is the large LOCA outside drywell, wherezs, when
:‘aﬂuro of isolation valves is postulated, both med'um and la~ge LOCAs become
mportant,
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PREFACE

This work was prepared for the NRC which requested it within a one man
month time frame. This dictated the use of all readily available information
and refraining from physical analyses. Some of the phenomenologica’' assump-
tions are approximate; hence, more accurate analysis may result in a somewhat
different contribution to the core damage frequency for the medium LOCA out-
side the drywell (the major contribution to core damage frequency in this
study). Nevertheless, the fdentification of the relative hierarchy of con-
tributors is believed to be reasonable.
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1.  INTRODUCTION

1.1 Background

The SNPS-PRA! considered LOCA outside the drywell (LOCA in the Reactor
Building) in two ways:

a) Interfacing System LOCAs: Appendix F of the SNPS-PRA estimates the initi-
ator frequency and the core damage frequency for this case. The BNL
review? of the Shoreham PRA re-evaluated the initiator frequency as well
as the core damage frequency, and found an increase of about a factor of
five in the core damage frequency. The results from the BNL review are
included in the present study without elaboration, and more details can
be obtained from Appendix C of Ref. 2.

b) High energy line breaks inside the Reuctor Building: The SNPS-PRA
included in its analysis only pipes larger than 6 in. in diameter, on the
premise that, 1f not automatically fsolated ample time is available to
isolate breaks in these smaller lines before adverse containment condi-
tions are generated. The frequency of unisolated line breaks downstream
of the outboard isolation valve was calculated to be relatively small,
The BNL review of this part agreed with the SNPS-PRA, as discussed in
Appendix C of Ref. 2. [In the SNPS-PRA and the BNL review, all the isola-
tion valves were assumed to be capable of operating under a postulated
break and the resulting break-flow conditions; random failure of valves to
operate was used in both studies.

It fs shown in Ref. 2 that interfacing system LOCAs are the major con-
tributor to LOCAs outside the drywell (see Table §).

1.2 Objectives

This study is a special consideration of case (b) above stemming from the
assumption of the faflure of the corresponding isolation valves to close fol-
lowing a line break outside drywell. NRC requested BNL to re-evaluate the
core damage frequency from high energy |ine-b~eaks outside the drywell (same
as case [b] sbove) under the assumption that most of the isolation valves may
not be qualified to close under break-flow conditions, 1.e., assuming the
fatlure of the f{solation valves. Under this assumption, there s
a need to examine the rupture of any pipe (regardless of diameter) opening a
path that leads from the Reactor Pressure Vessel (RPV) to the Reactor Build-
ing, for potential adverse environment or flood effects.

This assumption obviously increases the contribution of the high energy
line breaks to core damage frequency and requires consideration of other lines
connected to the RPV of diameter < 6 in.

This study considers the following questions:
(a) What would be the increase in core damage frequency due to the assumption

stated before, 1.e., the failure of isolation valves to perform their
function?



(b)

What would be the contribution to core damage frequency from each pipe
connecting the RPV and the Reactor Building?

(c) What isolation valves would be impcrtant for mitigating the outside dry-
well LOCAs?

(d) What is the characteristic time available for operator action?

1.3 Scope
The scope of the BNL study was defined to cover the following:

(a) To identify any significant* high energy lines leading from the RPV to
the Reactor Building with a potential for affecting safety systems, if an
unisolated break were postulated.

(b) To estimate the change in SNPS core damaye frequency relative to the
SNPS-PRA! and BNL review? due to the following assumptions on the opera-
tion of isolation valves following the occurrance of a line break:

(1) The Main Steam Isolation Valves (Inboard and Outboard) on all four
main steam iines will {solate in all the cases considered, having
the failure rates shown in Table 1 (discussed in Appendix A).

(2) AIl check valves will close on reverse flow as designed with the
failure rates shown in Table 1 (discussed in Appendix A).

(3) A1l other isolation valves will fail to close when receiving their
signal to close. No partial closure is assumed for these valves.

(4) Manual valves are assumed tc be available for isolation if access-
ible by the operator. :

(5) Remote operated valves that do not receive automatic closure signals
upon sensing break conditions are identified. Howevar, no credit is
given Tor them in this study.

(¢) To provide the 1ist of the more important isolation valves from the
standpoint of reducing the core damage frequency.

(d) To provide some crude insights on the time available for the operator to
respond to such accidents.

1.4 General Description of the Problem Evaluated

The Shoreham Reactor Building surrounds the MARK Il containment structure

(the drywell). At its lowest elevation (referred to here as Elevation 8), the
building is an open cylindrical compartment, i.e., there are no barriers in
Elevation 8 compartments. This open area presents the possibility that exces-
sive water released into the compartment may adversely affect the ECCS

*The contribution from downstream moderate enerqgy lines of a system was
neglected if it was estimated to be smaller than the contribution of the
lines upstream.



equipment in Clevation 8. The SNPS Reactor Building has openings between its
floors, and a line break at a high elevation will affect the entire reactor
building (see section 3.1 for more details). Figure 1 provides a general
description of the SNPS Reactor Building Elevations.

Figures 2a and 2b show lines that connect the RPV to the Reactor Building
and provide a potential path from the RPY to the volume of the Reactor Build-
ing in the event of a break with a failure of the pertinent isolation valves
to close. These figures do not show all isolation valves, but only those that
are designated as containment {solation valves. In some cases, the most
important being the RWCU, other valves are available to the operator for
remote line isolatifon from the control room; these valves are not shown in
Figures 2a and 2b.

A list of the lines emerging from the RPV and some additional information
associated with these lines ?sizo. type of isolation valves, and process or
:;::gt):y 1ine) is given in Table B.1 of Appendix B (reproduced from the SNPS-
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2. EVALUATION OF PIPE BREAK FREQUENCIES

This section covers the evaluation of the Vrequencies of high and mod-
erate energy pipe breaks excluding interfacing LOCAs. The interfacing LOCAS
are addressed in Aopendix C of Ref. 2 and the results are included in Tables 2
and 3.

The pipes considered in this BNL study are listed in Appendix B. All
Iines which are associated with General Design Criterion (GDC) 55 are analyzed
in this BNL study.* In addition, the Transversing Incore Probe (TIP) Drive
Guide Tubes (GDC-57) are considered. All other lines referred to in Table B-1
as GDC-56 or 57 are not connected to the RPV; they are mainly connected to the
Suppression Pool (the routing was rechecked).

The SNPS-FSAR? was the main source for determining the number of pipe
sections and valves or other discontinuities on each line. The {isometric
drawings of pipe routing in the Reactor Building shown in Appendix 3C of the
SNPS-FSAR were used. They were compared with the system-specific drawings
given in the other FSAR chapters. The summary of this task is presented in
Appendix C of this report.

The evaluation of pipe break frequencies was made with the failure and
unavaiiability data summarized in Table 1. The bases for the values shown in
this table are further discussed in Appendix A, The failure and unavailabil-
ity data were used with the number of sections and valves or discontinuities
fdentified for each line, to compute the frequency of line breaks. The sum-
mary of this task is presented in Table 2. An example of this computation is
shown in Appendix C.

The results of Table 2 were next grouped fnto seven different cases:
(a) Large Interfacing LOCAs (Liquid discharge through break)
(b) Large LOCAs outside Drywell: (1) steam and (2) liquid discharge
(c) Medium LOCAs outside Orywell: (1) steam and (2) 1iquid discharge
(d) Small LOCAs outside Drywell: (1) steam and (2) liquid discharge.

The combined frequency in each group is shown in Table 3. Note that the
LOCA frequencies of the large and medium breaks groups are dominated by the
line breaks of a single system. For the liquid breaks, it is the RWCU, and
for the steam breaks, 1t is HPCI and MSL drain systlu!. In the latter case,
the 10-1in. HPCI 1ine break has a frequency of 3.5x10-°, while all other line
breaks which contribute to the large LOCA steam line break have a frequency of
3% of that of HPCI. Similarly, in the case of the Main Steam Line (MSL) drain
break, its frequency is 92% while the RCIC break frequency is only about 8%.
Therefore, in the rest of this study, when discussing large or medium breaks,
only the line breaks of the dominating systems are included; namely, the HPC!
10-in. Tine break, the RWCU 6-in, and 3-in. line breaks, and the MSL drain
3-in. line break,.

¥In References | and 2 consideration was given to large break LOCA outside the
drywell, 1.e., 1ines which are 6 in, in diameter Or more.



Table 1

Summary of Failure and Unavailability

Data for Pipes and Valves

Failure Rate (Mean)
. Break Non-Break
Component Failure Mode Exclusion* Exclusion
Pipes > 3" Rupture 8.6x10-'/hr 8.6x10~1%hr
(per section)
Pipes ¢ 3" Rupture 8.6x10-%/nr 8.6x10-%/hr
(per section)
Check Valves Severe Internal - 3.3x10=3/yr
Leakage
Rupture 1.5x10=%hr 1.5x10=%/hr
Motor Operated Failure to e 8x10-3/d
Valves (MOV) Operate
(w/ command
faults)
Failure to - 6x10~3/d
Operate
(w/o command)
faults)
Two MOVs (CMF) - 2x10-3/d
Rupture 1.5x10=2%hr 1.5x10=%/hr

*Break Exclusion pipes and valves are those which are designed to criteria
provided in Appendix 3C of SNPS-FSAR. The criteria specifies higher design
margins and quality control than for the standard pipes and valves.



Table 2 Estimated Frequencies of Breaks Outside Containment
MUMBER OF : INITIAL
BREAK] L | S | v | isouavion  wvaLwEs BREAK ESTIMATED DESCRIPTION OF THE CASE ANALYZED
BREAK  LOCATION SIZE | 1]E|n ASSINED | FLOM: FREQUENCY
N JC L | VALVES FAILURE STEAM OF BREAK
- CASE EJ T |V ] DESIGNATORS PROBABILITY] Om llﬂllh OCCURRENCE
Sjt1]¢
als
N
s |[(*)
Main Steam 1821-A0vV081 Break exclusion section and valve between Reactor
Line 1 " 4] 1] 1] Inboard MSIV 6.06-3 steam 5.06e-8 Building penetration and the outboard MSIV.
(Elevation 78).
1] rl 4] 1] 0] Inboard and 2.0e-3 steam 6.06-9 | Break exclusion section fros outboard MSIV up to
Outboard the Jet-Impingement Barrier. (Elevation 78).
NSIV 1821-
AOV082 )
Main Feed- Break exclusion section and testable check valve
water Line 1 18" 211 ] 1 | Check Valve between reactor building penetration and the
FOO2 A/ 3.%-3 steam 1.4E-8 | testable checkvalve. (Elevation 78).
Testable C.V, Break exclusion sections and 1821-MOVOISA/B from
1" 18° | 2| 3] 1] 1e21-a0v036 | [3.3-3F stesm 7.86-11 | testable check valve up to the Jet-Impingement
A/B and C.V, Barrier (Elevation 78).
FOOZ A/8
High Pressure Break exclusion section and valve between Reactor
Coolant Injec- : 10" L1} 1| IE4L-M0v0s) 1.0 steam Z.1E-6 | Bullding penetration and the outboard isolation
tion (WPCI valve IE41-MOVO42, (Elevation 66).
Steam Line
n 10" 1 1 6] 6] IE4L-mOvVOAL 1.0 steam 1.46-6 Non break exclusion sections and valves from
and 1E4L- outboard isolation valve up to WPCI turbine. Four
Hovoez openings (24 hrs each) per year of valve MOV-042
are assumed. (Elevation 66 down to elevation 17).
il 1" 1| 17] 17 1E4L-MOvVO48 1.0 steam 1.06-3 Non Break exclusion sections and valves from
and Reactor Building penetrations up to the 1-1/2*
1E41-MOV04T HPCI/RCIC drain line to condenser. Normally
path. (Elevation 66 down to elevation 11).

* Tnis includes all discontinuities, i.e.: valves, pusps, reducers and heat exchangers (see Appendix A).



Table 2 Estimated Frequencles of Breaks Gutside Contatnment (Coniinued)
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Table 2 Estimated frequencies of Bresks Outside Containment (Continued)
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Table 2 Estimated Frequencies of Breaks Outside Containment (Continued)
NUMBER OF : INITIAL
BREAK] L S|y ISOLATION VALVES BREAK ESTIMATED DESCRIPTION OF THE CASE ANALYZED
BREAK LOCATION SIZE} 1 El A FlLow: FREQUENCY
» C ] L | VALVES FAILURE STEAM L 0F BREAK
CASE E T : DESIGNATORS PROBABILITY| OR LIQUID| OCCURRENCE
s 1
0}]s
Nt
s

Interfacing LOCA:

- RMR Shutdown 1 20°| 1]-]2]| - - Liquid
Cooling All four iInterfacing LOCA cases estimated on the

- RHR Head Spray | 11 4~ 1)]-12]) - -- Liquid basis of 0.02 for testable check valve unavail-
Line 3.06-7 | ability times 10-? for spurious MOV opening an-

-~ RERALPCE Injec.] 111 | 24* 2l-12] -- -- Liquid other 0.1 for probability of interlock fallure and
Line to Recirc. 0.1 for probability of low pressure piping to fall
Lines v 10" 212 -- -- Liquid before isolation. See detall in reference 2

- LPCS lajection (Elevation - 8 wp to elevation - 87).

LO-FOO8 and
Standdy Ligquid 1 1-172 111] 1] Inboard C.V. 3,3-3 Liquid 1.5€-8 | Break exclusion section of the SLC (Elevation 112)
Control (SLC) I j1-172 1j1]1 F007 [3.3-3)% | Liquid 1.0E-9 | MNon break exclusfon sectiom of SLC (Elevation
The above 112).
and Outboard
C.v. Foos
Control Rod
Drive (CRD) 1 1- 1.0 Liquid 1.0E-4 Scram Discharge Volume :Sﬂ) header rupture. (Non
1-172 break exclusion). The pipe break frequency is
taken from NUREG-0803. (Elevation 78, 63 and “).'
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Table 2 Estimated Frequencies of Breaks Outside Containment (Cont inued)

NUMBER OF : INITIAL
BREAKY} L |5, ¥ ISOCATION YALVES BREAK ESTIMATED DESCRIPTION OF THE CASE ANALYZED
BREAX  LODCATION SIZ2E 1JE| A FLOw: FREQUENCY
Nl C L] vALvEs FAILURE STEAM OF BREAK
CASE g : : DESIGRATORS PROSABILITY] OR LI OCCURRENCE

ols

i)

s
Recirc. Pusp ‘
Seal Injection 1 3N 2122 1.0 Liquia 2.06-7
Other 3/4" Tines | | e 1 20§ Valves of the| 1.0 stean 1.86-3
Branches from various sys- and
system shown in tem shown in Liquid (A1] elevation)
this table this tadle .
Sample Coolant
from RPY i R 112)2 1.0 Liquid 1.86-4
Reactor Pest
Accident Sampl- 1 i 1122 1.0 Liguid 1.86-4
tag system (PASS)
TIP Drive Guide s -
Tubes ] im| 4 2)2 11 valve Lo Liqutd 1.06-5 (Elevation 60).

and shear
valve




The small steam line breaks are mainly due to HPCI and RCIC bypass line
breaks (it is the case of a blowdown limited by the l-in. bypass line). This
will be referred to as the l-in. line break even though the lines are larger
in diameter. The small l1iquid line breaks are represented in this BNL study
by the RWCU 3/4-in. branches, and by the CRD SOV header piping rupture (repro-
duced from NUREG-0803“) which are about 1-1/2 in. equivalent aiameter.

