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INSTRUMENTAT::N

3/4.3.4 TURBINE OVER5 PEED OROTECTION

L:MITING CONDITION FOR OPERAT!:N

3.3.4 at least one T roine Oversoeeo Protection System shall ce :PERABLE.

APDI:aBIL: 5 "CCE5 1, 2* ano 3'

AC' ION:

a. With one st:0 valve or one control valve per nigh pressure turotre
steam line inoperaole anc/or with one stoo valve or one control
valve per lo pressure turbine steam line inocerable, restore the
inoperable valve (s) to CPERABLE status within 72 hours, or close at
least one valve in the affected steam line(s) or isolate the turoine
from the steam sucoly within the next 6 hours,

with the above recuirea Turoine Overspeed Protect W System otne %isec.

inoperable, within 6 hours isolate the turbine from tne steam sucoly.

$URVE!LLANCE REQUIREMENTS

4. 3. 4.1 The provisions of Specification 4.0.4 are not applicable.

4.3.4.2 The above recuired oversceed protection syst6' shall be demonstratec
W ERABLE:

At least once oer 14 days ey cycling each o the following valvesa.

through at least one comolete cycle from the running position using
the manual test or Automatic Turbine Tester ( ATT):
1) Four nign pressure turDine stoo valves,

_

2) Four nign pressure turoine control valves,
3) Four low pressure turoine stop valves, and
4) Four low pressure turbine control valves,

b. At least once per 14 days by testing of the two mechanical overspeed
devices using the Automatic Turbine Tester or manual test,
At least once per 31 days by direct observation of the movement ofc.
each of the above valves through one complete cycle from the
running position,

d. At least once per 40 months by disassembling at least one e' :::n :'
lusERT A -- th: :b::: ::'v:: and performing a visual and surface inspection of'

r

y,)y, ,,,t, ( ; 7 , 3 ;=,:), disks and stems and verifying no unacceot-
able flaws. If unacceptable flaws are found, all other valves of tnat
type shall be inspected.

T t ra s g AT S

*Not aorlicable in MODES 2 and 3 with all main steam line isolation valves and
associated bypass valves in tne closed position.

COMANCHE PEAK - UNIT 1 3/4 3-509211160387 921110 1
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,

INSERT A

high pressure turbine stop valve and one high pressure control valve

INSERT B

e. At least once per 40 months by visually inspecting the disks and
accessible portions of the shafts of at least one low pressure turbine
stop valve and one low pressure turbine control valve and-verifying no
unacceptable flaws are found. If unacceptable flaws are found, all other
valves of that type shall be inspected.
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/pa sec('o NU R EG-75/087

3' 't U.S. NUCLEAR RECULATCRY CCMMISSION- "

!m i STANDARD REVIEW PLAN
.

<% * . . . . #. OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 10.2 TURBINE GENERATOR

REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PSB) |

Secondary - Mechanical Engineering Branen (MEB) I
Materials Engineering Branch (MTEB) i
Radiological Assessment Brancn (RAB) |
Auxiliary Systems Branch (ASB) I

1. AREAS OF REVIEW

Nuclear reactor plants include a turbine generator system (TGS) to convert the energy
in steam from the nuclear steam supply system into electrical energy. The TG5 consists
essentially of the turbine unit and the automatic dtvices, alarms, D d trips which
control and regulate turbine action, and the generator unit and its controls. The
turbine control system and the steam inlet stop and control valves, the luw pressure
turbine steam intercept and inlet control valves, and the entraction steam control
valves control the speed of the turbine under normal and abnormal condl.tions, and are
thus related to the overall safe operation of the plant.

The turbine generator system installed in a nuclear plant is typically equipped with
redundant overspeed protection instrumentation and controls and the main steam and

reheat steam control and stop valving arrangements typically provide redundancy in the
valves esssntial for overspeed protection. The intent of the review under this SRP
section is to verify that such redunda%, in conjunction with inservice inspection and
testing of the essential valves, makes a turbine overspeed condition above the design
overspeed very unlikely. Assessment of the risk to essential plant systems and struc-
tures from potential turbine missiles is reviewed under SRP Section 3.5.1.3.

1. The P5B reviews the turbine generator system and the components and subsystems |
normally provided with this equipment with respect to the following considerations:

The general arrangement of the turbine and associated equipment with respecta.

to safety related structures and systems and balance of plant.

b. The types and locations of main steam stop and control valves, reheat stop
and intercept valves, and associated piping arrangements.

USNRC STANDARD REVIEW PLAN
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| systcms to dettet a turbin) overspted condition and to actuate appropriate
j system valves or other protective devices to preclude an overspeed condition

above the design overspeed.

1 The overspeed protection instrumentation and controls with respect to
redundancy, testability and reliability.

2. The PSB reviews the inservice inspection and operability assurance program for |
valves essential for overspeed protection.

3. The PSB reviews the applicant's proposed technical specifications for operating |

license applications as they relate to areas covered in this SRP section.

Secondary reviews are performed by other branches and the results used by the PSB to
complete the overall evaluation of the system. The secondary reviews are as follows:
the ASB determines that appropriate seismic and quality group classifications have been
established for system components where appropriate. The ASB and MEB determine that

the TG5 is in accordance with Branch Technical Positions ASB 3-1 and MEB 3-1 as related
t pipe cracks or breaks in high and moderate energy piping systems outside of contain-
ment. The MEB confirms that the components, piping, and structures are designed in |
accordance with applicable coJes and standards. The MTEB verifies that inservice

inspection requirements are met for system components, and will verify the compatibility
of the materials of construction with service conditions. The RAB determine:, if any -

radiation shielding is necessary to assure safe access to turbine equipment.

I
!]. ACCEPTANCE CRITERIA

There are no general design criteria or regulatory guides that are directly applicable
to the design evaluation of the turbine generator. Acceptability of the design of the
turbine generator system, as described in the applicant's safety Analysis Report (SAR),
is based on the specific Criteria listed below and on the similarity of the design to
that of plants previously reviewed and found acceptable.

1. A turbine control and overspeed protection system should be provided to control
turbine action under all normal or abnormal operating conditions, and to assure
that a full load turbine trip will not cause the turbine to overspeed beyond
acceptable limits. Under these conditions, the control and protection system
should permit an orderly reactor shutdown either by use of the turbine bypass
system and main steam relief system or other engineered safety systems. The
overspeed protection system should meet the single failure criterion and should be
testable when the turbine is in operation.

2. Turbine main steam stop and control valves and reheat steam stop and intercept
,

valves should be provided to protect the turbine from exceeding set speeds and to
protect the reactor system from abnormal surges. The reheat stop and intercept

Rev. 1 10.2-2
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valves should be~ Capable of closure concurrent with the main ste'am stop valves, or
of sequential closure within an appropriate time limit, to~ assure that. turbine-

.

overspeed is controlled within acceptable limits. The_ valve.. arrangements and
valve closure times should be such that a failure of any single valve to close

j
wi)1 not result in excessive turbine overspeed in the event.of a TC5 trip signah

.

_

3.
The extraction steam check valves provided at extraction connections shall te

~
1|-

capable of closing within an appropriate time limit to maintain stable turbine
.

speeds in the event of a TG5 trip signal.

4

The TGS should be provided with the capability to permit periodic testing of
components important to sifety while the unit is operating at rated load.

5.
The inservice inspection program for mein steam and reheat valves should include i

the following provisions:

At approximately 3-l/3 year intervals, during refueling or maintenance shut-
a.

downs coinciding with the inservice inspection-schedule required by Section XI|
of the ASME Code for reactor components, at least one main steam stop valve,
one main steam control valve, one reheat stop valve, and one reheat intercept

valve should be dismantled and visual and surface examinations. conducted of
If unacceptable flaws or excessive corrosion

. jvalve seats, disks, and stems.
i

are found in a valve, all other valves of that type should be dismantled.and.inspected,
Valve bushings should be inspectea and cleaned,.and bore diam-

eters should be checked for proper clearance,

b.
( Main steam stop and control valves and reheat stop and intercept valves

should be exercised at least once a week by closing each valve and observing.I

by the valve position indicator that it moves smoothly to a fully closed
position.

At least once a month, this examination should be made by direct
.

observation of the valve motion.
'

t

! 1

6,
l

,

{ Unlimited access to all levels of the turbine area under all operating conditions'
$

1

should be provided.
Radiation shielding should be provided as necessary to permitaccess,

1-

7.
Connection joints between the. low pressure turbine exhaust-and the main condenser

| should tc arranged to prevent adverse effects on any safety related equipment in . ;

the turbine room in the event of rupture (it is preferable not to locate safety-
.

F
related equipment in the turbine room),

_ *

B.

Branch Technical Positions ASB 3-1 and MEB 3-1 should be used to determine the|
;

acceptability of the ef fects of postulated TGS piping failures on safety-relatedequipment.
|

5
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9. f!egulatory Guido 1.68 should be used with regard to preoperational and stGrtup
testing of the power conversion system.

For those areas of review identified in subsection I of this SRP section as being the-
responsibility of other branches, the acceptance criteria and their methods of applica-
tion are contained in the SRP sections corresponding to thise branches.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to determine
that the design criteria and bases and preliminary design as set forth in the Prelimi-
nary Safety Analysis Report meet the acceptance Criteria given in subsection II. For
review of operating license (0L) applications, the procedures are utilized to verify
that the initial design criteria and bases have been appropriately implemented in the
final design as set forth in the Final Safety Analysis Report.

The review procedures for OL applications include a determination that the content and
intent of the technical specifications prepared by the applicant are in agreement with
the requirements for systea testing, minimum performance, and surveillance developed as
a result of the staff's review.

The review procedures given are for a typical turbine generator system. Any variance
of the review, to take account of a proposed unique design, will be such as to assure
that the system meets the criteria of subsection II. The reviewer evaluates the TG5,
subsystems, and components of the unit that are considered essential for the safe
integrated operation of the reactor facility. The reviewer will select and emphasize

j

material from this SRP section as may be appropriate for a-particular case. |
,

Upon request from the primary reviewer, the secondary review branches will provide
input for the areas of review stated in subsection I. The primary reviewer obtains and ;

uses such input as required to assure that this review procedure is complete.

l
1. The SAR is reviewed tLo determine that the. system description and piping and instru-

j mentation diagrams (P& ids) show the turbine generator system. The general arrange-
ment of the TGS and associated equipment with respect to safety-related structures,
systems, and components is noted.

| 2. The reviewer verifies the adequacy of the control and overspeed protection-systeml-
and determines that:

Support systems, subsystems, control systems, and alarms and trips willa.

function for all abnormal conditions, including a single failure of any
component or subsystem, and will preclude an unsafe turbine.overspeed.' The
indepth defense that is provided by the turbine generator protection system
to preclude excessive overspeeds should be designed with diverse protection
means.

i

I
>
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hydraulic control system fully cuts off steam at approximately 103 percent of1

rated turbine speed by closing the control, stop, and intercept valves,

A mechanical overspeed trip device is provided that will actuate the control,
c.

stop, and intercept valves at approximately 111 percent of rated speed.

d. An independent and redundant backup electrical overspeed trip circuit is
provided that senses the turbine speed by magnetic pickup and closes all
valves associated with speed control at approximately 112 percent of rated

This backup electrical overspeed trip system may utilize the samespeed.

sensing techniques as the electro-hydraulic control system. However, the
circuitry is reviewed to determine that the control signals from the two
systems are isolated from and independent of one another.

The main steam stop and control and the reheat stop and intercept valving arrange-
.

ments and valve closure times are reviewed to ensure that no single valve failure
,

can disable the overspeed control function.

4.
The extraction steam valving strangements and valve closure times are reviewed to
see that stable turbine operation will result af ter a TGS trip.

5. The capability for testing of essential components during TGS operation is
reviewed.

6.
The proposed i service inspection program for essential speed control valves is
reviewed to verify that it includes the provisions of item 5 of subsection II.

7.
The reviewer consults with RAB with regard to expected radiation levels around the.
TGS and the degree of access to TGS components during operation.

8. If there are safety-related systems or portions of systems located close to the
TGS, the physical layout of the system is reviewed to assure that protection has
been provided from the effects of high and moderate energy TGS piping failures or
failure of the connections from the low pressure turbine section of the main

The means of providing such protection will be given in Section 3.6 ofcondenser.

the SAR, and the procedures for reviewing this information are given in the
corresponding SRP sections,

g

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his review.
supports conclusions of the following type, to be included in the staff's Safety
Evaluation Report:

10.2-5 Rev. 1
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"The turbine generator system includes all components and equipment n
provided including turbine main steam stop and control valves and reheat steam

ormally

. stop and intercept valves.
The scope of review of the turbine generator systemfor the

plant included layout drawings, piping and instrumentation diagrams
and descriptive information f or the system and for control and supporting systems

,

that are essential to its operation.
(The review has determined the adequacy of

the applicant's proposed design criteria and bases for the turbine gene
system and the requirements for safe operation of the system during normal

rator

abnormal, and accident conditions (CP).] (The review has determined that the
,

design of the turbine generator system and supporting systems is in co f
with the design criteria and design bases (OL).] n ortrance

"The bas:s for acceptance in the staff review has been conformance of the appli-
cant's designs, design criteria, and desigt bases for the turbine generator syst
and supporting systems to applicable staff technical positions and industry

-

em

standards.

"The staff concludes that the design of the turbine generator system co f
all applicable staf f positions and industry standards, and is acceptable "

n orms to
.

V. REFERENCES

1

Branch Technical Positions ASB 3-1, " Protection Against Postulated Pipi
in Fluid Systems Outside Containment," attached to SRP Section 3 6 1

ng 74tlures

" Postulated Break and Leakage locations in Fluid System Piping Outside Co t i
. . , and MEB 3-1,

attached te SRP Section 3.6.2. n a nment," -

2.

Regulatory Guide 1.68, " Initial Test Programs for Water Cooled Reactor PPlants." ower

_
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Siemens letter to Mr. R. T. Jenkins from Mr. P. C._Hosbein.- -

dated February 14, 1992
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Post ft' brand fax transmittal memo 7671 8o9es** * &
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**TuEleh6 ? a.5, P CFebruary 14,1992 w i

r.a w.
_-

Mr, R.T. Jenkins
Manager, System Engineering
TU Electric
Comanche Peak SES
P.O. Box 2300
Glen Rose, TX 76043

Re: Design and Inspection of Main Turbine Valves
Reference letter from P.C. Hosbein to
J.J. Kelley, dated January 23,1990

Dear Mr. Jenkins:

This letter is in response to TU Electric's request forinformation regarding the design and
inspection of the High Pressure (HP) and Low Pressure (LP) stop and control valves at
the Comanche Peak Steam Eisctric Station Units 1 and 2.

