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INSERT A

high pressure turbine stop valve and one high pressure control valve

INSERT 8

e. At least once per 40 months by visually inspecting the disks and
acressible 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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Standard Review Plan, NUREG-75/087. section 10.2




U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 10.2 TURBINE GENERATOR

REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PSB)

secondary *~ Mechanical Engineering Branch (MEB)

Materials Engineering Branch (MTEB)

Radialogical Assessment Branch (RAB)

Auxiliary Systems Branch (ASE)
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 TGS consists
essentially of the turbine unit and the automatic devices, alarms, 37d trips which
control and regulate turbine action, and the generator unit and its controls The
turbine control sy.tem and the steam inlet stop and contro)l valves, the luw pressure
turbine steam intercept and inlet control valves, and the extraction steam control
valves control the speed of the turbine under normal and abnorma) condiytions, 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
reneat steam control and stop valving arrangements typically provide redundancy in the
valves essential for overspeed protection The intent of the review under this SRP
section 1§ to verify that such redundanc;, 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 nlant systems and struce
tures from potential turbine missiles is reviewed under SRP Section 13.5.1.3

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

a The genera! arrangement of the turbine and associated equipment with respect
to safety-related structures and systems and balance of plant

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

USNRC STANDARD REVIEW PLAN

w”mnmmmpﬁ“ﬂvnmﬂ- L L ot for tha raviews 6! apPheatIans 1o vanetruct and
VPBTHE Nusian POWE PlaTte Mmmmw-mw-mammomummmmmm
e Puble of Y -nn-.wrwwmmwummmmvmcmowm
FOMPlnnod with Ihew @ Nt reguired mwmmw-nmnm:«nnmmmc“uumma-m
10 Musiear Pewes Biante Rat o1 ssetions of the BRenders Funnat nave & o TaSBaNEng review Sien

PlUblmhed Ansard raview plane witl be reviead perodically e SR ORETe 10 scEoMModete comments and 1o refient new mfarmation end sxperience

&

e for impr -~ ve WOU MROud Be sent to e U B N Ll y G Offiae 3¢ Muciear Rescror
Roguiaven Washington O C 20888

m _—

NUREG 756/087






a. At approximately 3-1/3-year intervals,

Unlimited access to al) levels of the
should be provided.
access.

Connection joints between the low pressure

Branch Technical Positions ASB 3-1 ang MEB 31 should b;

acceptability of the effects of postulated TGS piping failures on safety-
equipment .

valves should be capable of closure concurrent with the main steam stop valves, or
of sequential closure within an appropriate time !imit, to assure that turbine
overspeed is contro)led within acceptable Timits.

The valve arrangements ang
valve closure times should be Such that a failure of any single valve to close

will not result in excessive turbine overspeed in the event of a TC5 trip signal,

The extraction steam check valves proyvided at axtraction connections hall te |

capable of closing within an appropriate time limit to maintain stable turbine
speeds in the event of a TGS trip sigra)

The TGS should be provided with the capability to permit periodic te
compenents important to scfety while the uni

sting of
t 15 cperating at rated load.

The inservice inspection program for n.in steam and reheat valves shoy
the following provisions:

19 include

during refueling or maintenance shut-
downs coinciding with the inservice inspection schedule required by Section x1

of the ASME Code for reactor components, at least ane main steam stop valve,

one main steam control valve, one reheat stop valve, and one
valve should be dismant)ed and visual
valve seats, disks, and stems,
are found in a valve

reheat intercept
and surface examinations conducted of
If unacceptable flaws Or excessive corrosion
. all other valves of that type should be dismantled ang
inspected. Valve bushings should be inspectea and cleaned, and bore diam-
eters should be checked for proper clearance.

Main steam stop and control valves and reheat stop and intercept valves
should be exercised at least once a week by closing each vaive and observing
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,

turbine area under al) operating conditions
Radiation shielding should be provided as necessary to permit

turbine exhaust and the main condenser

shouid 52 arranged to prevent adverse effects on any safety-related eqiipment in
the turbine room in the event of rupture

related equipment in the turbine room).

(1t is preferable not to locate safety-

used to determine the '
related

10. 2-3 Rev, |
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Rev.

9. Regulatory Guide 1 .68 should be used with regard to preoperational and startup
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.

REVIEW PROCEDURES
The procedures below are used during the construction permit (CP) review to determine
Lhat 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 (OL) 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 unigque design, will be such as to assure
that the system meets the criteria of subsection II. The reviewer evaluates the TGS,
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
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.

i The SAR is reviewed to determine that the system description and piping and instru-
mentation diagrams (P&IDs) show the turbine generator system. The ge.era! arrange-
ment of the TGS and associated eguipment with respect to safety-related structures,
systems, and components is noted.

2. The reviewer verifies the adequacy of the contrs) and overspeed protection system
and determines that:

a. Support systems, subsystems, control systems, and alarms and trips will
function Yor 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.

1 10.2-4
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Siemens letter to Mr. R. T. Jenkins from Mr. P. C. Hosbein,
dated February 14, 1992



SIEMENS  resemerims
February 14, 1992 M‘T’a fee. £

e Wit N

Mr. R.T. Jenkins

Manager, System Engineering
TU Electric

Comanche Peak SES

P.Q. Box 2300

Glen Rose, TX 76043

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

Dear Mr. Jankins.

This letter is in response to TU Electnc's request for information regarding the design and
inspection of the High Pressure (HP) and Low Pressure (LP) stop and control vaives at
the Comanche Peak Steam E'scrric Stauvon Units 1 and 2.

HP Vaive Design and Construction

Th HP stop and control valves are designed 1o control the speed and load of the main
turbine-generator. The HP stop valves are designed for extramely fast closing to isolate
the turbine preventing it from reaching a potentially destructive overspeed condition.

The HP stop and control valves are combined in @ 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 vaive is machined from bar stock, material 21CrMoON.N47. The
seat has a steliite overlay in the area of contact to the cone. After machining the seat is
PT inspected. The cone is a casting GS-C256 aiso with vaious overlays in different
areas. The cone is also PT inspected as part of the manutacturing 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 manutacture.

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

Siemens Power Corporation

PO Box 180 Bradenton Fionga 34203 (813) 7234100 FAX (813) 7234210



Mr. R.T. Jenkins, TUE
February 14, 1882
Page 2 of 3

Valv ign an truction

The LP stop and contrel 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 18CrMo9810 steel. The
flapper rotates within the pipe 90° in an open or closed position. The flapper does not
make metal t0 metal contact in the closed position. There ' a 2mm gap between the
8dge of the flapper and the inside pipe wall. There is no seat as such in this butterfly
valve. A surface crack examination is made of the flapper in the shop, since this is a
casting an MT s performed. A hardness test is also performed in the shop.

The shaft is made from a solid piece of bar stock matenal type 21CrMcNiV47 (American
eQuivalent ASTM A 193 Gr818). 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. Akhough it is physically possible
the work would be quite extensive and dangerous. The factory performs a surface crack
examination of the shaft using @ 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 albows were RT inspected during construction.

Norma! In

Piease 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
surtace indictions in the stem cone and seat.

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

The simplicity of individual, symetnical casing valves 1as the advantages of separate valive
seats and separate control functions. This design has been responsible for an
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Mr. R.T. Jenkins, TUE
February 14, 1982
Page 3 of 3

operational history of high reliability and excellent operating performance since its
adoption in 1858.

kP Valve Historical Information

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 normal inspections 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_.ear steam turbines around the world.

We do not anticipate changing the examination in the future because of the good
performance of this design. There is no metal 1o metal contact on these butterfly valves
that would cause stresses nr strains 1o the material. The temperature and pressure of
the hot reheat s'. am s 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.

Sincerely,

Peater C. Hosbein
Manager, Service Development
Product Service Division

PCH/umy
Attachment
cc. W.J. Cahill

A.B. Scott
J.J. Kelley
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Utility Power Corporation letter to Mr, J. J. Kelley
from P. C. Hosbein, dated January 23, 1990
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Januwary 23, 1990

MI James J. Kelley, Jr

Plant Operations Manage: D09
comanche Peak SES

TU Electric Company

P.0. Box ¢33V

Glen Rosg. TX 76043

Nen-destructive Examination of High Pressure
Re and Low Pressure Turbine va.ves
Dear Jim:

we inspected one of each of the HP and LP stop and control valves per the
surveillance requirements, section 4.3.4.3 of the FSAR this past Sumver. We
would like to clarify our current recommendations for non~destructive
examination (NDE) of the valves for your future maintenance plans,

High Pressure Turbine Stop Valves

vajve Cone (Disx) visually inspect for wear, chipping, deformation,
corrosion, erosion, cracking and scaling.