Table 3 also includes, for each of the LOCA-outside-drywell groups, the
1iquid or steam break discharge flow rate at two different times:

(1) Initially, when the break occurs and flow rates are at their peak values,

(2) At about 30 minutes later after coolant injection is estahlished. Appar-
ently, these estimates do not include special operator action taken to
depressurize the RPV and to control the injection flow rate according to
procedures, for keeping the core covered at level 3,

These flow rates values should be taken as crude estimates. They were
obtained from NEDO-24708° for the purpose of providing some indication of the
time available for operator dfagnosis and response. The NEDO-24708 report
provides this information for the entire spectrum of break size under consid-
eration in this study.

14




Table 3 Summary of Frequencies of LOCA Outside Drywell

Break Flow Conditions*

Initial After 30 Minutes Inftiator
Break Location Frequency
Initiator Stm/Liq ib/sec Stm/Liq Ib/sec (Main Contributor) (Event /yr)
Large Size Breaks Steam 1400 Liquid <1200 HPCI** 3.6E-6
Steam < 300 (elevation 8')
¢ 6" Liquid 1200 Liquid < 700 RWCU 9.6E-6
- (elevation 112')
Total ¢ > 6 1.3€E-5
Large Interfacing Liquid 1200 Liquid < 700 LPCI/LPCS 3.0e-7
LOCAs elevations 87' down to
¢ 6" 8'
Medium Size Breaks Steam 120 Steam < 60 MSL Drain 1.0E-4
2" C 9 <A Liquid 400 Liquid < 250 RWCU 1.5€-3
(elevations 112'-126')
Total 2 < ¢ € 4.3" 1.6E-3
Small Size Breaks Steam 10 Steam < S HPCI/RCIC** ~3.0E-3
(elevation 8')
pc2° Liquid 25 Liquid <12 RWCU Branches ~1.5€-3
(elevations 112°'-150')
Total ¢ ¢ 2* ~4.5€-3
*Approximate crude estimates of steam or liquid discharge through break from NEDO-24708. The break flow

estimates for 30 minutes seem to
operator takes control of the injection flow

flow rates are expected to be lower.
**Break can occur between elevation 66 and 8, but the other break locations discharge through a pipe chase
to elevation 8.

to a case in which the core is flooded above level 8.

If the

rate, RPY pressure, and level (keeping level 3), then the



3. ASSESSMENT OF MITIGATION CAPABILITY

The effects of LOCA outside the drywell are discussed in this section
according to the three different groups: small, medium, and large pipe breaks
(see Table 3). Based on these effects, some insight on the time available for
mitigation 1s presented. The first subsection provides general information on
alarms available for diagnostics, containment sumps capacity and flooding
data, and some crude information on the containment atmosphere temperature
fncrease due to steam or saturated liquid discharges. The next subsections
describe the mitijation conditions for small, large, and medium LOCAs outside
the drywell,

3.1 Reactor Building Information

3.1.1 Instrumentation for Diagnostics

The following 1instrumentation and alarms are available to alert the
operator in the case of a pipe break in the Reactor Buflding:

-= Reactor Building ventilation isolation alarm
-= Reactor Building equipment sump level alarm in the vicinity of the break
-= Reactor Building floor drain sump level alarm

== Reactor Building flooding alarm at elevation 8 (see additional descrip-
tion below)

-= Area radfation monitor alarms
-= Reactor Building Standby Ventilation Exhaust high-radiation alarms

-« Area high-temperature alarms on elevation 8 and on the floor where the
break occurs

-~ Specific systems have their own break detection instrumentation such as
the RWCU, MSL drlin, WPCI, and RCIC.

-« PReactor Building low differential pressure alarms.

Most of these alarms are also sensitive to a small break LOCA of about
3/4-in, diameter but some set points will only be reached after about half an
hour.

The Reactor Buflding (RB) water level at elevatifon 8 s detected by two
RB level monitors installed on the RB floor. The flood alarms are activated
by the monitors when the water level is more than 0.5 inch above the floor.
The sump alarms will be activated when the water level reaches the sump alarm
setpoints installed at a level just below the leve! that activates the RB
flood alarms. Sump alarm sensors are installed at various locations in the
RB.

The area high temperature alarms include the following:
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== RCIC and HWPCI turbine steam line space high temperature (7 sensors
each). Isolation signal setpoint at 155°F (elevation 8)

-= RHR spcc; high temperature alarm (6 sensors) with setpoint at 175°F (ele-
vation 8

== RWCU space high temperature (18 sensors) isolation signal at 155°F (ele-
vation 112)

-= Main Steam line space high temperature (4 sensors per line) isolation
signal at 200°F (elevation 78).

-~ Main steam tunnel containment penetration area high temperature (4 sen-

sors) located in the area of MSL drain lines. Isolation signal at
140°F.,

3.1.2 Sump Pumps and Flooding Buildup Volumes

The open area of the elevatifon 8 floor is approximately 5,500 sq. ft.
This area s the total floor area minus the area occupied by equipment founda-
tions, columns, drain tanks, etc. Based on this area, flood buildup on eleva-
tion 8 1s 3400 gal/in.
The drainage capab111t1is at SNPS are:
== Reactor Building Floor Sumps - 2490-gal capacity
== Reactor Building Equipment Sumps - 1660-gal capacity
== Reactor Building Porous Concrete Sumps - 500-gal capacity.

These systems have a total sump capacity of 4650 gallons., The total sump
pump capacity is 640 gpm, as follows:

Four 50 gpm equipment drain sump pumps (elevation* 9 ft)

-« Six 50 gpm floor drain sump pumps (elevation* 9 ft)
== Two 20 gom porous concrete sump pumps (elevation* 9 ft)
«= One 100 gpm leakage return pump (elevation* 12 ft),

The leakage return pump 1s designed to process radicactive water. If the
floor drain sump pump indicators register radioactive material, all sump pumps
will fsolate. The leakage return pump can then be manually activated by the
operator. In addition, only the leakage return pump 1s powered from onsite AC
power,

It can be inferred that if flooding 1s not arrested before it reaches the
1 ft level above the elevation 8 floor (elevation 9), the sump pump capacity
may drop from 600 gpm to 100 gpm. This level corresponds to accumulation of

FIT water reaches this elevation, the pump is assumed to fail.
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about 42,000 gallons. Furthermore, since this study considers primary water
release, it is assumed that only the leakage return pump would be operating
(other sump pumps would be isolated).

RCIC, HPCI, LPCI/RHR, and LPCS are all located at elevation 8. It fis
assumed that they become disabled when water reaches 4 ft (equivalent of about
160,000 gallons) as stated in SNPS-PRA,!

3.1.3 Containment Atmosphere

The SNPS-FSAR? 1includes 1in Appendix 3C a few calculations of Reactor
Building temperatures for water and steam line breaks. Table 4 shows the re-
sults of one calculation for the discharge of 40,000 1b of saturated water at
RPV normal power conditions out of a 4-in. line break at elevation 112 ft of
the Reactor Building. In this deterministic analysis, the break was assumed
to be isolated by an RWCU fsolation signal at 40 sec after initiation of the
break. This break results in the accumulation of less than 5,000 gal at ele-
vation 8 that s equivalent to a water level of 1-1/2-in. above the floor. It
fs seen from Table 4 that a brea* of this size is rapidly affecting Reactor
Building atmosphere conditions.

The other calculations reported in Appendix 3C of SNPS-FSAR? are similar
and lead to the assumption that conditions of 212°F in the Reactor Building
elevation 8 will occur under the following circumstances:

(1) A RWCU line break discharging more than 500,000 1b. of saturated water.
This 1s approximately the amount discharged from a RWCU 3-in., 1ine break
fn 15 to 30 minutes (10 to 15 minutes for a 6-in. line).

(2) A MSL drain line discharging more than 100,000 1b of steam at RPYV norma!
power conditions. For a 3-in. MSL drain line break *his will occur in
approximately 15 to 30 minutes.

(3) A RCIC/HPCI 1-in, line discharging more than 15,000 'b of steam at RPV
normal power conditions, in a very short time, dirsctly to elevation
8*. A calculation given in NUREG-803 (see Section 3.7.1) shows that such
a rapid blowdown 1s not a typical case for a 1 in., 1'ne break, and there-
fore 212°F conditfons at elevation 8 from these line breaks are not
expected to occur**., However, temperatures hic%er than 140°F in eleva-
tion 8 can result when steam is discharged directly to this elevation
from a 1-in. RCIC or HPCI line continuously (see Section 3.2.1).

3.1.4 Proc!ggrg

Given a LOCA outside drywell, the SNPS procedures dictate rapid manua)
depressurization of the RPY by the ADS. This a:tion substantially reduces the
flow rate through the break, [f low pressure injection 1is provided at

"PCIC and WPCI steam 1inas are enclosed in piping chase which protects higher
elevation against a steam 1ine break in these systems. Therefore, for most
steam line breaks at higher elevations, steam will exit at elevation 8.

**The 15,000 1b discharge would cause the saturation conditions only 1f dis-
charged during a very short time, which is not the case here.
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Table 4 Reactor Building Temperatures at Several Elevations
Resulting from a 40,000 1b. Discharge

Equilibrium
Initial Max imum
Reactor Building Temperature* Temperatures
Elevation [°F] [°F] Comments
8'-0" 104 < 140
40'.0" " 148
63'-0" . 183
787 - 194
112" -9 . 217 Break location at
112'. Outside the
pump room temp s
177°F
150'-9* " 148
175" 9% . < 132

*Reactor Building humidity changed from 50% initially to 100%.
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about 200 psi, break flow may become only about one-half of the initial break
flow. If the operator controls the RPV pressure to below 50 psi, he may
reduce the flow rates to about 10% of the initial flow.
Given an RB flooding alarm, the operator is required to:
-« Monitor RB level to determine the approximate leak rate, and to ascertain
the approximate locatfon of the break (using additional sump alarms and
high area temperature alarm).

== Monitor parameters such as line pressures and flow rate of the safety
systems, as a leak may affect these system parameters.

«« If required and plant conditions pcmit'. dispatch an operator to the RS
floor to visually locate the source of leakage.

-- Isolate the break using the appropriate system procedure (HPCI, RCIC,
RHR, others).

3.2 A Small LOCA Outside Drywell (< 1-1/2" Break Size)
3.2.1 Accident Conditions and Alarms

The description that follows is based on an analysis by NRC staff of a
pipe break equivalent to a 1.2-in. line break. This is discussed in detail in
NUREG-0803.% The description in this section applies to small 1ine breaks, in
general, and applies to the SNPS. It does not, in particular, apply to SOV
header pipe breaks to which the original discussion refers.

The break described is a water 1ine break discharging 550 gpm (=70
1b/s) inftially. This is equivalent to a 1.2-in. 1ine break discharging from
the RPY at 1032 psi conditions,

Several alarms are available to the operator as described in section
3.1.1 above. The most expected early alarms are from the Reactor Building
radiation monitors and from local area high temperature alarms.

NUREG-0803 cites a calculation for a typical BWR Reactor Building that
Sows a temperature rise to 110°F in 10 minutes and 140°F in 30 minutes for a
discharge of 550 gpm at RPY conditions. (This amounts to about 130,000 1b
over 30 minutes.) [t may activate high temperature alarms if the set points
fs .20°F, but 1t will not 1solate MPCI or RCIC systems.

"he SNPS sumps and flooding setpoints are low (see Section 3.1.1), 1.e.,
at 1/c-in. above floor level which corresponds to 2000 or 4000 gallons of
water accumulation., Therefore, the water accumulation at the 550 gpm flow
rate will cause Reactor Building sump and flood alarms to actuate within 5 to
10 minutes (assuming 35% flashing into steam, travel time through stairwells
an?l flc.;on. and partifal accumulation 1in equipment sumps of wup to 2,000
gallons).
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3.2.2 Reactor Building Environment

The water released from the break will exceed the local drain sump capac-
fty, and some will flow to lower elevations through stairwells. Assuming that
only the leakage return pump s available,* the accumulation of water at ele-
vation 8 would be less than 0.13 in./min, f.e., 1t would take six hours to
reach the level that threatens ECCS equipment availability. Thus, ample time
is available for the operator to recognize the need to depressurize the reac-
tor and reduce break flow. Note that Appendix 3C in the SNPS-FSAR states that
equipment along stairwells s protected against dripping of 212°F water.

During the 1initfal blowdown, temperatures in the nearest area to the
break can reach 212°F., The Reactor Building temperature is expected to rise
significan:ly as shown in Table 4 for a discharge of 40,000 1bs of saturated
water at elevation 112 ft., This requires a 10 minute discharge from the
1.2-1n. 1ine break describet here. While 1t may result in high Reactor Bufld-
ing temperatures when discharged over a short perifod of time, it results in
110°F in the Reactor Building 1f discharged during about 10 minutes (see sec-
tion 3.2.1). However, the temperature in the containment will continue to
rise due to the continued discharge through the break and may reach the 155°F
RCIC/HPCI 1solation temperature after about one hour. The Reactor Building
Standby Ventilation System (RBSVS) of the SNPS has a heat removal capability
equivalent to less than 5% of the heat discharged by a 1.2-in. line break,
before reactor is depressurized and the flow out of the break s reduced.

3.2.3 (QOperator Response

At Shoreham, the operator will have a flooding alarm and high Reactor
Building radiation alarm at about 10 minutes as discussed in the previous
section.

For a small LOCA outside drywell, with the feedwater system operating
when the LOCA occurs, scram may not always occur immediately. Following the
scram, the operator will try to keep the normal feedwater injection and there-
fore keep MSIV open. If the MSIV remains open (which is the more probable
case), 1t may take a while before the operator will notice the abnormally high
feedwater flow rate. It appears that the flooding and high reactor butlding
radiation alarms will findicate that a small LOCA have occurred, and the
increased feedwater injection flow may be used for verification.

Therefore, 1t 1s expected that the operator will recognize a small break
LOCA 1n the reactor buflding within about 30 minutes after scram. Unless the
operator perceives a LOCA, he will depressurize the reactor at a rate of only
100°F per hour. In such a case 1t will take 4 hours to depressurize the reac-
tor to 100 psi1 and reduce break flow by about a factor of 10. As seen in sec-
tion 3.2.2, four hours are available at SNPS, before flooding level reaches to
elevation 12. However, in this case, the temperature in the Reactor Building
may reach 155°F or higher** between 1 and 2 hours, fsolate MPCI and RCIC, and

“"Hadwaste system tanks capacity allows for about one day accumulations of
untreated water at a 100 gpm pumping rate.

**A GE analysis estimates that the maximum bulk temperature in the reactor
building would reach about 140°F (see NUREG-0803"),
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most probably require depressurization for low pressure injection. These
events would lead the operator to recognize that a small LOCA outside
containment has occurred with high probability, if he failed to recognize it
during the first half hour.

Note that unlike the generic analysis on NUREG-0803, the authors believe
that recognition of a small break LOCA outside drywell at SNPS would be a high
probability event. This {is mainly because of the improved arrangement for
floodisg detection at elevation 8 (relative to the arrangement assumed in
NUREG-0803). High radiation and high temperature conditions in the reactor
building will enhance the probability of recognition. This BNL study assumed
that it is most probable that manual depressurization of RPV to reduce flow
and enthalpy discharge’ through the break would take place after about 30
minutes to 1 hour into the accident.