HP Valve Deslon and Construction

Th HP stop and control valves are designed to control the speed and load of the main -
turbine generator. The HP stop valves are designed for extremely fast closing to isolate
the turbine preventing it from reaching a potentially destructive overspeed condition.

The HP stop and control valves are combined in a common body and the primary
components are the seat, cone and stem, with an actuator that controls the position of
the cone. The seat of the valve is machined from bar stock, material 21CrMoN.N47. The
seat has a stel!ite overlay in the area of contact to the cone. After machining the seat is
PT inspected. The cone is a casting GS-C256 also with various overlays in different.

areas. The cone is also PT inspected as part of the manufacturing process.

The stem of the valve is made of 34CrAIMoS material with a gas nitrade surface
hardening. The valve stem is also PT inspected during manufacture. -

In general when ever there is a special surface hardening or coating process, (i.e. flame
spray or gas nitride) the surface of the material where the process is applied is PT
inspected.

|
! Siemens Power Corporation

P O Box 160 Bradenton; Fleca 34203 (813) 723-4100 FAX. (813) 7234210 .-
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Mr. R.T. Jenkins, TUE
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LP Valve Desion and Construction

The LP stop and control valves are butterfly valves, the primary components are the
flapper, the shaft, and the pipe, which contains the hot reheat steam.

The flapper is a casting which is fabricated in one piece from 18CrMo910 steel. The
flapper rotates within the pipe 90* in an open or closed position. The flapper does not
make metal to metal contact in the closed position. There is a 2mm gap between the
edge of the flapper and the inside pipe wall. Th9re is no seat as such in this butterfly
valve. A surface crack examination is mado of the flapper in the shop, since this is a
casting an MT is performed. A hardness test is also performed in the shop.

The shaft is made from a solid piece of bar stock material type 21CrMcNiV47 (American
equivalent ASTM A 193 Gr816). The shaft is inserted through the flapper and secured
with 8 locking pins. The assembly is performed at the factory and the shaft has never
been removed for any reason at any operating plant. Although it is physically possible
the work would be quite extensive and dangerous. The factory performs a surface crack
examination of the shaft using a PT method. A run out check is also made after
machining.

The 48" pipe that surrounds the flapper is carbon steel material. The welds that were
made to the hot reheat elbows were RT inspected during construction.

NormalInspection Recommendatignji

Please refer to my letter dated January 23rd 1990 to Mr. James J. Kelley (copy attached).
The HP stop and control valves normally have been PT inspected to check for cracks or
surface indictions in the stem cone and seat.

During an outage on the steam turbine Siemens recommends that one LP stop valve and
one LP control valve be inspected. This inspection calls for only visual examination of
the flapper from inside the hot rehsat pipe and a visual examination of the shaft after the
steam seals and bearings have been removed. If any findings are made during this
examination further testing would be recommended.

HP Valve Historical Information

The simplicity of individual, symetrical casing valves Itas the advantages of separate valve
seats and separate control functions. This design has been responsible for an

r
h
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operational history of high reliability and' excellent operating 1 performance since its-:
adoption in 1958.

L_P Valve HistoricalInformation

Siemens has steam Turbines at 32 nuclear plants around the world. All these steam-
turbines have butterfly valves of similar construction to the valves at Comanche Peak
The normalinspections as described above have been performed through the.18 years:
that the nuclear steam turbines have operated.

No further inspection beyond the normal visual inspection have been performed. These
butterfly valves have performed without problems on the shaft or flappers at all the
the nu .dar steam turbines around the world.

We-do:not anticipate chsnging the examination in the future because. of the good:
performance of this design. There is no metal to metal contact on these butterfly valves
that would cause stresses or strains to the material. The temperature and pressure of
the hot reheat st/am is relatively low and no metal creep on metal fatigue of the flapper.
or shaft can occur.

We will provide additional factory testing and backup documentation if requested.-

Sincersly, .-

\
~ .

/h

Peter C. Hosbeln :
Manager, Service. Development
Product Service Division

1'

PCH/umy

Attachment .

cc: W.J. Cahill u

A.B. Scott
J.J. Kelley

-i
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Utility Power Corporation letter to Mr. J. J. Kelley
from P. C. liosbein, dated January 23, 1990

,

S

.



- - _ _ _ _

FEB 14 '32 16:16 FROM SIEMENS POWER - PSD TO COMPK TRL PME . 004
f" &'.

Utility PowerCorporation M
4nni sp tag waicy nn. sinw en tutt.m ~tesas ru44 Im4newwm1

January 23, 1990

Mr. James J. Kelley, Jr.
Plant Operations Manager 009
Comanche Peak SES
TU Electric Company
P.O. Box 2300
Glen Rose, TX 76043

Hon-destructive Examination of High Pressure
Re and Low Pressure Turbine Valves.

Dear Jim:

We inspected one of each of the HP and LP stop and control valves per the
We.urveillance requirernents, section 4.3.4.2 of the FSAR this past Summer.

would like to clarify our current recomendations for non-destructive
examination (HDE) of the valves for your future maintenance plans.

Hjigh. Pressure Turbine Stop_ Valvel

valve cone (Disk 1: Visually inspect for wear, chipping, deformation,
- corrosion, erosion, cracking and scaling.
valve Sest: Visually inspect for wear, chipping and cracking.

Perform contact chick with cone. Liquid penetrant (PT) for cracks.
valve Body, Bonnet and Flence: Visually inspect for scalicq, cracking,

erosion and corrosion. If necessary, perform magnetic pan!cle test
(MT).valve spindle (stem): Visually inspect for bending, distortion, galling and
cracking. Perfom runout check using "V" blocks. Perform 100% PT for
cracks of hardened surface.

Valve Bushing: 100% dimensional checks.

Hich Pressure Turbine control valves

Perform VT, MT and PT as per Hp stop valve.

Low Pressura Turbine stop valves

Since there is no " seat" on these butterfly-type valves, a seat inspection
is superfluous.

Vjlve Disc (Butterfly): Visual inspection (VT) for corrosion, erosion and
cracking.

_ _ _ - _ - - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Mr. J.J. Kelley, Jr. -1* Jan a,y 23, 1990--
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k.

semis and seal Bushings: VT for corrosion, erosion and cracking.
.

Shaf t and Shaf t Bearinag VT for corrosion, erosion and cracking. 100% PT of
the babbitted surf t.s and 100% UT of P'1e babbitt to base metal bond..

,

Low Pressure Turbine Control Valves

Perform VT as per-LP stop valves.

These NDE recomendations will be valid any time an HP or LP valve-is,
inspected during an outage._ The work scope for turbine generator work
during refueling outages should be determined at least 18 months prior to
the outage to 211ow sufficient time for parts delivery and plaruting.

Together, Utility Power corporation and TU Electric Company should begin.
planning for the first refueling outage on Unit #1, scheduled for 1991.
I would be happy to meet with you or your-representatives at the earliest
convenient time.

.

Very ly yours

2d ib 'N M^-

Peter C. Hosbein
Manager, service Development

.

cc: M.W. Cunningham
D.L. Davis
G.E. Jorgins
F.W. Madden
A.B. Scott, Jr.
I.C. Whitt-
B.W. Wieland

-

bec: P.K.:Shavnani
A.E. fi /

' R.F. ke /-
J.J. au r4

--PCH:Im- ,
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ENCLOSURE 4 TO TXX-92486

Allis-Chalmers Powers Systems, Inc.

Engineering Report No. ER-504

" PROBABILITY OF TURBINE MISSILES -

from 1800 r/ min Nuclear Steam Turbine-Generators
with 44-inch Last Stage Blades," October 1975
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1. INTRODUCTION

This report provides information on the probability of occurrence of turbine

missiles f rom burst-type f ailur e of low pressure (LP) blade disks of 1800 r/ min

turbines designed for nuclear power plant applications. Two distinct cases are

ccvered: 1) LP disk f ailure at or near design speed (el20% of rated speed), and
,

2) LP disk burst due to an excecsive overspeed incident.
,

e

for the fi rst case, in f orma t ion is provided on the turbine disk integrity

including details of design, manufacture and quality assurance which provide very

high reliability against disk failure in the design speed range. In addition,

I it should be noted that even if a disk burst occurs in the design speed range,

the disk f ragments would be contained by the turbine casings. The details of
Ithis analysis are given in A-CPSI Engineering Report #ER-503 (1) which shows that
!

burst speeds in excess of about 160% of rated would be requirad to yield-external
{
l

turbine disk missiles. Since an LP turbine disk missile can only penetrate t

the turbine casings at a turbine generator speed in excess vf about 160%,

j the probability of significant turbine disk mi55iles within the design speed j
i
' range of 120% is considered zero.
!

i
! .

! {'
For the second case, LP turbine disk missiles with the highest energy level

are defined for a 130 to 185% speed range, where the average tangential
i

disk stress is equal to 85% of the disk material ultimate strength. The !

\

probability of turbine missiles for this case is assumed to be equal to the f
probabili ty of an overspeed incident of greater than 120% of rated speed. This j

is determined by means of a reliability analysis of the turbine valves, speed

control and overspeed trip systems. The results of reliability analysis
.

.,

.
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:

!
7: are values of 1.6 x .0 per unit year for a 6-flow turbine generator and

!

~

; 2.1 x 10 pe r uni t yea r for a 4-fl:w turbine-gene ra tor. These values are

intended for use as "P;" in the equation P = P, xP x P where P = overall
2 3

i

probabili ty of turbine missile damage, P = striking probability, and
2

P = damage probability. 11 formation needed to calculate P and P is3 2 3

given in A-CPSI Engineeri ng Report #ER-503

I
1

!
i

i

|

i
t

>
;

|
I

i i

i

! !
!

!

)

J
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2. HISTORICAL DATA
|
,

Historical data on actual cases of turbine generator rotor failures is of

general interest in connection wi th :he ques tion of probability of turbine

missiles. However, as discussed below, such data is not di rec t l y applicable,
,

for code rn turbines and should not be used for predicting future probabilities

of missiles. '

i
,

A s tudy published as Reference No. (2) includes data on turbine and generator
'

rotor f ai lures covering approximately 70,000 uni t years of ope rat ing experience

of units larger than 50 Mw from 1950 to 1972. This study reported a total

of 14 failuees which are as listed in Table 1 Essentially all of these

failures are not applicable to the turbine missile probability considered |
,

i
herein for the following reasons :

i

l
!

1. Most of the Failures were primarily due to high nil-ductili ty

transi tion temperatures and low f racture toughness, presence
i

of hydrogen flakes or non-metallic inclusions and relatively I

!

undeveloped quali ty assurance procedures, all of which '

|
| were characteristic of steel mat ting practice and forging i

'

technology prior to the mid-1950's. Since then, major improve- '

ments including introduction of vacuum degassing for all alloy
I

-

,

| s teel grades used for turbine and generatcr forgings and appli- I

cation of sophisticated ultrasonic testing techniques have
i

!

greatly reducsd the possibility of failure due to these causes. !

i

;

.



, , . _-

4 %) %

%

. :-

i ___ _ _ _ _ - . - - - _ . _ . - - - - - - -- - - - - - - - - - - - -
__

:W
.

~

;

: Table 1 rei

' Failures of Steam Turbine-Generator Rotors at or Near Operating' Speeds x ;
E 'iUnits Larger than 50 Se from 1950 to 1972 o
e-Manufacturer s ' Year

s

Suspected
a - Sire, FMe : other Identification' Failed ' Type of Failure Cause of Failure Corrvnent - (.

--

l. 63 Siemens 1953 Low pressure. turbine Brittle fracture Missiles-factory test.-

rotor burst

2.y 100 .GE (Tanners Creek #1) .1953. Low pressure turbine -High temp. rupture No external missiles
[

,,
*

Ist stage disk broke-
1

3 -100 GE -(Arizona Pub. Service) 1954 Cener':or rotor burst . Brittle fracture Missiles-factory test'
4. -166 GE (Cromby fl,Phila.Elec.) 1954 Generator rotor burst erittle fracture No external missiles

through repair

5. 100. Charles A. Parsons 1954 Generator retalning Brittle fracture External missiles
,

,

ring burst thru went holes b' ''6. 100 -Charles A. Parsons 1954' Generator retaining Brittle fracture Limited external
;t

ring ~ burst *g
7. 350 .

t'ru vent holes missiles 7Y
A-C (Commonwealth Edison). 1954 Turbine spindle burst Brittle fracture External missiles

-

'

O.

g: 8. ' 153 - GE (PGsE Pittsburg fi). 1956 Generator roter burst Brittle failure No missiles
9. 87 Hinkley Pt...A'#5 19691 Disks failed Brittle failure Missiles "

10. 87- .Hinkley Pt. A #4 s #6 1970 Disks failed in pit- Brittle;falBure . Missiles-factory test-
-

~

~

.;1970
. '

II. 7- .Mitsubishi (ENESA Spair:). 1970 Low pressure turbine Flawed forging (?) Missiles-factory test.Vestinghouse' design '

rotor burst: .t
R, 12. 150 'GE (Cutler #6 FP&L) 1969- ' Generator field winding Out-of-step with- No energetic missiles $.

'
;3.

-

assembly. fallure - system

13. '105 'GE.(Essex fl PSEsG)- :1972? Generator ' field. failure ' Abrupt b.'aking Medium energy' missiles-- -Iof generator shaft-coupling *

L. - '14 .7 'Mitsubishtj(Kainan) '1972 ' 1? Rotor.: failure during- u .--(7) Fxternal missiles

'

. .e
. :Ves tinghouse design overspeed test in plant

.

]|:
-

c
,;p- ,

g' ; ;
_ _ _ . . _ . . _

'

,

.1"

_ .; )
, .

_
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!
|
,

2. Seven of 14 failures in Table I were of generator rotors which

are not directly applicable to LP disk failure probabili ty.

3 Four of 14 failures in Table 1 occurred in factory test pits

which are not directly applicable to f ailures in power plants.

4. Several failures in Table I produced no significanc missiles,
)

and are therefore not directly applicable to f ailure probabili ty

. for purposes of turbine missile analysis.
!