Valve Seat Visually inspect foyr wear, CRApPpPING and cracking.
Perform contact check with cone. Liqulid penetrant (PT, for cracks.
valve Body, Bonnet and Flange: isually inspect for scalliys, cracking,
erosion and corrosion. 1f necessary, perform magnetic parn.i~le test

MT).

veive Spindle (Rtem): visually inspect for banding distortion, galling and
sracking Perform runout check using "V" blocks. Perform 1008 PT for
sracks of hardened surface.

Valve Bughing 1008 dimensional checks.

High Pressure Turbing Control Valves

~3

grform VI, MT and PT as per HP stop valve.

Low Presgure Turbine Stop Vaives

Since there is no "seat” on these butterfly-type valives, a seat ingpection
is superfluous

valve Digc (Butterfiy): Visual inspection (VT) for corrosion, erosion and
Sracxing
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Mr. J.J. Kelley, Jr. -1 Janva'y 23, 1990

Seals and Seal Bushings: VT for corrosion, erosion and cracking,
ghaft and Shatt Bearinag: VT for corrosion, ercsion and cracking. 1008 PT of
the babbitted surfa., and 1008 UT of *“e babbitt to base metal bond.
sure in 0l ves

Perform VT as per LP stop valves.

These NDE recommendations 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 cutage to iilow sufficient time for parts delivery and planiiing.

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
canvenient time.

very tflly yours /

' ¢ -
s Y PR 5 y
/:géé"‘/: g(‘\ﬂfﬁ?’\
Peter C. Hosbein
Manager, service Developmant

Cunningham
Davis
Jergins

. Madden
Scott, Jr.
o WRitE

. Wisland
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URBINE MISSILES
ear Steam Turbine-Generators
age Blades,” October 1975
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I.  INTRODUCTION

This report provides information on the probability of occurrence of turbine

missiles from burst-type failure 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 failure at or near design speed (:!20% of rated speed), and

2) LP disk burst due to an exce:sive overspeed incident.

For the first case, information is provided on the turbine disk integrity
including details of design, manufacture and quality assurance which provide very
nhigh reliability against disk failure in the design speed range. I!n addition,

it should be noted that even if a disk burst occurs in the design speed range,
the disk fragments would be contained by the turbine casings. The details of
this analysis are given in A-CPS| Engineering Report #ER-503 (1) which shows that
burst speeds in excess of about 160% of rated would be reguirad to yield external
turbine disk missiles. Since an LP turbine disk missile can only penetrate

the turbine casings at & turbine-generator speed in excess of about 160%,

the probability of significant turbine disk missiles within the design speed

range of 120% is considered zero.

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 tangentia!

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

probab: lity of turbine missiles for this case is assumed to be equal to the
probability of an overspeed incident of greater than 120% of rated speed. This
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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are values of 1.6 x 0.7 per unit-year for a 6-flow turbine-generator and

- i 10'7 per unit-year for a 4=flow turbine~generator, These values are

intended for use as ”P'” in the equation P = P, x °2 x PB whore P = ogverall
probability of turbine missile damage, P2 * striking probability, and
P3 * damage probability. I:formation needed to calculate 92 and P, is

3
given in A-CPSI Engineering Report #ER-503.
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o HISTORICAL DATA

Historical data on actual cases of turbine-generator rotor failures is of
jeneral interest in connection with the question of probability of turbine
mnissiles. MHowever, as discussed below, such data is not directly applicable,
for modern turbines and should not be used for predicting future probablilities

of missiles.

A study published as Reference No. (2) includes data on turbine and generator
rotor failures covering approximately 70,000 unit-years of operating experience
of units largar than 50 Mw from 1950 to 1972. This study reported a total

of 14 failures which are as listed in Table |. Essentially all of these
failures are not applicable to the turbine missile probability considered

herein for the following reasons:

I. Most of the 7failures were primarily due to high nil=ductility
transition temperatures and low fracture toughness, presence
of hydrogen flakes or non-metallic inclusions and relatively
undeve loped quality assurance procedures, all of which
were characteristic of steel ma'ting prectice and forging
technology prior to the mid-1950's. Since then, major improve-
ments including introduction of vacuum degassing for all alloy
steel grades used for turbine and generatcr forgings and appli-
cation of sophisticated ultrasonic testing techniques have

greatly reduc.d the possibility of failure due to these causes.




Stze, Me
i. 63
. oo
3. 100
&, 6w
5. loe
£. 100
7. 15
8. 13
5. 87
10. 87
. ?
i2. 150
13. 105
14, ?

Tabie 1

Fallures of Steam Turbine-Generator Rotors at or Near

Operating Speeds

Units Larger than 50 Mwe from 1950 to 1972

Manufacturer §
other identification

Siemens

GE (Tanners Creek £1)

GE (Arizona Pub. Service)
GE (Cromby £1,Phila.Elec.)

Charles A. Parsons

Charles A. Parsons

A-C (Commonwealth £dison)

GE (PGeE Pittsburg #1)
Hinkley Pz A ¥5
Hinkley Pr. A #4 3 #6
Mitsubishl (ENESA Spair)
West inghouse design

GE (Cutler #6 FPeL)

GE (Essex #1 PSEcG)

Mitsubishi {Kainan)
Wes tinghouse des ign

Year

Failed Type of Failure

1953

1953

1954
1954

1954

1954

1954

1956

1570
1970

is70

1572

1972

Low pressure turbine
rotor burst

Low pressure turbine
Ist stage disk broke

{zner or rotor burst
Generator rotor burst
Generator retaining

ring burst

Generator retaining
ring burst

Turbine spindle burst
Generator roter burst
Disks failed

Disks failed in pit
Low pressure turbine
rotor burst

Generator fleld winding
assembly fajilure

Generator field failure

Rotor failure during
overspeed test in plant

Suspected
Cause of Failure

Brittle fracture

High temp. rupture

Brittle fracture

Brittle fracture
through repair

Brittle fracture
thru vent holes

Brittle fracture
t ru vent holes

Brittle fracture
Brittle failure
Brittie failure

Brittle fallure
Flawed forging (7)
Out-of-step with

System

Abrupt b.aking
of generator

()

Comment

Missiles-fac tory test

No external missiles

Missiles-factory test

No external missiles
External missiles
Limited external
missiles

External missiles
No missiles

Rissiles

Missi ies-factory test
Missiles-factory test
No energetic missiles
Hedium energy missiles-

shaft coupling

Frternal missiles

h05-¥3
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2, Seven of 14 failures in Table | wcre of generator rotors which

are not directly applicable to LP disk failure probability.

3. Four of 14 failures in Table | occurred in factory test pits

which ate not directly applicable to failures in pcower plants.

4. Several failures in Table | produced no signiFficanc missiles,
and are therefore not directly applicable to failure probability

for purposes of turbine missile analysis.

Historical data from A-CPS|'s parent companies is inciuded in Table | and
the overall study in Reference (4). This specific experience, updated
through the end of 1974 and expanded to inciude units larger than 10 Mw

is given in Tables 2 and 3.

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

10 M from 1950 through 974, there was only one rotor failure during a
factory test in a total of 8,688 unit-years (26,187 rotor-vears) of
operating experience. The failure was a brittle fracture of an LP turbire

rotor in 195), The cause of this failure was primarily due to excessively high

hydrcgen content of the forging.
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As shown in Table 3 for Allis=Chalmers units larger than 10 My from 1960 through
1974, there was one rotor fa. .ure In a total of 2241 unit-years (6113 rotor-
rears) of operating experience. The Failure was a brittle fracture of an (P
turbine rotor in & power plant duting an overspeed-trip test, and is discussed
in detall in Reference '3). This fallyre also involved high hydrogen content

in the forging.

The combined experience of all parent companies of A<CPSI from 1960 to 1974 s
therefore two fallures and & total of 10,929 unit years (32,300 rotor-years)

of experience.

As discussed i comnection with Table |, the factory test pit failure of
Siemens and the failure of an Allis~Chalmers rotor involving high Hz content in

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

However, it is significant that there have been RO turbine rotor or dlsk
Fallures in a power plant for unire built by Siemens and KWU who are the primary

sources of design and quality assurance of units provided by A-CPS|,
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The compressive residual stress level of the heat-treated d4isk forgings, as

measursd by the ring core process (see Reference %) shall not exceed 11,500 psi.

fesidual tensile stresses are not permitted.

The dimensions in the last stage region, and the dimensions of the

last stage disk are given In Drawings MA 4. Oba and MA 4. 0§ respectively,

The average tangential stress in the last stage disk s platted

as a function of speed in Figure MA &, 16, 't can be sean that at

speeds up to 120% of rated, the maximum disk stress at the shrink fit is less
than one-half of the burst strength of the material. Thus, disk failure in
this speed range could only occur if the material is seriously defective or if

4 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), it is assumed that a flaw of
5 mm diameter equivalent flaw size (as determined by the Krautkraemer
ultrasonic test method) exists at the worst possible (highest stressed)
location. In addition, it is assumed that the flaw with this stated flaw
drea has the ''worst case flaw geometry'' as defined by LEFM theory. This is

a long shallow elliptical crack having a depth-to-length ratio of <0,2.