The depressurization of the RPV may reduce flow rate and enthalpy of the
water discharged through the break to a level accommodated by the sump pumps,
and may reverse the conditions in reactor building, f.e., conditions may start
to improve., It is indicated in NUREG-0803 that rupture of blowdown panels may
be required to establish a path for leakage of hot humid air to outside con-
tainment (which 1s larger than the “natural" 100% per day leakage rate from .
reactor building), in order to improve the reactor building atmosphere condf-
tions and to allow safe operator entry. As shown in NUREG-0803, depressuriza-
tion r:?ucos significantly the dose received by an operator entering the reac-
tor building.

If an operator is required to enter the reactor building to fsolate a
break, it can be done for a 1.2-in. line break with early depressurization
(and low primary water activity). It would be possible to stay for an hour,
and this seems to be sufficient for isolation purposes. Appendix 3C of SNPS-
FSAR considers 30 minutes to be sufficient time to walk through all SNPS ele-
vations, locate a break, and isolate it.

3.2.4 Estimation of Core Damage Frequency

The description of the event and the reactor buflding conditions follow-
ing a small break LOCA outside drywell were discussed in the previous sec-
tions. These are now summarized in the form of an event tree in Figure 3, and
quantified. Feedwater and high pressure coolant finjection are in general
available under the circumstances of small LOCA., ADS, LPCI and LPCS have very
Tow unavailabilities. The values for their quantification are taken from
Ref. 2. The events that are differently quantified are: (1) the probability
that at 30-60 minutes the operators take actions and complete rapid manual
depressurization, (Xy), and (2) the probability of controlling the conden-
sate flow fif rtgu1rod (V'''). The Xy=0.01 1s taken basically from NUREG-
- 0803 where 5x10°“ is used. The difference between NUREG-0803 and BNL values
is due to the SNPS improved early flooding alarms which increase the probabil-
fty that the operator recognizes the LOCA outside the drywell and follows the
required depressurization procedure.

The V'''=0.1 1s the common value used by BNL in Ref. 2 for controlling
condensate injection 1f sufficient time is available to the operator (in our
case 30 to 60 minutes). The V'''#0,02 1ncludes a factor of 0.2 for the possi-
bility that no damage to LPCI/LPCS will occur even under the circumstances
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Figure 3 Event Tree Diagram for Sequences Following Small LOCA Outside Drywell.




that the operator dees not rapidly depressurize the reactor at an early time,
but rather depressurizes it at the 100°F per hour rate, for 4 hours or more.
In such a case NUREG-0803 indicates that entry to the reactor building may be
delayed for up to 20 hours. The LPCI/LPCS may survive the adverse environment
fn the reactor building for such a perifod, because they are qualified to sus-
tain these conditions for at least for several hours.

Th, event tree quantification ylelds a core damage frequency of about
1.1x10*® per year for a small LOCA outside the drywell, when it 1s assumed
that the motor operated isolation valves fail to close.

Nete that no distinction was made between steam and 1iquid breaks in the
case of the small LOCA. The calculated core damage frequency would not change
much 1f a distinction between 1iquid and steam break were made and apparently
the flow out of a steam line break would be smaller after depressurization.

3.3 A large LOCA Outside Drywell (>6" Break Size)

This case was treated in the BNL SNPS-review?. However, the assumption
in the present study f1s that HPCI and RWCU 1{solation valves would fail to
close.

Only HPCI lines were treated in Ref. 2, and a LOCA frequency of 2.7x10~%/
year was obtained. If we postulate that the f{solation valves fail upon
demand, a LOCA frequency of 3.5x10-%/year is obtained for the 10-in. HPCI line
break (see Table 2).

The 6-in. diameter RWCU 1ine has three isolation valves inside the dry-
well., Only one of them closes automatically on sensing line break conditions
in the RWCU l1ines. ‘n Table 3 when no credit s given to these valves a break
frequency of 9.6x10°%/yr 1s obtained as derived in Appendix C of this report.
In Ref, 2, the three valves were givon credit (having different isolation sig-
nals and one of them is of a different design), and, it was estimated that
their failure upon demand would be less than 2x10~“/d, and the frequency of
the 6-1n, RWCU 11ne break would be about 10-%/year. It was not further con-
sidered 1in Ref, 2 bcc’uu the frequency of interfacing system LOCAs, was
calculated to be 3x10*"/year which is two orders of magnitude higher. The
interfacing LOCA frequency estimated in Ref, 2 does not change under the
specific assumptions of this report.

The total frequency of large LOCA outside the drywell assuming fsolation
fatlure, and including interfacing LOCA becomes 1.3x10°5/year. When this fre-
quency 1s used "ih the lTarger LOCA event tree from Ref, 2, a core damage fre-
quency- of 6.8x10-%/yr 1s found (see Fig. 4?. The V''' = 0.5 1s due to (1) the
probability of operator failure to control the condensate system pumps' flow
to the RPV in the short time available (about 10-15 minutes), (2) the proba-
bility that 1000 gpm makeup flow to the hotwell would be insufficient to
compensate for the flow out of the large break and for decay heat removal.

In the case of a large LOCA outside drywell, the discharge to containment
fs about 1200 Ib/s for 1iquid discharge or about 300 ib/s for steam discharge,
S0 that saturaticn conditions in the bulk atmosphere of the reactor buflding
are reached within § to 10 minutes. The ECCS equipment at elevation 8 would
be flooded in about 15 to 25 minutes (the latter number corresponds to 35%
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flashing). Thus, entrance to the Reactor Building is prohibited and no manual
fsolation is possible, as it was also assumed in the SNPS-PRA and the BNL
review,

This core damage frequency of 6.8x10-%/yr 1s more than an order of magni-
tude larger than that given in Ref. 2, where credit for isolation valve was
given., It 1s due mainly to breaks in the RWCU.

3.4 A Medium LOCA Outsids Orywell (2°¢ @ & 4.3*)

3.4.1 Accident Conditions Alarms and Operator Response

The most dominant case of the medium LOCA is the 3-in. RWCU 1ine break as
shown in Table 2. The frequency of a RCIC 4-1n. line break 1s small compared
to the total medium LOCA frequency of 1.6x10" 3/yr; the RWCU 4-in. line break
frequency 1s significant but the sections considered are relatively downstream
and estimated to be 1/4 of the total RWCU break frequency, whereas the other
3/4 are for 3-in. line break or less. Thus, our discussion in this section
refers to a 3-in. RWCU 1ine break.

The RWCU 1s located at elevation 112 ft to 150 ft. At 150 ft the demin-
eralizers are located, which process water at low pressure and at about 125°F
and, therefore, they are not considered. Thus, the break location of signifi.
cance can occur at the 112 ft or 126 ft elevatifons. On these elevations, the
line are enclosed within concrete shields providing physical separation from
all safety related equipment (see Appendix 3C of the SNPS-FSAR).

Table 4 present the approximate temperatures in the reactor buflding fol-
lowing a RWCU 4-in. 1ine break at elevation 112 ft in the RWCU pumps room, It
is estimated that about 10 times the amount discharged in that case, 1.e.
500,000 1b, would result in saturation conditions in the reactor bu1ld1n?
™his will take about 20 minutes 1f the flow rate of Table 3 (400 1b/s) fis
assumed, [t apparently will take longer because of the decrease expected in
the bru)k flow due to depressurization after a few minutes (no longer than 10
minutes

It 1s expected that the blowdown from the break will cause immediate MSIV
closure and loss of the feedwater system. In about 10 minutes or less, the
temperature at elevatifon 8 will reach 155°F and trip the RCIC and MPCI, which
started a few minutes before that on low level (L2). Therefore, in this case,
it Is immaterial whether the operator depressurizes the RPV, because early
automatic ADS actuation is expected for this case.

The water discharged during the first 10 minutes would flash (-35%) and
the remainder (about 20,000 gallons) will cascade through the stairwells to
elevation 8. Appendix 3C of the SNPS-FSAR considers this effects and states
that no safety system would be affected. This accumulation is equivalent to
0.5 ft and will result in flooding alarm in the control room.

The radiation and temperature alarms are expected to be on in many areas
of the reactor building. Therefore, it is believed that the sftuation of LOCA
outside drywell and the reactor building adverse conditions would be recog-
nized with a high probability within the first 10 minutes. Earlier recogni-
tion of the LOCA and depressurization of the RPV would not change much of the
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progress of this accident sequence. However, if operators fail to recognize
the event and fail to follow the procedures (which call for keeping RPV at low
pressure and controlling the injection flow), then the reactor building condi-
tions may severely deteriorate.

The depressurization would apparently happen at about 10 minutes. Then
the LPCI, LPCS and condensate pumps, may all inject water to the RPY, and dis-
charge a large amount of hot water through the break. While this hot water
would have less enthalpy than the saturated water dischar during the first
10 minutes, 1t has flooding potential because of its high flow rate. Flooding
may occur in an additfonal 30 minutes 1f the flow rate to the RPV is not
reduced by keeping the RPV at the lowest possible pressure without uncovering
the core. This 1s an operator action spccifically required for the case of
medium LOCA outside the drywell., If 1t 1s successfully performed, BNL esti-
mated that LPCI/LPCS may maintain core cooling for a long period and the con-
densate system would not be needed until several hours into the accident.

3.4,2 Estimation of Core Damage Frequencies

The estimation of core damage frequency for the case of a medium LOCA
outside drywell 1s shown in the event tree in Figure 5.

The inftfating event duoes not distinguish between water or steam line
breaks, They are considered similar because even though the steam discharge
through the break 1s smaller, the impact on containment atmosphere temperature
and pressure 1s about 5 times higher for a steam line break than for the case
of a similar size water 1ine break (see Section 3.1.3).

In the long run, after the RPV {s depressurized, the flow out of a steam
break may be significantly smaller 1f the RPV 1s not flooded so that water is
discharged through the break. If the water level is kept below level 8 (L8),
then the steam flow out of the break 1s expected to be relatively small,
Thu:. 1:t may not be sufficient to create a flooding that can damage the ECCS
equipment.,

The 1iquid ifne break fs therefore the dominating case. Thus, the event
tree starts with the medium LOCA frequency from Table 3. The feedwater and
RCIC/HPCT are assumed to be unavailable. Depressurization by ADS 1is
considered to occur at about 10 minutes into the sequence. The low pressure
fnjection systems will start to flood the core. Therefore, operator action to
control the injection flow rate is needed to reduce the impact on the reactor
building and gain time before the condensate system would be required. If
the operator recognizes the need to control the injection, then the condensate
System pumps may be needed at a later time, and 1t will be controlled at a
later time with a higher probability, I[f the operator fails to control the
low pressure injection, less time will be available to control the condensate

pumps injection because they may be needed as early as about 30 minutes into
the accident,

The values used for the probability of successful operator action are
thought to be on the conservative side given the time estimated to be avail-
able. Therefore, the core damage frequency for medium LOCA outside drywell
may be smaller than 1.4x10*% for the case that no credit is given for RWCU
isolation valves. On the other hand, the phenomenological assumptions used
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may not be realistic and may underestimate the break-flow and Reactor Building
conditions, so that less time will be avatlable for operator corrective action
than assumed above.
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4.  SUMMARY

The BNL review? of SNPS-PRA estimated a core damage frequency of 2x10-7
for LOCA outside the drywell in the SNPS; this is mainly due to interfazing
system LOCAs. In this study, an additional assumption was introduced at NRC
request: namely, that isolation valves would be treated as failing to close
upon demand. The only exceptions to this assumption are the MSIVs and check
valves. The effect of this assumption is shown in Table 5. It is seen that
the core damage frequency increased by a factor of about 100. The leading
contribution comes from medium LOCA outside the drywell; in particular, the
RWCU 3-in, Tine break is seen to be of great importance (see Table 3).

Table 5 Core Dam2ge Frequencies for Unisolated LOCA Outside Drvwell

Class V Core Damage Frequency

Isolation Valves

Isolation Valves Assumed! Assumed to Fail to

to Close on Demand Close on Demand
Initiator (from BNL Reference 2) (from this analysis)

Interfacing LOCA 1.5E-7 1.5€-7
Large LOCA Qutside Drywell 5.0E-8 6.8E-6
Medium LOCA Qutside Drywell -- 1.4E-5
Small Loca Qutside Drywell -- 1.1E-6
TOtl] ) 20°E-7 ZOZE‘S

Table 2 provides the information on the most important isolation valves
whose failures contribute to the results of Table 5. RWCU isolation valves
are the most important. Next, but by far less important, are HPCI and MSL
drain isolation valves.

Tables 3 and 5 show that under the assumptions used in this study, the
core damage frequency from LOCA outside drywell 1{s dominated by the RWCU
medium LOCA breaks. Also, the large LOCA contribution comes mainly from the
RWCU system. Therefore, it should be noted that beside the inboard and out-
board containment fsolatfon valves, the RWCU also has two additional isolation
valves that do not receive an automatic signal to close when a line break
occurs and are avaiiable for time'y remote closure. This action can take up
to half an hour after initiation of the accident before the loss of low pres-
sure injection if the reactor is depressurized early and rapidly.
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APPENDIX A
PIPES AND VALVES FAILURE RATES

A.l1 Pipe Rupture

The main data aources used for probability of pipe ruptures were the
Reactor Safety Study® (RSS) and the EPRI-NP-438 report’. In the Reactor Safety
Study, pipe rupture rates are based on the large amount of data prior to 1973.
The EPRI report includes data for an additional two years. Even though it does
not change the RSS results on pipe break rates, it provides more insights on
the failure mechanisms leading to pipe breaks, mainly vibrations and pressure
surges. It also points out that expansion joints and reducers may be at loca-
tions more susceptible to breaks. In the BNL study, reducers and valves were
considered as rupture locations, in addition to pipe sections.

The SNPS-PRA' uses the RSS data for pipe breaks. However, it distin-
guishes between pipe sections which are “Break fxclusion.' i.e., are designed
to criteria provided in Appendix 3C of SNPS-FSAR®, which basically allow speci-
fies larger design margins and higher quality control of these sections. These
increased margins are assumed by SNPS to reduce the failure rate of these sec-
tions by a factor of 10. BNL accepted this assumption, and the basic values
used in the svudy are similar to the SNPS-PRA and are summarized in Table A.l
below.

The pipe rupture data of the RSS 1s applied section by section, where a
section fs defined (RSS, page II1-41) as follows:

A section is an average length between. major discontinuities such as
valves, pumps, etc. (approximately 10 t2 100 ft). Each section can
include several welds, elbows, and flanges.

In this study, piping was also divided into sections where discontinuities
were considered to be:

-=- Valves
-- Reducers

-= Pumps
-- Heat Exchangers

Appendix C presents the details of the pipings and their division into
sections.

A.2 Vvalve Failure Rates

The main sources used for valve rupture or excessive leakage failure rates
were the Reactor Safety Study® and NUREG/CR-1363 report®. The values of the
NUREG/CR-1363 evaluation are about a factor of three higher than those in the
RSS (see Table A.2 for comparison). However, the NUREG evaluation includes
also small leakages such as from packing failure. Similarly, the internal
leakage rate of check valves given in the NUREG evaluation includes many small
leakages which are just violations of the Technical Specifications iimits, and
too small to be considered in this study.

