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UNITED STATES''\,e NUCLEAR REGULATORY COMMISSIONg .. g WASHING TON, D. C. 20555
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MEMORANDlli FOR: W. Houston, Assistant Director for Radiation Protection; DSI
W. Johnston, Assistant Director for Materials & Qualifications '

Engineering, DE
.

J. Knight, Assistant Director for Components & Structures
Engineering, DE

L. Rubenstein, Assistant Director for Core & Plant Systems, DSI
,

T. Speis, Assistant Director for Reactor Safety, DSI

F RQ4: Robert L. Tedesco, Assistant Director for Licensing, DL
Gus C. Lainas, Assistant Director for Safety Assessment, DL

SUBJECT: IP REQUEST FOR EXPERT REVIEW 0F KRSK0 PLANT CHANGES

.

In our memorandum of May 28, 1982 we provided,'eagh of you with the inital
infonnation received from IP related to the Krsko plant changes necessitated
by the recent steam generator problems. We have recently received the enclosed
additional infonnation from IP:

(1) Memoraiidum, J. Dular, NEK to S. Smith, U. S. Embassy, Belgrade.
(2) Operating procedures for counter-flow preheat steam generator main

feedwater bypass system with concurrent feedwater flow, April 1982.
(3) Minimization of counter-flow preheat steam generator preheater

pressure transients system description, April 1982.
(4) Draft FSAR changes.

.

Krsko feedwater system modification for split flow operation.(5)

Please use the enclosed infonnation in completing the June 25, 1982 milestone
discussed in our May 28, 1982 memo rand 0m. W. Karie at x27050 is the project
manager for this activity.

'"
i .

Robert L. T es o,' sistant Director C a ctor

for Licensing for Safety Assessment -

h Division of Licensing Division of Licensing'

Enc 1 osures:
As stated|

cc w/o enclosures: H. Denton
DNfTeur''
D. Eisenhut
R. Vollmer
R. Mattson
T. Ippolito .

J. Youngblood

cc w/ enclosures: W. Kane
'

.
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- TABLE 5.1-1 -

,. g;
_

.

/ .

>- , .

- ,REACTOK. COOLANT SYSTDi DESIGN AND OPERATING PAPJ.HL~IERS, ,

FOR NORMAL STEADY-STATE TULL PO'JER OPERATING CONDITIONS
g ,

*o .. ,

* *

. .
-

.
- ,.

'

Nominal Operating Pressure, p'sig 2235

Total System Volu=e (including pressurizet
~

i and surge line), cu. ft. 6423.

,[
Systen Liquid. Volume (including pressurizer'

water at =axi=um guaranteed power), cu. ft. 6011

Pressurizer Bester Capacity, kW 1,000
, .

,

Pressurizer Relicf Tank Volume, cu. ft. 1,100
,

,

()' System Ther=al and Hydraulic Data
, ,

~
'

*(Based on Ther=al Design Flow)*

.

-.s
i

~

Tota! Primary Heat Output, MWt 1882
,,

Thermal Design Flows, spm -

3

'

Loop 94,500-

Reactor 189,000
0Total Reactor Flow, 10 lb/hr -71.1 70.9

.

Tc:peratures, 'F
" " ^-687 FReactor Vessel O'utlet

Reactor Vessel Inlet h6 668 #..

5-Fe,-1 5 3 9. 6
~

~Stca: Generator Steam
- .

430.0.

-

Q Fcedvater
920Stea= Pressure, psia

0
( Total Secan Flcw, 10 lb/hr 8.17

-

q - .

Best Estimate Flows, spm ,

,

V ' ,' C ) | O o,~1 0 0 'Loop
,

L ) 10 8. 600

'
-

wr' Ecactor

Mechanical Design Flous, gpm,

1Mr&GO 3 04 }00se Loop

Reactor - W@ 10 f,400' "
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5.6 INSTRUMDiTATION APPLICATION*

;
,

.

/

Process control instrumentation is provided for the purpose of acquirings

data for the key process parameters of the reactor coolant system (including-

the reactor coolant pu=p motors) as well as for the residual heat removal.
.

.

F

The pick-off points for the r'enctor coolant system are shown insy st en. '

. the",three sheets of the flow diagrc=s (Figure 5.1-1); and "for the residual
'

heat removal system, in flow diagram Figure 5.5-4. In addition to providing

input signals for the protection system and the plant control systems, thei

instrumentation sensors furnish input signals for conitoring and/or alarming

purposes for, the following parameters:- ,

g
*

.

[ .-
-

.
,

1. Temperatures ,
'

l 2. Flows

s3. Pressures -

'^
.

-

4. Water icvels >
,

;e*

In general ther-o input signal's are used for the following purposes:
.

( Provide input to the reactor trip system for reactor trips as follows:1.

a. Overter.perature AT
-

b. Overpower AT .

e

c. Low prescuriner precsure
.,

,d. High pressurizer pressure~

, , .

(- High pressurizer water levele.
.

f. Low primary coolant flow

is
. the following parameter /, which e+ also sensed to ,

It is noted that '
~

to che , reactor trip system, while not part of thegenerate an input.

a e included here for purposes of completeness:is

reactor coolant sy stem,'

-
.

0

- .
* ,

e

e

B
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*

.s Lou-(-ceNote- fle"- ..

( 3 +r. Low lov steam generator water level
.- . . .

,

.

. 2. - Provide input ,to the engineered saf ety features actuation system ass

e
follows: - -

*

,
*

. .

a. Pressuri:cr low pressure -

.

It is noted that the following par 5 meters, which are also sensed to*

x
.

.

generate an input to the engineered saf ety .f eatures actuation system,
'

while not part of the reactor coolant system, are included here for
,.

t
'' purposes of completeness: ,

.

.
.

b. Low steam line pre,ssure *
( (' .

< . . e

c. Hi-Hi steam flow or High steam flow cbincident with low-low
.

avg} , ,

.
.

{ d. Hi-1 contain=ent pressure -

.

e. Hi-2 containment' pressure

f. Hi-3 containment pressurc ' '

3. Furnished input signals to the nonsafety-related system, such as the
~

~ *

( . plant control systems and surveillance circuits so that:

.

a. Reactor coclant average temperature (T,y ) vill be . maintained
within prescribed limits. The resistance temperature detector .

,

' ~

instrumentation is identified on Figure 5.1-1, Sheet 3.

.

t *

*
.

d
*

.

.-

' ;-
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Thus en analysis of smaller pump suction brecks is representative of the spec-
-

'trum of break sizes'..

.

.

'

' The LOCA analysis calculational model is typically divided into three phases
~ ~ '

.

' ~which are: 1) blowdown, which includes the period from, accident occurrence
(when the reactor is at steady state full power operation).to the time when
zero break flow is first calculated, 2) refill, which is from the end of blow-
"devn to the time the ECCS fills the vessel lower plenum, and 3) reflood, whichi

i
*

begins when water starts moving into the core and continues unti) the end of,
,

the transient.i For the pump suction break,' consideration is given to a possi-
'

!g ble fourth phase; that is, froth boiling in th'e steam generator tubes after
! '

the core has been quenched. For a description of the calculational model used.

'

for the mass and energy release analysis,* see Reference 20.
@. .; ,.

.
.

.

Ba' sis of the Analysis
. '^

\ . .
-

*"1. Assumptions .

-.
>

'' '
-

The following items ensure that the core energy release is conservatively
analyzed for maximum containment pressure.

6i7.5
Maximum expected operating temperature (Gi6;d*F) 'a.

,

b. Allowance in temperature for . instrument erroi and dead band (+4*F)

-C~-

! c. Margin in volume (1.4%)

d. Allowance in volume for thermal expansion (1.6%)
:

: e. Margin in core power associated with use of engineered, safeguards
design rating (ESDR)

*
,

,

f. Allowance for calorimetric error (2% of ESDE')
'

.

.

. *

0

'
_.

6.2-3
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prevent spurious trips caused .by short tcrn valtage psrturbctions. ,

'
The ' coincidence logic and interlocks are given in Table 7.2-1. .-

!
,

.'.- ~

d. Reactor coolant pump bus underfrequency trip'

'<
. ,

'Ihis trip. is required to protect against low flow resulting from j

bus underfrequency, for er.~ cple a major power grid frequencya

dis turbance. The function of this trip is to trip the reactor

for an underfrequency condition. ' The setpoint of the under-
frequency relays is adjustable between 44 and 49 Hz.

There are two underfrequency sensing relays connected tc each "l

' reactor coolant pu=p bus. Signals from relcys connec.ted to the
i

,

buses (time delayed up to appror.imately 0.1 ceconds to prevent

spurious trips caused by short term frequency perturbations)
.

-
,

will trip the reactor if the power is above P-7.

.

Figure 7.2-1, Sheet 5, shows the logic for the Reactor Coolant
System low flow trips.

, s - .

b [rt EG-OG4Ko&150 @ ,

..,

.
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-ELge[e ' 2-1, Shoot 7, chrur the 1e;ic fer *kir t rip fr-c *i--
' '

.

* ... .

'

.
.

,

-Th e re ere ae 'nterleche errec'-rad 4tb t'f- * nip.
,

. .

**

1. .,

4, Low-Icu steem' generator water level trip.

.

This trip protects the reactor from loss of heat sink in the
.

event o{ a sustained stea=/feedwater flow mismatch of insuffi-
cient magnitude to cause a low feedwater flow reactor trip.

,

.
. .

This trip is actuated on two out of three low-low water level

signals occurring in any steau generator.
.

'k. *

The logic is shewn on Figure 7.2-1, Sheet 7.
'

^ .
_

~

6. Turbine Trip - Reactor Trip (anticipatory)

. .

The turbine trip-reactor trip is actuated by tuc-out-of-three logic

from c=crgency trip fluid system signals or by all' closed signals
, ,

\ fro = the turbine steam stop valves. A turbine trip causes a direct
'

.

reactor trip above P-7. The reactor trip on turbine trip provides
,

additional protection and conservatism beyond that required for the

health and safety of the public. This trip is included as part of

good engineering practice and prudent design. No credit is taken in

- ~ . any of the safety analyses (Chapter 15) for this t. rip.

The turbine provides anticipatory trips to the reactor protection*

system f rom contacts which change position when the turbine stop ,

;
valves close or when the turbine emergency trip fluid system pressure

goes below its setpoint.
<

a

.

.

|
-~ 7.2-53
__
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~. Protection System ranges3*

-

|.

ir

Protection system ranges are tabulated in Table 7.2-3. Range selec- !

tion for the instrumentation covers the expected range of the process

variable being monitored during powar operation. Limiting setpoints

- are at least 5 percent f rom the end of the instrument span.

*

7.2.1.3 Final System Drawines
.

"I -
.