The hypothetical growth of the assumed worst case~f)aw is then calculated

for an assumed number of about 440DO* full stress cycles over the expected

In the case of disks, approximately 4400 cyclas (start-ups) are assumed;
however, ‘ne general design of turbines of this type is based on
approximately 2600 cycles.
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life of the unit., The design requirement is that the calculated crack depth
at the end of the unit's lifetime must remain below 50% of the critical crack
depth, L for 120% of rated speed. The crack growth rate is calculaied

by the following general relationship:

da ™ ,)0’6 mm
an * AR (TS )
where .

a +# crack depth (mm)

N = number of cycles

, : : 3/2,
4K ®» cyclic stress intensity range at crack tip (kp/mm )
Lo = applied stress range (kp/mmé)

C = a constant

m = the fatigue crack growth exponent of the disk material

Q = crack shape parameter

gla)® crack geometry factor (/mm)

Fatigue crack growth data for different rotor and disk materials ara obtained
in extensive laboratory measurements as discussed in References (5) and (6).

A few examples are illustrated in Figure MA 4. 158, For the safety analysis of
disks, the upper boundary curves of the fatigue crack growth rate scatterbands

are used in the calculations,

The cyclic stress intensity range, 4K, at the tip of the crack is calculated hy
LEFM methods. The aK-range is linearly proportional to the applied stress
range, Ao, and depends on the size and configuration of the assumed crack, a,
Therefore, AK may be represented as 4K = Ac+g(a) where for an internal crack

gla) is defined by va x n/Q and for a surfoce crack gla) is equal to

V1,21 x a x =/Q, The crack shape parameter Q takes into consideration the

influence of the actual crack shape on the ¢yclic stress intensity range. The
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o
stress range is calculated for the start+up and $ritdown loading conditipns
of the disk In guestion.
In order to predict the critical crack depth, L the fracture toughnress
K,c. of the disk material must be used in the calculation. In the ctase of a
long=shallow elliptical crack inside of the disk, the critical crack depth
is given by:
2. .,
Mig'?
cr "c‘z mm
t2
whe re
KIC = fracture toughness of rotor material
Typ ™ maximum tangential stress at bore surface
The maximum stress, L which is used for the calculation of the critical
crack depth as described above, is derived from peak 1“ad service stress and
internal residual stress of the disk forging,
Cue 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
long shallow semi-elliptical crack with a/2c = {.2 intersecting the surface of
the smail locking pin holes ar =hown Tn Figure MA 4.17 on page 15 and also
Figure NM 4,02, page 28, The critical flaw size for this case is calculated by:
2
i ewl Nea
- cr .31 & o
= t3 J
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It is well known that inhomogeneities such as segregation stringers exist in
forgings, and extensive work has been dane to Stuc, this subject on turbine

and generator rotors up to the largest monobloc rotor forgings ever

produced, as described in References (5), (6) and (7). The studies include
microfractocgraphic examinations in the zone of max!mum inhomogeneity which sccu.s
between about one-quarter to one-half radius of the rough machined rotor forge

ng. Research to date indicates that the unavoidable minor allow seareqations

Nd microporosities in modern forgings have no affect on the mechanical properties
important for the safety aralysis, fatigue crack growth rate and fracture toughness.

~

1.3 Menufacture and Quaiity Assurance

Each LF disk is subjected tc v comprehensive and coordinated program of
design, manufacturc and quality assurance to ensure its reliability through=
out the life of the turbine~generator unit. The basic principles, materials,
research and development and other a pects of this subject are discussed in
detail in References (4) through (7). Following is a brief summary of the

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

The disk forgings are produced from vacuum-decassed alloy steel and are heat
treated for an optimum combination of high fracture toughness (throughout
the disk volume) 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 treatment
= Premachined with contours prior to heat treatment for mechanical properties

= After heat-treatment for mechanical properties
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The ultrasonic testing egquipm 1t and techniques are in accordance with

DIN Standards S& 120 and 54 122, and can detect and measure flaws as small

s one mm (0,04 inch) in eguivalent diameter

The evaluaiion of ultrason:c inspection is based upon reported indications

a5 follows:

. lsolated single indications of an equivalent defect size

of 0.2 inchus (5 mm), as per DGS diagram, and larger.

2. All isolated indications causing a decrease of more

than 102 of the back reflection.

3. All indications of the linear type or area type, as wel!
as clustered indications, regardless of the size of the

single indications in the cluster area.

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

zone surrounding the axial center bore.

As indicated !n Figure QA 4.01b, meterial samples are taken from each

LP- turbine disk forging near the hub bore surface. The purpose of these
samples is to get representative test material for the determination of the
nil-ductility transition ten, srature (NDTT) as a fracture toughness criterion
and of the J.2% offset yield strength as a strength criterion. The results
of these mechanical tests in combination with the UT and residual stress

measurement results are decisive for the acceptance of the forging.

Before machining out the hub, the following test results of the fully
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heat-treated forging are obtained and scrutinized:

1. Results of ultrasonic test, covering 100% of the disk
volume, and with documentation of all indications as

“equired by the appropriate material purchasing specification,

2. Actual chemical composition ¢*f the forging material at 'oca-

tions illustrated in Figure QA 4L.01b on page 22.

J. Tensile and drop-weignrt (NDTT) test results at location

indicated in Figure QA 4.01b on page 22.

After machining to the dimensions of the order drawing, the bore of the

forging is magnetic particle-tested. In addition, residual stresses are

measured by the Ring Core Method described in Reference (L) and illustrated

by Figures QA 4.02 and QA 4.03. By careful control of heat treatment,

desirable residual stress characteristics can be built into the disks., These '
characteristics are verified by measurements at point | to 6 in Figure QA 4.01b E

on page 22 before and after machining for the first of a batch of similar disk

foraings. Subsequent disks of tve same batch are checked only at point |,

J.4 LP Rotor Assembly

Figure NM 4. 01 shows the assembly line for low=speed LP turbine rotors
which inciudes shrink fitting the disks and couplings on the shaft, as
well as inserting the blades into the grooves of the shrunk on disks. Tn

date, more than 200 disks have been shrunk on LP turbine rotors using the

tecnniques described herein.
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while one of the rolling supports is removed to allow a hot disk to be
s!ipped over the shaft end. A retaining bracket at the other rolling

support prevents the shaft from tilting. A compressing device pushes

each disk against the appropriate axial positioning shoulder of the
shaft while the disk cools down to ensure & shrink fit at the correct

axial position.

The oven is of the hood type with an electrical heating system which
transfers heat uniformly and accurately controls the disk temperature.
Before being put into the oven, the disk is mounted on a loading rack
and leveled so that it lies in an exac !y horizontal plane. After
heating to alout 700 F, it Is picked up by the crane, moved to the
shrinking stand and s!ipped over free end of the shaft., Then, the
relling support Is remounted at the free end, and the hydraulic suppo -t
at the middle of the shaft |s withdrawn. Next, the disk |s moved into
its final position and pressed 39ainst the appropriate axial shoulder

by the compressing device.

The shrinking process really starts when the disk s In contact with

the shaft and the crane hook is disconnected. A large heat transfer
takes place between the hot disk and the cold shaft at the top of the
shafer, The shaft is turned alternately in both directions to provide

@ uniform shrinking process, checked by run=out measurements.

After about 45 minutes, the entire shrink-fit becomes zero, - 'ndicyted

by equal run-out results for shaft and disk. While the disk coois
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Jown to sbout 120 F, run-out checks are performed with the shaft being
rotated at about |.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 installec¢
at one disk side between disk and shaft, and twe half rings are assembled to
axially lock the disk itself and the five pins (see Figure NM &, .02, page 28). The
shrink fit, which results from the disk bore being about 0.1 inch smaller in dia-
meter than the shaft, is sufficient to hold the disk Fiemly 1n position at speeds
in excess of 1208 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 so 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 aven if thers is no

shrink force.

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

on the shaft as indicated in Figure NM 4,02, page 28 . The maximum permiss.ble
radial run-out at any disk circumference is about 3 mils which is about the same
as the allowable run-out of the shaft at its center. Since the run-out check in
azial direction determines the correct fit of the disks against the axial shaft

shoulders, they are required to be twice as accurate, namely within 1.5 mils,
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1.5 Balance and Overspeed Test

Before delivery, each completed bladed LP rotor Is balanced, and subjected to
an overspeed test at 1202 of rated speed for two minutes at a minimum temper~
ature of 53°F (see Figure TT L. 01). A)) other turbine and generator rotors

are 8lso subjected to & 120% overspeed test.
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| . PROBABILITY OF FAILURE DUE TO OVIRSPEED

“.1  iatroduction

This section contains an analysis and calculation of the provability
of a »120% speed event. Although such an event would not

1 necessarily result in an LP rotor failure, it is conservatively

f assumed for purposes of this analysis that the failure provability

is #qual to the cverspeed probability,

! The design and operation of the overspeed preventicn features of an

1800 r/min turbine-generator for Light Water Reactor (LWR) applications are
| described in A-CPSi's previously issued report #ELIS (B). The reader is
referred to report #E415 for basic descriptive information which will not
be repeated i~ this report. However, for convenlent reference, a copy
of the speed control system schemat!c diagram NC3.06b is included In this

report.