His torical data from A-CPSI's paren t companies is included in Table I and _|;
.

the overall s tudy in Reference (2) . This specific experience, updated
,

through the end of 1974 and expanded to include units larger than 10 Mw i;

is given in Tables 2 and 3

i

Based on the data in Table 2 for KWU, Siemens and AEG units larger than
i

10 N from 1950 through 1974, there was only one rotor failure during a

| factory tes t in a total of 8,688 unit years (26,187 rotor years) of
' operating experience. The f ailure was a bri t tle f racture of- an LP turbir.c

rotor in 1951. The cause of this failure was primarily due to excessively high
i hydrogen content of the forging.

I

i

( 2
i

L
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Table 2 Rotor Failures in Kraftwerk Union, Siemens and AEG
Steam Turbine-Generators larger than 10 Mw put in operation since 1950

l

i

i

Cumulat've Cumulatise fiumber of'

,

No. of Unit No. of Rotors Unit-Years Rotor-Years Actor
Year Put in Operation Put in Operation of Service of Service Failures

1950 10 28 5 14 0
1951 9 26 20 55 1 (1)

135 01952 21 52 .

268 01953 19 53 100
1954 32 90 l'5 472 0

1955 20 57 276 750 0
lor 6 47 121 411 1117 0

s57 41 124 590 1606 0

1958 49 150 814 2232 0*

1959 24 91 1074 2979 0

1960 29 92 1361 3817 0,

1961 26 90 1675 4745 0

1962 30 91 20l7 5766 0

1963 41 131 2395 6897 0

1964 33 112 2704 8149 0

1965 75 95 3254 9505 0

1966 39 108 3741 10,962 0

1967 18 118 4246 12,532 0

1968 13 97 4797 14,210 0

1969 36 118 5385 15,995 0
'

1970 34 112 6002 17,895 0

1971 21 81 6650 19,892 0

1972 13 38 7315 21,948 0- '

1973 15 41 7994 24,044 0

1974 15 53 8688 26,187 0
,

!

Totals 701 2169 8688 26,187 1;

!
j NOTES:

| !. Brittle facture of an LP turbine rotor during factory overspeed test.

2. Includes all turbine and generator rotors, but not exclter rotors.

k '

l''

_ - - - - _ _ - - - -_- - - _ _ - - -- _ _ _ -
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Table 3 Rotor failures In Allis-Chalmrs Steam Turbine-Generators
Larger than 10 Mw put in Operation since 1950

Cumulative Cumulative Number of
No. of Units No. of Rotors Unit-Years Rotor-Years Rotor

Year Put in Operation Put in Operation of Service of Service Failures

1950 8 22 4 11 0
1951 8 18 16 42 C
1952 5 12 34 88 0
1953 11 25 60 152

0(I)1954 7 23 95 240 I

1955 8 24 138 352 0
1956 9 12 189 482 0
1957 6 14 248 625 0
1958 20 61 320 805 0'
1959 8 23 406 1027 0
1960 11 37 501 1279 0
1961 10 12 607 1566 0
1962 5 -4 720 1876 0
1963 5 17 838 2201 0
1964 6 20 962 2545 0
1965(2) 1 3 1089 .!900 0
1966 1217 3257 0

- -

1967 1345 3614 0
- -

1968 1473 3971 0
- -

1969 1601 4328 0
- -

1970 1729 4685 0
- -

1971 1857 5042 0
- -

1972 1985 5399 0
- -

1973 21I3 5756 0
- -

1974 2241 6113 0
- -

i
t Totals 128 357 2241 6113 I
I

NOTES:
i

.

1. Brittle fracture of an LP turbine rotor in a power plant.

2. Allis-Chalmers stopped taking orders for steam turbine-generators in 1962
and put last unit in operation in :965, but re-entered the business
together with Kraf twerk Union forming hills-Chalmers Power Systems, Inc.,
in 1970,

t_ -.

,

__ _ __ __--- -- -
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As shown in Table 3 for Allis-Chalmers units larger than
10 N f rom 1950 through

1974, there was one rotor fa; .ure in a total of 2241 uni t years (6113 rotor-
rears) of operating experience.

The fallure was a bri t t le f rac ture of an LP
turbine rotor in a power plant during an overspeed-trip test, and is discussed
in detall in Reference I3). This failure also involved high hydrogen content
in the forging.

The combined experience of all parent companies
of A-CPS) from 1950 to 1974 is

therefore two failures and a total of 10,929 unit years (32,300 rotor years)
of experience.

|

As discussed ie connection with Table 1, the factory test pit failure of

Siemens and the failure of an Allin-Chalmers rotor involving high H e ntent in
2

the forging are not directly applicable to the turbine missile question.

However, it is significant that
there have been no turbine rotor or disk

f ailures in a power plant for uni ts built by Siemens and KVU who are the primary

sourcas of design and quality assurance of units provided by A-CPSI
.

t
*

i

l !

!

( *

J
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3. TURBINE DISK INfEGRITY

The folicsing is information on those aspects of design, manufacture and

quality assuranca F ' F.00 rpm LP turbine disks and rotors which provide
I

a very high degrew af safety agains t burs t-type f ailure of the disks.

3.1 Design

The configuration of an 1800 r/ min LP turbine with 44-inch last stage blades

is shown in Drawing TY 5.01. F.ach two flow LP turblne rotor is made f rom

a stepped shaf t with a total of 10 shrunk-ori blade disks arranged in

symmet rical groups of 5 The material for disks 1, 2, 4 and 5 has the

German standard designation of 26 NICrMoV145 which is a 3.5% NI alloy steel
I slmtlar to ASTM A-471. Olsk 3 Is made from a similar alloy except with

2.9% NI which is designated 26 NICrMoVil5

26 NICrMoVl45 26 NICrMoVlis

Nominal Chemical Composition in %: 3.5 Nl. 1.50 Cr 9.9 N1, 1.50 Cr

0. 26 C , 0. 30 Mn o.26 C, 0.30 Mn
_

| and max 0.15 V and max 0.15 V
i

|
' Me c han i ca l Prope rt ies (max value for tensile strength, all others min values)

At 68'F (20*C): 26 NICrMovl45 26 NitrMoV115

Tensile Strength: Ksl 156 149

0.2% offset Yield Strength, Ksl 128-135 114-121
\

Elongation (L/d = 5), t 15 16

Reduction of Area, % 40 50

Notch Impact Strength at -4F, Ft-Ib 35 35
(Average f rom 3 Charpy-V specimens)

NDT-Temp., *F max -76 -58

( >

. ,
i

_ _ _ _ _ _ _
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The corrpressive residual stress level of the heat-t reated disk forgings, as !

I
measured by the ring core process (see Reference 4) shall not exceed 11.500 psi.

Residual tensile stresses are not permitted.

1

The d 'rens ions i n the last stage region, and the dimensions of the

lar t stage disk are given in Drawings MA 4.04a and MA 4.05 respectively.

The average tangential stress in the last stage disk is plotted

function of speed in Figure MA 4.16. It can be seen that atas a

speeds up to 120't of rated, the maximum disk stress at the shrink fit is less

than one-hal f of the burs t strength of the material. Thus, disk failure in

I this speed range could only occur if the material 15 serious ly defecti ve or i f

a major error is made in design or manufacturing.

3.2 Safety Analysis of LP Disks

The safety analysis of each disk design is based on the principles of Linear

Elastic Fracture Mechanics (LEFM). For the purpose of analysis of the

inner portion of the disk (see Figure MA 4.17), i t is assumed that a flaw of

5 rnm di ame ter eq ui va len t flaw size (as determined by the Krautkraemer

ultrasonic test method) exists at the worst possible (highest stressed)
k location. In addi tion, i t is assumed that the flaw with this s tated flaw
I

area has the " worst case flaw geometry" as defined by LEFM theory. This is

j a long shallow elliptical crack having a depth-to-length ratio of <0.2.

The hypothetical growth of the assumed worst case-flaw is then calculated

for an assumed number of about 4400* full stress cycles over the expected

* In the case of disks, approximately 4400 cyclas (s tart-ups) are assumed;
however, 'he general design of turbines of this type is based on
approximately 2600 cycles.

( '

,,.
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life of the unit. The design requirenent is that the calculated crack depth
'

at the end of the unit's lifetime must remain below 50% of the critical crack.
; !

| depth, acr f r 120% of rated speed. The crack growth rate ls calculated '

~

-
-

by the following general relationships

104md_a = C4K* (Cycles )i dN ;

'
where:

a = crack depth (mm) >

'
N = number of cycles

AK = cyclic stress Intensity range at crack tip (kp/mm )
*

2ao = applied stress range (kp/mm )

C = a constant
,

m = the fatigue crack growth exponent of the disk material
,

Q = crack shape parameter

g(a)= crack geometry factor (*G) !,

!'
Fatigue crack growth data for different rotor and disk materials arc obtained

,

in extensive laboratory measurements as discussed in References (5) and (6),

A -few examples are illustrated in Figure MA' 4.15a. For the safety analysis of'4

i

j disks, the upper boundary curves of the fatigue crack growth rate scatterbands
!-

,

; are used in the calculations.
'

4

l p
i

The cyclic stress intensity range, AK, at the tip of the crack 15 calculated:byLj-
. p.7

LEFM rrethods. The AK-range is linearly proportional to the applied stress 4

range, ao -and depends on the size and configurs, tion of the assumed crack, a;
'

'

Therefore, AK may be represented as AK =- Ac g(a) where for an internal crack'

g(a) is defined by. v'a x n/Q.and for a surfcce crack g(a) is equal' to:

v't.21 x a x w/Q. The crack shape parameter Q takes.Into consideration'the t

influence of the. actual crack shape _on the cyclic stress intensity range. The-

L f
"'
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i

stress range is calculated for the start up and sbJtdown loadino condition <
of the disk In question.

In order to predict the critical crack depth, a ,, the fracture toughres*,,
K
lC, f the disk material must be used in the calculation, in the case of a

long-shallow elliptical crack inside of the disk, the critical crack depth
is given by:

K2 tC'O
'c r " ( mm ),

"# t2

whe.: re :

KIC = fracture toughness of rotor material

t2 = maximum tangential stress at bore surface

The maximum stress, c
s used for th calculation of th criticalt2, w c

crack depth as described above, is derived from peak l~ad service stress and

internal residual s tress of the disk forging. i

|
'

iDue
to the high quality manufacture and quality assurance of the disks. It can

generally be assumed that the disk bore region is free of flaws. However,
;

the safety analysis assumes during turbine operation a possible formation of a i
i

long shallow semi-elliptical crack with a/2c = 0.2 Intersecting the surface of i

|

}; the small locking pin holes ar thwn in F;gure HA 4.17 on page 15 and also
!i

f Figure Ntt 4.02, page 28 The critical flaw size for this case is calculated by:
'

K2 ;

I IC Q '
, ,,

cr 1.2| no
L ,

'
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The value of o ) is based on the stress pattern around the locking pin holest ,

which is influenced by plastic deformation during the first (factory) over- '

'
speed test of the rotor. The plastic deformation results in a compressive

stress which reduces the value of o below the calculated elastic stress ]t3
i value as Illustrated in Figure MA 4.17, page 15
!

!

i

The safety analysis starts by assuming the critical flaw size. Calculating

backwards with this critical flow size must result in an Initial fl y size of
_ i

;
! --

i

S mm equivalent diameter. For this calculation about 4400 start-up cycles are
'

used. This is conservative because a very long operating time would be

required to produce such a crack.
;

I

The f racture toughness data used In this calculation is based upon extensive

tests as discussed in References (5) and (6). With tests performed in accordance

|
with ASTM E-399, fracture toughness K is mesured as a function of

lC

tempe ra t u re. A test data example is shown in Figure MA 4.15a. page 17. For the

safety analysis of disks and shaf ts, the lower boundary cur _ves of the K
lC

i

} temperature data scatterbands are used in the calculations,

i

t

For correlation purposes, additional tests are performed to determine the

fracture appearance transition tenperature (FATT) and the nll-ductility,

transition temperature (NDTT) per ASTM E-208. -On this basis, the NOTT In the

nast critical region of the disk (the bore) Is -specified at-i-58'F or -76'F.

(depending on disk material) which is f ar belo.4 the minimum ope ational

temperature of the rotor.

( -7 4

. . ,

ie ii i ... ... .. .. .

-

'

.- .. , ., .
. . ,.
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it is well known that inhomogenei t ies such as segregat ion s t ringers exi s t in

forgings, and extensive work has been done to stu6/ this subject on turbine

and generator rotors up to the larges t nonobloc rotor forgings ever

L produced, as described in References (5) . (6) and (7). The studies include

microf racto graphic examinations in the zone of maximum inhomogeneity which occu.$

between about one quarter to one-half radius of the rough machined rotor fo rg-
ing. Research to date Indicates that the unavoidable minor allow segregations

sna microporosities in codern forgings have no af fect on the mechanical properties

important for the sa fe ty ar.alysi s , fatigue crack growth rate and fracture toughness.

3.3 tian u f a c t u re and Quality Assurance

Each LF disk is subjected to i comprehensive and coordinated program of

design, manufacture and quali ty assurance to ensure its reliability through-

out the life of the turbine-generator unit. The basic princi ples, materi als ,

research and development and other arpects of this subject are discussed in

I detail in References (4) through (7) . Following is a brief summary of the
i

| key points applicable to LP turbine disks of the type described herein:
1

1

4

1

The disk forgings are produced from vacuum-degassed alloy steel and are heat,

treated for an optimum combination of high f racture toughness (throughout

the disk volune) and calibrated compressive residual stresses at the hub bore'

surface. Each disk forging is examined by ultrasonic testing as follows:

In the rough as-forged condition before heat t re a tmen t-

Premachined with contours prior to heat t rea t men t for mechanical properties-

- Af te r hea t- t rea tnen t for mechanical propert ies

k ,

s

._
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The ultrasonic testing equipw it and techniques are in accordance with

DIN Standards 54 120 and 54 122. and can detect and measure flaws as small
as one -m (0.04 inch) in equivalent diameter.

The evaluailon of uttrasonic inspection is based upon reported indications

as foilows:

1. Isolated single indications of an equivalent defect size

of 0.2 inches (5 cen), as per DGs diagram, and larger.

2. All isolated Indications causing a decrease of rnare

than 10% of the back reflection.