Functional block diagrams are furnished in Figure 7.2;(Sheets 1-15) and

([) additional drawings for the I6C system $ are included at the end of sections
7I2, 7.6, 7.6 and in the referenced topical reports. See Table 7.3-6 for

.s j-

*

additional references. ,- .j
,

'

7.2.2 ANALYSES

7.2.2.1 Failure Mode and Effects Analyses

( A failure code and ef fects analysis of the Reactor Trip System has been

pe rfo rme d . Results of this study and a f ault tree rnalysis are presented
.

in Reference (4).
'

.

7.2.2.2 Evaluation of Design Limits
. .

( ~

While most setpoints used in the Reactor. Protection System are fixed, there
are variable setpoints, most notably the overtemperature AT and overpower

a

AT setpoints. All setpoints in the Reactor Trip System have been selected -

on the basis of engineering design and safety studies. The capability of

the Reactor Trip Systc= to prevent loss of integrity of the fuel cladding
.

and/or Reactor Coolant System pressure boundary during Condition II and
III transients is demonstrated in the Safety Analysis, Chapter 15. These

*

safety analyses are carried out using those setpoints determined from
.

\- -

;
-

---
.
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results of'the engineering design studies. Setpoint limits are presented*''

s

in the Technical Specifications. A discussion on the intent for each of
the various reactor trips and the accidert analysis (where appropriate)

,

uhich utill:es this trip is presented be' , /. It should be' noced' that the'

,

selected trip setpoints all provide for cargin before protective action is
Theactually required to allow for uncertainties and instrument errors.

f ' '

design meets the requirements of Criteria 10 and 20 of the 1971 GDC.
I

t

(' .

* 7.2.2.2.1 Trip Setpoint Discussion
.

- - .
- ..

. .It has been pointed out previousi that below a DNB ratio of 1.3 there is
, . likely to be significant local fuel cladding failure. The DNB ratio exist-
|

ing at any point in the core for a given' tore design can be deter =ined as.-

a function of the core inlet te=perature, power output, operating pressur'e

! and flow. Consequently, core safe.ty liedes in terms of a DNBR equal to
1.30 for the hot channel can be developed as c function of core AT, T,y -
and pressure for a specified flow as illustrated by the solid lines in3-

3( - Figure 7.2-4e. Also shown as solid lines in Figure 7.2-ae are the loci
of conditions equivalent to 118 percent of power as a function of AT and:

The ' dashed
T,yg representing the overpower (KW/f t) li=1t on the fuel.

,

lincs indicate the maximum permissable set point (AT) as a function of
.

and pressure for the overtenperature an_d overpcVer reactor trip.T,y
Actual values of- setpoint constants in the ' equation representing the

_

"

dashed lines are as given in the Technical Specification, Section 16.2.3.
The design

These values are conservative to allow for instrument errors.''"

meets the requirements of Criteria 10,15, 20 and 29 of the 1971 CDC.
'

-

.

a directly measurable quantity; hcucver, the process variables. . . ..

DNER is not

I that determine DNBR are sensed and evaluated.
Small isolated changes in

various process variables may not individually result in violation of a
time,core safety limit; whereas the co=bined variations, over, sufficient

,
. .

0

.

1 _ . _ .

..
r

|--- 7.2-25
.

*

*.* n,



d.
*

.., .
- ,

-
.. .,

.

*
.

'

'

pressurizer water level control. A failure in the level control syste:.

"could fill or c=pty the pressurizer at a slow rate (on the order of half
''

. .

an hour or care), which allows ample time for corrective action by the ,

operator.
,

Th6 high water level trip setpoint provides sufficient margin such that

the undesirable condition of discharging liquid coolent 'through the safety,

valves is avoided. Even at full power conditicus, which would produce the

(L.~ vorst therns1 expansion rates, a failure of the water icvel control vould
:

not lead to any liquid discharge through the eafety valves. This is due
'

,

to the automatic high pressurizer 'p(c'ssure reactor trip actuating at a
O .

pressure sufficiently below the safety valve setpoint, or to the high pres-
'

surizer water level reactor trip. ,
,.

, .

.

. 7.2.2.3.5 Steam Generator Water Level and Feeduater Flow
.

The basic function of the reactor protection circuits associated with icv
( steam generator unter level ced Ic" fc #"ac-r41e in to preserve the steam-

generator heat sink for removal of long term residual heat. Should a com-
'

'plete loss of feedwater occur, the reactor would bc tripped on "4~4 4- .
,

-of--ot ceo Lf+edwat-or-C-la>o-cicosedw,d-4cm-gency-acor-.kuchrm low-low
steam generatcr water level. In addition, redundt. it auxiliary feedwater
pumps are provided to supply feedwater in order to recove residual heat.

(,'- from the reactor. .

'

.
*

.

is s
Theo+ reactor tripgl act,before the steam generators are dry to reduce the
required capacity and increase the time available for starting these aux-
111ary feedwater pu=ps and to minimize the ther_al transient on the Reac-
tor Coolant System and steam generators. Therefore, the following reactor,

er
trip .circuitp a provided for cach steam generator to ensure that sufficient ,

initial thermal capacity is availabic in' the stec= generator at the start
of the transient: I -

'

_ . '
'

-

e
e 4
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1, O.c i ce f e c6 c t e r f-lev t r i p---d e t e c : c-- 0--n-feat-eh-&n-et-eoc cn d f c c & c t a- i*
-

,

-f4ec (cr.c--cu:Mec) ceincident ' tS hwrec.a_(ynca:er ":ter lercip-

|-for--e-crt-ocm-gewatu-in :ny I cep-. -

,

.

N Alow-lowsteamgeneratorwaterlevelregardlessof, steam-feedvaterj
flow mismatch;

~

;
-

.

.

iIt is desirable to minimize thermal transients on a steam generator for

6 credible loss of feedwater accidents. Hence, it should be noted that con-
s

troller-malfunctions caused by a protection system failure effect only
.

one' steam generator;-4,4 career ;cdcrater Ic 124-s4 pal-uced ir the feed -
,

.uaccr- centrol cri;in2ter rep- -et-ly f rer -k- t-md ir tha 1 c" fee > '2t er-
,

^ -. sea-ter e 'r s .
-

.

.

. .a-.c-p,atour- hic.h r ' cr 4 7 f rrm-che 'esd"not 'M uk--elke' ; " cad 'ar re -
trol "edd c arre 2 redvetiar ir feed'rter fle" preventing th t ch2 mot
f-r+m-u l-dat+1-y-tr4 ping,---Her 2v er , th e ri c es. t+h-b c -- c en c r e c = d e r n d - ,

rp"-fer e4c.r-1 "ill retust- -1 re-k4e'ad feed"2ter fi m produced ky t'

-re-ricrt the operrter ef- rkir ritertien in tire -for enu21 cerrectier cr ,
1-f--the-con 44-Mon-ic alloucd-ce - continua -cho-r-w c-ter eil-1-ovensuol-lMr

! ct - 1c ' e c t e r T c ~c i t L - 1 ! - ?cyc.r ' ~ ~ ' it.d ic - t o d f e,c2.= ate r '' c-
cc 1

.

.
- .

A spurious lov signal from the f eedwater flow channel being used for con-'

k ''
! trol would cause an increase in feedwater flow. The mismatch between

steam flow and feedvater flow produced by the spurious signal would actuatG
,

alarms to alert the operator of the situation in time for manual correc-
! If the condition continues, a two out of three 'high-high steam
l tion.

generator water level signal in any loop, independent of the indicated
feedwater flow, will cause main feedvater pucp trip and isolation and trip

the turbine. The turbine trip will result in a subsequent reactor trip.
The High-High Steam Cencrator Water I.evel trip is an equipment protective

'

trip preventing excessive ~ moisture carryover which could damage the turbine
e'

bladisg. ,

- .

.m

i-

7.2-45
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'In addition, the three el'ecent feedwater controller incorporates reset* --

.

act;1on on the level error signal, such that with expected controller sett-- -
,

. ..

ings a rapid increase or decrease in the flow signal would cause only a-
,

small change in level before the controller would compensate for the level
, A sicv change in the feedwater signa.t. vould have no effect at all. -error.

A spurious lov or high steam flow signal would have the same effect as
> . -.

high or low feedwater signal, discussed above.,

(
'

A spurious high steam generator water level signal from the protection

channel used for control vill tend to close the feedvater valve. However,
O hefore a reactor trie vould occur, ivo out of three channels for a steam

generator would have to indicate a high water level. A spurious lov steam
.

,

generator water level signal.will tend to [ pen the feedwater valve. Again,
before a reactor trip could occur, two out of three channels in a loop
would have to indicate a lou water level. Any slow drift in the water

~

level signal vill permit the operator to respond to the level alarms and
take corrective action. Auto =atic protection is provided in case the
spurious high level reduces feedwater flow sufficiently to cause low leve.1,

in the steam generator. The reactor vill trip.ci:Ac c- Ir" fee b ste" #1E.
coincidsac ui.th-lc" "ete- ' e =1 m , "1* * al", on low-lov steam generator
water level. Autocatic protection is also providcd in case the spurious
low level signal increases feedwater flow sufficiently to cause high level

(., ~

in the steam generator. 'A turbine trip and feed. inter isolation would occur.

- on two out of three high-high steam generator water level in any loop.

7.2.2.4 Additional Postulated Accidents
g (

.

Loss of plant instrument air or loss of component cooling water is dis-
ch sed in Section 7.3. Load rejection and turbine trip are discussed
in further detail in Section 7.7.

*

.

8
'

..
,

$

f

-.
*

'
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(Sheet 2 of'2)!' * TABLE 7.2-1 (CONTINUED)
|
\-
* LIST OF REACTOR TRIPS
|

-

->

0 -

B Coincidence
0 .s

, Reactor Trip Lor;te Interlocks Comments -,

i ..

t 11. Low reactor coolant 2/3 per Interlocked with P-7 Blocked below P-7
i flow loop
i
1
; 12. Reactor coolant pump 1/2 breakers. Interlocked with P-7 Blocked below P-7

*

; breakers open 1. breaker per
buo

,

13. Reactor coolant pump 1/2 per bus Interlocked with P-7 Low voltage on all buses
.

bus undervoltacc on both buses permitted below P-7.

e

. 14 Reactor' coolant pump 1/2 per bus Interlocked with P-7 Under frequency on 2 buses will
bua underfrequency on both buoes - trip all reactor coolant pump,

breakers and cause reactor trip;,.

reactor trip blocked below P-7

|' '- -
.

. M. -irew-foc deO t e:-44cw -1-/-2-pe2 E: in tO clocks. V2
*

.. 4eop* -

) ..y . g . .
.

'|9 * 16. Low-low oten:n 2/3 per - No interlocks'
_

,

* generator water level loop
.i $

IP. Safcty injection coincident No interlocks (See Section 7.3~for
nignal with actuation Engineered Safety Features.

of safety actuation conditions)"
.