R



£E

Table A.1
Pipe Rupture Rates

Computational Mean
Assessed Range

(non break-exclusion Computational Breax Non-Break
Ceaponent pipes) _ Median Exclusion Exclusion
Pipes > 3" dia. | 3x10-'2 - 3x10-%/hr 1x10-'%/hr 8.6x10-'! /hr 8.6x10-'%/hr
per section
Pipes § 3* dia x10-'1 - 3x10-%/hr 1x10-%/hr 8.6x10~'%/hr 8.6x10-%/hr
per section




Table A,2 Valve Rupture or Excessive Leakage Rates

Computational Mean
Assessed Break Non-Break
Component|| Source Failure Mode Rangf Exclusion ExCIUfion
Che=t] Che=t] Che=1]
Check RSS Internal Leak- [10°7 - 10-6| ... 3.8x10~7
Valves age (Severe)
NUREG/CR- | Internal Leak- .- .- 1x10-6
1363 age (all sizes)
Check RSS Rupture 10-? - 10-7| 2.7x10-? 2.7x10-8
Valves
and
Motor NUREG/CR= External .ee 7x10-% 7x10-8
Operated 1363 Leakage/
Valves Rupture
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The NUREG/CR-1363 evaluation reports about 130 LERs under the title of
“External Leakage/R?pture.' However, no case of valve external rupture has
occurred, SNPS-PRA® estimated from this list that a value of 1/18 may be used
to modify the RSS rupture rate to better represent severe rupture of valves.
This value of 1/18 is also used in this study.

Based on the above, the BNL study essentially adopted the SNPS-PRA
approach, f.e.:

(1) Use of RSS failure rates for valves.

(2) Apply a modifying factor of 1/18 to the RSS valve -upture data.

(3) Distinguish between valves which are in the break exclusion zone and those
which are not. A factor of 1/10 is applied to the rupture rates of the
break-exclusfon valves, similarly to the factor applied to the pipe
section they are located on.

To summarize, the value used for valve failure rates were:
check valve internal leakage: 3.8x10-7 x 8760 = 3.3x10-¥/year

valve rupture (break exclusion): 2.7x10-% x 8760 x 1/18 = 1.3x10-%/year
(non-break exclusion): 2.7x10-% x 8760 x 1/18 = 1.3x10~5/year.

For simplification of the analysis, the valve rupture rates were also used with
other discontinuities between pipe sections, such as reducers or pumps; this
may be a conservative assumption,

In addition to valve rupture and internal‘ leakage, other failure modes of
motor-operated valves were needed in this study. The additional failure modes
and failure rates used are summarized in Table A.3. .

A.3 Comparison with LOCA Frequencies

The analysis in the main part of this report involves a large number of
pipe sections and valves. In general, more pipe sections and valves are
located outside the drywell. Thus, the frequency of LOCA outside drywell
should be a large fraction of the plant's LOCA frequencies. Table A-4 compares
the results of the LOCA freguencies frgu this BNL study with the RSS results
(Table I11-6-9 of RSS), the EPRI-NP-4387 results, and those of the SNPS-PRA.
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Table A.3 Motor Operated Valves Failure Rates

falue
Used in
Component Source Fatlure Mode Assessed Range Mean Value BNL Study
RSS Failure to 3x10-" - 3x10-3/4 1.3x10-3/d -
operate
Motor (¥nclude
command)
Operated
NURE G/CR- Failure to - 8x10-3/d 8x10-3/d
Valves 1363 operate
(for BWRs) (include
(MOV)
NUREG /CR- Fatlure to .- 6x10-3/4d 6x10-3/d
1363 operate
(for BWRs) {w/o command)
Command Failure --- 2x10-3/4d 2x10-3/4
Failure of of Inboard and
Both MOVs Outboard MOVs
(Inboard and
Outboard)
SNPS-PRA MOV 1.6x10-7/hr | 1.4x10- 3y
App. A.2* Spurious
Opening

*Based on GE evaluation.
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Table A.4 A Comparison of

Frequencies of Loss of Coolant Accidents

RSS CPRI-NP-438 SNPS-PRA
LOCA
Pipe Break Mean Al Sensitive Measn This Study:
Diamcter 90% LOCA Pipes Pi es(') LOCA LOCA Outside
(Inch) Range Frequencies (Mean) Negn Frequencies Drywell
Small LOCA 1x10-* - ix10-2 | 2.7x10-3 ~10-2 8x10-? 8x10-3 5x10-3
2" - 2*
Medium LOCA || 3x10-® - 3x10-* | s8x10-" ——- 3x10-? Ix10-3 1.6x10-3
22 - &
Large LOCA || 1x10°5 - 1a0-? | 2.7x10- -1x10-? 7x10- Tx10° 3.5x10-5(**)
> §°
I
(*)

It is assumed that 10% of plant piping are LOCA sensitive pipes.(Ref.1)

('.)lhe large diameter pipes are “break-exclusion” and are assumed to have 1/10 of the RSS rupture rate.




APPENDIX B .
LINES CONNECTING REACTOR PRESSURE VESSEL TO REACTOR BUILDING



Table B.1

PROCESS PIPELINES PENETRATING PRIMARY CONTAINMENT

(Numbers in parentheses are keyed to notes on pages B-6 and B-7; signal codes are listed on page B-8).
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Table B.1 (continued)

PROCESS PIPELINES PENETRATING PRIMARY CONTAINMENT
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Table 8.1 (continued)

PROCESS PIPELINES PENETRATING PRIMARY CONTAINMENT

MOM“‘W"W.WC“H 1A Jarentheses.

Main stesm 1307acion valves reguire Nt 20t 1olanoid pilots e tesnergized o close valves.
ACCumu l4tar air Jressure 21us 1971ng tet Dgethier 1105 valves «hen ot 2119ty are lesnergiied.
Volzage fatlure at only one 211at will not cause valve closure. ™e velves are sec %3 fuily
close 'a Tess e § _sconds.

Containment soray %0 drywel] and sucoression chasber And DR test |ine returm t3 sugoression
Caamoer 130lation valves will nave the c30401! 18y 22 30 manually recoenes +ftar Jutomacic
closure. ™is satuo »ill cermit containment 5oray for Vign drywal! Jressure conditions and/or
NOOreISion watar 00l ing. When sutomAtic $19MAlS Are ANC Jresent, these valves nay e opened
for ast or coerating convesience.

Testanle check valves are .ﬂrﬂ for ~emota soening with tare 4f *Perential Jressure across
e alve taat. e vaives i 11 clote on mverts fow even thOugn the eIt Tw!tles sy e
Sesitioned ‘ar coen. "Me valves ]! j0en «en Jume gt N OFRSIUCY aaceeds resctor
ITNIIUCT Aven CAOuGh the tASt twilSh say 34 Jotitigned for clove.

T™His line s only needed during saintanance. Service air suoply |3 dtsconnected during 3lant
ogaration By seaiaistrative contrel,

AL sotar ocaratad valves required for (3alation fusctions ire Dowered from the mergency AC
Power duses. OC cperated !50lation valves are Dowersd from the 1TICI0A J4tiaries.

All sotor coeratad (salation valves will remain in the last genitica uoon failure of valve
Power. All air-coerated 'solation valves will close upom atr fallyre.

Stgnal § coens, signal £ overrices t3 ¢lose.

Power c0aritid valve can e coened or closed by resots sasus! Twitcy fer 0arating convenence
Suring dny mode of rEACIEF 00ArILION GICEOC wAen AUtOMETIC tignal |1 Jresent (see Yote 2).

%ormal status pesition of valve (cpem or closed) 13 the pesition duing normal Jower coeration
of e reactor,

e 1ecifled closers ratas are as required for cantaimmest (30lation only.

Soectal afr testadle check valves with & posttive closing fedature 4w designed for ~wsots testing
uring fnorval Jceration I3 aSsure techanical osoeraatlity of the valie d1sc. e remots testing
‘eature w1l cause aniy 4 dartial rovesent of e 9132 IntD the flow STreAE, #Ith saly & winer
effect on Mlow. Dom receiot of 4a 11014t100 1igRal, Che acTuator Oring force will 41Ther caule
4 3ligat auction (n fow wnen the ‘secmater tyitem 13 avatladle 0 cause the valve o 2losae,
rwwln o'u:inn closure 41 ffarential Jressure on the LeACEd 319C, enen the ‘eecwater flow

% net avatlanle, . ;

N3 valve wi1] cpen whan 2000 4 low "ecTar Jressure vessal Jretsww NG 4 scioeat gl are
Iresent,

™e motar speretor of this valve I3 ey locked spen during normal sperating conditiony.

Travarving (a<Carw Proe (TIP) Systams

When e TIP system canle 's Inserted, e 34!l valve of the telectie tube coens svtamatically
10 At the Orode and cadle Say aevence. A saximus of four valves 'ay 36 coened 4t iny one time
9 coaduct the calioration, ane any one Juide tube 13 used, At fost. 4 few hours ser year.

[f closwre of D |1ne 13 recuired during calibration, 4 Ingicated Sy 4 containment ‘salation
Signal, the casle 's wtommcically metractad wng the 33l valve cloves dutomatically afear come
pletion of casle witharamal. To ensure 'solation cacenility, If 3 1P casle falls %2 i harew
or 4 2all valve fatly @ close, an exsiosive, 1heer valve 13 Inscal ed n sseh |ine. oon
recaiot of 4 remets samual signal, D expionive valve will shesr 2w TIP casle ind 1eel the
e tuoe.

AlT umused Jenecrationtidestgnaced “T0are”) ire capped and ieal eelcsd.
Talve «i1] close om systam nigh Mow.

(salatton signais 4 or F will (ndctate the ~wactor duilding stanady ventilstion system waics 'a
urn (tolatas e Jurge air 1solation vaives.

™.t valve will coen wien 508 4 low ¢f ffarencial Dretsure 4cross the valve ane an cctaent signal
are present.

Presture 1en10rT nd sensing 1Team T ing JPRSSure AW JSed fOF Intar ock coatral 13 Jrevent (Magvertant
valve 308MIAG 4L NIGN Staam | 0w Jressures acove 1§ 0319).

|
|
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Notes (Continued)
a

|

Table B.1 (continued)
PROCESS PIPELINES PENETRATING PRIMARY CONTAINMENT

Control Rod Orive (CRO) [nsert and ¥ithéraw Lines:

Critarta §5 concarns thase !ines of the reactar coolant pressure Doundary penetrating the srimary
FRACTIr containment. The CRO Insert and withdraw |ines are N0t part of the reectar caolsnt pressure
Soundary. The classification of the nsart and withdraw 1ines fs Quality Group 8, and therefore
designed ia accarcance with -ASME Section [I1, Class 2. ™he 2asis 3 waich the CRO !ines are zesigned
'S commensurata »1th the safety ‘mportanca of fsolating these !ines. Since these !ines are vital to
the scras function, their operadility is of ygmost cancarm,

In the cesign of this system, 1t has Jeen acceoted Sractice %0 omit automatic valves ‘o fsolation
PUrDoses 43 This Intreduces 4 possidle faflure mechanism.  As a4 medns of pravidiag pesitive actuation,
manual s’ valves are used. [n the event of 4 Dreax on these [ines, the manudl valves may de
closad 3 ensure f3alation. [n adaftion, a dall check valve located in the 'nsert |ine insice the CRO
18 desiqg ed %2 automatically seal this line in the event of 4 Dreak. )

T™is M0 stop check valve 's norally fn 4 closed sosfticn due %0 fts check valve feature, Dut 123 MO i3
fn the open 2osition. T™e M0 Jrovices & Dackup 3 close the valve 2 srovige agditional nign leax
tight intagrity.

Abbreviations used n tadle:

« Alr Operatad

- Motar Coerated

« Preumatic Testadle Cieck Valve

- Resicual “eat Removal Systes

« Reactor Pressure ‘essel

« Rmactar Core [solation Caaling System

« Reactor datar Cleanus

= Wigh Pressure Coaiant [njection

« Ganeral Oestgn Critarion

WG4 - Rmactor uilding Closed Loop Cooling “ater

T « Transversing [ncare Prote

(=] « Contral Rod Orive

L Min Steam ls0lation Valve

FENEEERE
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ISOLATION SIGNAL MOTES

Table B.1 (continued)
PROCESS PIPELINES PENETRATING PRIMARY CONTAINMENT

SEICRIPTION

Reactor vessal low water level J « (A scram will occur at this level)
feactor vesse! low water level 2 - (The reactar core isolation cooling
Systam and Thi Nigh pressure coolant injection system will 3a initiated
At oty level, and recirculation Jumos are tripged)

Hign radfation - sain stsam line

Line dreak - sain staam Tine (Nigh steam flow)

Line dreak - tain steam line (steem 1ine tunne! Nign teseraturs)

High drywall pressure '

Reacor vessal Tow water level | - (The core soray systems and the low
rn:«;n core ‘njection mode of R systems «i1] de i1aitfatad at s
ave

Line Sreak n "wactar water cleanuo systes - Nigh space temperature,
hign qifferential flow, hign differential temoerature

Line dreak in iteam 1ine t3/from turtine (Nigh steem !ine soace e oerature,
::m':::;;r staam line pressure or NiGh turdine exfauil

Aeactar duilefng standdy ventilation systas inttiatica

High ragfation signal downstress of primar; containment purge f1lter train
High wmbient timperature (0 main stass tumnel penetra.ion dres (MSTPA)

Low min staas |ine Jressure at inlet =5 turtine (RUN moce only)

Low condenser -icuue

High tasperatuiy in Turatine Suilding

High rescts~ wisel pressure

High tasmeratuie at cutlet of cleanuo system nonregenerative Medat exchanger
Low staam ;o es:ure

Stanady 1iquid contrel systam actuated

Low Tevel n WAL head tank

femots manual siiten from main contrel roce

* Thesa are e 130lation functions of the Jrimary containment and reactor vessel iselation
control systam; ocher funcuions are given for Information only.




APPENDIX C

IDENTIFICATION OF PIPE SECTIONS AND DISCONTINUITIES FOR
BREAK FREQUENCY ESTIMATION

Main Steam Lines

All sections of the four lines 1in the Reactor Building are break
exclusfon., Two sections are considered: one to the outboard MSIV; one from
the outboard MSIV.

Main Feedwater Lines

All sections of the two lines 1in the Reactor Building are break
exclusion. They 1include check valve 1inboard and testable check valve
outboard, Their faflure rate is assumed to be similar.

High Pressure Coolant Injection (HPCI)

Reference: FSAR and LILCO drawings no. M10121-17 and M10122-14.

Description: 10 in.: one section and valve to the outboard valve (MOV-041).
Break exclusion. Under normal RPV pressure conditions
because inboard valve is open.

10 in.: six nonbreak exclusfon sections (4 challenges per year
of 24 hrs each are assumed in these sections):

To reducer

Branch SHP-171 + valve MOV-049

Reducer/valve F0O0!

To steam turbine stop valve

To turbine admission valve

The turbine assumed to be equivalent to one section

f—

in.: two bypass sections and a valve. Six sections downstream
to the RCIC/HPCI drain line. Two branches. All nonbreak
exclusion. Normally open.

RCIC

Reference: FSAR and LILCO Drawings No. M10116-16 and M10117-13

Description: 4 in.: open MOV inside drywell to the outboard MOV. It has a
bypass line of 1 in., normally open. Break-exclusion.
sit« sections and discontinuities:

3 in,:

- to 3x6 reducer

- to drain pot and 3x6 reducer

- to steam turbine stop-valve

- to steam admission valve

- to steam turbine governing valve

- the turbine treated as one section.
Following the turbine, low energy assumed.
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1 in.:

- Bypass is 2 sections

- Drain lines from drain pot to R.IC/HPCI drain line are con-
sidered six sections.

Branches: two or more 3/4 in. branches.