3 All indications of the linear type or area type, as well

as clustered indicatiot.s. regardless of the size of the

single indications in the cluster area.

4. All indications of defects located with a 2 inch (50 crn),

zone surrounding the axial center bore.

As indicated in Figure QA 4.Olb. meterial samples are taken from each

LP- turbine disk forging near the hub bore sur face. The purpose of these

samples is to get representative test material for the determination of the
i

ni l-duct ili ty trans i t ion ten.. irature (NDTT) as a fracture toughness criterion;

i

| and of the 0.2% of f set yield strength as a strength cri terion. The results |

of these mechanical tests in combination with the UT and residual stress

results are decisive for the acceptance of the forging.measurement
1

Before machining out the hub, the following test results of the fully
L

>
;-

,
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!
heat-treated forging are obtained and scrutinized:

i
,

t1. Results of ultrasonic test, covering 100% of the disk |
4

i

volume, and with documentation of all Indications asi j
equired by the appropriate material purchasing specification. I

i

!
2. Actual chemical composition of the forging materlal at loca-,

'

' ,

tions Illustrated in Figure QA 4.Olb on page 22.
i

; 3 Tensile and drop welgnt (NOTT) test results at location

Indicated in Figure QA 4.0lb on page 22.

k

.

Af ter machining to the dimensions of the order drawing, the bore of the-
'

.

; forging is magnetic particle-tes ted. - In addition, residual stresses.are ]
measured by the Ring Core Nethod described in Reference (4) and-Illustrated'

by Figures QA 4.02 and.QA 4.0). By careful control of heat treatment,

! desirable residual stress characteristics can be built into the disks,. These

characteristics are verifled by measurements at point'I. to 6 in Figure QA 4.0lbf

on page 22 before and af ter machining for the first of a batch of similar disk
i

forgi ngs. Subsequent disks of the .same . batch are checked only at point 1.-
|

,

'

3. 4 LP Rotor Assembly
-h

Figure NH 4.01 shows the assembly line for Llow-speed LP turbine- rotors
.

.

. . bwhich ine'udes- shrink fitting the _ disks and couplings on the shaf t, as
.

well' as inserting the blades into .the grooves of the; shrunk on- disks.1 Tou

date.: more than 200 disksihave been shrunk on LP turbine rotors us!'ng-the
tecnniques described herein,

i

| C .,
|,

,

. .

.- - . . . - -- - - ---
.
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l

The shrinking process is performed with the shaf t in the horltontal,

posi tion, and with rotatien of the rotor during the process, which
provides the following benefits:

1. Defl.9ed heat transfer from disk to rotor, even during the initial

stage of the shrinking process when the clearance 15 5tiIi

greater than zero because the disk always rests w8 th its weight
on the shaft.

2. Exact positioning of the disk by the axial compressing device

during the initial s tage of the shrinking process whtn the

clearance is still greater than zero and turning gear is in
'

operation.

3. Easy correction of rotor run-out by stopping the turning gear
with the shaft in the correct posttlon during the Inlttal $tage,

of the shrinking process for a calculable period of time.
;
4

4.
Axlal and radial run-out checks during the entire shrinking !

1

process with shaft in its operating position.
|t

I

A shrinking stand and heating oven are the main facilities required for
shrinking disks on shafts. The shrinking stand (Figure NH 4.02) has two

rolling supports, one with a turning gear and the other with height
adjustment.

Before turning the rotor, the height of the second support

| has to be adjusted in such a way that the rotor resta on the arm bracket,
i

which is mounted either on the lef t or the right rolling support,

depending on whether disks are to be shrunk on the generator or tuibine
,

end of the shaft. A hydraulle support device is used to prop the rotor
L

i

J
\
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!

while one of the rolling supports is re oved to allow a hot disk to be
,

i slipped over the shaf t end. A retaining bracket at the other rolling
1

i support prevents the shaft from tilting. A compressing device pushes
|

each disk against the appropriate aulal positioning shoulder of the
i

shaft whlle the disk cools down to ensure a shrink fit at the correct
i

axial posItlon. :
,

The oven is of the hood type with an electrical heating system which

trans fers heat uniformly and accurately controls the disk terrperature.

Before being put into the oven, the disk is mounted on a loading rack

and leveled so that it lies in an exac ly horizontal plane. 'After,

! heating to about 700 F, it is picked up by the crane, moved to the
i,

shrinking stand and slipped over free end of the shaf t. Then, the
j

rolling support is remounted at the free end, and the hydraulic supporti

at the middle of the shaft is withdrawn. Next, the disk is noved into

its final position and pressed against the appropriate axial shoulder,

{t

by the compressing device.
i

'
.

The shrinking process really starts when the disk'Is In contact with
|
1

3

'

the shaf t and the crane hook is disconnected. . A large heat transfer1

takes place between the hot . disk and the cold shaf t at the top of the
shaft.

The shaf t 15- turned alt:ernately in both directions to-provide
p a uniform shrinking process, che cked by run out measurements.L
'=

After about 45 minutes, the entire shrink-fit becomes zero. -- ?ndicated

by equal run-out results for shaf t and disk. While'thedisk[ cools- f)
s

.i.
!b
t

L 0e
'

J.
L |
L. . . - - - . .
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; down to about 120 F, run-out checks are performed with the shaft being

rotated at about 1.5 rpm by the turning gea:. This procedure for shrinking
on a disk takes about one day.

After the disk and shaft have cooled off, five short locking pins are installed

at one disk side between disk and shaf t, and two half rings are assembled to

axially lock the disk I tsel f and the five pins (see Flqure NH 4.02, page 28). The

shrink fit, which results f rom the disk bore being about 0.1 Inch smaller in dia-

meter than the shaft, is suf ficient to hold the disk firmly in position at speeds
in excess of 120% of rated speed. The five locking pins are only an additional

protection against circumferential displacement of the disk. The two half rings

for axial locking are caulked into the shaft groove 50 they cannot drop out while'

the next disk is being moved into place where it holds them in position against
centrifugal force. The two half rings for the last disk are secured by a

locking ring which is shrunk over the half rings. A stop in the outer diameter

of the half rings holds this locking ring in position even if thers is no
shrink force.

|

Humerous run-out checks are made to ensure that all disks are properly shrunk
i

on the shaf t as indicated in Figure NM 4.02, page 28. The maximum permiss ble i

radial run-out at any disk circumference is about 3 mils which is about the same!

as the allowable run-out of the shaf t at its center. Since the run-out check in ,

axial di rection determines the correct fit of the disks against the axial shaf t I
!

s

!}| shoulders, they are requi red to be twice as accurate, namely within 1.5 mils. j.

1

I

| ,

; 1

C--
/__.,

_ ,c

dc
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3,5 Balance and Overspeed Test'

i

Before delivery, each completed bladed LP rotor is balanced, and subjected to

an overspeed test at 120% of rated speed for two minutes at a minimum temper-

ature of 59'F (see Figure TT 4.01), All other turbine and generator rotors

are also subjected to a 120% overspeed test,

l

8

|

!

|
)
k

|

|

| (
' ' /~ ----

4

--
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4. PROBABILITY OF FAILURE DUE TO OVERSPEED

4.1 Introduction

|
This section contains an analysis and calculation of the probabilityi

of a >l20'4 speed event. Although such an event wot.ld not

necessarily result i n an t.P ro tc,r f a i l u re , it is conservitively

assumed for purposes of this analysis that the failure probability

is equal to the overspeed probability.

The design and operation of the overspeed prevent!cn features of an
! 1800 r/ min turbine generator for Light Water Reactor (LVR) appilcations are

described in A-CP$l's previously issued report #E415 (8). The reader is

referred to report #E415 for basic descr8ptive information which will not

be repeated la this report. However, for convenient reference, a copy

of the speed control system schematic diagram NC3.06b is included in this

report.

The methodology of the fallure probability analysis is based on
,

IEEE Std. 352-1972 (AN51-d41.4) enti t led " General Principles of
I

! Reliability Analysis of Nuclear Power Generating Station Protection
!

Sys tems." (9) The study consi5ted of the foilowing basic 5teps:

|

| Analysis and preparation of the reliability block
"

j

diagram for a >l20% speed event.

Establishment of random failure rates for individual
-

elements of the system.

Analysis and preparation of fault trees leading to a-

i

>l20% speed event.
1

L
J

'
!

-
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f

; Preparation of a computer p ogram and calculationi ' '
-

9

of the >l20% . speed probabili ty.

Qualltative analysis'of-common: mode failure possibilities. ~

!
-

Review and preparation.of conclusions and recommendations.-

9

Throughout the study conservative assumptions and methods"were used
.

i
5

consistent with safety analysis such that the finalLresult may be *

1

considered c safe estimate of the probability of >l20% speed failure
of an LP rotor.

I
'

4.2 Reliability Block Olagram

The Reliability Block Olagram NC 5.01a shows the oversoeed oreventlon-
'

of a 4-flow' turbine including thefElectro HydraulicTControl-(EHC).--system

the Mechanical Hydraulle Speed- Contro '(MHC), and the Overspeed' Trlp.
.

'

Only 'one of these three. systems is required to prevent a >120% speed <
- i

ovent.- All--three systems form.a one-out-of-three* signal to,the control'

valves.--Each system has: built-in t'edundancies of certain' components:

-contributing to high reliability.
|| ,

t ,

t

4.2.1 ' Electro-Hydraulic Control.
'

1
,

The EHC' receives power from one,a.c. power. source, and-eitherLone or; _
,

;

* As ~used in ' this: report,i the ' term one-out-of-three means properJ

operation of 'any- one of three- system _ elements is sufficienti to-prevent: *

3

a >l20% speed incident, and similarly for all terms A-out-of y., -

.;
..

>

f

7-
,: i

. ]
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two independent d.c. Power sources dependinq on the reliaoility and

characteristics of the primary a c. source. The internct EHC power

supply is forced by a one-out-of- two supply from the a.c./d.c. converter

and the d.c./d.c. converter via diodes to provide a continuous power

supply for tne EHC.

The speed measuring device is a two channel system with automatic

detection and alarm for f ailure of the primary channel and automatic

suitch-over to the back up channel. The steam admission control

) with electro-hydraulic converters is built as a two channel system

with an internal supervisory subsystem, if a channel falls, it

will be switched off and an alarm given while operation continues

on the remaining channel, in regard to overspeed prevention, the

follow-up pistons which form the control fluid pressure signal for the

control valves have a redundancy of one-out-of-three taken twice.

# 4.2.2 Mechanical-Hydraulle Control

The MHC is a one channel system positioning two independent follow-up

| pistons to form two separate control fluid pressure signals 'or the
i' two EH converters.
i

|

4.2.3 Overspeed Trip Systeni

The overspeed trip signal for the stop and control valves is initiated

by two independent trip bolt and releasing devices in e one-out-of-two

system. Also, the proper function of only one of the two main trip

valves is suf ficient to close the stop and control valves. The over-

(- >

- - - _ _ - J
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-(.
: speed ' trip test and resetting device and. the_ changeover;dev!ceLoperate--

.i>

j
only during--testEof the. trip-system. . Duri ng' norma l Lope ra t ion 2 and'aH rea lj

- - -

trip of the turbine, these devices' are Inactive 'Initheir safe position:
P

I *

1
g

; 4.2.4 Stop and Control Valves
,

To prevent overspeed, the control valves and extraction valvestreceive;

a one-out-of-three closing signal from the-EHC, MHC and trip system. .
.

Four HP control valves are arranged one in each of fourf HP admission- '
,

pipes to the turbine. An independent HP stop valve is located _Immediately- '

upstream of each HP-control valve. The four HP stop valves and four HP1 4

1

control valves -are in series forming _-a one-cut-of-twoLsystem In each of
'

the four admission lines. No' Interconnection betweenethe-fourfseparate<
!

HP stop valves and control valves is required.for throttle controlled: EI'
: operation with full-arc admission-of the HP: turbine. However,?two lnter- dsi

~

'

, .

connections of a pair of two HP-stop-and control. valves-is established *by.
' -

,,
- -- .

_ .

,'y

b

the heat ing' s team s upply pi pes _ to the - two MSRs asi shown in-1Fi g. | E- 5.'119. -_

The valve arrangement without any . interconnection-Lould:be:theimost. reliable
-

system because one stop and controlc valve In one admissioneline-hasitoifail'd 2

,

.

'to drive the turbine-generator to a >120% speed inlaiveryTshort time;

Having an interconnection, especially between- all four' valves, would,lesd|
_

_
+

to a-higher overspeed 'robability because a fall'ure:of one ofEthe stopw

valves and one of - the control valves which are interconnected produces ' a-,

-I
>120% speed ~ event. -For--the failure probability, the conservative,

approach was taken,.that -the heating steam shut-of f valves; between.-the two-,

=i

pairs of. stop and control valves are= fully open-during:a load rejection
,

,

ih,
or tr!D, despite the fact that they_get aL closinq stanalfin case:ofg t.

a
l'.

unit ~ trip.
.

'

.

_ _ - - . -

-

- - -_ - . . . _ _ -- . . . ._,_
.

-
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Each admission pipe to an '.P turbine-Is-equipped with a. butterfly-tVpe stop
~

valve ~and a butterfly-type control: valve. . A closing:of only one of the . two!

valves in each -line- is suf ficient to avoid an overspeed event because there

is no inter-connection between these admisslor-

The Schematic Reliability Block Otagram E5.120 shows the same overspeed

prevention system as in Nc5,01a, page 36, except in terms of symbols for tFe:

system elements from A to V and the component numbers l to 36" whir.h are -
|

used in the computer program to walculate fallure: probability.1, This_ diagram-

also gives a visual impression ef. the very Lhigh redundancy of the _ signal-_to

the control valves, and the importance of a high reliability of the stop and.-~

c

t

j control valves and the trip system-in regard.to overspeed protection.
i

.f
,-4,3 Failure Rates
>

j The~following is a summary of analysis of the-system components an) elementsj
:

| which was-done to defino the failure rates of each element. -In general - '

i
.

the approach was to calculate -the : failure rates Jbased on actual. operating - ~l

experience using a statistical confidence level of 95%.- . For.' example, .

i operating experience with s top valves -similar to current design- totals--
1

i 5 3'x 107 valve-hours; - and during this operation: there-were two ~ tallures--~

51ch could lead to a >l20% - speed incident. For a confidence 11evel of -

95%- and two observed fat lures.. the Thorndike chart :(see Figure NC4.12)-

indicates the. failure rate should be calculated by= assuming 6.25 fattures;-
;

therefore,% the fallure rate, A- 6.25/5.3 x '107 = 0.1 b fallure per.million

hours. 1

_

-

,

a.
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,
I The values for operating experience and failures given in the overspeed

failure rate chart are cummulative from the starting dates shown

through January 1 1975.