- injection

1. Turbine-generator trip Interlocked with P-7 Blocked below P-7 i-

i a) Low trip fluid pressure '2/3
b) Turbine stop valve close 2/,2

c -

No interlocks19. Manusi 1/2
- < ,

-
.

-

.
.

# 1[2 O [I O O d'.*0 t O r (10^.0 Sk4t Ob. $G-CONONCTrCO -V1tb 1[ 1MW6IOr-WCIOr 10*J31*e
.

. . . . - -
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TABLE 7.2-3 (continued) (Sheet 2 of 2).

. .

. .

R$ ACTOR TRIP SYSTEM INSTRIRENTATION
*

.

*
r

Typical Trip Typical Time* -

Reactor Trip Signal Typical Rany,e Accuracy Response (sec)
,-.

11. Low reactor coolant flow 0 to 120% of rated flow i 2.75 percent of 1.0 . - ; .
,

full flow within .

N-

range of 70 percent'
* *to 100 percent of -

.

' '
-

-

full flow (1)
-

-
.

.- .

12. Reactor coolant pump bus 0 to 100% rated voltage il percent of rated 1.2 -
.

undervoltage - voltage -

13. Reactor coolant pump bus 40 to 55 Itz 10.1 Hz 0.6

underfrequency
. ~ - 1 52 (2)- -3,4-

.W 1.aw Leede _ter flem -0 - t o 120 b'i;c. Cale.
~ *

feedwoter-Gew- .

+2.3hercentof.op
'

2.0
.

4 r-

15. Low-low ateam generator +% 6 f t. f ro:n
water icvel nouinal full load signal over pressure..

water level range of 700 to ., ,
,

'

'

1200 psig.

V ,,.

S S
- a '

E' 15' . Turbine Trip
- 1.0'

,

I... ,

HOTES FOR TABL2 7.2-3- -

..

: . '

-

(1) Reproducibility (see definitions in Sec 7.1)
,

gu .
- - w - w =we - -

1/2 law steam-generater ester 1:/cl.

Ehennel reeersey ef feeduste 'let- s--leg Olcnel 1: 12 5
percent-of-coni-nsa--cci: 1cted-feedmW.

-
.

_ { P dt y M blO- {fM __ $[ Of[OOI O 7. * 7, T_* EQ %.
_

,

_$ #= f* e A F 9 f" .9
#4

coleeleted-f-Icw ucc - the presewee-rangc cf 700 : 1200 p;ig.
.

e

.
. ..

,
*

*
.

,

. . .

e e eemm
m we

' -- - w-,, ,.n-
- - __

___ _
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TABLE 7.2-4 (Continued) ,~

FIACTOR TRIP CORRELATIONTECH. SPEC.[b]
I,

k:
-

.
'

i .,''"'
a}

,

ACCIDENT 16.2.3.3.2 ,

1) Uncontrolled Rod ClusterControl Assenbly Bank With-
,

drawal At Power (15.2.2)
Scr
ssura

l

2) , Loss of External Electrica .

Load and/or Turbine Trip
,-

(15.2.7) 16.2.3.3.3
'

:

Uncontrolled Rod ClusterControl Assenbly Bank at
-

1)
sizer

Power (15.2.2)oter
l

Loss of External Electrica
ifrip

* - -

Load and/or Turbine Trip2)

(15.2.7) 16.2.3.3 2
tor

Partial Loss of Forced Reac
coolant Flow (15.2.5)1)

pactor h

of Off-Site Power to t e+nt Flow

Station Auxiliaries (StationLoss2) *

Blackout) (15.2.9) tor ,

Co=plete Loss of Forced Reac
Flov (15.3.4)3)

Coolant
taken for - {

Not used nor creditis; |
in any Accident Analys feature
provided as additionalhactor

,

.-elant Pump safe ty 16.2.3.3.2caher Trip to enhance i,,

' Complete Loss,of ForcedFiou'(15.3.4)
.

- .

1) Coolant
Gector Coolant Reactot: 16.2.3.3.2-

u=p Bus Under-

of Forced'flok '(15.3.4) "
~

Trip
291 tag Complete Loss !

|
'

1)
30 actor Coolant Reactor Coolant Soo-*e+e -er |
@unp Bus Under- |

'

! frequency Trip heoo.
' 2,4. 4,oce-o?. Momal T

.
: - >

'
e

h- 74.adva ov. - (15.2. 0)r

i
|F W -

- '

-
.

.

ei -
**

,y ene
m e6e****'

|
* . A**~~.'. .: . . .<

+ a /- _. , L -

~~gw . ' ~ ~ . .
, . .-

.
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_ . TABLE 7.2-4 (Continued) (Sheet 5.of 5)
'

_EEACTOR TRIP CORRELATION
.

, ,
, .

.

ITRIP ACCIDENT "I
'*

.

& _
.

TECH. SPEC. j
,

1%)' Low-low Steam 1) Loss of Normal Feedwater 16.2.3.3.3Cencrator Water (15.2.8)'

'Levei Trip -

7 .

-

13) Turbine Trip-
1) Loss of External Electriccl. See note c.

. .

> Reactor Trip Load and/or Turbine Trip (15.2.7)

f-
2) Loss of Off-Site Power to the 16.2.3.3.1

Station Auxiliaries (S ta tion4.
Blackout) (15.2.9)e. -

-

1%). Safety Injection 1) Accidentaf Depressurization of See note d.b3 Signal Actuation the Main Steam System (15.2.13)
Trip.

19 '

Mr) Manual Trip Available for all ' Accidents See note c.
.

- . .

~

(Chapter 15)
-

.

.

. .

I
s

NOTES:'

' .
'

References refer to accident analyses presented in Chapter 15.a.

b. References refer to technical specifications presented in Chapter 16.

A technical specification is not required because this trip is not.c .
(... .

~

assumed to function in. the accident analyses..

d. Accident assumes that the reactor is tripped at end of life (EOL)
which is the worst initial condition for this case. Pressurizer .

,low pressure-low level is the first out trip of Safety Injection. '

*
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g y-

|The feedu'ater pumps are designed in accordance with the requiremrnts of ths
'

Hydraulic Institute Standards. Design points for these pumps are selected to
_.

'

the maxi =um guaran- j
' sa'tisfy the requirements of the turbine themal' cycle at

18teed condition plus margins for wear and surges. .The feedwater pumps are also
.

capable of maintaining steam generator water icvel during a load rejection and ,
j

steam dump at 96 percent. flow at a steam generator pressure of 972 psia. !
*

~

j.

r

High pressure feedwater h' eaters are designed, fabricated, inspected,' tested
and stamped in ace'ordance with the ASME Code, Section VIII, Div'ision 1. Ther-

mal performance of these feedwater heaters is governed by Heat Exchange Insti-
|

tute Standards. '' .
.

..
'

.

C - The feeduater system equipment parameters are listed in Table 10.4-2.
' - .

-

! '
.s

" -
-

|;-

..' 10.4.7 2.2 System Description ')
Il

The feedwater system includes three 50 percent cap.acity motor driven main feed .||'*

pumps, two parallel high pressure feedwater heaters and associated piping,
!

(- valves and controls.
.

At loads above 15 percent, normal operating control is achieved by using a
three element system coasisting of inputs proportfrnal to steam flow, feed-

,

water flow and steam generator water level. to control the position of the feed-

water regulating valves. At loads of 15 percent acd below, the steam generator
~ ~ level is maintained with the feedwater bypass control valve. The bypass con-~

trol valve is automatically positioned with inputs proportional to the steam
generator water level or the bypass control valve is manually positioned from .

;

These controls are always in operation except during at

|
the control room.

The modu-
| safety injection signal or a reactor trip coincident with low T, .

lating signal is blocked in these cases.
iop.<rce.J4 < ad. h .) k * r ~> adJ A;u do.s e .o

|
The main feed pu=ps are driven by a constant speed notor through speed in-

A low flow bypass to the main cendenser is provided for use .creasing gearing. *
>

,
during startup.