Quantification:

4 in.: [8.6(-11) + 1.5(-10)] * 8760 = 2.1(-6)

3 in.: [8.6(-9) + 1.56-9)] * 6 *4 (times per year) x 24 (hrs) = 5.8(-6)
1 in.: [6 +6 + 2] * [8.6(-9) + 1.5(-9)] * 8760 = 1.2(-3).

Reactor Water Cleanup System (RWCU) Supply Line
Reference: FSAR Figures 3C-4-15A,8,C and Figure 5.5.8-1,2,3

Description: 6 in.: One break exclusion section and valve

6 in.: One section nonbreak exclusion to reducer

3 in.: Two lines (having three sections each), two valves each
and one pump each.

2 in.: Two lines with section and reducer/check valve.

3 in.: Two line with section, valve, section, reducer

4 in.: One section and two valves. One of these valves fs
normally closed. Another line with section, HX, section
HX. The heat exchanger (HX) considered as one section in
our approximation.

Beyond the second heat exchanger, temperature is less than 125°F and not
considered to be high energy, and will not result in a large environmental
effect. The hign energy part of the RWCU on the return line from the regenera-
tive HX to the feedwater line is not considered a significant additional con-
tributor, compared to the part already included.

Standby Liquid Control (SLC)

Reference: Figure 4.2.3-11 of FSAR and LILCO Drawing M10115-16

Description: 1-1/2 in.-1ine; 2 check vlaves one inside and the othe routside
drywell designated FOO06 and FOO7 respectively.

Sections: up to CV-FOO06 1s break exclusion section; from FO06 to the two
nornally closed explosive valves is nonbreak exclusion section.

Branches: four 3/4 in.-branches from the main 1-1/2 in.-line.

Quantification: ES.G?-IO) + 1.5(-10)] * (8760/2) * 3.3(-3) = 155(-8)
8.6(-9) + 2 x 1.5(-9)] * (8760/2) * [3.3(-3)]° = 1.0(-9)
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Control Rod Drive
Reference: NUREG-0803

The contribution comes from the Scram Discharge Heider rupture as
explained in NUREG-0803. The value of the rupture frequency o’ 10-* is derived
from that report.

Recirculation Pump Seal Injection
Reference: FSAR

Descriptior: Two 3/4 in.-lines; 2 check valves one inside and the other
outside drywell. Apparently, it is not break exclusion pipe.

Quantification: Similar to SLC but not break exclusfon -- 2,0(-7)
Sample Coolant From RPV

Reference: FSAR

Description: 3/4 1in.-1ine; one normally open {inboard air-operated globe
valve. One normally open outboard air operated globe valve.
Assumed to have one line, two sections, and two valves in reactor
building. Nonbreak exclusion,

Quantification: 2 * [8.6(-9) + 1.5(-9)] * 8760 = 1.8(-4)
Reactor Post Accident Sampling System (PASS)

Reference: FSAR

Description: 3/4-in. line. One manually operated globe valve outboard,
normally open. Two solenoid operated globe valves, normally
closed, downstream.

Quantification: same as above.

TIP Drive Guide Tubes

Reference: FSAR

Description: four lines of 3/8 in. The tubes are normally with nitrogen. In
order to cause LOCA, all the following must occur:

One tube rupture inside RPV

Nitrogen system alarm fail to alert the operator

Operator error in using the system, failing to operate the
snur)ulvc. (The TIP s assumed to be used 4 times per
year.

Quantification: 4 * 4x10-2 x 10-! x 2.5 x 10-? » 10-! - 4 x 10-6
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Other 3/4-in., Lines

It is estimated that there are about 20 sections of 3/4 in., test lines,
and other 1ines branching from the systems listed in this table. Many of them
are in the RWCU and are potential “liquid" break location. Other branch out of
HMPCI, RCIC, and other steam lines, and are potential “steam" break location.
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| m LONG ISLAND LIGHTING COMPANY

SHOREHAM NUCLEAR POWER STATION
P.O. BOX 818, NORTH COUNTRY ROAD » WADING RIVER, N.V. 11792

JOHN D. LEONARD JR.
VICE PRESICENT  NUCLEAR OPERATIONS

June 28, 1985 SNRC~-1185

Mr. Harold R. Denton, Director
Qffice of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Unisolated LOCA Outside Drywell
Shoreham Nuclear Power Station
Docket No, 50-322

Reference: USNRC letter (A. Schwencer) to LILCO
(J. D. Leonard, Jr.) dated May 6, 1985

Dear Mr. Denton:

This letter is in response to the referenced letter from

Mr. Schwencer regarding a scoping study currently being performed
by the NRC staff, The study is concerned with unisolated LOCAs
ontside the drywell for the Shoreham reactor building. The
isolaticn valves of concern, as identified in the referenced
letter, are in the High Pressure Coolant Injection System (HPCI),
Reactor Core Iscolation Cooling System (RCIC), Reactor Water .
Cleanup System (RWC"), and the Main Steam Line (MSL) drain line.
LILCO was requested to provide documentation demonstrating the
capability of the valves to isolate a pipe break downstream of
the valve under blowdown conditions.

To demonstrate isolation capability under these conditions, LILCO
has performed an evaluation to assure that all required documen=-
tation concerning procurement and testing of the valves is in
place and that it is sufficient to demonstrate, by design and
test, that the valves have the capability to isclate as stated
above.

P38 "2Bock 83350322
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Page 2

The evaluation performed by LILCO shows the following:

1. The correct design criteria from the purchage specification
were used by the valve vendor for sizing calculations for
the original selection of motor operators. The motor
operator sizing calculations indicate that the valves have
the capability of closing against the anticipated
differential pressure in a guillotine line break. In the
case of the listed valves, the maximum thrust capacity of
the actuator exceeds the total stem thrust required. This
is demonstrated in the documentation provided. (See
Paragraph 2 below).

2. Enclosed is a copy of the calculations for the actuator
design as received from the vendor. It is noted that the
date of the calculation sheets is 1985. This was necessary
to clarify a complicated format that had originally been
used in 1975. The vendor indicated that the information
provided in the new format is an accurate representation of
the original calculations. The original documentation is
available for audit.

3 Review of the original vendor records shows that all valves
identified in the reference letter were tested for opening
and closing under appropriate pressure differential condi=~
tions. The tests provide evidence of the satisfactory
performance of each valve against the differential pressure.
In addition, an isolated discrepancy in vendor records for
valve 1ES51*MOV-042 has been corrected and verified as to
validity. A revised copy of the test data is enclosed.

4. Verification of identification numbers of the tested valve
. actuators and the operator size as shown on the test reports

was accomplished during field walkthroughs to support the
environmental qualification effort. This activity served to
verify the design records. No motor data were found to
exceed the limitorque design rating. In addition, actual
voltage type and rating given in the test reports were
verified against the original design records.

The above discussion confirms the adequacy of the containment
isolation capability at Shoreham. The design parameters and test
results demonstrate that the capability to isclate under blowdown
conditions exists. Although LILCO has verified the appropriate
data and included them in the above discussion, it should be
noted that the three valves (1G33*MOV-F100, F106, and F102)
included in the RWCU line are not classified as isolation valves.
Isolation of the line containing these three valves is performed
by RWCU isolation valves 1G33*MOV33 and MOV34. Although the
additional information supports their ability to operate, it is
not necessary to take credit for these three valves for isolation
capability.
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The information submitted herewith is believed to be fully
responsive to the NRC concerns of the referenced letter. Should
you have any questions, please contact this offige.

Very truly yours,

/
’t‘t'\‘.-l--g'

J . Leonard - A

Vi;o President - Nuclear Operations
JV*:ck

Enclosure

cc: J. Berry



MOTOR OPERATOR CALCTULATIONS

?.0. NO. OR PROJECT:  LILCO : RET.: P2-3287-MC/0L
SRUSTOMER RAME: . STONE & WEBSTER
VELAN NO.: P2-3287-N ITEMS: _1 (TAG: 1B21%MOVO31) VELAN. DWG, NO.:

VALVE DESC: 3" 9CO LBS. B.3. _ GATE

: LINT PRESS: 1337 s
ORIF. DIA.: 2.625 ORIF. AREA: 5.409 AP _1165 st ¢ T2, _eay  °r.

STDM DIA.: 1.125 sTEM AREA: 0.994 *Ep:1/592 2/ ¢ ir1¥T: 31/8 »

STIM TERUST: O.A. x AP x SEAT FACT.: 5.409 x ;!g? x 8.3 - 1890 X
# Lm m’,o = ‘vo - P x 7L A S - _ﬁﬁ—
Packing Fricticm Load .
] Total Ste= Thrust - SEZE [
STDM TORQUET = STIM TERUST x STIM FACT. 3673 ¢ 0.01215 -« 69 8
|G/A OR TNTT RATIO s MOTOR DESIGN R.P.M. e 1700 e o
SSo R BN, 17086 T 5.8

. TERIAD LIAD 275

MOTOR CALC. TORGUE * : .

S'.'E! TDRO?! - 69 ® 3 ‘035 '
FOLL 00T D7, ¥ APPL. TACT. R O/A A8 0 w03 = 3N T ——_."

MOTOR CALC. TORQUE @ REDUCED VULIAGE « 3.435 = 3,435 = 7.01 'y

N.3. IF OC SUPFLY. DO NOT 0. 2 V. T(=vels.)? ~0.49 ‘
STALIID TORQUE « MOT. STALL TORQUE x‘ST. IFT. I x O/A RATIO :

@ 110% VOLIAGE 11 x 0.5 x 55.8 x 1.21 L T
I/ PELL ® 2 x STDM TORG - -2x 69 o 33 9

BE/W RASTO x ONIT EOT7. x 2/W DIA. 4,28 x0.95 x1
MAX. TORQ. SW. SITTING = MOT. TORQ. x P/0 INT. x APP. FACTOR x C/A RATIO:

(GRED. VALIAGE) 10 x0.49 x 0.6 x C.9 x 55.8 = 98 '
MAZ, E/WETIL TORQUE « MAX. VALVE TOROTE
- : .
78 -
- -rn}——rrr— =0 H 90 "
(OPERATING TDZ * (60 z LITT) + STDM SPEDD » 16 STCONDS. (APFROX.)
SMB - 00 OPERATOR WITE _10 FT./ MOTOR. MAX. TERUST:_14000 ¢
MAX. STIM TORQUE * 25C i O/A RATIO RANGEZ = 23 - 109
E/W RATIO = 1 :1 ADD GEAR == :1 MAX, STEM DIA.: _1 3/é
CTRRENT SUPPLY 460 AC FoLTs 3 PH 60 CY MUST OPERATE AT 70 IVOLIAGE
e e e
| oREv. | 1 | 2 | 3 | $. 1 L] 6
o) o) Lt 28 ‘ '
APPROVED BY: | o F T : | ! |
| |

i [ IND. REV.3Y: [Mm-l1s & | |
| :

#72-11-76, REV. 1



fare

‘|p.0. ¥O. OR PROJECT: LILEO - RET.: P2-3287-M/02
CUSTOMER NAMT: : STONE & WEBSTER
VELAN NO.: P2-3287-N _rTmvs: 2 (TAG: 1B21#MOV032) TELAN DWG. NO.:
VALVE DESC: 3 " 90C r3s, B.B. QATE .

MOTOR OPERATOR CALCULATIONS

LINE PRESS: 1337  ps3
ORIF. DIA.i 2.625 ORIF. ARZA: S5.409 Ap 1165 pst @ 1. o83 °p,

STDM DIA.: _1.125  sTEe ARza: _ 0.994 tep: L/5p 2/5 ¢ rpyr:31/8

|STDM TERUST: O.A. x &P x SZTAT FACT.: 5,409 x 1165 x O. - .
. LT PRESS. x S.A. * 1337 x 0.994 = 329
Packing Fricsiom Load . t»g_
Total Stem Thrust . 3673 __ ¢
STDM TORQUE = STDM TERUST x STEM FACT. _S5673  x  0.01215 . 69 ‘¢
C/A OR UNIT RATIO ® MOTOR DESIGN R.P.M. = 1900 e .
SETO S e 63.0
TERZAD LIAD ‘

MOTCR CALC. TORQUE *

ST _TOROTE . 69 ' 04
POLL OUT 7. = APPL. TACI. x O/A RASI0 S ol y

4 % 0.9 %63

MOTOR CALC. TORQUE @ RIDUCEID VOL - 3.04 « 3,06 ¢ 3.80
N.3. IF OC SUPPLY. DO NOT SO. 2 V. (TVele.)? 0.8 1
STALLID TORQUE = MOT. STALL TORQUE z°ST. ENT. 2 x O/A RATIO =

@ 10T YOLIAGE 6 x0.5 p 63 . 1.1 2 208 .,

2 = STDM TOROUE - 2 69 165
E/W FCL * TT_"—E/ IA:IO:U!:J——I?UT.:I/UDI&- ™ 1T 0.0 p

MAZ. TORQ. SW. SETITING = MOT. TORQ. x P/O EIT. x APP. FACTOR x O/A RATIO:

(FRED. VOLTAGE) S x0.8 =x 0.4 x 0.9 x 63 = %N )
MAX., B/WEEIL TORQUEL <« MAX. VALVE TORNUE
= .
LY 5“,5 Gy
. . e : 375 1y
OPERATING TDME = (60 x LITT) + STDM SPEDD » 16 STCONDS. (APFROX. )
—r-
SMB . 000 oPETRATOR WITE S IT.0 MOTOR. MAX. TERUST: 8000 [
MAX. STEM TORQUE * _°0 'y O/A RATIO RANGE * 33.5. - 136
B/W RATIC = 1 :1 ADD GEAR == :2 MAX. STEM DIA.: 1 3/8
CURRENT. SUPPLY 125 DC JOLTS == C MOST OPERATE AT 80 ZVOLTACE
S A —————————————————————— — e —————
| 0 REV. 1 2 3 1 & 5 .
W% T |
APPRO BY! L /6.5207 . {
TiD. REV.3Y: 2 el : : |

972-11-76, REV. 1

e,
]
'




MOTOR OPERATOR CALCULATIONS

P.0. NO. OR PROJECT: LILCO REF.: P2-3287-MG/24
CUSTOMER RAME: _ . STONE & WEBSTER
VELAN NO.: P2-3287-N  TTEMS: 24 (Tag: 1E41*MOVO41) VELAN DUG. NO.:

VALVE DESC: 10 " _g0Q LS. B8 GATE

LINE PRESS: 1337 PsI a
CRIF. DIA.: 7,875  ORIF. AREA: 48 682 ar 1135 PSI ¢ T2, 885 F.
STRM DIA.: 2 1/2 STEM AREA: _ 4 906 TED: 1/3P 2/3 L LIFT: 9.0 .
STIM THRUST: O.A. x &P x SEAT FACT.: 48,682 x _jl135 x s

mess.:s.g.-_'_n]_z_q_ggg_:_ﬁsg__

Packing Friction Load
Total Stea Thrust

STIM TORQUZ * STIM TERUST r STEM FACT. 25635  x 0.02424 «__ 6201 "0
onoxmm:o-m:z...npn e 3300 - .
MOTOR CALC. TORQUE : i

E £2l « 24.34 4
4 oUT » 2 APTL. TACT. x Q/A m— ———
MOTOR CALC. TORQUE @ REDUCED WOLTAGE = _ 24.34 . 24,34 49.66
N.3. IF OC SUPPLY, DO NOT SO. 2 7. (TVoit.)? 0,49 ) "
STALLED TORQUE = MOT. STALL TORQUE x“ST. EFT. £ x O/A RATIO =
@ L10Z YoLTAGE 93 __x0-50= 70.93= 1:21 s 3990 'y