The methodology of the failure probability analysis is based on
| IECE Std. 352-1972 (ANSI=a41. L) entitled "“General Principles of
Reliability Analysis of Nuclear Power Generating Station Protection

Systems." (9) The study consisted of the following basic steps:

Analysis and preparation of the reliability block
diagram for a >120% speed event.

= Establishment of random failure rates for individual
elements of the system.

= Analysis and preparation of fault trees leading to a

*120% speed event,
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k.2

4.2,

|

* Preparation of a computer Pogram and calculation
of the >120% speed probability,
Qualitative analysis of common mode failure possibilities,

- Review and preparation of conclusions and recommendations.

Throughout the study conservative assumptions and methods were used
consistent with safety analysis such that the final result may be

considered o safe estimate of the probability of »120% speed failure

of an LP rotor.

Reliability Block Diagram

The Reliability Block Diagram NC 5.71a shows the overspeed prevention
system of a 4-flow turbine including the Electro-Hydraulic Control (FHC),
the Mechanical Hydraulic Speed Contro. (MMC), and the Overspeed Trip,

Only one of these three systems is required to prevent a 120% speed
event, All three systems form a one-out-of-three” signal to the control
valves. Each system has built-in tedundancies of certain components

contributing to high reliability,

Electro-Hydraulic Control

The EHC receives power from one a.c. power source, and either one or

“ As used in this report, the term one-out-of-three means proper
operaticn of any one of three system elements is sufficient to prevent

a >120% speed incident, and similarly for all terms x-out=of-y,
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4.

i

4

speed trip test and resetting device and the changeover device operate
only during test of the trip system. During normal operation and a real

trip of the turbine, these devices are inactive in their safe position.,

Stop and Control Valves

To prevent overspeed, the control valves and extraction valves receive

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

Four #P control valves are arranged one in each of four HP admission

pipes to the turbine. An Independent HP stop valve is located immediately
upstream of each HP control valve., The four WP stop valves and four WP
control valves are in series forming a one-cut-of~two system in each of
the four admission lines. No interconnection between the four separate

HP stop valves and control valves is required for throttle controlled
operation with full-arc admission of the HP turbine. However, two inter-
connections of a pair of two HP stop and control valves is established by
the heating steam supply pipes to the two MSRs as shown in Figz, € 5,119,
The valve arrangement without any interconnection .ould be the most reliable |
system because one stop and control valve in one admission !ine has to fa:l
to drive the turbine-generator to a >120% speed in a very short time.
Having an interconnection, especially between all four valves, would lead
to @ higher overspeed _robability because a failure of one of the stop
valves and one of the control valves which are interconnected produces a
>120% speed event. For the failure probability, the conservative
approach was taken, that the heating steam siwut-of ¢ valves between the two
pairs of stop and contro! valves are fully open during a load rejection

or trip, despite the fact that they get a closing signal in case of a

unit trip.

g
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Each admission pipe to an P turbine is equipped with a butterfly-type stop

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

valves in each line is sufficient to avoid an overspeed event because there

is no inter=connection between these admissior-

The Schematic Reliability Block Diagram ES.120 shows the same overspeed

prevention system as in NC5.0la, page 36, except in terms of symbols for the

system elements from A to V and the component numbers | to 36 which are

used in the computer program to .alculate failure probability. This diagram

also gives a visual imprassion cf the very high redundancy of the signal to

the control valves, and the importance of a high reliability of the stop and

control va'ves and the trip system in regard to overspeed protection.

k.3 Failure Rates

The following is a summary of analysis of the system components ar. elements
which was done to define the failure rates of each element. In generai,

the approach was to calculate the failure rates based on aci.ual operating
experience using a statistical confidence level of 95%, For example,
operating experience with stop valves similar to current design totals

5.3 x 107 valve-hours; and during this operation there were two tailures
hich could Tead to a >120% speed incident. For u confidence level of

95% and two observed failures, the Thorndike chart (see Figure NCL.12)
indicates the failure rate should be calculated by assuming 6.25 failures:
therefore, the failure rate, )= 6.25/5.3 x 107 = 0.117 failure per million

nours,
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The values for operating experience and failures given in the overspeed

failure rate chart are cummulative from the starting dates shown

through January 1, 1976,

The failure rates of the elements also may he considered to include
all interconnections !rom clement to element so that the calculated

failure probability covers the entire overspeed prevention sveLem,

The chart '""Overspeed Failure Rates of the Stop and Contro! Valves and
Turbine Trip and Control System Elements'' shrws the result of investiga-
tion. The chart lists the operating eaperience, and the number of
failures which could lead to a >120% speea event for each element

of the system. The applicablie experience infurmation and the applicable
failures are included in the data chart. The mean time between failure
(MTBF) and the failure rate ' are calculated on a 952 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
calculated with an assumed number of 2.95 failures. For one historical
failure, 4.7 failures are assumeu, and for an element with twn historical
failure, the MTBF and 1\ have been calculated with an assumed number of

6.25 failures.

The mission times '"t'' are based on a bi-weekly test of the trip system
and the stop and control valves, and a yearly inspection (e.q. during
reactor refueling) of the entire overspeed prevention svste. Experience
indicates it can be safely assumed that no significant wear-out of our
system elements wiil occur between yearly inspections so that purel;

random failure rates are valid.

i
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OVERSPEED FAILURE RATES OF THE STOP AND CONTROL VALVES AND THE
TURBINE TRIP AND CONTROL SYSTEM ELEMENTS =

No. of  Compo-  MTBF wi ; \ Farlure Rate -
Elements Component Name Experionce Compo-  nent  Failues - 9% I Mission * wth 95%
Number Since  nents  Mrs. Confidence Time Contigence
SR 1 (& Slop Vaives 1958 864 - 53007 2 8481108 HRS 136 HRS 017106 4 RS
| Bl
' - - ° - - PRp—— - __‘,., - - . - - N . -
SR 38 20 «Ontgl Valves 1965 206 - 1.85a)07 i 393k 100 HRS b MRS 54 N6 wPS |
I
Did
AT SR6& 13 Followalp |
Flé o 8 14815 Pistons ET) 1360 7 24107 ) 4 4x|05HRS  A7R0 MRS 0,04 [05HRS
ﬂ_ -
Gl.G2 L1812 ElectipHydr, 1% % 2652106 0 0.90¢106 KRS 3760 HRS | 11 106 MRS
Cunve ‘ters
withoul Couls
Vechan cal 1454 47 Lesl0’ 1570106 MRS B0 WRS  0.28/108MRS
Hyd, Control
ki, KI '8 8 Agmission 1963 % 265208 1 0.Bx105HRS  §760 HRS 143108 KRS
Conttols
with Coils
AN 4 EMC Speed 1963 36 2.65x100 ) 0.90x106HRS #2680 MRS Ly HYERS
N Control &
Speed Measu
ng Device
J&P } Power Supply 1961 86 2.651)08 0 0.90«108HRS G760 MRS 1117108 HRS
R Change-Qver 46 83 1451086 , ¢ 16 RS 10 108 mRS®
Device 00001123 I05HRS
§1, §2 Main Teup 1958 218 Laklo? g 4 85x 06 %RS 136 HRS ) X6 106HRS
Viives
T Overspeed Trip 1958 ' 242 Lxie? 0 136 HRS 10 10° MRS'® |
! Test ang ‘ and 0.0335 108 HRS _;
| Resetting | 8760 HR* | 0.000225 10 MRS
i Jevice " _ LN 4 CCL L, Tl e |
i, U2 - Overspeed 1358 86 278x107 7 2122108 MRS 146 HRS 0471 106 RS !
Trip Bolts |
Vi V2 | TripRelease 1958 486 278al07 0 9.42105KRS 16 HRS 0.0 I08HRS ‘
Devices 1
LY For predisting random faiiures of the elements which Could 1ead to 2 » 20% overspeed event nistorcal failures in CoNtrgl 4nd 'or 1
3100 valve opening direction’ are tisled. Thiy includes “‘control of stop valve stay open faiiures.  too i
MTBF Mean Time Between Failutes) and \ (Failu'e Rates) are calculated on 2 95% contidencs ievel using the *'Cumulst ve |
Curves for Poisson Distridution | Thornd:ke Chary’' |
4 Mission lime 15 defined by the bi-weekiy automalic test of the trip systam and 3top and conrtrol valves and a yearly inspecticn }
of the overspeed control system, |
5116 The fatture rates of thase elements wich are oniy ranuired during testing aie defined as described n this report :