The failure rates of the elements also may be considered to . include

all int e rconnec t ions f rom e lenent to elenent so that the calculated

failure probability covers the entire overspeed prevention system.

The chart "Overspeed Failure Rates of the Stop and Control Valves and

Turbine Trip and Con trol Sys tem E lecents" shows the resul t of inves tiga-

tion. The chart lists the operating ex,^erience, and the number of
.

!

failures which could lead to a >l20% speed event for each element

|
of the system. The applicable experience information and the applicable

'

failures are included in the data chart. The mean time between failure

(MTBF) and the fcilure rate n are calculated on a 95% confidence level

using the Thorndike Chart. With this conservative 95% confidence level,

; the MTBF and A for an element which had zero historical failure are
:
I calculated wi th an assumed nue,ber of 2.95 f ailures. For one historical
I
I failure, 4.7 failures are assumed, and for an element with two historical
!
'

failure, the MTBF and A have been calculated wi th an assumed number of

6.25 failures.

4

The mission times "t" are based on a bi-weekly tes t of the t rip sys tem

and the stop and control valves, and a yearly inspection (e.g. during

reactor refueling) of the entire overspeed prevention system. Experience

indicates it can be safely assumed that no s igni f icant wear-out o f our

system elements will occur between yearly inspections so that purely

random failure rates are valid.
(
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OVERSPEED FAILURE RATES OF THE STOP AND CONTROL' VALVES AND THE

TUR8INE TRIP AND CONTROL SYSTEM ELEMENTS * *

No. of. Cornpo. MTBF nithW' 4 Failure Rate'IElements Component Nee Experience Compo- nent Failuies' 2' ? 95% t. $lission t : aith 95*, i

,'

Numbef Since 'nents Mrs. Confidence _ - Time Conticence .;

Al 4 & 21 & 22 Stop Vaives 1956 334 5.34101 2 8.48 lC6 HRS - 336 HR$ 0.117/106885
.

'1
B14 _

. ! ''
1

Cl 4 & 19 & 20 contrat Va!ves 1965 506 4 1.55x107 1 - 3.93x106 HRS , 336 HR$ 0,254106 HPS-
i- 01 4 )i

E14 & 5 & 6 & 13 Foucm Up
F14 . & 14 & 15 P estoris .1954 1360 7 2x107 0 24,4x106 HRS B760 H RS 0.041106 RS

,

H
Hi,H2 i

.- __
_. ,

Gl.G2 11 & 12 E!ectromycr. 1963 56 2.65 106 0 0.90x106 RS : 3760 H RS - 1.11/106 ng$ LH

Convrters 4
*lthoul Coils;- . _ _ _ _

I 2 Mechanical 1954 427 r 1.63x10' - 1 < 3.57x!06 HRS ! B760 HR$. - 0.23/106 RSH
:

'Hyd. Control i
-

K1,K2 7&8 Acmission 1%3 26 2.65:106 4 0.29 106 HRS! 8760 HRS 3.41'106 RS : j-H,

'

Controls '
i.

with Coils '
,

.

!- L&M 4 EHC Speed 1963 3635:106 0 0.90x106 RS ^ 8760 HR$ - 1.!! 10 6 HRS - IH

&N _ Control & ,

Speed Measur. '
,

ing Device

, 0&P 3 Power Supply 1%3 86 ! 2.65x106 0 0.90x106_$ E8760 HRS 1.11/106 HRS-
'

HR
;

.

R_ -Changeover 1966 } 5311.45x106 4 0- 336 HR$ L 6.1010 HR$isi,

Device - ! : i '0 000!!23 10 gps;6,

,

51, S2 Main Trip 1958 278 1.43x101 0 ' 4.85x106 HRS ; 336 HRS -- 0.206/106 H R$
! Valves I ! . i

I
1
' - __

T OverspeedTrip .1958 | 242 i 1.4x107 | 336 HR$ - .1010 HR$'6'
!

_0 6

1 ' Test and
'

! -1- 6and-- i 0.0335 '10 HoS*

i Resetting - ! [ } 8760 HRt - ! 0.000225 '106 HR$ -|
i ! . Device - I t I !'

Ul, U2 Overspeed
-| 1958 436 - 2.78x107 7- 2.12x106HRST 3j6 HR$ ' O.471!!06 HRS

i Trip Bolts t- i i l' . !

VI.V2 _ Trip Release 1958 486 2.78 :107 0 9.42x106 RS) 336 HRS 0 !?' 106 HRSH
'

i Devices i,
,

- { l),(2) . For predicting random failures of the elemerits which could lead to as 20% overspeed event nistorical failures in.9 control aac 'or ?
stop valve coening direction" are listed This includes " control or stop valve stay open failures." too,

13) . MTBF (Mean Time Between Failures) and A (Failve Ratesi are calculated on a 95% confidence level using the "Cymutstue .
Curves for Poisson Distribution iThorndike Chan)",

i4) ' Mission time is defined by the bi weemly automatic test of the trip system and step and control valves and a yearly enspection
of the overspeed coritrol system.

151,16; The faiture rates of these elements waien are only required during testing are defined as described in this report.

j71 . Historical data througn January 1,1975.

j

g' .. ; '

: --

. _- -_ _ __ _ i __ _ . _ _ _ _ __
a

_
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The mission time "t"
and f ailure rate " A" are used to calculate P the

probability of failure w,th the folloaing formula:

P= l-e' l

This equation can be expanded into an infinite series as fo? lows:

3f
P= \t - + -+-

,,,,,

For At <0.3 the following approximation including the fourth power

term is used in the computer program to calculate

(it)2 + '(At)3 (It)"P=At -
-

2! 31 4: !
,

!

!
,

!
i

!

The
failure probability of all components is assumed constant over the

:

!
whole li fe of the uni t based upon periodic tes ting and maintenance

j

!

| which continually checks and repairs or replaces components to maintain
,

'

|
the reliability of the system; in other words we are assuming there will

{
l
1

be no signi ficant wear-out ef fects. 1In this connection. It should bei

noted that in our study of operating experience and past failures going
back to 1958. there is no indication of any component wear-out

3

trends ;

or ef fects.

|-

(_
J
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.The historical failure rate'of the stop valves for example is based on-

the periodic-testing of these~ valves which was actually performed ini
-

._

--the pas t, and is an average A for the actual. tes t . interval.
Mos t . o f the

valves in the sample were not-equipped with.an automatic turbine tester-

(ATT), therefore, valve testing was not performed bi weekly -(monthly.
~

.

intervals can be assumed as average).test

Considering the:Importance

of testing,- and having the benefit of the ATT, , valve-testing of--
nuclear units is recommended bi weekly. As the~following diagram

indicates, we took the conservative approach, and did not change the
j

his torical failure rate due to more _ frequent testing, but rather 'us d -
- ethe bi weekly test

time as-the mission time t of the stop valves.
*

_ -

J
___

FAa.uv l
1A re- ^

3.M i l.g / '

bwf1- . j. / ,-
_ - |.L

|

!.
_ _ _ l_ _ _ _ / _ __. _ _ _

__

|

| /-
|. |

I-

W ,e
|/

]-.,
:

g |-tg336hr- d2
L
g

3 - t(67Rhr - - > -

t1

-AVERAGE FAlt.URE~ RATES OF REDUNDANT SYSTEMS
.

The historical A =-A
.g bar,ed on a four week -tes t ~ Interval. Withbi weekly test

interval,Aandtwilldecreaseto/A=~A} and-t = t2. yg g
'However, we actually used the larger A = A

for thebi weekly test t2,
,

.q.

k ''

,
i

*
..

: J
..[

'

- r

_. -J
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Following are brlef discussions of the experience , failure and other

Information used to establish the failure rate of each system eleme tn ,

4.3.) HP and IP Stop and Control Valves, Elements A l-4 to D l-4
The applicable historical data is as follows:
Stop Valves

Operation experience since
1958

Valves in operation
884

Valve hours
5.3 x 107 hrs

j Failures
2

Control Valves

Operation experience since
1965

Valves in operation
506

Valve hours
1.85 x 107 hrs

Failures
1

I

The stop and control valve desig7s have been changed and improved during jthe past
fif teen years; therefore, arriving at a realistic historical

j)

f ailure rate applicable to our present designs requires a correcti

i selection of experience.
To select a representative sample of valves

|
wi th previous, but similar design, we made the following assuitpti'

ons:!

i

For HP stop and control valves, the change from stem packings
a. i

>

to sealing bushings is the starting point of our historical
data. .All HP

top and control valves with sealing hushings

built by Siemens and KWU are included in the data.

|
.

:L
_ _

- )
-

,

- - - - _ -
j
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b. for IP-stop and control valvea Of fossil _ reheat'turbinesswith the },
i

relative low steam pressure, theisealing' design-Is'not as~lmportant=
q

a design criterla; Therefore, another cri terla had to be' chosen.; '

j

As'shown in Drawing NC 4.08, basically two different'IP stopiandi l>

control valves have been used in tho past. =The valve with~a
5

'
:(.

combined seat area for one of the two control = valve seats and f6r-

- the stop valve seat was the older design ;"B" and was replaced: by - -+

deelgn "A" with separate seat areas 'for the stop and control-values.- I

We started our data with the Introduction of thI's_ newer-IP.stop and;

control valve design ' A"iln 1965. All IP:ttop and' control valves-
*

r

for fossil ~ reheat turbines of design "A" and .the; present design 1-

built by Slemens and KWU are in the data.
>

>

All present.HP and IP stop and control valves Lfor fossil a' d nuclearn

u
applications .are of the same basic design and fabri~ ated under. thessame-c

quality control program. IP valves for fossil applications and HP valvesJ

for LWR-applications operate under similar conditionsi,whereas. Lthe H P- '

valves of fossil turbines operate' under more severe. conditions Ethereforec -

f i t is a. conservative-approach to include- all valves _ of present design ~ In" '-

. our statistical: data to calculate the valve failure rates,
l I

,-.
o

.

The Drawings _ TC 2.10b' and TC - 2.llb show our' present:HP and IP valve designsi
[

E (- for. fossi l applications. The Drawing. NC 2.05cishows cur. presen t HP s top and , Erj
|- -

.

L control valve. design:for_-_ LWR applications which _is' described in uthe speed
,

control report- No. E415. Some of the-improvements of the present1 design;are:
-

>

p:
! '. .(' /

o ...

-
_

y 4' 1r Y' " -
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VALVE DRIVE

_..
VAPOR'~

,

SUCTION * 14 PSI A ./ .. F ,=_ , _ |
t-.

Er :
,

. L,

ff Ci \N SE AL STE AM'

t: ;; " SLPPLY 0.7 PSIG
REVISION

/] f
- C- [

-'

j[ 1EAL STE AM
0! (

||
SUCTION = 7 PSI A .

hj j 1tW- J:ygDJ.C j' ' i t ''c -,
.

,
.

' * . _ - , . ,

OI - y STE AM COMPARTMENTyl ,-

o i er

1

CLEAN STE AM SE AL ON TH7 fiTOP

jW 49 || AND THE CONTROL VALVE.

l! ~ | STEMS FOR BWR APPLICATIONS,

'
I,

4' m_s

:
T_

:

-} .

'FROM C
REACTOR N p_ _ . _

.. g
(

_
,

STOP VALVE i

I

i=!I

|' .y ..~-.u
e,.

p 3f j i

3- Ii!
.
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-L___.__' =-'a;_ M
-

...
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if g s i''
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!! $$ i
CONTROL VALVE WITH3: *s!i** ** 450 PSIG HYDRAULIC ACTUATOR

TO REHEA1En
,

i

!

)^

HP STOP AND CONTROL --. . . v."v. u . ,~c d' '" " ' * ' " ^ ' - *""

iVALVE FOR BWR 1

AND PWR APPLICATIONS
' ~

!
'' NC 2,05c
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Separate steam strainers-

'- Stop: and-all control- valve cones gulded. (except HUstop valvesi-

for t1800 pelg main steam)
:

HP and IP 5 top valves with cones' covered in:open position-

;

Single seat control valves ?-

<

Control valves with two-step amp!!flers with 450 psig fluid--

pressure actuator
o

i

Two (2) overspeed-type-failures are known for'the above specified sample ~of
1

| HP and IP stop valves and one '(1) fallure for the sample of HP' and. IP- '
-

.

control valves. All three failures happened on the same fossil: fueled-

turbine generator unit in 1967. The first stop valve fal' lure happened.

because riveted support rods In the steam strainer broke,' and- parts .of .

these rods orevanted closing of the stop valve :(see strainer Orawing NC"4.09"
.

and previous HP stop:-and ' control valve Drawing NC. 4.08, pageL49). The' steam
,

strainer was~ replaced, however, the same type of ' failure: happened again. I

six weeks later. This time steam strainer parts'also gotiinto the| control
.

valve and blocked closure of the control' valve too. These: two s top valve.' I
~

fallures and one dntrol valve L fallure were due to failures'of the= steam = ;
i

strainer:and-not failures of the valves themselves. The steam strainer?
i

' was designed with riveted 1 support-. rods and local stress con'centrations'_ led:

to a' fracture of the rod ends. ' Since then the' strainer design bas been
~

_

..;

. completely' changed.1and in the current desIgr- heavy support*

- bars are. used to form.'a rigidiwelded frame, instead of, the riveted rods. -

.

Furthermore,; the steam strainers are no . longer located within. the stop valvel

casings, but rather in their own separate strainer' casings (see' Drawing NC 4.09)f
~

-

. installed upstream of each s' top-valve-In the' main and-reheat steam ploes. -

e , y
-

. . , .

k

w . ( r =m.. w 4 , . e
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SEPARATE STEAM STRAINER LOCATED IN THE-
MAIN AND REHEAT UP STREAM OF THE STOP VALVES
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These- three failures are the only ones known for the selected unple--

of HP-and IP stop and-co urol valves # ech could . lead'tofa=>120%.- (!
$ peed-incident. T_here are no~ reported failures due-to bent;or

sticking valve stems preventing valve closure. j i,

i

-_- ( .
Based on the foregoing, the failure rates and times for the. stop and _j

'
control valves are as folIws:

d
,

i

Stop Valves
t.:

Stop valve hours 5.3 x 10 -hrs ;7

J Historical failures - 2

Assumed failures with 95% confidence 6.25-
t, mission. time . 336 hrs (bl weekly test) '

_

A.-failure rate 0.117/106 hrs r

.