621
Nt m EE il R R T '

MAX. TORQ. SW. m-::csm TORQ. x P/O EFT. x APP. FACTOR x O/A RATIO:
(@RID. VOLIACE) 80 x'0.49 x0.4 x 0.9 » 70.93 = 1001 ‘9

MAX, B/WEETL TORQUE = MAX. Vﬁn TORNTE
' »
¢ T :_364

OPERATING TDME * (60 x LIFT) + STEM SPEED « _ 17.0 SECONDS. (17 Sec Max|

| SMB - __3 CPERATOR WITE __80  FT./ MOTOR. o TERUST: 160000 ¢

MAX. STIM TORQUZ * _4200 '/ O/A RATIO RANGT * __3.9-95.5
B/VW RATIO = 28 37 :1 ADD GEAR __ . :1 MAX. STDM DIA.: 5.0"

coramyT sUPPLY 460 AC  sours 3 PH 60cy musT oPERATE AT 70 TVCLTACE
OREV. | 1 2 3 4 s B

VED BY: . #11

| IND. REV.3Y: w’mﬂ. | | | |

#72-11-76, REV, 1)



R OPERATOR CALCULATIONS

P.0. NO. OR PROJECE: LILCO : RET.: $2.3287-MC/25 .
COSTOMER NAME: __ . STONE & WERSTER : ;
VELAN 8O.: P2-3287.N _TTIMS: __ 2¢ (TAG: 174]MOy042) VELAN DWG. NO.:

VALVE DESC: J0 " oop LBS. _gR  GATE

LINE PRESS: 133z Psl "
ORIF. DIA.: _7 875 ORIF. AREA: 48 FRZ ar _113%8 PSI @ T®=2. 583 T.
ST DIA.: _2.8 STEM AREA: __ 4 cgf TED: /3 P ] L LIT: 9.0 "
e e e A M L e R S R S B e I S S . i M S T e e A
ST TERUST: O.A. = &P x STAT FACT.:48.682 x 1135 =x 0.3 16576
; LIV FPRESS. x S.A. = £ % 5559

Packing Friczicn Load
Tocal Stea Thrust 8

STIDM TORQUE * STDM TERUST x STDM FACT. _25635  x_0.02803 - __J82 "¢

C/A CR UNIT RATIO = MOTOR DESION R.P.M., e 1900 = o
i SAD LIAD 1 1 i

MOTOR CALS. TORQUL * : .
| - TOR - 74 "
- OUT « X APPL. TALT. x O/A RATID 0.4 gJo',‘g z 53.4 - -1
MOTOR CALC. TORQUT @ REDUCED VOLIAGE = _1&_591__ e 3860 = 48.25 9
N.3. IF OC SUPPLY. DO NOT $O. % V. (TVelt.) T —

.

STALLID TORQUE » MOT. STALL TORQUE x°ST. EIT. I x O/A RATIO s
02 woLIAGE 20 20T S5=583.4 = _l1.J1 s 2350 . '¢

: foRovr . -3 782 130
/W e I__—L_ﬂ/u A0 = mau:: BT, R I8 00 o . y

25.3% 0.3 1.5
MAX. TORQ. SW. STITING = M. TORQ. x P/O IJT. x AFP. FACTOR x O/A RATIO:

(IRED. VOLIAGT) 60 ¢ 0.8 0.4 z 0.9 g 53.4 = 923 '8

MAZ. B/VEELL TORQUE = MAX. VALVE TOR
z

“ "!n}xmn— = __408 ‘¢

OFERATING TR * (60 x LIFT) + STDM SPEDD « _ 6.0 SECONDS. (17 SEC MAX)
m.

sv8___ - _ OPERATOR WITE __60 _FT./ MOTOR. MAX. TERUST: 45000 ¢
MAX. STIM TORQUE * 850 " O/A RATIO RANGE * _27.2-- 171.6

B/W RATIO ®* __25 3:1 ADD GEAR _. _ :1 MAX. STEM DIA.: 2 /8

CURRINT SUPPLY __ 12§ yOC JOLTS - C MDST OPERATE AT g TVOLIACE

0 REV. 1 2 3 - S 6
IS %,,
APPRO BY: dag. o 4T ‘

IND. REV.3Y: i | : | | |

172-11-76, RIV, )
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e

"17.0. NO. OR PROJILT: LILCO ~ RIT.: P2-3287-MC/32

MOTOR OPERATOR CALCULATIONS

cosTom max: - STONE & WERCTER
TELAN NO.: P27 TEMS: 32 (TAG: IESIMWOVOAI)  VELN DI, KO.

VALVE BtSC: ." epg L3s. 88 GATZ

LINT PRESS: _ 1337  PsI
0RIF. DIA.} 2625  ORIY. AREZA:_§ 409 ar 1135 ___Psz ¢ 2. 563 °r,
STEM DIA.: | 1/8 STDM AREA: 0,994 ™:]/SP 2/5 t ror:di2”

ST TERUST: o..s.:crxm:uc: x__l_uﬁ_x_q_.}__- 184
. Lm mss. b 4 3 A. = m -
Packing rr:.c'scn Load - F
Total Stez Thrust . e __F ¢
ST TORQUI = STIM TERUST x ST FACT. 5424 x_0 01218 * g8 ‘e
C/A OR UNIT RATIO = MOTOR DESICN R. PH. e 1700 = b
2/5
MOTOR CALC. muz ot . .
STDY TOROUE . .
oy &b QU'.' « = . TAC:- x Q/A mo 0.4‘ o‘éﬁ; 55‘8 > —M— '
MOTCR CALC. TORQUZ @ RIDUCID VOLIAGE = 3.29 . .3.29 s 6.71 v
IN.3. T¥ DC SUPFLY. DO NOT SO. 2 V. IRt AT eee—
STALLID TORQUEI « MOT. STALL TORQUE z*ST. E27. 2 x O/A RATIO -
@ 1002 VOLIACT 1.0 =0~5 3 S55.8 1,21 s N '

2 = -z « 2% '
B/ PO * /S s oS OF, R BT ‘T—'?LﬁT, m——gyy” il 4

MAZD TORQ. SW. SITTING = MOT. TORQ. = P/0 IIT. x APP. FACTOR x O/A RATIO:
(FRED. VOLIAGT) 19 =xQ4S =_0.4 z 0.9 = 558 = 98 ‘v
. U T

= .
' ' v TE ] s 378 v
OPERATING TRME * (60 x LITY) + STDM SPIDD - 16 SECONDS. (APPROX ).

e . e e e e e e . . W18, e,
SMB - 00 OPERATOR WITX _]0 __ TT./ MOTOR. MAX. TERUST:_]4000 ¢
MAZ. STIM TORGUE * 250 - i O/A RATIO RANGZ = __ 21 _ 109
E/V RATIO = L:1 ADD GZar = i MAX. STEM DIA.: __] 3/4

CURRINT. SUPTLY JOLTS C Y MUST OPERATT AT 70 SVOLIACT

e e e e St et

0 REV. | 1 2 3 1 - ) | 6
¢ | 1n~u& |
0 3Y: 2r.4 A~ . |
DD, REV.3Y: W'% o L ! ] Er——

172-11-76, RIV. )




‘|r.0. Wo. or PRosTeT: LILCO - RET.: P2-3287-MC/S9

MOTOR OPERATOR CALCTLATIONS

COSTOMR NAME: . SIONF & WFRSTER

VELAN NO.: _p2.1287.N TSEMS: S0 (TAG. FSlewoy0ap  VELAN DWG. NO.
VALVE DESC: ' _900tas. __ BB GATE

) LINT PRESS: PSI

ORIF. DIA.F _ 2.625 ORIY. AREZA:5.409 ar _1138 PSI @ T&®. 563  °F.

STDX DIaA.: 1 1/8 STDM ARIA: 0.994 TE: 1/S? 2/5 1 ioT: 3.12 "
N A T A 9 T AT St et | D S WA i P

STDX TERUST: O.A. Z QP x STAT FACT.: . 8. 200% L1138 % 0.3 . ° 1842 .
: LINE PRESS. £ S.A. = . e _1128
Packing Fricsiez Load e 2484
Tetal Stem Thrust o 5428 1/
STDM TORGUT = STIM TEXUST x STDM FACT. _5424  x 0.0121§ - . & ‘e
{o/a on ONTT naTIO = DESION R.P.M. 1900 .
. /¥ 63
. LD 275§
MOTOR CALC. TORQUE ® : .
STDM TORCTE . ,
Lo . ® APFL. FACI. X O/A RS0 0.4%0.9 5 &7 ® ol ?
MOTOR CALC. TORQUZ @ REDUCED VOLIAGE = __ 2. 3] © 29] s 368 "9
No‘- u QC m?- w “CT 30. z V. ‘(ﬂol"F : 1
STALLEID TORQUZ * MDT. STALL TORGUE x°ST. IIT. 2 x O/A RATIO .
¢ 1107 VoLIACZ 8.25 z 25 x 63 s L2} s 286 .

2 { TOR 2 2 '
e e v Te R e e TR . 37,"'0—22, —

MAZ: TORQ. SW. s:i-'nc-m- TORQ. x P/O DIT. x APP. FACTOR x O/A RATIO:

ML WD T i e
* —PrTE s

OPIMAIING TRE * (6C x LITT) + STIM SPIID 16 szconps. (APPROX)

— S e o e st
o - g OPDRAICR VIR _ 7.5 FT./ MOTOR. MAX. TERUST:_14000 /|
MAX. STIM TORQUL * 250 '’ O/A RATIO RANGT = __23 -~ 109
B/V BATIO = _4.37 :1 ADD GEAR _ . :i1 MAX. STIM DIA.: 1.3/4
CTRRINT mt 125 ynC FOLIS > C MOUST OPERAII AT 80 _IVOLIACT |
0 REV. 1 2 | 3 1 - ) 5
(COF IS 3V | o=, | N
APPROVED BY: iy e ol l |
| | I

IND. REV.3Y: (Vv /5 & | E S

— |

172-11-76, NIV, )
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et

—— . —

v. VEL.AN ENC'N

" O A

EERING COMP" N'E%oou Vs

- -

FORw vEoue

--— S s«uvo

- 9co”' 8.8,

CERTIFICATE O

1 #2- 7~ T Lwi S

F NDT APPROVAL

"INKS!O UIOI - FEB.4/85"

{

| D I
’ PART } SERIAL NO: OR MEAT CODE el s | e wr | .|
I # : l ICTLALH | | -:mm i Ave
. mcer __o%/ | i { ] 2L
é SO0Y BUTTWELD i ‘Z . , | ‘9"#?
r v { | A ! . -
ey | bice L AR Y
. oisc (weoek) } Fsre l / , ' % "%;
™ | ] |
J—— | | | | |
: ‘ | i B
NUTS | ' ! , ! ' I !
I\ ] -7 !
NS BUioR | L &l e |
T il L2 W%,
reesed"® o' | £ipo | 2 A% |
| Leak~-cff pipi- Welds to Bonnet / 4”’/' ¥

CERTIFICATE OF PRODUCTION (HYDROSTATIC) resT

TYPEL OF TEST | sSHELL « AT o wee | BACKSEAT |  PACKING :
el .fg 22 ,4/S. gf 22 /S, SO kS PP/ AAS |
o -.a.;&?é'—b /S/, Jm /‘/ J.?S—a ﬂ ﬂéé A/, l
. ce O Pl of8 | e o g o
TEST DATA FOR MOTOR ~ OPERATED VALVES | DATE OF TEST :

orgmaTOR TYRE 5”7/5 -0

MATED vOLTS DLIZS l JAN a7 1975

SERMIAL NO.

/793 7>

FRESSUNE

SIPFERENTIAL //Jf J

jé 5’/—@0 i Q’/Z FULL RATED vou,@?e RATED vOLT" 4272_

TESTED a8y

TIME TO oren (SECSE)

TIME TO cLOSE (secs)

S doe. /.9 e

FEAK STAMTING CummENT (Amprg)

LO sm. )/ omis |

NORMAL OPERMATING CURRENT (Amey)

og »‘oAf. ¢£ “”al

oren //Z. c;ou//z

TORQUE SWITEH SATTING

LIMIT SWITCH SETTING

on~

| 1 cunwf




‘[r.0. wo. om PRosEeT: LIlCO ' REF.: P2.3287.MC/38
CUSTOMER MAME: - STONE & WFSCTER
VLAY NO.: P2-3287-N _ TTEMS: .}L(_G_LG}JL"QLMJ___WM ¥o.

VALVE DESC: 4 "  S00tr»s.

LINT PRESS: __]375  PSI
ORIF. DIA.P _3 44 ORIF. AREA:__g 29 A? 1010 PST @ T®®. 563 °r.
STDM DIA.: 1,375 STEM AREA: _] 484 TED: /4P 1/2 L LIFr: 4.0 ¢
STIM TERUST: O.A. &P x SEAT FACT.: 9,29x1030

LINT PRESS. x S.A. = 12378 x __]_4&_ - 2941——
Packing Fricticm Load -
-

m*
Total Stex Thrust 2633 4
ST TORQUTL = STEM TERUST x STEM FACT. 7211 x__0.01499 e« 114 i
O/A CR UNIT RATIO = MOTOR DESIGN R.P.M. e 1200 = ™
808 s

| T LoD WE
MOTOR CALC. TORQUL *

STo tonowy . 114 . Bl
N_. OU'I m- z AN - LC:. x O/A M:.O 0.4 ‘0.9 z 72 | ———

MOTOR CALC. TORQUZ @ REDUCLD VOLIAGE » i N '
N3, IF DC STPPLY. DO NOT SO. 2 9. (=velt.)® 0,49 Tl
|STALIED TORQUE = MOT. STALL TORGUE x°ST. IFT. I x O/A RATIO .

@ L102 YOLIAGE IS =005 =22 x_12] s 762 N

" z x st TOR - zx 114 55
E/N PULL » 7 30 = UN:: - 2 B/WDIA. 4737 20.95% 1 Y X

MAZ. TORQ. SW. SEITING = MOT. TORQ. x P/O EFT. x APP. FACTOR x O/A RATIO:

(ERED. VOLTAGE) 5.x 0.43= 04 =x_09 =x 72 s 191 ]
- v
Y »
& 35‘1— - L]
2.37 * 0.95 : '?
m‘ T » (00 = M) + STIM m - Zl SECONDS. APPROX.