Historical data through January |, 1978,

|
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The mission time ''t' and failure rate '3 are used to calculate P the

e (10) g .
probability of failure with the follcwinq formula:

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

(ag)? (1¢)3
P = ¢ '0-2—?-- *"'T;-- O AR RS S

For it <0.3 the following approximation including the fourth power

term is used in the computer program to calculate

Qo)2 | Gt o ()
2! 3! ;

P =t

The failure probability of all components is assumed constant over the
whole life of the unit based upon perindic testing and maintenance
which continually checks and repairs or replaces components to maintain
the reliatility of the system; in other words we are assuming there wil)
be no significant wear-out effects. In this connection it should be
noted that in our study of operating experience and past failures going
back to 1958, there is no indication of any component wear-out trends

or effects.
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The historical failyre rate of the stop valves for example is based on
the periodic testing of these valves which was actually performed in

the past, and is an average 1 for the actual test interval. Most of the
vaives in the sample were not equipped with an dutomatic turbine tester
(ATT), therefore, valve testing was not performed bi~weekly (monthly
cest intervals can be assumed as average). 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

historical failure rate due to more frequent testing, but rather used

the bi-weekly test time a5 the mission time ¢ of the stop valves,

FAk.
“ e

| -~ .

i J}/ ~TIME
‘9——-1‘;3 336N~ J !
f+— teeTahe -

AVERAGE FAILURE RATES OF REDUNDANT SYSTEMS

The historical i = ‘avg t1 P3%ed on a four-week test interval., with

bi-weekiy test interval, A ang + will decrease to )\ = 1 and
avg t2

t = t2. However, we actually ysad the larger \ « 3 | for the
avg t

bi-weekly test t2.
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b. For IP stop and control valver of fossil reheat turbines with the
relative low steam pressure, the sealing design is not as important
a design criteria. Therefore, another criteria had to be chosen.
As shown in Drawing NC 4 .08, basically two different IP stop and
control valves have been used in the past. The valve with a
combined seat area for one of the two control valve seats and for
the stop valve seat was the older design ''8'' and was replaced by
decign ""A" with separate seat areas for the stop and control valves.
We started our data with the introduction of this newer IP stop and
control valve dasign "A" in 19656, All IP ctop and control valves
for fossil reheat turbines of design "A'' and the present design

built by Siemens and KWU are in the data.

All present HP and IP stop and control valves for fossil and nuclear
applications are of the same basic design and fabricated under the same
quality control program IP valves for fossil applications and HP valves
for LWR applications operate under similar conditinng,; whereas, the WP
valves of fossil turbines operate under mors severe conditions, therefore,
it Is a conservative approach to include all valves of present design in

our statistical data to calculate the valve failure rates.

The Drawings TC 2.10b and TC 2.11b show our present HP and |P valve designs
for fossil applications. The Drawing NC 2.05¢c shows our present rP stop and
control valve design for LWR applications which is described in the speed

control report No, ELIS. Some of the improvements of the present design are:

e ____________J
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-~ Separate steam strainers

- Stop and all control vaive cones guided (except WM stop valves
for 21800 peig main steam)

- MP and IP stop valves with cones covered in open position

. Single seat control valves

- Control valves with two-step amp'ifiers with 450 psig fluid

pressure actuator

Two (2) overspeed=type failures are known for the above specified sample of
HP and IP stop valves, and one (1) failure for the sample of HP and IP
cantrol valves. All three failures happened on the same fossil fueled
turbine~generator unit in 1967. The first stop valve failure happened
because riveted support rods in the steam strainer broke, and parts of

these rods nrevanted closing of the stop valve (see strainer Drawing NC 4.09
and previous HP gtop and control valve Drawing NC 4,08, page 49). The steam
strainer was replaced, however, the same type of failure happened again

six weeks later, This time steam strainer parts also got into the control
valve and blocked closure of the control valve too. These two stop valve
failures and one .ontrol valve failure were due to failures of the steam
strainer and not failures of the valves themseives. The steam strainer

was designed with riveted support rods and local stress concentrations led
to a fracture of the rod ends. Since then the strainer design has been
completely changed, and in the current desigr heavy support

bars are used to form a rigid welded frame, instead of the riveted rods.
Furthermore, the steam strainers are no longer located within the stop valve

casings, but rather in their own separate strainer casings (see Drawing NC 4,09)

instalied upstream cf each stop valve in the main and reheat steam pipes,




OCATED IN THE STOP VALVE CASING WITH RIVETED SUPPORT RODS

| N
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These three failures are the only ones known for the selected umple
of HP and IP stop and cc.rol valves w «ch could lead to a »120%

speed incident, There are no reported fallures due to bent or

sticking valve stems preventing valve closure.

Based ou the foregoing, the failure rates and :imes for the stop and

contro! valves are as folluws:

Stcg Valves
Stop valve hours 5.3 x 107 hrs
4distorical failures 2

Assumed failures with 95% confidence k.28
t, mission time 336 hrs (bi-weekly test)
i, failure rate 0.117/10% hrs

Control Valves

Control valve hours 1.85 x 107 hrs
Historical failure ]

Assumed fallures with 95% confidence .70
t, miesion time 336 hrs (bi=-weekly test)
\, failure rate 0.254/10% hrs

Also inciuded in the historical data of turbine valves are the butter

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

The butterfly-type LP stop va'ves and LP control valves are built with the
same design criteria, as well as manufacturing and quality control

procedures, as the HP stop and control valves.

The Orawing £5.127a illus rates the steam compartment and mechanical drive

arrangement which is exactly the same for the LP stop valves and LP control

o
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vaives. The butterfly flaps have a circmferential clearance of about 1/20
inch to avoid valve sticking, The maximum possible steam leakage through the
alve 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 a8 symmetrical design with a
symmetrical bearing arrangement to eliminate axial thrust forces. The axial
¢'sarances and thrust bearing arrangement allow operation under all transient
conditions without increased axial friction or excessive axial forces.
Spherical journal bearings guarantee a minimum of rotational friction. Fach
flap journal bearing is designed with two szpar. . .d vearing sliding surfaces,
both equipped with low=frictisan 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 stean
forces in the closing direction. During load operation of the turt ine-

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

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

an opening position support, thus avoiding valve flap vibrations. The
mechanical valve drive |ike the valve flap itself is supported by two secarate
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
in NC 4,22 for the LP contro! valves. The hydraulic drive of the LP control
valve is of the same design as the WP and |P control valve actuators with two-

step amplifiers. On the LP stop valves, the two~step amplifiers are replacea
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by a fast response control piston. This feature provides the LP stop valves

with @ highly reliable two-position (fully open - fully closed) function.

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

control valves are provided with automatic test features for the bl weekly

valve test.

Follow=Up Pistons, Elements E 16, F |<6 and W | & H 2

The applicable historical data is:

Operation experience since 1954

Pistons in operation 1360

Piston hours 7.2 x 10% hrs
Failures 0

The follow=up pistons are simple adjustable drain pistons. During

the past 20 years there has been no failure of such a follow=up piston

in closing direction which would result in a faulty opening signal to the
control valves. The fail safe direction of the follow=up pistons is

the drain opening or control valve closing direction. The failure rate

and mission time for these pistons are as follows:

Follow-up piston hours 7.2 x 10% hrs

Historical failures 0

Assumed failures with 95% confidence 2.95

t, mission time 8760 n, (yearly inspection)

i, failure rate 0.041/10% hrs

e e N e M S
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4.3

"lectro-Hydraulic Converters without Coils, Elements G | & G 2

The applicable historical data is:

Operation experience singe 1963

EH converters in operation 86

EM converter hours 2.65 x 10% hrs
Failures 0

Since introduction of the EHC in .3, no failures in control valve
opening direction are reported for the mechanical-hydraulic part of

the EN converter. The electrical part (coil) is included in the steam
admission control. The converter is not a new design because the
hydraulic part was used as a hydraulic amplifier for turbines with only
Mechanical-Hydraulic Control (MHC), and with the present EHC system.
the EM converter receives both the electrical input signal from the
admission control and the hydraulic signal from the MHC. The fallure

rate and mission time for the EM converter without coil are:

EH converter hours 2.65 x 10% hrs
Historical failures 0
Assumed failures with 95% confidence 2.95

t, mission time 8760 hr (yearly inspection)

A, failure rate 1.11/10% hrs
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bk Mechanical-Mydraulic Control (mMC), Element |

The applicable historical data is:

Operation experience since 1964
MHC's in operation 27
MHC hours 1.68 x 107 hrs
Failures |

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

has been repofted, The hydraulic speed transmitter did not

recelve a sufficient oil supply from the turbine main shaft

ol pump (see Drawing €5.121). The low ol Fflow supply r uited

in a too low discharge pressure of the impeller, If, durlag this condition,
a real overspued event would have occurred, the increase .n oil pressure
from t' e speed transmiiter would not have been high enough to prevent

an overspeed, The failure rate and mission time are:

MHC hours 1,60 x 107 hrs
Historical failures |
Assumed failures with 952 confidence 4.7

t, mission time 8760 hr (yearly inspection’

A, failure rate ¢.28,10° hes
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“.3.5 Adnmission Contrals with Coils, Elements K | & K 2

The applicable historical data is:

Operation experience since 1963
Admission controls in operation 86
Admission control hours 2.5 x 10% hey
Failures “

Three of the four failures were open=circult failures of the plunger
coil in the EH converter, which happened dur ng turning gear operating
caused by extremely h:<: amplitude oscillations of the electrical ENC

signal, This problem was eliminated for future units by filtering

tne electrical low speed ‘lgn.l. With the new do;lgn of this component
failures of three spring type connections (which normally provide "ne=nut-

of three reliability) to the plunger coil must fail to produce this event,

The fourth admission contrc! failure was & broken electrical lead in the
the ENC cabinet. A1l four fallures occurred in control valve opening
firection ang could have led to an overspeed event. The failure rate

avd mission time are:

Admission contrel hours 2.65 x 10% hrs

Historical failures “

| Assumed failures with 95% confidence 9.1

| t, mission time 876) t- (yearly inspection)

v, failure rate 3.43/710% hrs
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b3 & EHC speed Control and Speed Measuring Device, Elements L ¢ M ¢ N

The spplicable historical data is:

Operation experience singe 1963

Speed controls in operation 36

Spved countrol hours 2.65 x 10°% nrs
Failures 0

These elements consist of the EMC speed control with digital/analog
converter, the speed measuring device including the disc with 120
nermanent magnets mounted on the WP 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:

Speed control hours 2,65 x 10% hrs
Historical failures 0

Assumed failures with 95% confidence 2.9%

t, mission time 8760 hrs (year!v inspection)
A, failure rate 1.11/7108 wrg

&

| b.1.7 Power Suppl lemen P

The applicable historical data is:

Operation experience since 1963
| Power supplies in operation 86
‘ Power supply hours 2.65 x 10% hrs

2 Failures 0
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For a high reliability of the €HC, we require one primary ac power
source, and either ohe or two independent dc power sources depending
on the reliability and charucleristics of the primary source. There
are separation diodes and an sc/dc as well as & dc/dc converter in

the EHC cabinet for the internal power supply. The failure rate of the
power sources cannot be determined by A-CPS| 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
opsration of a turbine generater with EHC. Despite the limited
operating exsor.ence we feel it is sufficiently conservative to use
our historical data of zero failures for the power supply and power

source and to calculate the failure rate with 95% confidence level:

Power supply hours 2.65 x 10°% hrs

Mistorical failures 0

Assumed failure with 95t confldence 2,95

t, mission time 8760 hrs (yearly inspection)

A, failure rate 1.11/10% hrs

4 3.8  Change-Over Devize, flement R

The applicable historical data is:

Operation experience since 1966
Change~over devices in operation 53
Change-over device hours 1,45 x 108 hrs

Failures 0
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Durig normal turbine-generator operation this device is in its safe

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

It is only used during periodic testing of the trip systems, This means
the probability of an overspeed failure due to the change-over device is
extremely small, and the historical data yields an unrealistically high

tailure rate ‘nr this device because of the relatively small experience

time

The change~over device shown in Drawing NC 4.07, is mainly the change-
aver vilive which conducts the trip fluid from the main trip valves to the
turbine stop and control valves. During normsl operation the sclenoid
valves, A, B and ( are in their safe (not enerqgized) position and the
iower chamber of the change-over valve received control fluia from
solunoid valve A, while solenoid valves B and C are draining the

chamber of the chayge-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 from the normal
overspeed trip devices to the stop and control valves is interr.pted.
However, before this change-over is initiated, electrical t ip circuits
are connected to the solenoid valves B and C to trip the turbine in the
event that a real overspeed should occur during testing. Parz of the ATT
program is a test of these electrical overspeed trip circuits and a start
of the trip device test proc ‘am is only possible after a successful test

| of these electrical overspeed trip circui‘*s. The electrical overspeed trip

& . d
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is & oneout+of-two signal to the orecouiof-two solenoid valves B and (.

After testing, the cliange~over valve 1s reset in its normal position by

apening the control flyid supply with solencid val ¢ A and draining
the wpper chamber with solencid valves B and €. Very high reliability
for the resetting of the change-over valve is provided by checking

the position of the change-over valve with a Jimit switch, and by two
pressure switches sensing the control fluid pressure decrease behind

the solencid valves 8 and .

For practical purposes, the failure mode of this change~over device is

@ simultaneous failure of all three solenoid valves., The average failure
rate of solenoid valves is approximately 10 Ler 106?N1 per Reference (1)),
table 0.1. This failure rate is very conservative for our case b_cause
the solenoid valves need not act during a real turbine trip; they only

have to stay in the safe (10t energized) position.

Since all three solenoid valves must fail, the failure rate of the
change-over device is calculated as a redundant 5ystem consisting of

three solenoid valve: as follows:

L, mission time 336 hrs (bi-weekly test)
\, failure rate of a solenoid valve 10/10% hrs

EFR, the effective failure rate of the

one-out-of-three solenoid valve svstem

used as a mode! for the change-over

d¢ cice for mission time of 136 hours 0.0001123/10% hrs

;i 1
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:

EFR

FER

9

This is calculated as follows:

r x ‘p‘Hi ~'/e} * failure probability of l-pout=-0f=3-valves
i - 18 J L™
. (63
sol. valve
3 2

A
)
sol. valve

6 .3

(10/10° he)? (336 he)?

0’“’)”29”0b he (effective failure rate for t = 336 hrs)

= .000'123/106 hr lexact ¢ mputed value for the 336 hrs mission time)

Main Trip Valve, Elements 5 | and § 2

The appl 6cali'e historical data is:

Operation experience since 19658

Main trip valves in operation 278

¥ain 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-two 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 position. Considering
this simple reliable device, it is very conservative to use the

historical data with a confidence level of 36%:
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trip system only, The test is required to check the adjustment of the
two pressure switches of the test oil supply to the trip bolts. The
setting of these pressure switches during automatic testing with the

ATY 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 un'ikely 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

with which the pistons hive to be lockad in their safe position except when

required for test.

For this extremely safe manual trip test and resetting device, we assume
the same effective failure rate level as fo: the Change-Over Device R
bacause all the above precautions ageinst malfunctiors make the manual
overspeed trip test and resetting device as safe as thre change-over device,
Since there are two pistons, the effective failure rate of the manual
overspeed trip test and resetting device is two times the rate of the

change~over device:

t, mission time 8760 hrs [yearly test)

EFR, effective failure rate of the manual 6
overspeed trip test and resetting device 0.000225/10" hrs

R

P



The second function of the overspeed trip test and resetting device is
the remote resetting of the trip gdevices ircluding the main trip valves
and overspeed trip release devices. These functions will be used
bi“weekly during eac’ ATT test The fluid supply for the resetting
comes either from the starting and load limit device as auxiliary
start-up fluid, or as control fluid. Due to the desiagn of the starting
and load limit device, the auxiliary start-up fluid tine can only bhe
pressurized when no pressure to the control valves is available. The
control fluid is available whenever the contre!l fluid pumps are running;
therefore, it is reasonable to consider only the control fluid supplv
because the failure probability, due to an accidental control fluid su, ¢
i5 many times larger than due to an accidental supply of guxiliary

start=up fluid,

A malfunction of the two reset solenoid valves could prevent an overspeed
trip, however, in their safe (rot energized) position the control fluid
cannot block @ res' trip. During reset the ATT opens the solencid valves
for the con*rol fluia and closes them autumatically. During the test

and reset time the electrical overspeed trip described under "Element R
is active and would trip the turbine in & real overspeed event. The

two reset solenoid vaives will be closed in sequence by closing first the

Auuuunucunuuuwul-u-cncruvlunclv1r71lan|n~v¢::iég;>
ER-504 10/7% < Jh- _

second supply valve (left valve in Drawing E5.122a, page 72), and checking the

pressure decay between this solenoid valve and the main trip valves. This

also indicates that no suxiliary startvup fluid pressure s built up. Ther

the first (right) valve will be closed and the pressure decay between the
two valves will be checked. With this valve and pressure switch

arrangement, it is nearly certain that the valves will be reset to their
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safe (not energlzed) vosition, and cat <ot orevent a real overspeed trip,
To take a conservative appruach, we used & failure rate of 10/10% hrs for
sach solenoid valve regardiess of the fact that for a real trip the reset
solencid valves remain in thoir safe (not energized) position., The

fallure rate and mission time are as 21 lows:

t, mission time 336 hrs (bi-weekly test)