,

. . .
; ,

_ _ _
E

;. -

10.4-15_
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plant cud of the Retetor Coolant System. Tha cvarpourr - cverte=paratura
~~~

~ protection (neutron overpower, overtemperature and overpower AT tr' ps)i-.

' , ,prcVents any power increase which could Icad to a DNER less than 1.30.'.~ . ,

-
. -

. ,

One example, of excess heat removal from'the pri=ary system is the transient
associated with the accidental opening of the fendwater bypass valve v'hich

' diverts flow around the low pressure feedwater teaters. In the event of

an accidental opening of the bypass valve,.there is a sudden reduction in

feedwater inlet te=perature to the steam generators. .Th s increased sub-i
,

cooling will create a greater load demand on the Reactor ' Coolant System.

Another example of excessive,feedwater flow would be a full opening of a
(b) 'feedwater control valve due to a feedwater control system malfunction or

.

an operator error. At power this exceso flow causes a greater load demand
,

on the Reactor Coolant System due to increased subcooling in the steam

generator. With the plant at no-load conditions the addition of cold feed-

'. water may cause a decrease in Reactor. Coolant System temperature and thus

a reactivity insertion due to the effects of the negative moderator coef-

-(-
ficient of reactivity. Continuous addition of excessive feedwater is pre-

vented by the steam generator high-high level trip, which closes the feed-
.

water valves.
.

.

15.2.10.2 Analysis of Effects and Consequences

.

.

(. - 15.2.10.2.1 Method of Analysis ' *
.

,

I

The excessive heat removal due to a feedwater control valve malfunctionLoFrA44
is analy:cd by using the detailed digital cocputer code """-.rbhtransient

Thiscodesimulatesaculti-loopsystem,neutronkinetics,thepressurizer,$|

pressuriser relief and safety valves, pressuriter spray, steam generator,
and steam generator safety valves. The code ccuputes pertinent. plant'

variables including tecperatures, pressures, and power level.
*

.

'
.

.

.

i
.

_.
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The system is analyzed to demonstrate. plant behavic: in tha evant of a
'

- feedwater bypass valve =alfunction. Feedwater tcrperature reduction due

,,
to low pressure heater bypass valve actuation in cenjunction with an iri;

advertent trip of the heater drain pump is considered..

,

Excessive feedwater addition due to a control systcm malfunction or opefa-

tor error which allows a feedwater , control valve to open fully is censidered.
Two cases are analyzed as follows: .,

.

.:

I.,

1. Accidental opening of one feedwater control va.1ve with the reactor .

just critical at zero load conditions assuminc a conservatively large~

~

negative moderator temperature co. efficient chcracteristic of end of-

. .
'

O core tire conditio==- '
~ '

.

'

2. Accidental opening of one feedwater control velve with the reactor in,,

automatic control at full power.
.

.

'

The reactivity insertion rate following a.feedwater system malfunction is
calculated with the following assu=ptions:

C. . .

a. For the feedwater control valve incident at full power, one feed-

water control valve is assumed to malfunc. tion resulting in a
in

step increase 'to 1."0% of nominal feedwatcr flow to one steam
~

generator.
'

-

_h~. ,

b. For the feedwater' control' valve accident at zero load condition,'

a feedwater control valve malfunction occurs which results in a
step increase in flow to one steam generaitor from zero to 100%
of. the nominal full load,value for one srcam generator.

. .. _ . .

c. For the zero load condition, feedwater tcxpcrature is at a con-
.

servatively low value of 70*F.
*

.

Y .

. . .
%

* $

'

.
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In the caso of an cecidental full opening of one feedwater control valve.

~

with the reactor at zero power and the above nentioned assu=ptions,' the
caximum reactivity insertion rate is Ic.ss than the maximum reactivity in-,

*

.scrtion rate analyzed in Section 15.2.1,' Uncontrolled Control Rod Assembly.

, qithdrawalfromaSuberiticalCondition,andtherefore,theresultsofthes*
.

..'. analyses are not presented. It should be noted that if the incident occurs
~

with the unit just critical at no ' load, the reactor may be tripped by the
.

power ran8e high neutron flux trip (low setting) set.at approximatelf 25
>

. .

!
- *

percent. ,

,i i
!

, The full power case (EOL, with control) gives the largest reactivity feed-
.*

back and results in the greatest power. increase. A turbine trip and reac-.

.O cor trip is actuated when the nuclear riux icver exceeds the power rang.
' high nuclear flum trip setpoint of 118% of nominal.

.

.

. .

'

! For all excessive feedwater cases continuous addition of cold feedwater is
prevented by closure of all feedwater control valves, a trip of the feed--

water pu=ps, and closure of the feedwater pue;i discharge valves on steam *

generat~or high-high lever signal.
(-

Transient results, see Figures 15.2-24 and 15.2-25, show the increase in7

'

nucicar power and T,yg associated with the increased thermal load on the
| reactor. Steca generator level rises until the feedvater flow is termi-

nated as a result of the high-high steam generator icyc1 turbine trip. .

(_ 'The DIG ratio does not drop below 1.3 as shown in Figure 15.2-26.
t <

|
*

.

l'5.2.10.3 conclusions

|

Results show that the consequences of excess load increases due to opening
'

the lou pressure heater bypass valve are more moderate than those considered

for the Excessive Load Increase Accident. Additionc11y, it has been'shown
that the reactivity insertion rate which occurs at no load'following exces-
sive feedwater addition is less than the maximum value considered in the

'

-

'

analysis of the rod withdrawal from a subcritical condition. Also, the .

DIG ratios encountered for excessive feedwater addition at poser are M -

|- above the limiting value of'1.30.
O

.

.
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TABLE 15.2-2 (Centinued) (Sheet 8 of 10)
_

,,

i

. *
' * ' '"

TI2fE SEQUENCE OF EVENTS FOR
-

,

*

_ CONDITION II EVENTS - .

|
, ,

.

Ac cid en_t_ Event Ti=e (sec.)*

.

Loos of Normal Fecdwater *
.

-
i

*

(Continued) Peak water level in
'

pressurizer occurs 280
.

.

.

Excessive feeduater ' [ -

'

at full' load One main feedvater controlO
valve fails fully open 0-

,

^* 5S.f.

Minimus DNER.occors 6
.

.

*Feeduater flow isolated due
.

to high-high steam generttor g

(" Icve1 1% . 0 ---
,

4

Excenaive Load Increase

1. Manuni Reactor .

,
Control (LOL) 10% otep load increcse 0

. , ,
. . i

,

\ '

( Equilibrium condit.icns reached'

(approxicate times only) 150

'
2. Manual Reactor

Cont.rol (EOL) 10% step load increase 0

Overtcaperature AT reactor'

trip point reached 24.1
,

.

; .-

| |- .

- .

'

_
1 ~
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TABLE 10.4-3 -

,

'
FEEDk'ATER SYSTEM FAILURE ANALYSIS .

.

COMPONENT ltALFUNCTION C010!ENT.

Feedwater Pump b'hile two pumps are running Re=aining feedwater pump runs
one operating pump trips. out; no ef fect on NSSS.

~

While one pump is running one Standby feed pump automatically

operating pump trips. starts; no effect on NSSS.

Main Feedwater Flow Valve fails closed above 20% power. R'enctor trip.

Control Valve
'

Valve stuck full open. Turbine trip / Reactor trip. .

Feedwater Isolation Valve Valve fails closed above 20% power. , Reactor trip.
Valve stuck full open. Turbine trip / Reactor trip.

Feedwater Piping Postulated pipe rupture. See Section 10.4.7.2.3.

Feedwater Preheater Bypass Valve fails closed below 20% power. Reactor trip.
' '

Valve Valve fails closed above 70% power. Feedwater control valve opens
more. Hi preheater flow alarm'

Sounds.
y

: Feedwater Bypass Control Valve fails closed below 20% power. Reactor trip.,

Valve Valve fails open below 20% power. Turbine tri,/ Reactor trip.

Feedwater Auxiliary Control Valve fails closed above 70% power. Feedvater control valve opens

Valve more. Hi.preheater flow alarm so

Valve fails open below 30% power. Turbine trip / Reactor trip.
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' ' TABLE 16.3-3 (Continued) 'I (Sheet 3 of
,

REACTOR TIIP INSTRUMENTATION LIMITING OPERATING CONDITIONS
-
,

* '

Operator Actior

! No. of Hin. Min. If Conditions c

f No. of Channels Operable Degree of Colucin 3 or 4-
.

No. Functional Unit : Channels To Trip Channels Redundancy Cahnot be Het
-

.

.

,

e

18. 111-111 Steam Generator Level or S.I. 3/ loop 2/ loop 2+/ loop 1/ loop Maintain hot' -

' (Turbine trip and feedwater isolation) (any loop) ahutdown

-14. '&t-oco-F4cw/Soe4 water Fl~r Mirrteb 2/iser- 1/ leap - --1/ loc p 1-/-loop - J!aint2ir ut
' t

<.nd--Taw-Stecm-Conosote: "ater level-- '' ' ~ '- 4evel- ohuk.owa-
; -noine& don 4 .

.
.

, ' -

,;'
- -ulsL

~ -

... .
.

;.
t.

.

t, h -1/leep - .-4/4oop - 1/leep - U!ainteir het..

-

-f4ew-- f44w- Elow- Slow- e hu t d e-,;

ij '-'

-
- m i c,,, e t ch ,4 c m o t ed- .,4 .,m 3 t en p m ted_

,

4n-come-I U, '
. W
| .l[', ~. ' .

-

, -

.: 4*; -

.I . . .

'M- ,

i. n: .
*

| *

,.| .
,

i .

If the plant is operating above 75 percent of rated power with one .excore nuclear cha. nel out df service, ther
.

n
*

|
the core quadrant power tilt shall be determined once a day by the movable incore detectors (at least 2 thimb1'

per quandrant).
| - When 2 out of 4 power channels are greater than 10 percentfull power, hot shutdown is not required.**
| If one 'of two intermediate range channelo greater than 10 amps., hot shutdown is not required.

***
Inoperabic channels are placed in the trip mode. Once placed in the trip mode, the channels can be consideret+
operable for purposes of meeting ' his specification.t

*
.
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TABLE 16.4-1 (Sheet 2 qf 4)s..|j
. .

MINIMUd FREQUENCIES FOR CIECKS, CALIBRATIONS AND
'

TEST OF INSTRUMENT QIANNELS-s

-
., .

*
Channel Description Check Calibra te Test Remarks

10. Rod Position Bank Counters S (1,2) H.A. R 1) With analog rod position
*

; 2) Following rod motion in e:: cess' of,i
,

six in, when computer is out of
service

'

.

$
i
i 11. Steam Generator Level -

S R** H
t. -

i .12.- .Se= t%normr-F4ew -S- -R* A- ' H--- -
.

-liiomatch- , .
.

.

|'
'

13. Charging Flow' S A** . N.A.
'

,, ,

- ,I 14. Ecoidual Heat Removal S (when- A** N'. A. -

'

.

~ ' ' *

Pump Flo'w in oper-.

j' ation) .
,

..c.,.. -

'.N" 15A. Boric Acid Tank Level W A** N . A. >
.. -

i .
'

%,. ..
.-. . . . .

' '

;'' 15B. Doric Acid Tank Temperature W R (,' R '
. .

.

...

j 16. Refueling Water Storage W A N . A. - .

Tank Level -j. v. .
,

.
.

-A** N.A. .17. Volume Control Tank Level. ,S ,

HN 1) Isolation valve . signalI*

18A. Containment Pressure S R**
(SIS signal)

- . .

' .,

-

- ..
, ,

,