SMR - 00 OPERAIOR WITE _ 15 FT.7 MOTOR. MAX. THERUST:__14000 U
MAZ. STEM TORQUE * 250 ’ O/A RATIO RANCE = 23 - 109
B/VW MATIO &= 4 37 _:1 ADD GEAR S is MAX. STEM DIA.: _] 3/4
CURRINT SUPPLY ___46Q AC JOLTS JPH_E0Cy MUST OPERATE AT !Q IVCLTAGE

OREV. | 1 2 | 3 6 | s | &

[COMP LLE® BY: . | |
- |

|

TAPPROVID BY: | Aaie v 51

(IND. REV.3Y: [ | | " i

172-11-76, REV.
- ;0‘ I~~~A”.J 11 1

TS IIN HVOI0A 15 F1ob awbd 1639 MOVOIOB 15 R Jos  on Rwew
Low Diag uua Miong-/p

. ; e . . s b sib




-~

MOTOR_OPERATOR CALCULATIONS
P.0. NO. OR PROJECT: LILCO REF. : P2-3287-MC/39
CUSTOMER NAME: STONE & WEBSTER -
VELAN NO.: _P2.3287.N TITEMS: :
{VALVE DESC: _6 " 900 L»s. B8 GLOBE_

* VELAN DNG. NO.:

LINE PRESS: 175 ° PSI _
ORIF. DIA.: 4 3/4 ORIF. AREA:_]5.025 AP _)gin  PSI @ TDF. 563 ».
STEM DIA.: __] 3/4 STEM AREA: _2 404 TED: 1/§P 1/S L LIFT: 2 172 ™
STDM TERUST: O.A. xQF = SEAT FACT.: 15.025% 1030 = . 1ol . = 17026

Packing Friction Load = 4330 ° °
Total Stem Thrust 21354 __ ¢
STEM TORQUE = STEM TERUST x STEM FACT. 21384 _x__0.01338 - 286 ‘¢

O/A OR UNIT RATIO = MOTOR DESION R.P.M. e - ©

s:§ §!§§ !NZE E 4 82 84
TEREAD LEAD -

MOTOR CALC. TORQUE =

e a—: L.\ S Y i
PULL OCT EIF. = . FACT. x O/4 RATI0 04z 0.0 3 5% -

MOTOR CALC. TORQUE @ REDUCED VOLTAGE = = 946 = 19.31 ‘v

1

N3, IF DC'SUPPLY Do WOT $O. 2 V. T e

|STALLED TOPQUE = MOT, STALL TORQUE x €T. EFF. £ x O/A BATIA =

@ 1107 VOLTAGE 48 x 0.5x_ 88 x_1.2] = 2432 ¢
2 x STEM TORQUE - 2x 286

BV PULL * SUTGTIO X ONIT BT S RN BD | ® —rf

21.1* 0.3 *1,17 ‘
‘AX. TORQ. SW. SETTING = MOT. TORQ. x P/O EFF. x APP. FACIOR x O/A RATIO:

(GRED. VOLIAGE) 8 x 043 x 04 x09 x 84 = 533 "0
MAX. H/WHEEL TORQUE ® _MAX. ¥
x .
- 2700

T 0.3 : .+
OPERATING TME = (60 x LIFT) + STEM SPEED = a8 SECONDS. :
M8 - __ 0 OPERATOR WITE __40 FT./ MOTOR. MAX. THRUST:_ 24000 ¢
MAI. STEM TORQUE * 200 _'¢ - O/A RATIO RANGE = _26.4 - 150.8
"WRATIO = _ 111 ADD GEAR __._ :1 MAX. STEM DIA.: 2. 3/8

CURRENT SUPPLY __ 460 AC VOLTSIpM  £0 CY MUST OPERATE AT IVOLTAGE
OREV. | 1 2 3 4 5 6 -

[COPILED BY: -y
APPROVED BY: “u‘L

IND. REV.3Y: "

072-11-76, REV. 1

W Kon snronmp e ; /6334 Mov03d1 S Floy ow Awey Flow diMg, £/icomriomy-18



'|P.0. NO. OR PROJECT: LILCO RET.: P7.1287.MC/41
COSTOMER RAME: __ . STONE & WERSIER '

VELAN NO,: P2-3287-N  grems: 41 (Tag: 1633*MOVO33 VELAN DWG. NO.:
VALVE DESC: § " 900 L8S. __BR _ GATE ok 5

MOTOR OPERATOR CALCTLATIONS

M
STEM TERUST: O.A. 24P x SEAT FACT.: 21,14 = 165 x 0.3 e 7388.
: LINE PRESS. ¥ S.A. * 13,05 x LA00 e 3306
Packing Fri:ctiem Load e T 2500
Total Stem Thrust e T T3158 i

LINE PRESS: 1178 PST
ORI¥. DIA.i§ 3/16  ORIF. AREA:_2].14 AP 1165 PsT @ 2. _ 563 °F.
STDM DIA.: ] 3/4  STIM AREA: 2,404 TED: /4P 12 b LTT: §.75 "

STDM TORQUEZ * s"m"nns" x STDM FACT. __ 13194 x_0.01733 «__ 229 '3
e 1700 e .

Aum ®

‘mﬁﬁ%‘ 'n,—éz'g;'n-— ® il ?

MOTOR CALC. TORQUE @ REDUCID VOLIAGE 8 A8 " s 18.05 ‘¢
N.3. IF¥ DC STCPYLY. DO NOT SC. 2 ¢ (:vol:')z . CRET——

“

STALLID TORQUE * MOT. STALL TORGUE z°ST. IIT. 2 2 O/A RATIO @
@ 1102 VOLZAGE 29.0= 0.5z 72 =__l21 s 1263 . "¢

. %3 ﬂ%%ﬂg - 110
W T /v = ONIZ . x B/¥ DIA. 4_7%Lo§§;—r—' !
MAZ. TORQ. SW. SETTING = MDT. TORQ. x P/0 ET. x APP. FULTOR x O/A RATIO:
(IRED. VOLIAGCE) 25 . x0.49 =_04 x 0.9 =220 _°* 28 ‘0

MAX. B/WEELL TORQUE = MAX. 'AL? EE""U!
z .

- 13128

/Y MTIO ® 437 i1 ADD GuAR 12 MAX. STRM DZA.: __] 3/4
CURRINT. SUPPLY _ 460 AC JOLTS My MDST OPERATE AT 70 SVOLIAGE
w

“
oRgv. | 1 | 2 s 1 & 1-F. .1 .8

R penm SO o .
[APPROVED BY: /A i~ - $41

3. *_ 0,35 e 39
OPERATING TIME = (60 x LITT) + ST SPELD o 23.5 - SECONDS. (APPROX ).
R ———
S - _00 OPERATOR WITE _25 _  FT./ MOTOR. MAX. TERUST:_14000 ’
MAZ. STEM TORQUE * 250, d O/A RATIO RANGE * _21 - 109

IND., REV.BY: 029 ¢ : | [ |

1721176, REV. )



R OPERATOR CALCTLATIONS

P.0. NO. OR PROJECT: LILCO REY.~ P2-3287.-MC/42 .
COSTOMER RaME: ____ STONF & WFRSTFR

‘w m. m.:

o ——

LINE PRISS: _117% PST
ORIF. DIA.: § J/16 ORIF. AREA: 21 14 AP _1188 PSI @ T2, _S63 . 2

STIM OIA.: _] /4  STEM AREA: 2,404 THD: 24P 12 L LINT: §28 "
e et e 1 A A ——— e e . e . . 2 et S .

STEM TERUST: O.A. = &P x STAT FACT.: 2]1.14 x x
» Lm mss- = ‘0‘0 - b 4
Packing Friccion Load

Total Stem Thrust
ST TORQUE = STDM TERUST x ST FACT. __13194 x_0.01738 -

229
;ou OR UNIT RATIO ® mi gis':c:« R.P.M. e 1700 e« 1700
i wﬁg W i #
|MOTOR CALC. TORQUE * .

- 229

| o0T v 8 . . X O/A RAT 0.4%0,0 %72 .
MOTOR GAL%. TCRQUE ¢ RIDUCEID VOLIAGE = W3 ; '
N.3. IF JC SUPPLY. DO NOT SO, 2 7. (Tvelt.)? '-8-735— P 1

SSALLID TORQUE = MOT. STALL TORJUE z’ST. OOT7. 2 z O/A RATTD &
@ 1102 VOLIACE 2 = 0ns =72 =110 = R . *¢

_ 229 110
WLt R BT BT TR 4 T T '

|MAX. TORQ. SW. mc-m TORQ. = P/O EFT. x AFP, FACTOR x O/A RATIO:

VELAN NO.: _P2-3287.N ITEMS: s
WALVE DESC: _§ " _ggr LBS. ___BH GATE

. 8.85 '¢

(URED. WOLZAGE) __1§ = 08 = (04 _x 09 x_22 = _31] ‘0
MAX. B/VEEL TORQUE = MAX. V%ﬂ E;m
- k3 .

us; - L)

* 4.37% (.95 .

CPIRATING TDME » (60 x LIFT) # STRM SPEIDD = _20 6  SECONDS. (APPROX)

| _SMB__ - __ 00 _ OPERATOR WITE |5 FT./ MOTOR. MAX. TEAUST: 14000 N

MAX. STIM TORQUE * 260 " O/A RATIO RANGE ®* _23 - ing
B/VW RATIO = Laz :1 ADD GCEAR = ‘s MAX. STEM DIA.: __1 3/4_
CURRENT. SUPFLY IZ: yoc JOLTS C yMUST OPERATE AT ! IVOLTAGCE
OREV.| 1 | 2 3 ! . s | 6 |
m 9. |
TAPPROVED BY: |/A = P N . |
IND. RZV.3Y: 0% e € | n . | | |

72-11-76, REV, 1



% NG IS D NG CO
V Af:"m LO LAND LIGHTI COMPANY

SHOREHAM NUCLEAR POWER STATION
F.0. BOX 818, NORTH COUNTRY ROAD + WADING RIVER, .Y, 11792

JONND. LEONARD R
WICE PRASIOENT  MUCLEAR OPF RATIONS

July 2, 1985 SNRC-1187

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

LILCO Comments on Prelir: nary Review of Shoreham PRA Study
Shoreham Nuclear Power Station
Docket No. 50-322

References: 1. Letter from W. R. Butler (NRC) to J. D.

Leonard, Jr. (LILCO), PRA-SNPS, dated May 8,
1985%

2. Telephone memorandum; R. Caruso (NRC) and
R. W. Grunseich (LILCO); extension to July 3,
1965; dated June 13, 1985

3. SNRC-1149 letter, dated February 25, 1985, LILCO
Comments on Preliminary Review of Shorecham PRA
Study; J. D. Leonard, Jr. (LILCO) to H. R.
Denton (NRC)

4. Letter from A. Schwencer (KRC) *o J. D. Leonard,
Jr. (LILCO) dated January 24, 1985

Dear Mr. Denton:

Enclosed please find responses to comments as reguested in
Reference 1. We trust this letter addresses the areas in
question relative to Brookhaven's review of the Probabilistic
Risk Assessment (PRA) Study. As requested, a meeting has been
arranged for July 17, 1985 (structural analysis) and July 18,
1985 (CET development), Stone & Webster and Science Appl/ ations
will support these meetings,

=

~5- Sl L{ Ll

| Z?f? .




SNRC~-1187
Page 2

If you require additional information, please contact this
office.

Voty-truly yours,

n rd, J
Vige President - Nu¢lear Operations

Attachment

€c: J. A. Berry, Resident Inspector
T. Pratt, BNL, Department of Nuclear Energy
K. Perkins, BNL
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Attachment
SNRC~1187
Page 1

Request No. 1

Table II of Appendix M gives different pressure limits for the
longitudinal reinforcement bars at the base of the containment
and in the wetwell region. However, the longitudinal bars appear
to be continuous and should therefore have the same stress.
Please explain the basis for the different results.

Response No. 1

The longitudinal reinforcing bars «t the base of the containment
are continuous with the longitudinal reinforcing bars in the
wetwell region. At the base of the containment, discontinuity
moments and shears are developed as a result of fixity between
the containment wall and the base mat. These discontinuity
muments and shears reduce rapidly with height above the mat as
the affect of joint fixity diminishes. At a point where the wall
moments and shears become insignificant, the membrane zone within
the cylinderical portion of the containment wall is reached., The
wetwell region of the containment is within the cylinders
membrane zone, and therefore, experiences significantly different
loading response than the containment base detail when subjected
to internal pressure. Therefore, although the longitudinal bars
are continuous, different pressure limits (i.e., different
limiting rebar stresses) exist for the two areas of the
containment due to the variation in applied loads.



Attachment
SNRC~-1187
Page 2

Reguest No, 2

Table II of Appendix M indicates that the shear bars at the base
and drywell head have the lowest pressure holding capability (12:
psi and 120 psi, respectively) but the discussion indicates that
the additional reinforcement will preclude this failure mode.
Since the containment failure mode is a key ingredient of the
release estimates, please provide a quantitative estimate of the
additional shear strength provided by the non-shear reinforcement
bars.

.

Response No. 2

At the base of the containment, the following values have been
develcped:

1. Shear Capacity (considering dowel action) 168 psi
2. Fiexural Capacity (longitudinal bars) 134 psi

At the base of the containment, the discontinuity bending moment
is not required to maintain equilibrium. Since the base has a
sufficiently larger shear capacity, the section will rotate
without failure beyond 134 psi.

The drywell head ring beam har been re-evaluated with
consideration for the actual concrete strength of the section.
Based on a value of f'_ = 5500 pPsi, the ring bear shear capacity
is a minimum of 145 ps¥.

At approximately el 43 ft-0 in, the wetwell region is !ullz
cracked in the hoop directicn at 130 Fsi. Since the hoop bars
are required for overall equilibrium of the containment, this
area represents the critical soction ¢f the containment wall.

The attached Table II has been revised to reflect the above
refererced values.




Attachment

o 0>
SNRC-1187 2Z7
Page 4 "o
TABLE 11 uzg-

o«
Limiting Pressure at various Locations on the Containment ~a

Locations Fallure Mode t!-l!laq F?elsure
i

ps

At Base of Containment Yielding of Shear Bars 168 (1)
Yielding of Longitudinal Bars 134 (2)+

Yielding of Hoop Rebars 283.0

Wetwell Region Yielding of Longitudinal Bars 145.0

Yi2lding of Hoop Rebars 130.0 (3)

Cone to Cylinder Junction Yielding of Longitudinal Bars 270.0

Yielding of Hoop Rebars 174.0

Drywell ion Yielding of Longitudinal Bars 200.0

.e’ Yielding of Hoop Rebars 174.0
Drywell Head Ring Beam Yielding of Shear Bars 145 (4)*
- Yielding of Hoop Rebars 140.0 .

(1) when dowel action is considered
(2) when bars are allowed to yield due to flexure, and considering t'c = 5500 psi

(3) Limiting pressure at el 43 ft-0 in
(4) Considering f'c = 5500 psi

* Revised Valves



Attachment

SNRC-1187
Page &
Reguest No. 3

1f shear failure is precluded as discussed in Section 3.2 of
Appendix M, "it appears that the ultimate capacity is controlled
by the yield of the longitudinal and the hoop bars at about 123
psi.* These two failure modes appear to be very important to
subsequent fission groduct release (particularly for Class IV
ATWS) since they will both occur in the wetwell region, Please
provide an estimate of the size, location and direction (vertical
or horizontal) containment failures for each of the three
possible failure modes.

Response No, 3

As described in the response to Reguest No. 2, the critical
section of the containment wall is at approximately el 43 ft-0
in, with failure the result of hoop bar yielding. Hoop bar
yielding would indicate that the probable contaZnncnt wall

failure would consist of a vertically oriented containment wall
crack and liner tear.
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Reguest No. 4

gection 3.6 of the PRA takes credit for containment leakage which
wvill prevent gross containment failure for all pressurization
1ates except the very rapid pressurization associated with large
treaks. However, the structural analysis by Stone and Webster
(Appendix M) did not identify any significant source of leakage.
The basis for the expected leakage source and the leakage rate as
a function of pressure should be provided.

Response No. 4

The Stone and Webster structural analysis (Appendix M) concludes
that the ultimate pressure capacity is limited by the concrete
containment. The study also concludes that prior to containment
failure, ther: may be small leakage through penetrations, valves
and hatches. Although these leakages cannot be quantified,
uncerta.nties allow a range of possible leakage sizes that would
relirve the current gas and steam generation such that the
containment pressure would no longer increase. This assumption
formed the basis for the lower limit or expected leakage rate as
a function of pressure (or accident seguence) at Shoreham.