'

Control Valves-

Control valve hours 1.85 x 107 hrs
Historical . failure 1

-

Assumed' fallures wi th 95% confidence- 4.70-

t, mission time 336 hrs -(bi weekly ~ tesi).-

J

U, failure-rate 0.254/106 brs
'i

Also. included in the historical datafof turbine: valves are the butter .y . ;
i . i

- fly-type LP valves of nuclear units for LWR application.
. . -

. t ..

p.

h;

The' butterfly-type LP'stop valves and LP control valves,are bull t:with) the

same. design' criteria,-as well as manufacturing and quality's.ontrol.: '

-t -

t

procedures,.as:the.HP stop and control valves. li,

p
-p

'

i j -.
The,0rawing E5.127a illustrates the steam compartment:^and1 mechanical drive ~

arrangement which is exactly the-same for.the-LP stop valves and-LP control:
N }|-

..
-

_. -
_
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i valves. The butterfly flaps have a circamferential clearance of about 1/20
!

inch to avoid valve sticking. The maximum possible steam leakage through the

valve flap clearance is taken into account for safe turbine generator full-

load rejections to auxiliary load and no-load condition without trioping the
curbine. The butterfly-type valves have a symmetrical design with a

syrretrical bearing arrangement to climinate axial thrust forces. The axial

c'earances and thrust bearing arrangement allow operation under all transient

conditions without increased axial f riction or excessive axial forces.

Spherical journal bearings guarantee a minimum of rotational f riction. Each

flap journal bearing 1s designed wi th two separ , id scaring sliding surfaces,

both equipped with low-friction material; this allows proper operation even

in case of sticking of one sliding surface in each bearing. The valve' spring

and steam forces are acting in closing direction. The valve flap bearings

are located eccentrically to the valve housing, resulting in proper stea'n

forces in the closing direction. During load operation of the turbine-

generator, the LP stop and control valves are fully e .
.

In the open valve position, the hydraulic drive pulls the valve flap against

an opening position support, thus avoiding valve flap vibrations. The ;

!

mechanical valve drive Ilke the valve flap itself is supported by two separate
bearings. A full-flex gear-type coupling is provided to connect the flap shaft!

with the mechanical drive.
!

| The hydraulic actuators are shown in Drawing NC 4.21 - for the LP stop valves and|
i

in NC 4.22 for the LP control valves. The hydraulle drive of the LP control
{
f

valve is of the same design as the HP and IP control valve actuators with two-

step amplifiers. On the LP stop valves, the two-step amplifiers are replaced

N.
'-
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by a fast response control piston.- Thl.s - feature 'provides the LP 's top- valves
~

,

with:a highly- reliable two posi tion (fully.open : fully closed) funct}on;.
vi-

-; ,

4

Similar to the HP stop and control valves, the butterfly-type LP stop andi4
-

control ' valves are provided with automatic test features for~ the bi weekly
,

! valve test.
! i
!

4.3 2 Follm-Up Pistons. Elements E l-6, F I-6 and'H lCH2
~

.

The. applicable historical-data is: '

<

Operation experience since 1954

Pistons in operation 1360

Piston hours- 7.2 x 10 brs6
-

#

.Failures- 0

4

The . follow-up pistons 1are simple :adjus table drain 1pis tons. - During -

q the past 20: years there: has been no. failure of such -a follow-uo: pis ton -
.

in closing: direction which would result'in a faulty opening s'ignalito:the,
.

control valves. 'The failisafe direction of the' follow-up= pistons''Is, -

; the drain opening or. control valve closing directlon.. ::The failure-' rate-

V !
! ~ and mission time for these pistons are as follows:

,. FolIow-up piston hours. 7,2 x 106 brso.

'

Historical failures: 'O-

Assumed failures.with 95% confidence 2 95 ~

.t . mi w lon t ine 8760 hr; (yearly inspection)1

A, failure rate .0.041/lo .h'rss
c

. s .,

c - .-

:-

.'
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4.3.) Clectro-Hydraulle Converters wi thout Coils, Elements -G I t, G 2

The applicable' historical-' data is:
'

-

||
'

Operation experlence since '1963-

EH converters-in operation 86'

EH converter hours 2.65 x 10 , hrs6

,

; Failures 0-
'l
; +

Since introduction of the EHC in *'e3, no failures in control valve,
.

(

j opening direction are reported for the mechanical-hydraulic part of--

<#
- -

-

| the EH. converter. The-electrical part (coll):Is included-in-the-steam

- f admission control. The converter is-not a new design-because the-- -

i

I hydraulic part was used as a hydraullc= ampiifler for turbines-with onlyi [
.i - -

Mechanical-Hydraulic Control-(MHC), and with the present EHC system,-r

i
; -.

| the EH converter - receives both- the electrical inp'ut signal from-th' e :

sdmission control-and the hydraulic signal'from the~MHC, The' failure

- rate -and mission time for the -EH ' converter without colliare:
~

1

EH converter hours- :2,65fx 10 -hrs--6

|
-

Historical failures 0

| -

2,95 -Assumed failures with 95% confidence
,

f t, mission time. |8760:hr-(yearly Inspection);
-

:. ,

6A, failure. rate- 1.11/10 hrs
,

.;

,

a

k

r .

...

-

'-
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4. 3.4 Mechanical-Hydraulle Control (NHC ), E lement I

j The applicable historical data Is:
i

Operation experience since 1954

MHC's in operation 427

MHC hours 1.68 x 107 hrs

failures |

One failure of the above MHC's in the control valve opening direction

has been reported. The hydraulle speed transmitter did not

receive a sufficient oli supply from the turbine main shaft

oil pump (see Drawing E5.121). The low oil flow supply re uited

in a too low discharge pressure of the Impeller, if, during this condition.

a real overspoed event would have occurred, the increast in oli pressure

from ti e speed transmi tter would not have been high enough to prevent

an overspeed. The failure rate and mission time are:

7MHC hours 1.60 x 10 hrs

Historical failures |

Assuned Iallures wi th 95% confidence 47

t, mission tine 8760 hr (yearly inspection)

| A, failure rate C 28/106 hrs

( '
_ . _

,

a
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| 4.3 5 Admission Controls with Colls, Elements K l & K 2
i$

The applicable historical data is: |1

! i
!

'

Operation experience $1nce 1963 j
1 >

t
Admission controls in operation 86i

| i.
i Admission control hours 2.55 x 106 hrs [

Fallures 4 s

;

f
; f

Three of the four failures were openact rcult failures of the plunger *

-;,
.

coil in the EH converter, which happened dur*ng turning gear operating s[

|
caused by extremely ht;h amplitude oscillations = of the electrical: EHC ~

signal. This problem was eliminated for future units by filtering-

i the electrical low speed signal. With the' new design of thls component.-

>

,

j failures of three spring type connections (which normally provide one-out- ;

! . :
of three reliability) to the plunger coil must fall to produce this. event. . ',

i
|

The fourth admission contrcl failure was a_ broken electrical lead:in the ;

r the EHC cabinet. All f our fallures occurred In' control valve opening-

L

, -
. (

tirection ano could have led .to an overspeed event. -Thecfallure rate- O
: . .

! aid-mission-time are
- ,

*
1-

Admission contre,I hours 2.65 x 10 ' hrs l'6

f}UI Historical fallur:as 4'
J
I ' Assumed fallures with 95%. confidence 9. I '~ ;

.o
t. mission time- 8760.L (yearly inspection) (;..

,,

. g "
. .

,

I

if1
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k.3.6 EHC speed Control and Speed Measurino _ Device, Elements 1. t, M & N

|
The 4ppilcable historical data is:

|

Operation esperience since 1963

Speed controls in operation 36

!
'pred control hour <. 2.65 x 106 nrs,

failures 0

These elements consist of the EHC speed control with digital / analog

converter, the speed neasuring device including the disc with 120

oermanent magnets mounted on the HP turbine rotor and the two channels

of the EHC speed transmitter, pulse converter and time supervisory

subsystem. There have been no reported failures in the control valve'

opening direction for all of these elements. The failure rate and

mission time are:

i
Speed control hours 2.65 x 106 hrs

Historical failures 0
!
S

Assumed failures with 95% confidence 2.95

t, mission time 8760 hrs (yearly inspection)

! A, failure rate 1.11/106 hrs
|
'

,

- |
l
|

4.3.7 Power Supply, Elements 0 6 P

The applicable historical data is:

Operation experience since 1963

Power supplies in operation 86

Power supply hours 2.65 x 10r, hrs

( Failures 0

..

J
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j for a high reliability of the (HC, we require one primary ac power

source, and ei ther one or two independent dc power sources depending

on the reliability and characteristics of the primary source. There

are separation diodes and an ac/dc as well as a de/dc converter in

the EHC cabinet for the internal power supply. The failure rate of the

power sources cannot be determined by A-CP$I since we do not generally

design or furnish the power sources. However, in our total experience

with EHC, we know of no failure in the internal supply, and we also

know there has never been a case of loss of all power sources during

operation of a turbine generator with EHC. Despite the limited

operating experience we feel i t is sufficiently conservative to use

our historical data of zero f ailures for the power supply and power

source and to calculate the failure rate with 951 confidence level:
f

Power supply hours 2.65 x 106 hrs

Historical failures O

Assumed f ailure wi th 951 confidence 2 95

t, mission time 8760 hrs (yearly inspection)i

A, failure rate 1.11/106 hrs

4.3.8 Change-Over Device, Element R

The applicable historical data is:

Operation experience since 1966

Change-over devices in operation 53;

| Change-over device hours 1.45 x 106 hrs

Failures 0;

( -

,

.J
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Durl ig normal turbine-generator operation this device is in its safe
e

position, and also does not have to act in case of a turbine trip,

it is only used during periodic test ing of the trip systems. This neans

the probability of an overspeed failure due to the change-over device is

extrerely small, and the historical data yleIds an unrealistically high

failure rate for this device because of the relatively small experien'ce

l l Pe .

The change-ove r device shown in Drawing NC 4.07, is mainly the change-

over v;lve which conducts the trip fluid from the main trip valves to the

turbine stop and control valves. During normel operation the solenold

valves, A, B and C are in their safe (not energl2ed) position and the

lower chamber of t he change-over va lve received control flula from

solenoid valve A, while solenoid valves B and C are draining the

chamber of the cha9ge-over valve.

During the bi weekly turbine trip test with the Automatic Turbine Tester

(ATT). the solenoid valves B and C are positioned to supply control fluid

to the upper chamber and the solenoid valve A drains the lower chamber.

The change-over valves moves downward and the trip signal f rom the normal

overspeed trip devices to the stop and control valves is interrapted.

However, before this change-over is initiated electrical trip circuits

are connected to the solenold valves B and C to trip the turbine in the

event that a real overspeed should occur during testing. Part of the ATT

program is a test of these electrical overspeed trip circuits and a start

of the trip device test pro *am is only possible af ter a successful test

of these electrical overspeed trip circui'.s. The electrical overspeed trip

k J,
_

,
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is a oite-out of-two signa l to the one-out-of-two solenoid valves B and C.

After testing, the change-ovt.r valve Is reset la its normal posItlon by

opening the control fluid supply wi th solenoid oil e A and draining

the upper cha-'ver with solenoid salves B and C. Very high reliabil!!v

for the resetting of the change over valve is provided by checkirg

the position of the Ch8n9e*over valve with a limit switch, ahd by !Wo

pressure switches sensing the control fluid pressure decrease behind

the solenoid valves B and C.

For practical purposes, the failure node of this change-over device is

a simultaneous failure of all three solenoid valves. The average failure
6rate of solenoid valves is approximately 10 per 10 hrs per Reference (11) .

table 0.1. This failure rate It very conservative for our case bJcause

the solenoid valves need not act during a real turbine trip; they only

have to stay in the safe (.iot energized) position.

L
Since all three solenoid valves must fall, the failure rate of the

change-over device is calculated as a redundant System consisting of

three solenoid valver, as follows: i
!

!

|
t, mission time 336 hrs (bi weekly test)
A. failure rate of a solenoid valve 10/106 hrs j

EFR, the ef fective failure rate of the
one-out-of-three solenoid valve system ;

used as a model for the change-over
'

de< ice for mission time of 336 hours 0.0001123/106 hrs
,

I
.

!
I

I

t

i

)
.'
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This is calculated as follows:
i

!

)
. r, t em sol. vcI/e failure probability of 1-out-of-3 valves=

(AETR t)t 2+ .

]

err - (> )3.t 2; ;

EFR - (10/10 br) 3 (336 hr)

0
EFA .000I129/10 hr (effective failure rate for t- 336 brs)

.0001123/10 hr (exact c vputed value for the 336 hrs mission time)EFR =

4.3.9 Main Trip Valve, Elements 5 1 and S 2

The app!'cah!e historical data is:

Operation experience since 1958

Main trip valves in operation 278

Fain trip valve hours 1,43 x 107 hrs

Failures 0

| In case of a trip the main trip valves drain the trip fluid pressure

initiating a closing of the stop and control valves. The main trip

valves are arranged in a one-out-of-tm system and are spring loaded

in draining direction. An auxiliary trip fluid pressure holds the

main trip valves in closing position. This pressure will be released

if one of the trip signals actuates a trip device and the main trip

valves move by spring force to their draining posi tion. Considering
i

this simple reliable device, it is very conservative to use the

historical data with a confidence level of 95%::

I

t
,

I
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! Main trip valves in operation 27B
i

{ Main trip valve hours i.43 x 107 hrs
i

Historical failures O

Assured f ailures wi th 95t confidence 2.95

t mission time 336 hrs (bl-weekly test)

1, failure rate 0.206/106 hrs

4.3.10 Overspeed Trip Test and Resetting Device, E l emen t T

The applicable historical data 1s:

Operation experience since 1958

Overspeed trip test devices

in operation 242 i

Overspeed trip tes t device hours I.4 x 107 hrs

Fallures O

Like the Change-Over Device Clement R, the "Overspeed Trip Test and

Resetting Device" T is only used for testing, and for. resetting the

trip devices af ter shutdown and testing (see Drawing E5.122a). During-

normal turbine-generator operation the overspeed trip test and ,

!

resetting device is in its safe position and need not att in case of j

a real trip.
,

1

The manual overspeed trip test device and the manual overspeed trip

reset till be used only for. local testing at the turbine. Operating

instructions call for a yearly test or test af ter an inspection of the ;

1

N d-a

..