10D. Containme'nt Pressure .S 'R** H Narrow range containment pressure .

(-3.0, +3.0 psig excluded) -

(Streamline Inol) .

. .

'
. ,

.

,
. . .

**
. _ _ _ _ ~ - , _ _ . . . ~ . . - _ .__.t.
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10.4.7 CONDENSATE AND FEEDWATER SYSTEMS .
.

c<-
Pira '

- ,

,{\ .- t.

10.'~4 . 7 .1 Condensate System ,
*

.

- k ' N.O
,

10.4.7.1.1 Design Basis, , d' ,
*

f.*

!. . } -B-
The condensate pumps take suction from the condenser hotvell and develop suf-

p| .-S
ficient head to overcome the system pressure , drop and transport the condensate . !;.;
to the suction of t[he main feedwater pumps at the required net positive suction :;'

-

head. The condensate system is shown on Figure 10.1-4.
. f, ,' .|

;
.

,.

f.
* .j.'.*

Condensate can be recirculated to the-condonser during icw load conditions, ,
{3~.O =aintainins cooiins f10w requirements to tse steam 3et cir e3ector condenser

'

) and gland steam condenser. A bypass, directly from the discharge of the con-

densate pumps to the main feedwater pump suction,'i~s provided to maintain con- , { ,-_
*

h;
densate flow at a reduced system pressure drop should the heater drain pumps ,

m

not be available, a condensate pump become inoperable, or a load rejection q,

,

The bypass system is controlled by sensing heater drain pump minimum
.

. cecur.
discharge flow, feed pump suction pressure, and load rejection. In addition, -

the lower temperature condensate that is bypassed prevents flashing from occur- .f.C '
' ,

.D
--

- .

the suction of the feedwater pumps during severc. transient conditions.
-

ring at
.

. ..

'
<

.

The condensate pumps are designed in accordance with the requirements of the .

|
Hydraulic Insti.ute Standards. The low pressure feedwater heaters are de- '

[,-

3'

signed, f abricated, inspected and tested in accordance with the ASME Code,.

s . . System piping and valves are designed in accordanch- .

.

Section VIII, Division 1.
-

with ANSI B31.1 and ANSI'B16.5, respectively. 'The condensate system, except . !,. ;

The condensate |
l'

for the condensate storage tank, is non-nuclear safety class.
s

storage tank is designed, fabricated, inspected and tested in accordance with
ASME Code Section III, Seismic Category I, since it is the primary inventory:

source for the auxiliary feedwater system.
.

t.

.

' 1
-

- t
,

*
i

.-
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10.4.7.1.2 System Description
, . - . .
, ical condensate.

..The condensate system consists of three 50 percent capacity vert
. . .

pumps, five stages of closed feedwater heaters and associated piping, valves,*

Condensate is pumped from the hotwell stor-controls and equipment condensers. '
I

age area by two normall} operating condensate pumps through two 50 percent

capacity, parallel streams of low pressure heaters to the fee.dwater pumps. :
*

s

The feedwater heaters are shell and U tube heat exchangers with two heating ,

zones except for heater #2, a condensing zone and an integral drain cooling
- |

There are two 50 percent capacity, parallel streams of low pressure( - zone.

heaters and each stream can be bypassed,1f it is out of service. Turbine load

([) must be adjusted according to the manuf acturer's instructions when a feedwater
i

stream is isolated. The three lowest pressure heaters are located inside the f
Heaters #5 and #6 are in a singic shell, duplex arrangement. .

' condenser neck. '

Drains from the #3, #4, #5, and #6 heaters are cascaded back to the condenser.
Drains from the remaining heaters and the moisture separator reheaters are

'

collected in the heater drain tank and then pumped into the condensate system
,

.-

piping just upstream of the main feedwater pump. i
'- ~

-

!.
.

10.4.7.1.3 Safety Evaluation
,

*

~

A standby condensate pump is provided which starts on lov f eedwater pump suc-

tion pressure.

*

I.
- System makeup is provided directly from the condensate storage tanks to the

'

condenser hot well. .

.

The condensate system is not required for safe shutdown of the reactor and is

not a safety related system.

.

.'
|

.

"~ 10.4-13
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10.4.7.1.4 Tests and Inspections .

-

;

is shop tested hydrostatically and ope' rationally. ',C ndensate system equipment
~

9

F5cdwater heaters are tested in accordance with the ree,uirements of Section . -*

("
VIII, Division I, of the ASME Boiler and Pressure Vessc'1 Code. -

,.

.
>

a-
*

e
..

10.4.7.1.5 Instrumentation .

.
.

;

... |
P'ressure and temperature test points, recorders and indicators are provided to -

,'

,

Equipocat operating conditions and sys-test and monitor systein performance. i !

tem cotor operated valve positions are indicated in the control room. .' !
"-

.
. ,

b In the nuclea: sa hty class portion of the system, instrumentation is provided'
. }
'

for conitoring the condensate storage tank level.
-

.

.-
: .,.

-
*

, -
, .

.'

10.4.7.2 Feedwater System

.

y.

10.4.7.2.1 Design Basis

The feedwater system is designed to pump feedwater through one stage of high
-

pressure feedwater heaters for the maintenan'ce of steam generator water level
~

during startup, 0-100 percent power operation, shutdown and steam dump condi-
The feedwater system is shown on Figure 10.1-3.tions.

Feed ater system cocponents f rom and including the feedvater isolation valves
3 System compo-

to the steam generators are Safety Class 2, Seismic Category 1.
isolation valves are z.on-nuclear safety class. .

nents upstream of the containment

Fecdwater piping upstream of the feedwater isolation valves in the turbine
Addenda B, and valves

building is designed in accordance with ANSI B31.1,1973

conform to ANSI B16.5-1968. Safety Class 2 feedwater system piping, valves

end other pressure containing parts are designed in accordance with ASME Code,

Section III, Class 2, 1971 Winter, 1972 Addenda.

.

--
10.4-14
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I
! The feedwater pumps are designed in accordance with the requircm:nts of' tha

|l, 7 ' Hydraulic Instii'tute Standards. Design points for these pumps are selec:ed to
i satisfy the require =ents of the turbine thermal cycle at the maximum guaran-.,

{* teed condition plus margins for wear and surges. The feedwater pucps are also

capable of maintaining steam generator water l'evel during a load rejection and
,

''
i steam dump at 96 percent flow at a steam generator pressure of 972.pata.

..

High pressure feedwater heatiers are designed, fabricated, inspected, tested*

,

> and stamped in accordance with the ASME Code, Section VIII, Division 1. Ther-

i (;..
cal perfor=ance of these feedwater heaters is governed by Heat Exchange Insti-
tute Standards.

l .

! -. .

; ( The feedwater system equipment parameters;are listed in Table 10.4-2.
!

~

..

10.4.7.2.2 System Description .s
.

. -
~

.
_

N-#
[ \e feedwater system ine)udes three 50 percent capacity motor driven cain feeTh

/
p=y two parallel high pressure feedwater heaters and associated iping,* .-

4 valves an outrols.

\*

- .

T / 3
|

At loads above 15 perc t, normal operating control i achieved by using a |

"

three element system consis ing of inputs propo lonal to steam flow, feed-
N-

i

level o control the position of the feed-

[ ' k water regulating valves.waterflowandsteamgeneratorwatg(%5
i

At loads of % percent and below, the stea= generator\ ,./, .

level is maintained with the feedw,ater bypass control valve. The bypass con-
(-

tr61 valve is automatica11 ositioned with input,s proportional to the steam
-

. s -

N-

generator water levely the bypass control valve is, manually positioned from |

| the control room. ese controls ~ are always in operation, except during a |

f safety injec 'onsignalorareactortripcoincidentwith)owT The modu-.

j s avg ;

N |lating s inal is blocked in these cases., i

, . \;

Th main feed pumps are driven by a constant speed motor through speed :Ln
/

#

| ; creasing gearing. A low flow bypass to the main condenser is provided for 'bge
l*

during startup.

w-
.

-i_ ;

10.4-15 *
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10.4.7.2.2 System Drecription
,

*

The !!ain Feedwater System consists of three (50 percent) capacity motor driven.

centrifugal feedwater pumps, two (50 percent) parallel high pressure feedwater

. heaters with bypass, separate feedwater control stations and preheater bypass

control stations for each steam generator, piping, valves, and associated
' instrumentation. .

:
V

(; -

The Main Feedwater System provides feedwater to the steam generator under all.

( operating conditions from 0 to 100 percent power. For locds below approximat'ly, eu
, ,

20 percent power; feedwater is delivered to the 6-inch ate:iliary feedwater
-s.

nozzle on the steam generator. Between 20 and 70 percent power; flow is -
.

'

delivered through the 16-ineh main feedwater nozzie on the steam generator.
.

Above 70 percent power; approximately 70 percent of the required flow is main-

tained to the 16-inch nozzle and the d'fference is supplied through the 6-inchi-

,

,

auxiliary nozzle. The main feedwater control valves control flo'w in the 16-inch

main feedwater line. Flow in the bypass line is controlled through the feedwater

bypass control valves for plant loads from 0 to 20 percent or through the feedwater

auxiliary control valve for plant loads above 70 ; percent. .

( ~

e *,, , _

t
. .

| .

Each of the three feedwater pumps take suction from a co= mon manifold through

locked open suction isolation valves and flow measuring eaccents and strainers,
i

and discharge into a co= mon header through tilting disc check valves and motor

operated stop check valves. Separate minimum flow recirculation lines to the
t

condenser are located between the pump discharge nozzles .and the tilting disc -

check valve. These recirculation lines are fitted with'an air operated diaphragm
,

control valve, pressure breakdown orifices, and a locked' open isolation valve at '

. - - - the condenser. '

|

\- j6 & $ '

~ .

..

.
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10.4.7.2.2 System Description (cont'd)*
-

*

..

*

A feedwater pump bypass' line equipped with a check valve and a manual stop-

'

.

check valve connects the feedwater pump suction header (condensate side) with.

,

the feedwater pump discharge header. This line is used to fill the steam generator

and to provide a supply of feedwater from the condensate system during start-up.

A single pipe connects the feedwater pump discharge header with feedwater
!

j (7 heaters IA and IB. At the feedwater heaters, the flow path is divided and passes
-

,

j through the two half-capacity heaters. A coccon bypass . permits -either heater
~

1 O to he isotatea white ruti riov to the = tea =:seaeators i= =aintataed-
'

1

1

.s
Af ter the feedwater heaters and/or bypass, the feedwater is recombined into a .