Fallure rate of a solenoid valve IO/lo6 hrs

A, failure rate of the remote resetting
device with one~out~of-two solenoid

valves 0.0335/106

hrs

Overspeed Trip Bolts, Elements U ] § U 2

The applicable historical data is:

C.eration experience since 1958
Teip bolts in operatinn 486
Trip balt hours 2.78 x 107 hrs

Failures 7

The operating experience includes all the trip bolts which are
automatically or at least manually testable at rated speed. One of the
seven failures was caused by ventilaLinn suspended particles rom an
abnormally dirty environment which entered the tront bearing housing and
prevented proper operation of the t=ip bolts., The remaining six fallures
were all due | fretting corrosion, which resulted in a sticking of the

trip bolts.
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The trip bolt desi7n is stiown in Drawing E5.121, page 63. Under certain
conditions su'h as large shaft vibrations and aggressive air or oil, there
can be 4 tendency to form fretting corrosion. The best method to detect
sticking of the trip bolts due to fretting corrosion or dirt is the

regular test of the trip bolts which inc!uves with the ATT an automatic
check that the ol pressure level at which the trip bolts move into the
trip position is correct. Al) seven trip bolts failures were found during
manual testing, and there are nu reported fallures of this type on a turbine
equipped with ATT. Although we have no proof, we believe that the failed
trip bolts were not tested as frequently as every two weeks, as ls
recommended for units equipped with the ATT, During the past |16 years our
large turbine-generators were equipped with two separate trip bolts and
separate trip release devices, and there is no case in which both overspeed

trips failed at 'he same time or during the same test. |

Regardless of the fact that bi-weekly testing should prevent future trip
bolt failures which happened in the past, we will take zhe conservative
approach that a failure in the future is as likely as failures in the past.

1
Therefore, the failure rate for the trip bolts Is: |
!

Trip bolt hours 2.78 x 107 hrs
Historical fai'ures 7

Assumed failures with 962

confidence level 13.1 :
t, mission time 336 hes (oi-weekly test) ;
A, failure rata 0.471/10% hey !
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speed preventiof s ystLen s arranged into

shown in the reliabi ylock diagram NC
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valves S | and 5 2, the overspeed trip test and resetting device 7,
two Overspeed trip bolts U | and U 2 and the trip releasing devices

VI1aendv 2

The computer program calculates the system failure probability on
the basis of the following commonly known principles of reliability

analysis:

I. Probability of failurs:

- v

P = e * (for exponent At :0.1)
<3 3 ok
(it) (it) (At) "~ .
= \ - - - bl A ! 5
p it 57 + T T (for exponent t <0.3)
vhere !

= failure rate, failures per lO6 kir

t = mission time, hr

"

Series elements

P e P' + P2 ks, (conservative equa..on because |t sssumes
that eveats are mutually exclusive)

3. Parallel (redundant) elements

P = P. x Pz % ¥ |

There is no single failure of any component in the tystem which !
could lead to a 21208 speed event. However, there are
‘ ! multiple failure possibilities which could lead to this event,.

| ‘ The computer program evaluates all possible failure comoinations
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listed in Diagram NC §. J2¢, Pege 78, The highest order of failure is one

auintuple simyltanecus Failure which cou'ld 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 are
the trip device, and *he stop and control valves. Double fallures of these
comporents could lead to sn overspeed event. The computer calculations
Show that the double fallyre combinations have the following influence on

the overal!l failyre probability results:

b-Flow LP Turbine 6<Flow LP Turbine

Double Failure Cambinatiors Influence & Influence %
HP Stop Valves and Wp Control Valves 13.22 17.68
WP Stop and Cortrol Valves

Cross=Connection 13.22 17.6%
LP Stop valves and (P Contral Valves '3.22 ~ 26.48
Trip Device (1) and MP Control Valves b, ks 5.96
Trip Pavice (1) and L™ Control Valves 4oks 8.9¢
Feverse Rehsater Evaporation through

HP Control Valves 28.7 -

Total Influencs ;;T;; ;ZT;;

The remaining 22.73% of the 4-flow and 23,30% of the 6-flow LP turbine of

the overall failure probability numbers are Influenced by triple, quadruple

and quintuple failure combinations including fallyures of the extraction system,

The failure probability of the overspeed preventon System was calculated
for two different modes of operation; first, for turbine~generator

load operation, and, secondly, for operation of the unit in the speed
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control mode when the generator is not connected to tie electrical system,

The fault-tree diagrams NC 5.032 and NC 5.04a s ow the failure paths causing

an overspeed event. All exclusive fail.re paths leading to a >120% speed

event have been teken into account, therefore, the computed total failure

probability considers al! component failure combinations which could lead

to this overspeed event.

The normal load operation mode is analyzed in diagram NC 5.038. The unit

s on line anu as long as the generator is connected to the electric system,

there is no failure of the Overspeed prevention svstem which could lead

to an overspeed event., MHowever the overspeed prevention system must be

centinuously ready, and In an event of generator disconnection (load

rejection) it must act to avoid a Overspeed by closing the contro! and/or

stop valves.

The second operation mode is shown in diagram NC 5.04a. This mode exists

primarily during start-up and synchronizing of the unit, but also could

exist during shutdown. In this mode, the turbine-generator speed is

contrelled by the electro-hydraulic speed control, with the mechanical~

hydraulic control as back up. A failure of the control system could lead !

to an overspeed e.ent by accidentally opening or holding open the contro’

valves,

In this case, the speed control system causes an overspeed, and

i f the overspeed prevention system witk the slready falled speed control

cannot

The fault tree for this mode of operation has one branch which Initiates

|

!

stop the speed increase, a >120% speed fallure could happen. }
|

|

|

the overspeed event and a second branch which prevents the overspeed event,
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The overspeed prevention part of the fault tree is basically the same as

showth for the load rejection event shown in diagram NC 5.03a on page 82, with

the trip failure and speed contro! failure as final resuirs.

The >120% speed failure probability was calculated based on the

two fault trees with a computer program wricten by KW. The first

results calculated with th's orogram were doublechecked by Interatom®
independently and with a different computer program. Yhe Interatom
results showed full agreement with the failure probability numbers
calculated by KWU.

The calculated results for the load operation mode are 0.8040 x 30’7 per
uniteyear for a k-flow turbine and 0.6025 x 10.7 per unlt=year for a =713
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 4O-year lifetime of the unit there will be 40 load rejections
(one per year) requiring proper operation of the overspeed prevention
system, This does not include tr. ..ient load disturbances which do not

require operation of the overspeed prevention system,

Also, It is Important to note that normal turbine trip or shutdown
does not require functioning of the overspeed prevention system because

tne generator will only be disconnected after the turbine trip valves

4 lateratom is a wholly owned subsidiary of KwlU engaged in research,
development and studies in the nuclear power field.
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The different results for the turbine-generators with k<flow LP turbines
and b-Flow LP turbines are caused by the following two deviatiuns of
these units!

8.) The 6<flow units with three instead of two LP turbines have
two more P admissions with two additional L. stop and two
additional LY control valves. The LP turbine admissions with
@ stop and control valve in series are for a U~flow LP turbine
a''b times l-out-of-2-system'' and for a 6-Flow LP turbine a

"6 times l-out-of+«2 system. '

b.) For the b-flow units with & much smaller moment of inert!a,
there is a probability to produce @ speed slightly above
120% in case two HP control valves fail and allow & reverse
stream of steam out of the two MSR's reheater tubes and end
chambers into the WP turbine. Even such an event would not
produce an overspeed leading to a turbine-generator missile.
We took the conservative approach and added this event as a !

>120% speed probability for the 4~7low turbine. |

The precading calculations do not include the turbine extraction system

because this system is designed and furnished by others. As shown |
in the reliabi’ity block diagram NC 5.01a, page 36, our equipment provides the ;
positive closing signal for the controlled extraction valves formed out é
of the highly reliable hydraulic signal from the EMC speed control,

the MHC speed control and the trip system, However, it is the respcnsi=
Lility of others to design the extraction system and select the valves.
A careful study and design of this system a.d use of high quality,

reliable valves are recommended, especially for extractions recelvine
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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.
vYeriodic testing of valves and good maintenance practices are also

recommended for tre extraction system.