For example, for Clac~s 2 accident sequences, at ;0 hours into the
transient the total decay heat is about 4.8 x 10  Btu/hr. 1f all
this is used to produce steam at the current containment pressure
of 80 psia, the steam produced would be 14.7 1bs./sec. The hole
size that would vent this amount of steam a,d preclude
containment over-pressure is about 0.147 ft®. This corresponds
to a circle with a diameter of 5 inches,

Por Class 1 accident sequences, the containment pressurization
beyond design basis occurs after the core degradation and vessel
breach. Some of the debris would be involved in core-concrete
interaction, hence, the amount of gasses and steam generated
could be less because much of the heat is absorbed by the
concrete. So a smaller hole would be adeguate.

As the time past shutdown is extended and the decay heat
decreases, t lower limit of the leakage rate required to
prevent gross containment failure would also decrease In the
Shoreham a alysis, it was judged that the required hoie size was
not excessively large such that leakage around penetration
sealants and hatches would be adequate. However, the exact
leakage source and size were not quantified.
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Request No. 5

The basis for the partitioning between release category 10 and 11
(no pool bypass vs. partial 1 bypass) should be provided. The
E:cnoncnoloqic&l basis for the estimate of only 108 bypass should

provided. Preliminary results from IDCOR indicate that for
some BWR sequences the vessel will fail with only 20% of the core
molten. Presumably 80% of the melt release would bypass the
SRV's and be released into the drywell,

Response No, §

Suppression pool bypass is an explicitly featured event in the
Containment Event Tree (CET) and is defined in Appendix H as "The
core meltdown proceeds in a manner such that radionuclide
releases (in-vessel) are directed to the suppression pool.*
Success (no pool bypass) implies reactor coolant system (RCS)
failure occurs only after the entire core melt release component
of the fission products has been directed to the suppression
pool. Failure (pool bypass) implies that all or part of the core
melt release inventory bypasses the suppression pool.

Pool bypass was considered in the CET on the basis of either of

the following being true:

(1) There exists a break in the RCS such that the coolant and
radionuclides are discharged to the drywell. This could be
either a large or medium break involving a significant pool
bypass (LOCA) or a small break, which, with successful SRV
actuation results in-competing flow paths leading to a
partial pool bypass.

(2) The core melt progression is non-coherent and leads to RPV
bottom head failure prior to total core meltdown. This
allows a bypass flow path for the radionuclides remaining
within the vessel at the time of vessel breach.

(3) Some radionuclides are airborne or resuspended in the
primary system at the tim: of vessel failure which are then
released into the drywell bypassing the suppression pool.

The conditional probability of pool bypass was estimated vsing
the Boolean combination of two factors: the probability that the
core meltdown proceeds non-coherently and the probability that
the primary system fails prior to total core melt. The first
factor was chosen to be .90/demand (similar to the conditional
::obcbility used in the Zion PRA). The second value is chosen to

0.40/demand for cases where the RCS and primary containment is
initially isolated and 1.0/demand for cases involving a LOCA.
These result in conditional failure probabilities of 0.40 for SPB
in non~LOCA and small LOCA sequences and 1.0 for LOCA (medium and
large) sequences.
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It was determined that the oi;ni!tcnnt contributor for non-LOCA
cases was the early failure of the versel bottom head prior to
total core meltdown. The amount of fission products remaining in
the RCS (airborne or as yet to be released from the fuel) was
estimated from an evaluation of the extent of core melting by the
time the melt front of the core came within the proximity of the
BAF. (From the MARCH predictions, this occurred at about 40-50%
core melt.)

Agpondix D discusses the core melt release model used in the
Shoreham analysis. A time dependence function for the mel®
releases was based on ORNL tests (Reference D-12). These
indicated that the volatile materials release probably take place
before fuel melting (liquefaction) propagates through the test
bundle. On this basis, the time interval used to represent the
period of melt release was determined to reach completion at the
S0% core melt time predicted by MARCH.

For those sequences involving early vessel head breach, 40V core
melt would translate to 80V melt release. 1In other words a
maximum of 204 of the volatiies would potentially bypass the
suppression 1. A 108 pool bypass assumption was chosen in the
Shoreham analysis since further examination of the core power
distribution showed that the remaining fuel bundles tended to be
those with lower peaking factors (less than 0.50).

This assumption does not sppear to be inconsistent with the IDCOR
analysis in terms of the amounts of volatile fission products
remaining in the core at the time of vessel breach. The Peach
Bottom integrated containment analysis (IDCOR Subtask 23.1) shows
that 14% of the volatile fission products (Cesium and lodine) are
still remaining in the core at the time of vessel breach when 20%
of the core is molten for ATWS or Class 4 sequences.
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Request No. 6

The basis for binning into release categories is poorly described 1
and the transfer from Tables H{-6 etc. into the 16 release

categories is difficult to interpret. A table listing the

specific sequences which are binned into each category should be

provided.

Response No., 6

A perspective of the CET binning process may be obtained from
Figure 1. This provides a graphical description of the CET
development into sub-trees and the procedure used to collapse the
sequences which were judjed to have similar characteristics, in
terms of the release potential. As the figure indicates, the
"binning"™ occurs at crit.cal pinch points of the CET.

It was necessary to perfcrm the CET evaluation in this manner to
limit the propagation of hundreds of possible end states which in
the end would have to be grouped in order to make the
quantitative analysis mor: manageable.

A sequence, therefore, may be designated by a series of
intermediate plant states and end states, the progression of
which can be determined by examining the subtrees of the CET
separately. Those sequence designators assigned to .
characteristic accident class release events, for example,
CII‘TI-DH for class 1, are shown in Figure H.4-8.

The attached Table 1, (Sumnary Table of Sequence Designators and
Associated Release Categories), illustrates specifical.y those
sequences, associated with a particular accident class
containment event tree, thit are binned into the respective
release categories. It is important to note that the sequences
(or end states) are unique to their respective accident class,
and that each accident class does not necessarily contribute to
all of the sixteen Release Categories. The segquences in this
table follow the same format as previously used. The sequence is
defined the CET's initiator followed by the transfer state and
finally the end state. Where only a single designator is found,
it would correspond to the and state for that sequence.
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Regquest No, 7

The lack of R, sequences in the release categories makes it
apparent that“these releases have been binned "downward"™ into the
lesser release category R,. The basis for this "downward”
binning and any other ooqﬁonco. that are moved to less severe
categories should be provided.

Response Wo, 7

The CET end states are defined on the basis of the various
attributes which impact the potential consequences of a release
event, of which R, and R, represent only a portion of a number of
possible conbinatfons. }oz example, SNP-3 is a release category
represented by CI1R,T,~ + @ class 1 accident sequence end state
inveolving a total 3050 melt (R,) with long term containment
failure (T‘) occurring in the atywoll.

This end state was chosen as the representative release event
sequence for this category because of its higher conditional risk
than a CIR.T,~ 77 sequence. The end state screenin process
indicated hit ‘the higher conditional probability of an R, type
release did not offset the small incremental release !tlctton of
the oxidation release. Therefore, R type releases were binned
with R‘.
In a similar manner, T, and T, sequences (for classes 1 and 3)
were lumped with T,, bécause 8f the higher risk impact of T,.
Although T, (and sOme T.,) sequences were found to have a 1o$cr
estimated ‘ucapo fractidn than T,, it was judgcd that the
Eotontiul consequences of a T t}pc event would not offset the
igher conditional probabilit} of T, and T,. Tables 1 and 2 (see
Question 3) summarize the estimated“escape”fractions used for the
importance ranking for sequences, respectively. The source
factors used represent the melt (Iodine), oxidation (Rutheniunm)
and vaporization (Tellurium) release components. While the noble
gases (Kr-Xe) are released in both R .adn:a sequences, it was
not included in the importance rnnkiﬂq si this radionuclide
group is non-removable, hence would not impact differences in the
escape fractions between the various sequence end states.
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Reguest No. 8

Table H.4-25 appears to be incomplete in that it does not include
sequences D6 and D8. The completed table should be provided.

Response No. 8

The completed Table H.4-25 “"Sequence Designators for Class V
Release Event Sequences" is attached with the sequences D6 and D8
in the appropriate location.
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ggggo!i.lo, 9

The source escape fractions used for end state screeni (Table
3.6~10) appears to be gquite arbitrary yet it greatly influences
the importance :anking. In particular: the use of I as the
surrogate for melt release ignores the fact that there are noble
gases in the melt release which will not be scrubbed at all; the
use of a large scrubbing factor (500) for C, transients is
inappropriate since most of the melt releasd will be released
directly to a feiled containment; the reduction factor of 0.0}
for 7" failures is indefensible since the event tree recludes
everything but large ruptures where the pool will be blown out
into the reactor building at high pressures.

Table 3.5-10 should be replaced by a table with defensible
reduction factors. As a minimum the table should include a
Separate category for C, transients, which recognizes the defined
sejuence of events (con.lin-ont failure before core melt). In
addition, a detailed justification for each reduction factor
should be provided along with the numerical results of the
ranking prccess. This revised table will provide the basis for
our independent importance ranking based on revised estimates of
accident frequency and reduction factors.

The functions, systems and phenomena treated explicitly in the
containment event trees were defined on the basis of their
potential risk impact, i.e., the product of the probability and
potential consequences of the release event. The probabilities
are estimated for each accident sequence progression leading to a
release producing event (end state). The consequences cf the
release event may be expressed in terms of the public health
impact or radionuclide source terms. In the CET development, it
e ent that a very large number of end stu.es would be
Possible. It was also recognized that to analyze each end state
for consequences would be extremely expensive, if not
unmanageable.

The ultimate goal of the inplant accident analysis is to
summarize this spectrum of release events into a relatively small
group of release categories that can be used to estimate public
risk. To achieve this goal, the accident sequences are binned
into core meltdown release categories. In the Shoreham analysis,
16 such release categories were defined. These categories were
defined through the use of an iterative procedure by which the
potential consequences are estimated for various sequences,
remaining s ences are conservatively grouped based on the
similarity of sequence progression and release paths, frequency
estimates are compared to identify high frequency sequences in
each }roup and source term calculations are ccrriod out only for
the high frequency (and potentially high risk impact) sequences.
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basis of source escape fractions shown in Table 3.6~10. The

attenuation along a release path is represented by the escape

fractions associated with the phenomena. The relationship

between the various removal mechanisms is shown in the form of an '
event tree in Figure 1. The calculated escape fractions are ’
shown in Table 1 for R release type. For example, transient
events have a charactoiisttc release pathway involving an intact
RCS with the steam boil-off through the SRVs. The fission i
pProducts not captured by the suppression pool would become

airborne within the containment. If the containment integrity is
maintained, natural removal processes could further reduce the

radionuclide concentrations. Depending on the containment

failure time after core melt, and failure mode, reduction factors

for a release pathway can ther be estimated within a group of

transient events.

For class ) sequences, the containment failure time may range
from the start of the transient event (T.) to long after core
concrete interaztions (T,). On the othc} hand, craou 4 seguences
are characterized by a time phase T containment overpressure
failure. Both sequence classes invélvo A, intact RCS with
boiloff to the Suppression pool, Therefore, a CIR,T -7 end
state could possibly have a similar release naqnitﬂd‘ as CCR‘TI-"
Hence, both may be grouped within a single release category.
However, since the estimated frecuen Y of C4R,T.~ Y end state was
evaluated to be higher than Ci®v,T. - + the r‘p}csontottvc
sequence chosen for this releasd éatoqory was Class 4, and
C4R.T.-¥ was then binned with SNP-10 (or 11) release category.
In ‘h‘ final release Category source term calculations, the class
4 accident sequence was used in the MARCH/CORRAL calculations for
SNP-10 or 11. It is important to note that the values in Table
3.6~10 are used only 1n1§§0§1x @S a means of ranking the various
end states for purposes o nning into release Categories. The
exact reduction factors for the representative sequences are
calculated by CORRAL on the basis of input information provided
D.
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TABLE 1
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0% 1.00 1.00 +«90 .01

1.00 .90 .50 .05 1.00 C3RT2 d 2.2%e~2 1.%~3 4.%-3 2.05e
.03 1.00 1.00 .05 1.00
.09 1.00 1.00 .05 1,00
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Reguest No. 10

Sheet 1 of Figure H.4.2 has been reduced so that is illegible. A
full-size legible copy should be provided.

Response No. 10

Attached is a full size legible copy of Figure H.4.2. sheet 1 the
Containment Event Tree for Class I Time phases 11 and Tz.
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Reguest No. 11

Appendix L provides a detailed discussion of the disposition of
the corium (90% is expected to go down the vent Pipes) based on
the revised reactor pedestal geometry illustrated in Figure
L.3-2. However, this figure is inconsistent with other
descriptions of the geometry (e.g., Figure 2.3-2) and provides
inadequate information for an independent assessment of the
corium disposition. Please Provide detailed (as built) drawings
of the vent pipes and their covers within and external to the
reactor pedestal region. Include a description of whether the
air ducts and manways in the reactor Support wall will be blocked
during operation.

Response No. 11

Figure 2.3-2 was included within the body of the PRA to provide a
general arrangemant of the Shoreham Primary Containment. The
scale at which this figure is drawn does not lend itself to
providing any level of detail that would support an assessment of
corium disposition. Figure L.3-2 however, is drawn to a scale
that provides a level of detail that could not be included on a
small scale drawing such as Figure 2.3-1. Figure L.3-2 provides
as-designed dimensions and elevations for a section thru the
reactor support wall at one of the four air vents. Variation
from these dimensions and elevations would only be affected by
very nominal construction tolerances.

For clarity and as an aid to assessing corium disposition,
additional figures have been developed. Figures PRA-1 and PRA-2
provide details through the Support wall manway openings.

Corium disposition through this opening is blocked by the
continuous steel ring around the outside of the support wall.
Additionally, drawings 11600.02-Fp-4B, 18C, 18D and 18L are
provided. These drawings show the final arrangement of the
downcomers and their covers both inside and outside of the
support wall. Drawing FP-4B depicts the downcomer gecmetry
outside the pedestal region. Drawing FP-18L (detail 28-28)
shows the configuration inside the pedestal with the raised
floor almost flush with the downcomer lip.

As depicted in the PRA, the segmented concrete ring is planned to

made continuous at the air vents and removable concrete walls
ar: planned to be placed in the manway region. This proposed
modification will further enhance this unique feature of the
Shoreham containment,
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Request No. 12

Provide the estimate of the fraction of the molten corium which
is expected to spread out of the pedestal area through the open
manways and air ducts in the reactor support wall.

Response No. 12

The CRD room of the Shoreham containment is provided with
confining barriers around the pedestal wall which would
effectively hinder transport of the molten debris to the drywell
region outside the pedestal. Within the CRD room, the downcomer
pipes would provide a funneling effect directing most of the
fluid to flow into the suppression pool. The PRA depicts a
proposed modification to partially block the air vents. While
some of the debris may be dispersed onto the drywell floor
outside the pedestal area, transport calculations of the possible
competing flow paths (i.e. downcomer vent pipes, versus the
airducts; and manway sills, once the fluiAd level exceeds the
pProposed concrete block height) indicates that almost all (98%)
of the fluid would flow to ttre Pool. This function reduces to
approximately 80% without the proposed modification. It was
conservatively estimated in the Shoreham analysis however, that
only 90% of the core melt would flow to the pool to account for
some dispersion, particularly for sequences involving a
pressurized discharge from the reactor vessel.