single pipe to ensure.an even temperature distribution of water being supplied
.

to the steam generators. Above 20 percent load, two separate main feedwater
.

controlstationsregulatetheflowoffbedwatertotheirrespectivesteam.

generators. Each main control station consists of a flow measuring element, an

air operated diaphragm control valve, and associated manual isolation valves.

As plant load is increased above 70 percent, a similar control is maintained
.

on the feedwater control valves with the feedwater auxiliary control valves( -

3 - regulating bypass flow to mainta'in approximately 70 percent " flow through the~

! '

main 16-inch nozzle.
.

A three element feedwater regulating system controls the position of the main

feedwater control valve. The three elements are steam flow, steam generator

water level, and feedwater flow.

.

.'
Each feedwater control station also contains a feedwater bypass control valve

___, and a feedwater auxiliary control valve which are used during periods of operation

|- 10 < (Hb a-

[
..
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10.4.7.2.2 System Description (cont'd) { c|
'

s
_

-
. .

!

l .

The feedwater.

below 20 percent load and above 70 percent load, respectively.
,.

*

)
L

bypass control valve is controlled remote manually or automatically, in* :
-

,
l

accordance with steam generator level demand when plant operation is below 20
- - - - - - - ~ ~

-..
-

- . . . . . . .

the feedwater auxiliary..
percent. When plant operation is above 70 percent,

,

i
j

control. valve .is automatically controlled to maintain stesa generator flow >

!i The feedwater auxiliary

kn
,

through the 16-inch nozzle to approximately 70 percent. +

i. control valves can also be manually controlled.
~:

. .

'
' '

O
-

'

Downstream from the main feedwater control valve, the fecdaater passec through
..

a check valve. At that point, the piping changes from Non-Safety Class to - .

Class 2 and remains Safety Class 2 to the 16-inch connection on the steam generator.
.

Similarly, downstream from the feedwater bypass control valve and the feedwater

auxiliary control valve, flow passes through the feedwater preheater bypa'ss valve,
It

at which point the piping changes from Non-Saf ty Class to Safety Class 2.
I

i then remains Safety Class 2 to the 6-inch auxiliary nozzle on the steam generator. ,
!

i

|
,

During plant start-up and low power operation, feedwater flow is directed through

(- the 6-inch preheater ' bypass line. A very small warm-up' flow passes through the~

main feedwater line via the feedwater isolation bypass valve and the feedwater

This mode prevents cold water from being injected into the preheaterpurge valve.

section of the steam generator during low power operation and potential water

When power reaches approximately 20 percent and the main feedwater< hammer damage.

line is sufficiently warmed, all flow is transferred to the 16-inch main feedwater

line. Once flow exceeds 70 percent of full load flow, the preheater bypass line
flow through

will flow that amount required to maintain approximately 70 percent
.

1 the main feedwater nozzle. .--

|O , y-/ G8-
'

-

' .

..
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10.4.7.2.2 '

l

, System Description (cont'd)_

'
.

.

.
,

During reductio'n from full power, feedwater flow is automatically' transferred
I'

. .

;

from both steam generator nozzles at 70 percent load and then is manually e

transferred from the main nozzle to the auxiliary nozzle at approximately,

20 percent power. At any time the main feedwater isolation valve is open or
"

the feedwater control valve is opened, a low flow is maintained through the'

.

{' . auxiliary feedwater nozzle via the feedwater ' tempering valve. This flow, taken

upstream of the feedwater control valves, prevents thermal shock to the auxiliary
i

[]} nozzle if flow is suddenly transferred from* the bain nozzle or if auxiliary
feedwater is required.

l
' .

. .s
'. - -.

;

Auxiliary feedwater flow and chemical feed to the main feedwater system is,

accorplished through separate injectio'n lines on each 6-ir.ch preheater bypass
line..

.

.

.

Two of the three feedwater pumps have an auto start feature if the other trips.
'

If all three feedwater pumps are tripped, then auxiliary feedwater is automatically
. initiated with both Train A and Train B clectrical signals.'

_ (_,, ~ . '

.

-

. -

10.4.7.2.3 Safty Evaluation

A pipe break in one loop of the cain feedwater systen will not damage the other

intact feedwater loop. Also, a feedwater pipe break will not propagate to cause
1

a main st' cam or reactor coolant loop pipe break. The above protection is provided
.

by separation, restraints, equipment orientation, and jet impingement barriers.

Following a feedwater break in the intermediate building, all control valves an
---

isolation valves on the intact .feedwater loop remain operable.
--- -

D- V-/Lo
'

'

--

__



.
. i

!
- -

-
...

10.4.7.2.3 Safety Evaluation (cont'd) '
.

. <

_ ..
,

ThE main feedwater, feedwater preheater bypass, feedwater isolation, feedwater~

,

>

control, feedwater auxiliary control, feedwater by~ pass control, feedwater J,

6L i
'

temporing, and feedwater pu'rge valves are designed to close within five seconds
j :

after receipt of a closure signal, to provide isolation if a feedwater line i

breaks either inside or outside the reactor building. These valves are designed
,

.

I

.to fail closed and to close upon loss of control air or Train A or Train B ~|.,
-

electric power, except for the main feedwater isolation and feedwater preheater

~

(])bypassvalve's.
* *

,

.

. 3
The main feedwater isolation valve operator utilizes a nitrogen precharge to

,
.

close the valve. Valve opening is accomplished by an air pump and hydraulic
.

system which, through a series of solenoid valves in the hydraulic line, are

required to be energized. The valve closes on loss of electric signal and ,

slowly bleeds closed on loss of air supply to the valve air pump.

.

The feedwater preheater bypass valve similarly utilizes a nitrogen precharge to

,

Ilowever, valve opening is hydraulic with an electric pump
.close the valve.

i (
*

-

| - rather than an air pump. Solenoids on the valve are required to be energized
l

, ,

,

to pump the hydraulic flu'id and close the valve. No air is required for this

valv e'. Any of the following signals initiate valve closure:

1. Safety injection signal.

a. Low steamline pressure.

b. Low pressurizer pressure.

c. liigh containment pressure,

d. Manual safety injection signal.
.

2. Either steam generator hi-hi level.
'

~
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10.4.7.2.3 Safety Evaluation (cont'd) .

_ ..
,

,
Tli& aboie signals also result in a Train A feedwat'er pump trip signal which

,

trips all running feedwater pumps. When the safety injection signal is bypassed,

F=

either Pump 1 or Pump 2 stdrts automatically. This does not affect feedwater

system isolation, since the isolation valves remain closed and feedwater is

'

bypassed to the condenser.
~
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Table 10.4-3 presents a feedwater system' failure analysis. l.

.

~

- 10.4.7.2.4 Tests and Inspections~ .

|
'

-
.

Major equipment is periodically inspected to ensure pr'oper conditions and
,

,

'

operation. Additional testing includes: ,,

.

1. Hydrostatic testing of safety class system piping and equipment following.
construction and prior to placing the system in service.

\
-

.

(--

2. Hot functional testing subsequent to cold hydrostatic testing.-

1

* *
.

() '3. Normal operational checking and rout'ine maintenance of the system..

. .

-
1

Inservice inspection of safety class portions of''the system is performed ia,,
_

. accordance with applicable ASMI Code, Section XI, requirements.
4

1
-

1 . .

! ,.. .10. 4 ~. 7. 2. 5 Instrumentation

E
The following instrumentation is supplied for the non-nuclear safety class

,

portion of the system to permit operator evaluation of major equipment per-
.

.formance and to provide a performance record: -

.
'

l. Pressure indicators, switches and test connections.

2. Flow indicators, controllers and test' connections.-
.

j _\
.3. Temperature indicators, recorders and test connections.

'

'

In the nuclear safety class portion of the system, instrumentation is provided
to permit monitoring of the temperature of feedwater entering the steam gener-

,

ators as well as water level in the steam generators. Instrumentation associ-

ated with the development of control signals for the feedwater isolation valves
is discussed in Section 7.3.

.

.
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RESI'ONSilllE / DELIVI:RY ,
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i
Ti, PARIY

.i '
ji 5/05/02

*

ITEM Dr. SCRIPT!pN T: .

KSG-022
<

.y ~,.,~
.

F
WNI-Grogan/Pavick. ~-

4 Thcrnuwells with RTO's. 3 KSG-023
0 4/09/02 '

.

1. .

WNI-GroganE
-

2. 2 'l:Ca Leve Indicators for f-
.

' *

5/08/82 .:
S/G Level .'

' ''
: .

t KSG-035 - '
--

| WNI-Poorc/Orady
-

'

2 ni Flow V,enturi's for 8 [. . . _ . . .
,

. '~

3. .e,

5/05/82 -Inch Bypass Line. -
s KSG-019-

-

UNI-Grogan/Pavick
. "').

2 Pressure | Transmitters for f,

,
- '

*

4. *
S 4/15/82

.,;'
FW Flow Vc aturi's! .

. i i 'WHI-Moore /Brady
- KSG-016?' '

' ' .. '

I
,

6 I.nch Pip'e Caps Safety. Class
y

7. 5 4/08/02S. *

Quantity 4. '; KSG-017-

to6IdchReducers. I HNI-Moorc/Brady S 4/16/82
- .

'
.

4/26/82,

Ten'8 inch} 6. I *
* . '. .-

Seven 8 Inch Schedul'c 100 Long -

RaillusELLj,Eight2 inch 3000 {
' -.

*
'

.

- . Eight 2 Inch 3000 f, -
.

-

Lil. SW llosp ,Coupljng, four 6
'

L
,

-
~

LB. 'SW llal.f .

'. Inch !!eldolets , four 6 Inch
't

.a .
'.

'
'

i .,

':- Schedule 80 ELLS,ffour 8X10
;/

'
-

5 - 4/16/82.
:

* . .

Partialh
.-

r I c duce rs . KSG-021 ' Balance R/A .4/23/82,
'

',g f .g
HNI-Moorc/Fullen

.

'

4/30/82f .t.
- ,

.

- ~
7. llan90rs

.

/.[;[i '

t S 4/1/82 g
,

,

. $- KSG-037 i
'

.

S00-Beacomb<- s

#2 darrew Range S/S Level" Inst. ( Available
.

:
'

8. !'t i t.
-

Fout Instrunent I",olation. i SITE-Comoletti j i
* *

|
*

r 7

Valves fod Blowdonn Connections r|
i .

.

,' 9. - * - .-

-

on ilR S/G tevel
-Safety Valves.l ' G'

'Available
'-

: ,

J '

'

10. Eight Inst,rununt Isolation (, SITE-Comoletti
,

. .
.- -r,

4

[ - *

Valves for, Fceddater' Fle.< '. $',
'

' -

'

'
.

' .:Transmitte'rs Non-Safety .' . .

. ' .' .
'

' .I ' ,, , .
.

m
- e

. ,

-3/4T-38.
," . . . ,

E. .
., . .

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

'.
.

2 . . . . ,,
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KRSX0 STEAM GENERATOR PLANT 10DIFICATI0t{ PAGE 2
'

; -

f.lJ,
'

'
'

,. g e
. ,

j) ,k|, , ' . h j '' / . - *,

l' !.I i h ) RESP 0liSIBL E ESTIMATED
'*

. i,

!! ITEM DESCRIPT10NI. ;
PARTY P.O. NO. DELIVERY