If these recommendations are followed, we belleve the extract “n system
will contribute only a reasonable additional procability of failure
leading t. overspeed, We suggest that the extraction system should be
designec to contribute not more than 50% increase to the »120% speed
failu-e probability of the turbine-generator to control a load rejection
event, i.e. 502 of 4,020 «x IO-8 per unit-year for a 4-flow turbine

and 3.013 x IO'e per unit-year for a 6-flow turbine

7

Adding these values to the previous iotals of 1.6256 x 107/ and 1.2183 x 10"

7

yields the final results of 2.0276 x 107/ « 2,1 l0-7 per unit-year for the

7 -
* 1.6 x 10 7 per unit-year for the £+flow

k=flow turbine and 1.5196 x 10
turbine as the probabilities of »120% speed failures including the extraction

system,

Common Mode Failure

The foregoing analysis is for random failures in which componen:s are
assumed to be subject to failure as a function of time at a rate following
the exponential distribution In accordance with the commonly known theory of
reliability analysis. In additiun, it is appropriate to safety analysis

to consider the so-called ''common-mode'' failures which may be defined

as simultanecus fallures of more than one componer.t due to some common
design error, improper operation or maintenance, or Influence of some

external condition, A pertinent example s the possibility of failure of

Sa e e
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&.6.1

4.5.2

many components in the speed control system due to a fire in the
electrical cabinet housing. Due to the nature of t='s type of failure, an
objective and accurate gquantitative estimate .* common *mode fallure
arobability is not possible. However, we have done 8 qualitative analysis

which is summarized below under tine he 'ngs of:

I. Norma! external power plant environment
2. Operatien and maintenance errors

3. External events.

The _ommon Mode Failure Chart gives the results of this study.

Normal External Power Plant Environsent

The only significant influence of the normal external power plant
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

is hydraulically connected (o the electro-hydraulic converters in
parallel with the overspeed trip system and the nechanical-hydraulic
control in a one-out-of-three system, it can be assumed that a common
failure due to normal axternal power plant environment will not change

the basic failure probability value due to random failures.

Operation and Maintenance Errors

The second column of the chart shows the possible common mode failires
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cue to operation and maintenance errors. In this area nany d,fferent
common mode failures are feasible. We believe the worst case would be
careless maintenance of the entire system of stup and control valves,

speed control and overspeed trip.

In this connection, it skould be noted thai ‘here are no reported

cases of common mode failures due to misiperation or improper maintenance

in all of our historical data. We believe that with current and future units
with modern operatios and maintenance practices, and considaring the
excellent testability of the stop and cont ol valves and overspeed (rip
systam, the probability of such common failures should approa-h iero.
Automatic testing of the stop and control vilves, as well as the overspeed
trip system after maintenance work and before each start-up tlearly will

reveal any maintenance error or miscalibration.

improper testing and oper-tor errors are €liminated by the very .ecure
design of the ATT and t » local overspeed trip test and resetting device as
described previously under Elements R and T, paragraphs 4.3.8 anu 4.3.10.
Even if an uperation error affects :he speed control of both the EHC

and the WAC, the u.it is stil' protezted by the trip system which is

ot ivbject to cperator error. An operato: error or improper testing

of the stop and control veives is not possible, and as described
previously, is very unlikely for the overspeed trip system, Therefore,

we believe the probability of common moJe fallure dus to operation and
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Table 101 Turbine system reliability criteria

Probability, yre!

Favorably Unfavorably

oriented oriented

turbine turbine Reguired license action

(1) P; < 10-¢ P, < 105 This is the general, minimum reli-

(2) 10-% < P, < 103 10-% < P, < 10-¢

() 10-3 < P, < 10-2 10-% < P, ¢ 103

(4) 10-2 < P‘ 10'3 < Pl

ability requiremen: for lozding the
turbine cnd bringing the system on
line.

[f this candition is reached during
eoreration, the turbine may be kept
in service until the next scheduled
outage, at which time the licensee
is to take action to reduce P, to
meet the appropriate criterion in
item (1) above before returning the
turbine to service.

If this cona. .’ “red during
operation, the turpie 1s to be
isolated from t e s’eam supply
within o0 days, at which time

the licenr.e is tc take action

to reduce 'y to me t the appro-
priate cricerion in Item (1)

above before returning the turbine
to service.

If this condition is reached at
any Lime during operation, the
turbine is v be isolated from
the steam supply within 6 days,
at which time the licensee is

to take action to reduce P, to
meet the appropriate criterion in
Item (1) above before returning
the turbine to service.

; Comanche Peak SSER 6 10-9
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A Chgnge 10 techicat
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K o ssnilicunt ynreviewed
fety uestion
A Change in plant aperslion
sigiied 10 improve saf Ay but which,
ther Tuciors. in fa<t allows plant
petation with sefety murging
vhicantly reduced from those
vied tu huve been present when the
Conse way issued. /d
¢ Evampivs of Amendments That Are
rend Nat Likely To Invoive
cont Hurardy Congicderations Are
o Heluw The stutement of
vderations for the intenim final rules
sted the fullowing examples of
mendnients the Commission
msidered not likely 1o involve
sumiflicant hezards considarations. o8
IR anes [t explained that unless the
specibic circumstances of & license
dnendmont request l#=d (0 8 contrary
clision when messured sguinst the
ahdards in § 5082 the~ wrsuant o
b procedures in § 8094, o Jroposed
mendmient 1o an operating license for &
wility hicensed undes mb'-
§ 50 22 ur for a tes will lidaty
¢ luund to involve
fiadd \r.u aomndcrl_ .nnuu of
smpuud staund 0d1~
rmure of the followingg
(11 A purely administretive changs to
'u‘hnu.ul specifications: for example. &
change to achieve consistency
throughout the technical specifications,
correction of an error, or & change in
nomenclature
(1) A change thaet constitutes an
add.nional imitation, restnction, or
contro! not presently included in the
technica! specificslions. e.g.. & more
siringent surve:llunce requirement.

(i) For = nuclear power reactor. o
chunge resulung lrom g nuclear rosctor
core o boadhiog of oo fuel wssembilios
sigivihicuntly ditlgrenit from those found
previeusly sccepiuble to the NRC for o
previous core al the facility in question
are involved. This assumes that no
significunt changes are made (o the
acceptance criteriy for the technicsl
specilications. that the analytical
methods used 1o demonsirate
confurmance with the technical
specificutions a d regulations are not
significantly changed. and that NRC has
previously found such methods
scceptahie

vi A reliefl granted upon
demonsiration of acceptable operation
from an cperating restncuon "hat was

T pOsec Cétduse actepiabla operation
wias nol el demonstrated This assumes
thel the operaling restriction and the
criterig 1o be applied 10 a request for
reliefl have been established in & prioe
review and that it s justified in &
satisfuctory way het the cnteria have
been met

(v! Upon satisfactory complation of
construction in connection with an
operating fecility. a relief grented from
an operating restriction that was
imposed becausa the conatruction was
not yet completed sa'isfaciorily. This s
intended 1o 1avolve only restrictions
where It (s justified that construction
has been completed satisfactontly,

(vl) A change which either may rosult
n some incresse 10 the probability or
consequenc s of & previously
scciden! or may reduce i some way &
uhty margin. but where the results

are clearly withia sl

(viti) A chunge to a license to reflect 2
minos edjustment in ownership shares
among co-ownaers already civwa in the
licanse. /d.

[As discussed below, the Commission
has added exemplas (ix) and (x) la
response o comments on the interiss
final rules.)

(1x) A repair or replecement of &
major crmponent or system imporiant to
safety, il the following conditions are
met:

(1] The repaw or replacomant process
involves practices which have been
successiully implemented ot least once
on sunilar componania or systems

elsewhere in the nuclear indusiry or n
other indusities. and does notl invalve a
significnnt incrvuee in the probululity o
consequences of an accident previvusly
evaluated or creale the possibiiily of &
new or different kind of accident from
any scciden! previously evaluated and

(2} The repaired of replacement
component or system does not resull in
& signilicant change in 18 salety
function ot & significant reduction in any
safety limit {or [miting condition of
operation) associaied wilh the
component ¢ systern

(xj An expansion of the storage
capacity of a spent fuel pool wrneu all of
the following are satisfied

(1) The storage expansion method
consists of either replacing existing
rachs with & design which allow s closer
pacing between stored spent fuel
assemblies or plecing addiiiuna racke
of the original design on the pool Noor «f
space permiis

(2) The storage expa.sion method
does .0t involve rod consolidation or
double tierning

(3) The KefT of the pool is meintsined
less than cr equal 10 098, and

{4) No new technology or unproven
tachnology s utilized in eithey the
construction process or the analytical
lechniques necessary (o justily the
eXpansion.

1. Responses to Comments on Intenm
Final Rules

The comments are described in
somewhat greater detsil in an
sttachment to SECY -a'-200A.

A. Clarity of Standords

1.7 Commenia—~A group of
commanisrs state that the three
stendards in § 50.82(c) ere unclear and
argue that the example« in the statement
of considers ions-—~which they belis ve
are clearer than the standards—cehould
be made part of the rule: otherwise. they
srgee. the examples have no legal

; The Commission disagrees
request. Ag explained in

Howyver, they do provide
gdun to the stafl, uu;o:u om:‘ to
senare] public about ~4y the
steadards ugo tnterpreted by the
Commission did
tha standards and
-u sat of criteria (n the
uhl. t decided against
i) the standards and

cu.ﬂu M useful over time
(1) the staff had used al! three ¢ctandards

?