.
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trip system only. The test is required to check the adjustnent of the

two pressure switches of the tett oil supply to the trip bolts. The

set ting of these pressure swi tches during automa tic tes ting wi th the

ATT indicate at rated speed the proper function of the two trip bolts.

A malfunction of this manua! trip test and resetting device in the stop

and control valve opening direction is very unlikely because the pistons

are spring-loaded to return to their safe position after they were

pushed down for testing. Testing is only yearly and locally at the

turbine. The two pistons are supplied with key-locking devices

wi th which the pistons hsve to be lock *d in their safe positlon except when

required for test.

4

For this extremely safe manual trip test and resetting device, we assume

the same effective failure rate level as for the Change-Over Device R

because all the above precautions against malfunctions make the manual

overspeed trip test and reset ting device as safe as the change-over device.

Since there are two pistons , the ef fective f ailure rate of the manual

; overspeed trip test and resetting device is two times the rate of the

change-over device:

! t , mi ss ion t ima 8760 hrs (yearly test)
|

| EFR, ef fective failure rate of the manual
6

| overspeed trip test and resetting device 0.000225/10 hrs
I

I

( ,

.
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The second function of the overspeed trip test and resetting device is |

I

the remote resetting of the trID devices ircludIng the main trip valves

and overspeed trip release devices. These functions will be used

bi weekly during each ATT test. The fluid supply for the resetting

cores either from the stsrting and load limit device as auxiliasy,

start-up fluid, or as control fluid. Due to the design of the starteng
i

and load limit device, the auxillary start up fluid linie can only be

; pressurized when no pressure to the control valves is available. The

control fluid is available whenever the control fluid pumps are running; !

therefore, it is reasonable to consider only the control fluid supply i

because the failure probability due to an accidental Control fluid su , yr

:

is many times larger than due to an accidental supply of ouxiliary j
i

start-up fluid.

A malfunction of the two reset solenoid valves could prevent an overspeed '

trip; howe ve r , in their safe (r.ot energized) posi tion the control fluid

cannot block a rec' trip. During reset the ATT opens the solenoid valves

! for the con?,rol flujo and closes them automatically. During the test
1

and reset tine the electrical overspeed trip described under " Element R"
,

1 !
| s s active and would trip the turbine in a real overspeed event. The
1

; two reset solenoid valves will be closed in sequence by closing first the
'

second supply valve (left valve in Drawing E5.122a, page 72), and checking the

pressure decay between this solenoid valve and the mein trip valves. This

also indicates that no auxiliary start-up fluid pressure is bJIlt up. Ther f
I i

the first (right) valve will be closed and the pressure decay between the
,

two valves will be checked. With this salve and pressure switch

arrangement, it is nearly certain that the valves will be reset to their

( )
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r,afe (not energized) oosition, and car oot orevent a real overspeed t rip.

To take a conservati ve approach, we used a f ailure rate of 10/106 hrs for

aach solenoid valve regardless of the fact that for a real trlp the reset

solenoid valves remain in th0lr safe (not f.ne rgI 2ed) position. The

failure rate and mission time are as " allows:

t, mission time 336 hrs (bi weekly test)
6Failure rate of a solenoid valve 10/10 hrs

A, f ailure rate of the remote resetting

device with one-out-of-two solenoid 4

6
valves 0.0335/10 hrs

4 3.11 Overspeed Trip Bolts, Elements U 1 & U 2 )

The applicable historical data is: i

|'

t

0 eration experience since 1958

Trip bolts in operation 486

Trip bolt hours 2.78 x 107 hrs

|

Failures 7;

i

The operating experience Incit. des all the trip bolts which are,

! !

|
; autonatically or at least manually testable at rated speed. One of the

I i j

| seven failures was caused by ventilation suspended particles from an {
l :
j abnormally dirty envi ronment which entered the f ront bearing housing and ;

'

,
-

prevented proper operation of the trip bolts. The remaining six failures
,

fl
were all due t. fretting corrosloa, which resulted in a sticking of the !

| t r i p bo l t s .
| |

1

-

___

.

m.
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i The trip bolt deslTn is shown in Drawing E5.12i, page 63. Under certain '

l

I
I conditions su h as large shaf t vibrations and aggressive al t or oil, there

can be a tendency to form fretting corrosion. The bt st method to detect

sticking of the trip bolts due to fretting corroslon or dirt is the

regular test of the trip bolts which includes with the ATT an automatic

check that the oil pressure level at which the trip bolts move into the

trip position is correct. All seven trip bolts failures were found during

manual testing, and there are no reported failures of this type on a turbine

equipped with ATT. Although we have no proof, we believe that the f ailed ;

I
trip bolts were not tested as f requently as every two weeks , as Is

i
recommended for uni ts equipped wi th the ATT. During the past 15 years our '

large turbine generators were equipped wi th two separate trip bolts and !

separate trip release devices, and there l$ no case In which both overspeed

trips f ailed at 'he same time or during the same test,.

i

!

Regardless of the fact that bi weekly testing should prevent future trip

bolt f ailures which happened in the past, we will take the conservative

approach that a failure in the future is as likely as failures in the past.

Therefore, the failure rate for the trip bolts is:

Trip bolt hours 2.78 x 107 hrs
!

i Historical fai'ures 7

Auumed failures with 95%

confidence level 13,1,

| t I
I t, mission time 336 hrs (bi weekly test) |

1
!

| A, failure rate 0.471/106 br> !

|
|

|

|
.

.
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i
i 4.3.12 Trip Release Device, Eleaents V I & V 2

| The appiicable historical data is:

Operation experience since 1955

Trip release devices in oceratior 486

7Trip release device hours 2.78 x 10 hrs

failures 0

The trip release device is a simple hydraulic piston and spring system

converting the novement of the trip bolt into a hydraulic signal. No

failure of these devices has been reported, which results in the

| foll w ing failure rate:
!

i
|-

Trip release device hours 2.78 x 107 hrs

! Historical tallures 0

Assumed fallures with 95%

f confidence level 2 95
,

i t, mission time 336 hrs (bl weekly) j

A, failure rate 0.106/106 hrs

,

4,4 Overspeed Failure Probability Calculation !
j -

i

For purposes of computer calculation of the overspeed failure i

probability, the overspeed prevention system was arranged into system

components I to 36 as shown in the reliability block diagram NC 5.02a

whict. 15 equivalent to diagrams NC 5.01a, page 36 and E 5.120, page 41,

it can be seen that some of the components I to 3A are formed f rom several |

e ieraents (A - to V) . For example, the trip device component No. I consists {

of eight elements including the change-over device R, two main trip
|

( )
..

, , . _ . . _ . . _ _ _ - _ _ _ _ _ - - _ - - - - - - - - --
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valves S I and 5 2, the overspeed trip test and- resetting device T,

two overspeed trip bolts U i and U 2 and the trip releasing devices

V i and V 2.

I

The computer program calculates the system failure probability on

the basis of the following commonly known principles of reliability
analysis:,

1. Probability of failure:

l-e'' (for exponent At >0.3)P =

t) ) )AtP (for exponent At ;0.3)= . ,-

ohere:

6'

failure rate, failures per 10 hrt =

mi s s i on t i me , h rt =

2. Series elements
,

P=PI+P2 + ... (conservative equa.;on because it assumes
that eve.7ts are mutually exclusive);

!

: 3 Parallel (redundant) elements

| P=P xP
y 2 * **'

!

There is no single failure of any component in the system which

could lead to a 3120% speed event. However, there are
1

multiple failure possibilltles which could lead to this event.

The computer program evaluates all possible failure combinations

|

| -

.-
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r
listed in Olagram NC 5 J2a. pega 78

_

The highest order of failure is one

quintuple simultaneous failure which could lead to an overspeed event
.

! The
list of multiple failures at the bottom of diagram NC 5 02a:

. page 78!
.

shows clearly the importance of the components 1. and 19 to 36. which areI
{

| the trip device and the stop and control valves.
Double fallures of thesej

components could Icad to en overspeed event.
The computer calculationsi

j
show that the double failure combinations have the following influence on
the overall failure probability results:)

!

=

|
_ Double Failure Combinatfors 4-Flow LP Turbine 6-Flow LP Turbine.

influence li influence %
f HP Stop Valves and HP Control Valves

13.22
HP Stop and Cor. trol Valves 17.65

Cross-Connection- 13.22
,

i
t.P Stop Valves and LP Control Valves 17.65'

13.22 26.48j
Trip Device (1) and HP Control Valves. 4.45 , 5.96Trip Device (1) and L'' Control Valves

4. 4 5 '' 8.96Reverse Reheater Evaporation through ,

{ s

HP Control Valves 28.71
'

I
-

-

Total influence -77.27 76.70
..

,

;

The remaining 22.73t of the 4-flow and 23 30% o' the 6-flow LP turbi
. ne:of

the overall fallure probability numbers'are:-Influenced by trlple
. quadruple-

and quintuple fallure combinations: Including failures of the extractionisys tL
'

:)
. em. -

The failure probability. of the overspeed' prevention system was cal
for two dif ferent. nodes of operation; first.

. culated

for turbine generator

load operation, and, secondly. - for operation 'of the ' unit in the speed

-t
~

j;.

p._,.,g _&
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control mode when the generator is not connected to the electrical system..
.?

l

The fault-tree diagrams NC 5.03a and NC 5.04a snow the failure paths causing
an overspeed event.

All exclusive falltre paths leading to a >l20% speed I

event have been taken into account, therefore, the computed total failure
|' i

probability considers all component failure combinations which could lead i!

| to this overspeed event.

f i

!
!

The nornal load operation mode is analyzed in diagram-NC 5.03a,
.

1
! The unit

is on line anu as long as the generator is connected to the electric system,3

there is no failure of the overspeed prevention system which could. lead
i

.

to an overspeed event.
However the overspeed preventlon system must.be '

continuously ready, and in an event of generator disconnection (load
i

rejection) It must act to avoid ao overspeed by closing the- control:and/or
I

stop valves.

i

j The second operation mode is shown 'In diagram NC 5.04a. This mode exists -t,

primarily during start-up and synchronizing of the unit, but-also could~ 'i
-

-

exis t during shutdown, in this mode, the turbine generator speed Is .

controlled by the electro-hydraulle speedz control, with-the mechanical- .,

i
4

; hydraullc control as back' up. A failure _of the control-system could. lead
i
|- to-an overspeed event by accidentally ' opening orf holding open the contro!'

valves,
in this- case, the speed control system causes an overspeed, and.

I f the _ overspeed prevention system with: the. st rendy failed- speed' control

cannot s top the' speed increase,L a >l20% speed f ailure .could happen.
.

The fault treef for> this mode of operation has one ' branch which initiates

the overspeed event and. a second branch which prevents - the overspeed- event.

'
.

..

|): ,, -~, . .
_

# a
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The overspeed prevention part of the fault tree is basically the same as f
shown for the load rejection event shown in diagram NC-5.03a on page 32, with

the trip failure and speed control failure as final results.
,

.

4 .

!
'

i

|
The >l20% speed f ailure probability was calculated based on-the

i
'

two fault trees with a computer program wri tten by KWU.. The first
,

<

I results calculated with this program were doublechecked by Interatom*
|

Independently and with a different computer program. 1he Interatomi

results showed full agreement with the failure probability numbers
. .

calculated by KW.

:

~7
| The calculated results for the load operation mode are 0.8040 x. 20 per

7I unit-year for a 4-flow turbine and 0.6025 x 10 per unit-year for a e-flm -
~

! turbine. These are the probabilities of a failure when the speed- |

control system is required to prevent an overspe:d following
.

| load rejection. This calculation includes the conservative assumption

that over a 404 ear lifetime of--the unit.there will be-40 load rejections :j
~

y
; , ,

| (one per year)' requiring proper operation of the overspeed prevention
o;

t system. This does not include tre..alent load disturbances which do not 1
t

I

i require operation of the overspeed prevention system.'-
t r

i
1

Also, it is important.to note that normal: turbine trip or shutdown

does not require functioning of the overspeed prevention system because
,

the generator will only be disconnected af ter the tu'rbine: trip ' valves .

Interatom is a wholly owned subsidiary of KkV engaged-In research,; i
-- * .. .

development .and studies in the nuclear- power fleid.
>

)

.
- J

.
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!

are closed. This function is normally performed by a reverse power relay

which provides a very high degree of assurance that the turbine valvas are

shut before disconnecting the generator. The remote possibility that the

i

unit will be improperly disconnected c ;n reasonably be included in the

'

above 40 events over the 40 year's lifetime.
!

I

The calculated results for the speed-control operation mode are 0.8216 x 10'7
,

per unit year for a 4-ficw turbine and 0.ol$8 x 10' per unlt year for a;

6-flow turbine. These are the probabilities of a >l20% speed f ailure based

on the con'grvative assumption that the turbine-generator is operating
' disconnectej from the network more than 336 hours per year. With tF's

i assumption, any f ailure of the speed control system at any t me could cause

an overspeed event, I f the speed control would not prevent the runaway of

! the turbine generator to a >l20% speed failure, in case the unit operates

less than 336 hours per year speed controlled and not connected to the

i system, this probability would be decreased.
|

Despite the fact that in ectual practice the turbine generator runs mostly
i

with the generator synchronized, and that before operation with disconnected

generato: start-up), a testing of the overspeed trip device and the stop

and control valves can be assumed, we took the conservative assumption that

the turbine generator operates fcr more than 336 hours per year disconnected

and over the entire year connected to the network, and added up the two

-7calculated results to arrive at a total of 1.6256 x 10 per year for the

probability of a >l20% speed failure of a 4-flow turbine and 1.2183 x 10'

per year of a 6-flow turbine. I

( ,

.
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r x
The different results for the turbine generators with 4-flow LP turbines-

and 6-flow LP turbines are caused by the following two deviations of f
f

these units:
, *

! a.) The 6-flow units with three Instead of two LP turbines have-
;.

j two more LP admissions with two additional-Li' stop and two

addi tional tr' control valves. The LP turbine admissions with
l j

;

| a stop and control valve in series are for a 4-flow LP turbine .