. ,

*

.h .j -' ,
,

-

J.
., . . . .

11. Sa fet!y Class.'' Instrument SITE-Comoletti -
.

Available ,

.;-
-

f l{. . Tub ir' g - 50 .lle ters. -
. . [

-

il R.' . I- '
'

1: .
, ,12. Non-Safety 1,n.strument Tubing SITE-Comoletti .. Available -*

,y.-
. . ..

..
.. . i

'. ': 13. Safety Class ,, Piping
-

,
-

SITE-Reuler .

KSG-020 D 4/08/82 .

-
. -

.

4: t 'l 5.5 Meters 6 Inch Schedule 80 - ' '

,

*

l', .,:'] cj | l-90! Degree Bend - 50 Radius
-

'

,

t .' ; 5 Inch Schedule 80 ,
' '',

,' I ! f. 1-180 Degree Dend - 50 Radius
, . .

'

. -
.

.- 6 Inch Schedule 80. - , .

.,'
-

.r .| i : .
'

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

c , t- .14. Non-Sa fety Piping SITE-Reuler
'

,- KSG-020 D 4/08/82 , *

i r 54.4 'I'aters 8 Inch Schedule 100L ]i *,;
.

- ,

9 Each 90 D2 gree Bends - 50 ! '- -
,''

Radius 8 Inch Schedule 100. . -
. -

.

i :!: ) .
.

,

, ;. '. *
. - -,

.

: ;0 15. 7300 ! Cards '.NSSS (e , .- SOD-Char:be rs . N/A
' , ,

'

4/30/82**
. , - -

. . , , t. . ..
, .s ., , . < 4 ,

( 16. 7300, Cards -i8 tiew for g
.

I KSG-032 30 Hecks to Replace,
'

: 'WNI-Grogan/Pavick
' '"

d Cards Available.00P Racks -';- '

4[
"y

.

# :
.

.

'

'.. ' ! ' 17. Deleted i : '.
; -

i ' o 6 .

|i ~s ',18i Piping Ins 615 tion i i SITE-Melville.
' ' ' .

Available-

i :- 12 Idters ofL 6 Inch Pipe a r
-

r , .
, -

,

I. S | 60 t' ters of.8 Inch Pipa 'i
, , ,

d '
'

-

Str.111; !
'

,

Snull' Quantity 'of 2 Inch Pipe '

c - - -.
'

, Quantity of Tubing. a : . .

.
.

: *

m - ,
i. t,

.
-

, ,
-. ,

. ,

j';. ,19. Twisted Shielded Pair Cable ' SITE-Janes \ Avallable
'

'

. ,; *
-. . . ,.

; 2 S/G Level to Process Rack ~ /-:4
'

i
* -

.

1 ; 2 Venturi to' Process Rack ',
'

' ' ' '' '
- '

-
-

Hiscellancoul Other Cable. 22-
' ' *

'

-
_| i *

.)
* . ,.

' .: ''

{, e, - *
. . ; ;. .. .

., .

k.:, ; ',
, pi J '.

, . .
i i

'
, . -, *

,
. . ., ,

,, ;- ,3
,

-'
$

,
.

. . i w
,.. -

A, ., i'
, ,

, ,i : ', , . .

-.. .- | |
.

. , , - . -

'

.,......|
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RESI'OrtSIBLE
'

^ ?- I,Alti Y 1 P O ti0 - DELIVlltY,

/ il r -

1TElt DESCtlPTI0ffe , . }- _.-

.] N' i gSG-036 5/01/82'

Will-I'4 FC.

20. 12 W Relays
'}

I -i-i i.

-21.2-6 finch-900LB. i Wtil-1' core /Powell KRA-159 4/30/82*
'

c

SITE-McKeown N/A 6/01/8222,2-lbinchplowControlValves.
t

.

.

,

; ,; - Spain I' - e. -
*

, _..
.

- ( . t

.' i KSG-038 4/21/82
'

'

23. Amp Connectors. ' ' .
W!il-Bohn

'
. . ,

-
. . ,

' 4/30/82
24.I 2 - Cor. trol Boab Manual 50D-Grcisheimer , ,

KSG-039 .

; IAutoStations;. y i
- .-

*

|
-

| p J< . -.. .
, '

125. 0cleted S [ - i
. ,

-26.t3/4" onduit | Connections wtil-Bohn KSG-033 S 4/16/02|

Ufil-SillCf !.. KRA-631 5/15/82'
27.'i4ASCbSolenods,' ;

' ,

.. ,
,.

,

Will-Dohn KSG-041 5/15/82' -

'' -

ff , ! ' ?23. MCB Wire !
' -

.
,

i fi Wit!-Dohn KSG-042 4/23/82'' I I -

. 29. ' Burnd) Lugs si . i ;. g , . , <p i ,

s
. ic .

g e py. i
. i . . , j, . ,.

'

*
!h. --

.

i ., .. , ,. ,

* ' 'j 's .

-'
-

; I- y 1, 4. t 2 .;
.. -

.
. . , ,

?. ji - [ t7 i
'- . .

.~ ; i, )- 8 i *
,

.X 1 ~..
,

.. , , ',( i 'e 1' r
. 1 ' ;

: a ; ..
-

, .
,

-

{5
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I L j If|
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:
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.
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.
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.-

-
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~ ~ f' |h
RE CTOR COOLANT SYSTD'. DESIC-N AND :?ERATING PAR.2?ITERS

'

FOR NORMAL STEADY-STAIE Fi:LL ?O'a'ER !?ERATING C'ON21TIONS-

.

,..

Ncminal Operating Pr' essure, psig 2235

Total Systen Volume (including pressurizet
and surge line), cu. ft. 6423

>
. .

System Liquid Volu=e (including pressurizer
water at maxicum guaranteed power), cu. f:. 6011

Pressurizer Bester Capacity, kk' 1,000

Pressurizer Relief Tank Volume. cu. ft. 1,100
'

.
,.

System TSerral and Hydraulic Data

(Based on Ther:21 Design Flow)
.

Total Primary Heat Output, MW: 1882

Thermal Design Flows, gpm

Loop i 94,500-

Reactor 189,000
6Total Reactor Flow, 10 lb/hr Y1,-1- 7 0. 9

Temperatures, 'F

Reactor Vessel Outlet -6155 9- s 8 7 F.

Reactor Vessel Inlet 649-5 5686
,

- Steam Generator Steam '

535.-15 3 m 6

Feedwater 430.0

Steam Pressure, psia 920
0Total Steam Flow, 10 lb/hr 8.17 .

,

Best Esticate Flows, spm -

Loop 101,400 :o:.700 |-

Reactor - 402,80h153,4c0

Mechanical Design Flows, gpm

Loop 106,500 2 0 4,7M

Reactor 213,000 2 c f,4 c 's ,,.
.. . . . .

,

N

.

.
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5. 6 INSTRW ENTATION APPLICATICN
.

r - . . . ,

.

Process control instrumentation is provided for the purpose of acquiring
~ ~

system (includingdata for the key process parameters of t" e reactor coolant
the reactor coolant pump rotors) as well as for the residual heat recoval-

'

sy s t em. The pick-of f points for the reactor coolant system are shewn in
the three sheets of '.:he flow diagra=s (Figure 5.1-1); and for the residual
heat removal system, in flow diagram Fipre 5.5-4. In addition to providing

i

input' signals for the protection system s=d the plant control systems, the
instrumentation sensors furnish input sipals for ronitoring and/or alarr.ing

purposes for the following parar.eters:
.

* . .1. Te:pera tures i5

2. Flows I
i

3. Pressures s

I'
i4. Water levels -t

I
i-

In. general there input signals are used for the following purposes: |
.

'
,

f
}

l( 1. Provide input to the reactor trip sistem for reactor trips as follows: |
:

i
!

a. Overtemperature aT |
4

b. Overpower AT .t

c. Low pressurizer pressure g

d. High pressurizer pressure j
:

~ High pressurizer. water level .i. .e.
I f. Low prirc.ary coolant ficw |

is
It is noted that the following para eter,s', which are also sensed to

generate an input to che , reactor trip syst em, while not part of the j

reactor coolant system, are included here for purposes of cocpleteness: |'is

-

< -
,

i

I
t

. . . . .'
;;-

!!5.f .
,

_.i .
,

*

.
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-
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-
1

3

- ,

Low- f eedwa t er-flow-4.-
~

'

7 3 h. Low Iov steam generator water level
-

-- ,

2. Provide input to the engineered saf ety features actuation system as
.

.

follows: . F

..

a. Pressurizer low pressure

It is noted th,at 'the following param'eters, which are also sensed to
to the er.gineered saf ety f eatures actuation system,i

generate an input
of th'e reactor coolant system, are included here forwhile not part

.

purposes of completeness: ,,

|.;

f--

i4

,

b. Low steam line pressure .j
'

!

'

Hi-Hi steam flew o'r High stes: flow coincident with low-lov
;

c.

(T,yg)
.

.
.

I

d. Hi-1 containment pressure
;
,

Hi-2 containment pressure
'.,e.

;
I

f. Hi-3 containment pressure
;

e'
,

1-
.

l such as the'
! 3, Furnished input signals to the nc: safety-related system, i|

|
f . . plant control syste=s and surre111ance circuits so that: ;

l .

:

Reactor coolant average tecperature (Tavg) will be maintained ;
a. i-

| within prescribed id2::its. The resistance temperature detector,

'

.3.instrumentation is identified on Figure 5.1-1, Sheet
,

c

! .

| |
t<

|-

~ '

- --
.,

-
.-
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- Thus an analysis ,of smaller pump suctic: breaks is representative of the' spec-

trum of break sizes'.
-. .

,

- ,

The LOCA analysis c'alculational sedel is typically divided into three phases -| ,

' '

which are: 1) blowdown, which includes the period from accident occurrence

(when the reactor is at steady state full power operation) to the time when-
zero break flow is first calculated, 2) refill, which is frei the end of blow- !

,

l >

devn to the time the ECCS fills the vessel lower plenum, and 3) reflood, which i

begins when water starts moving into the core and continues until the end of

the transient. For the pump suction break, censideration is given to a possi-
ble fourth phase; that is, froth boiling in the steas generator tubes af ter i

i

the core has been quenched. For a desj-iption of the calculational model used
'

for the ma:s and ene"rgy release analysis, see Ref erence 20.
,

Basis of the Analysis .
,

l. Assumptions'

.

.

The folldwing items ensure that the core energy release is conservatively

analyzed for maximum containment pressure.

617.T
Maximum expected operating temperature (616r1*F)a.

i

l

b. Allowance in temperature for instrument error and dead band (+4*F)
- i

. .
. .-

c. Margin in volume (1.4%)

d. Allowance in volume for ther:11 expansion (1.6%)

Margin in core power associated witt. use of engineered safeguardse.

design rating (ESDR)
>

f. Allowance for calorimetric error (2% of ESDR)
*

I -
.;

| -

:-
| - .

6.:-3 .
.---
.

.
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prevent spurious trips caused by short tem voltage perturbations.
.

..
1 ~
*

The coincidence logic and interlocks are given in Table 7.2-1.
- r,-

i-

,

d. Reactor coolant pump bcs underfreque:cy trip
l' -
*
,

his tri,p is required to protect against icw flow resulting from
bus underfrequency, for exa=ple a major power grid frequency ,

,

disturbance. The function of this trip is to trip the reactor
for an underfrequency conditica. The setpoint of the under-

frequency . relays is adjustab'e between 44 and 49 Hz.,

There are two underfrequency sensing relays connected to each
^

t

"

reactor coolant pump bus. Signals from relays connected to the

(time delayed up to appr ximately 0.1 seconds to preventbus es

spurious trips caused by shcr: term frequency perturbations)"

.

will, trip the reactor if the power is above P-7.
.

Figure 7.2-1, Sheet 5, shows the logic for the Reactor Coolant .

System low flow trips.
.

.

5 Steam -Ge nera tor-Trips- ,
,

.
'

Thew pe e i fic-tri p -f-un c c i o n c-g e n e r a cad-a re-as-foM asse.- t-
t

. .

Low-feedwa ter-f4ow-t-rit ia.
e

his-t rip-protects -the-reactor f ron-a-sudden-loss-of-the heat ;

>

' -sink. Tne--er-ip-is-actueced 17 : team /feedwerer-flev-eisesteh ..
*

(onG-out-of-two)-in-coincidecce-with *ow uacer Iccol-4cno-cut
;

o
4

r

.

of--two) in-any-stean-generator.
.

e e 4- *

.

!.

,
.

, em a -

* |
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-Figure-.7.2-11-Sheet-7,;.shcur -he -Iogic- for--this-trip function, *

i-..
,

.There-are-no interiocks. asscaiated with this-trip.
'

,
,

* '
. .

5. -h, 1.ow-low steam generator wa:er level trip
i

i

This trip protects the reac::r frea loss of heat sink in the>

event of a sustained steanifeedwater flow mismatch of insuffi-
. cient magnitude to cause a ':w feedwater flow reactor trip.

his tri'p is actuated on tue out of three low-low water level -

. .
.

signals occurring in any st,sas generator.
{
t

ne lotic is shown on Figers 7.2-1, Sheet 7.
1

-