!

j a "4 times 1-out-of-2-system" and for a 6-flow LP turbine a f
1.

| "6 times 1-out of-2 system." '

!
p.

b.) For the 4-flow units with a much smaller moment of inertla,

there Is a probability to produce a speed slightly above

120% in case two HP control valves fall and allow a reverse -
'

| stream of steam out of the two MSR's reheater tubes and end
; chambers into the HP turbine. Even such an event would not-
i

{ produce an overspeed leading to a turbine-generator missile.

We took the conservative approach and added this. event as a
i

>l20% speed probabili ty for 'the 4-flow . turbine.

| The preceding calculations do not include the turbine extraction system

because this system ls' designed and furnished by others.- As shown

-In the reliabl!!ty block diagram NC-5.ola, page 36, our- equipment provides the -

positive closing signal for'the-controlled extraction valves formed out

of the highly reliable hydraulle signal-from the EHC speed. control,-

the MHC speed control and the trip-system.- However, I t 41s' the responsi-

bility of others to design the extraction system and select the valves.

A careful ' study and' design. of this' system aod-use' of high quali ty.
-

reliable valves are recommended, especially for extractions) receiving
e .

J
*1

,

-, - .- .we,-- - - +-
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steam from secondary sources and extractions containing large amounts
,

of stored steam energy which could drive the generator to >120% speed.
i

Periodic testing of valves and good maintenance practices are also

recommended for tf.s extraction system. ;

e

f if these recommendations are followed, we believe the extract *an system
|
j will contribute only a reasonable additional probability of failure

i ,

' leading to overspeed. We suggest that the extraction system should be

designec to contribute not more than 50% Increase to the >l20% speed
,

fallu,e probability of the turbine generator to control a. load rejection
~0event, i.e. 50% of 4.020 x 10 per unit-year for a 4-flow turbine

~0and 3 013 x 10 per unit year for a 6-flow turbine.

~7 and 1.2183 x.lo *I Adding these values to the previous totals of 1,6256 x 10
t

|
yleids the final results of 2.0276 x 10~7 = 2.1 x.10~7- per unit year for the

4-flow turbine and 1.5196 x 10~7 = 1.6 x 10~7 per unit year for the 6-flow

turbire as the probabilities of >l20% speed failures including the extraction-
,

system.
y

!
|

i 4.5 common Mode rallure- :

1

' The foregoing analysis Is for random failures in which componen:si are -

assumed to _be subject to failure as a function of' time at. a rate. followlng._
,

the exponential distribution In accordance with= the- commonly known 1 theory of.

h rellability analysis.. In addition..It is appropriate;to safety-analysis
|

p to consider the so-called " common-mode" failures which may be defined-

as simultaneous fallures of moreithan one componeret due to some common -

design . error, improper operation or maintenance, or. Influence-off some-

external: condition. . A pertinent' example t s the possibility;of| fallure ofp
-

,;c g

*||"
-

,. . - , . - . . - .-
J
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many components in the speed control system due to a fire in the
1

electrical cabinet housing. Due to the nature of tHs type of f ailure,- an

objective and accurate quantitative estimate s.f common-mode failure
I

probability is not possible. However, we have done a qualitative analysis

which 1s summarized below under the he '.!ngs of: -|

\
~

j 1. Normal external power plant environment b

2. Operation and maintenance errors

j 3. External events. '

l *

i
! The .ommon Mode Failure Chart gives the results of this -study.

i

|4.51 Normal External Power Plant Envi ronant '

n'
The only significant influence of the normal. external power plant -j ,

1

environment are water and electrical Interference which could adversely.

affect the electrical part of the speed control. ' Because the electrical

speed control is only a part of the overall-speed control system, and
i
' is hydraulically connected to the electro-hydraulic converters In'

parallel with the overspeed trip system and the mechanicalshydraulle-

.

control in a one-out-of-three system,'It can be assumed that a common

j failure due to: normal external power plant environment-wl'il'not change
,

the basic failure probability value due to random failures. ':

.

-4.5.2 ' Operation and Maintenance Errors
,

The second column. of the' chart shows the possIble comon mode - fallures

i.
[

C
,

. - , , ~ i s . . -, : . w., :. . - , . ~ - . . - . . . _ . ~ - - -... _ ,,. ..-.,c , , ,, ,. ,, - - , . - - -,L,- ,<
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COMMON MODE FAILURE CHART U

NORMAL OPERATION &

EXTERNAL MAINTENANCE EXTERN AL
REASONS AND EVENTS

ENVIRONVENT ERROR $ EV'NTS
FOR

COWON MODE F AILURES g e
-

w 5 A fil
E W n 9 85 w
a d 4e g 5 6g; ==

Ew e JS 8 8W o

e E E 5 Ge W y $"! g
* 5

le $e$=e s a9 Me 5 ~
3 5 m wE E E v$! o s * * w -5 -

STOP & CONTROL VALVE $ X

F EtD CCNTROL SYSTEM X X X X | X X X
'

.

' i
I \

OVER$ PEED TRIP $YSTEM X X X ' X'

P: tent.a! fs C ecn Voce FWuie

Ccmn Mode Fadures wnich could lead to a > IF. speed event

!

|
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" due' to operation and maintenance errors. In this area inany di f ferents

common mode failures are feasible. As believe the worst case would-be , '

7

careless maintenance:of the entire system of'stop and control ~ valves, !

j speed control and overspeed trip. !

(
c

in this connection, I t should be noted that 'there are no reported.
!

! -cases of common mode failures due to misope"ation or-improper maintenance

in all of our historical data. We belleve that'wlth current and future units-

wi th modern operatio.1 and maintenance prac.tices, and consida. ring the,

;

excellent testability of the stop and cont ol valves and overspeed trip _

system, the probabili ty of such common failures should approaa.h tero.

| Automatic tcsting of the stop _and control valves, as well' as the overspeed -
'

trip system af ter maintenance work and before each start-up clearly _will

{ reveal any maintenance error or miscalibration,

improper testing and oper tor errors'are eliminated by-the very ,ecure '

design of the ATT and r a local overspeed trip test and resetting device asht

i

j described previously under Elements ~R;and T, paragraphs 4.3.8 an( 4.3;10. '

l
' Even if an operation error af fects the speed control of. both the EHC ~

'
s

and the NHC, the u..it is-stil' prote..ted by the trip system which Is:
_

| not wbject to operator error. An operato error or improper testingp
i
.

,

-of the stop and control veives is not possible, and as' described'

previously,_ is very unlikely .for the overspeed trip; system._ The re fore ,

we belleve the probabiIity of conmon moJe fallure dua to operation _~and
|

L

L

i

'

' ' '
_ .*

,

- . . - . . .
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maintenance errors will not significantly increase the calculatet

random failure probability.,

4.5.3 Externai Evena;

External events could influrice the electrica. Portion of the speed

i control system due to fire or flood, but w in the case of environmental
!

! effects this should not be counted as e ccc .. failure of the con.plete

overspeed preventloi. .em.

i '

!
.

| For all other external events and components ! can be safely assumed
i
j that if the system faiis, it wilI fail in the safe (stop and/or

!

| control valve closing) direct:on.

I
t

4.5.4 Conclusion
.

P
i

Although we know that the failure probabi1ity due to common mode,

!
'

failures is not zero, we believe that common mode failures affecting

the whole overspeed prevention system are sufficiently unlikely that

they should not change our very conservative valuu of failure

!

| probability calculated for random failures,
t

i

i

k j
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ENCLOSURE 5 TO TXX-92486

Supplement 6 to NUREG 0797, Safety Evaluatt 'n Report related
to operation of CPSES Unit:: 1 and 2, November 1984-

Table 10.1 (page 10-9)
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Table 10.1 Turbine system reliability criteria

Probability, yr 1

Favorably Unfavoeably
oriented oriented
turbine turbine Required license action

-

(1) P < 10 4 Pi < 10 5 This is the general, minimum reli-3

ability requirement for locd;ng the
turbine cnd bringing the system on
line.

(2) 10 4 < P i < 10.a 10 5 < P < 10 4 If this condition is reached duringi
operation, the turbine may be kept
in service until the next scheduled
outage, at which time the licensee
is to take action to reduce P to3

meet the appropriate criterion in
item (1) above before returning thc
turbine to service.

(?) 10 3 < p, < 10 2 10 4 < P < 10 3 If this cohe.".' 'hed during3

operation, the turoiae 1s to be
isolated from t?e steam supply
within 90 days, at which time
the licenree is tc- take action
to reduce i'i to mt t the appro-
priate criterion in Item (1)
above before returning the turbine
to service.

(4) 10 2 < p, 10 3 < P If this condition is reached at3

any time during operation, the
turbine is 16 be isolated from
the steam supply within 6 days,
at which time the licensee is
to take action to reduce P to3

meet the appropriate criterion in
Item (1) above before returning
the turbine to service.

!

Comanche Peak SSER 6 10-9
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ENCLOSURE 6 TO TXX-92486

'

Federal Register.Vol. 51, No. 44, Rules and
Regulations. March 6, 1986, page 7751
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f i ;. H.; or i '.a a or foe a hahng (nil Fur s nut! car power reactor, e elsewhere in the nuclear industry or m
'

f.uhiv will hkely he fourul to mvolve r.hange residung from a nuclear reactor other indi:stries. and does not invnive a
vandn.uot harants omnulernhuns, if ore riinadiot if nu im:I ussemhhes sigmficant morenn m the prohah4hly or
..p. iatmn of the faulity in accordancu syiiuliuintly dillerent from those found consequences of an accident previously
.uih the pruposul amendment mvolves previvusly acceptable to the NRC for a evaluated or create the possibdity of a
..ne ur nmre of the following- previous core et the facility in question new or different kind of accident from

of A wnifn: ant relaxation of the are involved. This sisumes that no any accident p'eviously evaluated and
i rowa u.ed to estabbsh safety hmits. significunt changes are made to the (2) The repaired or replacement

ini A .icnda. ant relaxatinn of the acceptance criteria for the techrucal component or system does not result in
t~n 3 for nom-4,afi tv mtem settings specifications. that the analytical a sign licant change in its safety.

.o imutmg tunJ.nm far operahon methods used to demonstrate function or a sigmficant reduction m any
imi A swmh. ani reisuunn in hmating conformance with the technical safety hmst (or Irmiting condition of

i ondamn> f a. spurdnun not specifications and regulations are not operation) associated with the
.a . omrunn:u I ) s.umpensatory chang,3 significantly changed. and that NRC has component er system.
. and.n..n.. e m imns ihat inminimirt a preuously found such methods (x) An expansion of the storage
i ..mm. nsurate les el of safety (such as acceptable. capacity of a spent fuel pool wr:ea all of
Am u a plam iu operaie et full power (ivi A relief granted upon the followmg are satisfied:
an u, .. pu ..d m w r.u;n one or more demonstration of acceptable operation (t) The storage expansion method
s .h n, o no m. a e r~i ;m.ble) from an cperstmg restricuon that was consists of etther replactrg eustmg
lui % %. : .r. ..,,c.ta g ac er.se, i.-,pese; ce:ause acceptable operation racks mth a design which allow s closer

| N i,a nm a ar pt,wer pleni. an was not Set demonstrated.This sseumes spectng between stored spent fuel
, nn ri .or in ..nihurred ma asmum core that the operstmg restnction and the assemblies or placing additwnal racksr
r pn c, in y; cntens to be applied to a request fx of the original design on the pool floor if

|ul A change to fci.hiucal rehof have been established in a prior spaca pumik
spa ita anons or other NRC approval, review snd that it is justified in a

unolunu a wmficant unreviewed sausfactory way ihet the cnterta have (2) ne storage expecolon method
does e.ot involve rod consolidation orbeen met.s Jcty spawim n

(v) Upon satisfactory completion of double.W
t uil a thanue in plant opershon (3) The Keff of the poolis maintained

demned to unprove safaty but which, f gdhy a f gre h less than or equal to 0.91 and -
' "' "

doc in other fariors. m fact allows plant
| operanon with safety margins en operating restriction that was (4) No new technology or unproven
,

wmhcantly reduced from those imposed beaum h constmcuan was technology is utilized in either the

| hein ved to have been present when the not yet coenpleted satisfactorily. This is constmcuon process or the analytical,

hienw was issued. Id- intended to lavolve only restrictions MCh*19.ues necessary to justify the
'

where it is justified that constructica expension.
has been completed satisfactorily. IL Responses to Comrnents on InterimC s li / 4 ly o of e I'0 ^ # **** * * * ' " * * b*I **I**.wmtn unt Hutards Conssderat,ons Are'

I in some increase to the probability or1.n:cd Below The statement of consequenos of a previously.analynd De commente are ductibed in,

! e on:oderanons for the intenm final rules
b led the following examples of accident or may reduce in some way a somewhat greater detailin an

| safety margin, but where the results of attachment to SECY-at 209A.i

amendments the Comnussion'

the chanse are clearly withis all A. Clarity o/ Standardsi onsidered not hkely to mvolve accepuMe critwie wit to bmmhcant hazards considerations. 43 sysum or compourd spec' la b u Commente-A group of
I R t41M lt explained that unless the Standard Review Plan, e,3, a change commentere state that the three
specibi. circunstances of a licaceae ruulung from b appucedes of a smaH standards la i 30.92(c) are unclest and
amendment request letd to a contra'7 refinement of a provnously es d argue that the examples m the statement,

! < om.lusion when measured useinst the calculadonal neodel or deelgm mebd. of cono6deesuone-which they beliswe
! standards in | 50 92. thea. 'stirsuant to (vil) A change to confer a a linanas to are clearer than the standarde-should
| the procedures m I 50.9 . ;,roposed changes la ti.e reguladoes, wherg the be made part of the rule: otherwise, they

amendment to an operating beenas for a license change results in very miner . arpe. the examples have no legal
facihty bcensed under i gE21(bl or changes to facility operations clearly in ' significance.
4 m a ut for a tee wsillikalT keepmg with h regulations. A*8Ponse-The Cornmission disagrees
he fuund to involve t (viiil A change to e license to reflect a wi'h the request. As explained ,m

I haurds consideratie operation of minor edjustment la ownerehlt shares response to the comments on the
| the faci ty m accordupt with the among co. owners already chion in the Proposed rule (see 44 FR 14864), theh

proposed ar.undr _. es only one license. Id. comunenters are correct that the
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