6. Turbine Trip - Reactor Trip (anti:ipato f) '

,

- .

The turbine trip-reactor trip is ze:uated by t o-out-of-three ' logic,

from energency trip fluid syste: signals or by all closed signals
~

\ f rom the turbine steam stop valves. A :urbine trip causes a direct'

4

reactor trip above P-7. D.e rea: :r trip on turbine trip provides
additional protection and conser::: ism beyond that required for the
health and safety of the public. Otis _ : rip is included as part of
good engineering practice and prudent design. No credit is taken in

~

- any of the safety analyses (Chap:er 15) for this trip.
.

The turbine provides anticipatorf : rips :o the reactor protection
| system f rom contacts which change positi:n when the turbine stop

valves close or when the turbine e ergen:y trip fluid system pressure,

goes below its setpoint.
-

I
i

, .

'
.

$8
,

g

_ , e e
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3. Protection System ranges p-

F

Protection system ranges are tabulated in Table 7.2-3. Range selec-
.

tion for the instrumentation covers the expected range of the process
variable being monitored during power Operation. Limiting setpoints

are at leas,t 5 percent f rem the end of :he instrument span.
i

.

7.2.1.3 Final Svstem Drawinrs

-I. ,

Functional block diagrams are furnished in Figure 7.2,(Sheets 1-15) and
additional drawin~gs for the I&C systcms are included at the end of sections

7.2, 7.6, 7.6 and in the referc ced opical reports, see Table 7.3-6 for
-

e

additional references. ,

7.2.2 ANALYSES
.

7.2.2.1 Failure Mode and Effects Analyses
.

( A failure mode and ef fects ana'_ysis :f the ?.eactor Trip System has been

pe rfo rme d. Results of' this study and a f aul: tree analysis are presen:ed {
,

in keference [4].

7.2.2.2 Evaluation of Desic: ' imi t s_

.

While most setpoints used in the Rea::or.Prc:ection System are fixed, there
are variable setpoints, most nc: ably the over:emperature AT and overpower

oT setpoints' All setpoints in the ?.eactor Trip System have been selec:ed
-

on the basis of engineering design and safe:7 studies. The capability of
,

the Reactor Trip System to prevent irss of integrity of the fuel cladding |

and/or Reactor Coolant System pressure boundcry during Condition II and
III transients is demonstrated in the Safety Analysis, Chapter 15. These

safety analyses are carried out using those setpcints deternined f rom .

.

e o e

.

eumww

-

---
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Setpoint limits are presented

results of the engineering design , studies. i-~
..

A discussion on the intent.for each of | b
in the Technical Specificatiens.

analysis (where appropriate)
the various reactor trips and the accide::

,

It should be noted that thewhich utilizes this trip is presen:ed below.
selected trip setpoints all provide for nargin before protective action is

The
actually required to allow for uncertain:ies and instru=ent errors.
design meets the requirements of Criteria 10 and 20 of the 1971 GDC.

I
i

7.2.2.2.1 Trip Setpoint riscussion .

' *

It has been po'inted out previousiy that :elow a DNB ratio of 1.3 there is
~

The DSB ratio exist- ,

likely to be-significant local fuel cladding failure.
in the core for a given core design can be determined as .

ing at any point operating pressure
a function of the core inlet te=peraturc, power output,

Consequently, core saf t':y li=its in terms of a DNBR equal toand flow.
channel can be developed as a function of core AT, T

~

avg
1.30 fer the hot d lines in
and pressure for a specified flew as illustrated by the soli3

Also shown as solid lines in Figure 7.2-la are the loci3-

( - Figure 7. 2-1-a. f AT and
of conditions equivalent to 118 percent :f power as a function o

The dashed
representing the overpever (EW/f t) *.imit en the fuel.

(AT) as a function ofT, g
lines indicate the maximum permissable set point

i

and pressure for the overte=peratu:e and everpower reactor tr p.
,

T, Actual values of setpoint constan:s in the ' equation representing the
dashed lines are as given in the echni:al Specification, Section 16.2.3.

-

i
The design |

These values are conservatite to allow for instrument errors.
!

10, 15, 20 and 29 of the 1971 CDC. |
Imeets the requirements of Criteria

i bles
a directly measurable quanti:y; hcvever, the process var a

Small isolated changes inDNBR is not

t' hat determine DNBR are sensed and evaluated. !in violation of a'

various process variables ay net individually result
whereas :he cr:bined variations, over suf ficient time, {

;core safety limit;
i"

~

.-
~ ~*

e

we
-

,
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pressurizer water level control. A failure in the level control system---

could fill or e=pty the pressurizer at a slow rate (en the order' of half
an hour or more), which allows a=ple time for corrective action by the ,

P
operator.

.

'

The high water level trip setpoint provides sufficient margin such that
~

the undesirabl,e c'ondition of discharging liquid coolant through the safety
'

valves is avoided. Even at full pcwer cc:ditions, which would produce the j

worst thermal expansion rates, a failure of the vatt - level control would '

not lead to any liquid discharge. through the safety valves. This is due !

.
to the autocatic high pressurizer pressure reactor tri; actuating at a :

pressure sufficiently below the safety va_ve setpoint, or to the high pres-
surizer water level reactor trip.

.
.

7.2.2.3.5 Steam Generator Water level and Feedvater Flow

The basic function of the reactor protection circuits associated with lew
steam generator water level-and-Icu-feedvater-flow is to preserve the steam
generator heat sink for removal of long term residual heat. Should a ccm-

plete loss of feedvater occur, the reacter would be tripped en coincidenco
-of-steam /feedvater--flow-misaatch-cad-low-steam-generator-levebor-cn lev-lov
steam generator water level. In addition, redundant auxiliary feedvater

;

_ pumps are provided to supply feed acer in order to remove residual heat-

from the reactor.

.

is 5
These reactor trips. act, before the steam generators are dry to reduce the

,

required capacity and increase the time a.ailable for starting these aux- }
,

iliary feedvater pucps and to minimize the thermal transient en the Reac- '

tor Coolant System and steam generators. Therefore, the folleving reacter
trip circuits aYe. provided for each stea= generator to ensure that sufficient
initial ther=al capacity is available in the steam generator at the start

of the transient:
.

. . .. - .

|
-

, _ . _
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4, -The-low-feedwa te r-f4ow--tri -detect +-a-mismatch-in--s teaa-end-f eeduecer-f jf
,

--f-low-(e ne-ou t-o f-two)-cot r.c ide n t-w i th- low-s te am-ge n e ra tor-wa te r- ;4 ve-1 s- !

-fo r-a-s t e a m-g e n e r a to r-i n-ar,y-l oo p,*

!

.
i

h A low-low steam generator ater le el regardless of steam - feedwater
flow mismatch;

It is desirable to minimize thernal transients on a steam generator fer

credible loss, of feedwater accidents. *dence, it should be noted that con-
,

troller malfunctions caused by a protection system failure effect only
one s team genera tor ; -the-steam-g+nera tor-level-signal-used-in-the-feed -

.

ina tes-separa aly f ro:-tha t-used in-the low-.feodwater.-wate r-con trol-o r d

i

-reactor 4 rip
-

.

A-spurious high-s ignal f rc= .the. feedwatar- flow. channel.being .used- foran=
trol-would cause a reductien in feedwater flow-preventing-that-channe; *

from ultimately tripping .-- However ,-the nismatch- between--steam-demand- ;

!-and f eedwater- flow-produced hy.:'.is- spurious . signal will-actuate-alar:a-
I

|-co--a l e r t the -operator-of-thia-si:uation. in-time-for =anual--correction-or , ,

1 i

4 f-the-condition is allowed--to-continue,--the-reactor-will-eventually--trip. |
|

-on -a low-low water icvel . signal independar.t-o f indicated..fscdwater-ficw.
- .

- - .

A spurious low signal from the f eedwater flow channel being used for cen-

trol would cause an increase in feedwater flow. The mismatch between
steam flow and feedwater flew pr:duced by the spurious signal would ac:: ate
alarms to alert the operator of :he situs: ion in time for canual correc-

tion. If the condition con:inues, a two out of three high-high steam i

generator water level signal in any loop, independent of the indicated
feedeater flow, will cause rain feedwater pur.p : rip and isolation and : rip

the turbine. The turbine trip ud:1 resu : in a subsequent reactor trip.'

The High-High Steam Cencrat:r b*a:er Leve: trip is an equipment protectite
trip preventing excessive ::isture :arry:ver which could datage the tuf:ine ;

~~

blading.
* -
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In addition, the three element feedvater controller incorporates reset {
'

action on the level error signal, such that with expected controller sett-
'

I.

ings a rapid increase or decrease in the flow signal would cause only a
small change in level before the controller would coepensate for the level

error. A slow change in the feedva:er signal vculd have no effect at all. - i

A spurious lo'w or high seca: flow signal vould have the same effect as
high or low f eedwater signal, discussed above.

.

A spurious h'igh steam genera:or wh:er level signal from the protection !_
i,

channel used for control will tend to close the feedwater valve. However,-

before a reactor trip would occur, two out of three channels for a steam
-

.

generator would have to indicate a high water level. A spurious low steac

generar. r water level signal vill :end to open the feedwater valve. Again,'

before . reactor trip would occur, two ou: of three channels in a loop
would hate to indicate a low water level. Any slow drif t in the water

level signal will per it the opera::r to respond to the level alarms and
'

take corrective action. Aute=atic protec:fon is pro'vided in case the

spurious high level reduces feedwa:er flev sufficiently to cause low level ,

in the steam generator. The reac::r will trip either on low.feedwater fica

coincident.with low. water level.cr,..ul;1=2:ely, on low-low steam generator

j water level. Automatic protection is als provided 1.n case the spurious
.

' ~

low level signal increases feedwater flow sufficiently 'to cause high level. .

|

|
in the steam generator. A t :bine trip and feedwater isolation would occur
on two out of three high-high seca: genera:or water level in any loop.

. .

7.2.2.4 Additional Postula:ed A::idents

|

Loss of plant instru=cnt air or less of cc=ponent cooling water is dis-'

cussed in Section 7.3. Load rejec:ics and turbine trip are discussed

in further detail in Section 7.7. .

"
'

_
_ _.

-

.
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TABLE 7.2-1 (CONTINUED) (Sheet 2 of 2)

LI' T OF REACTOR TRIPSS

Coincidence
, Reactor Trip, Logic Interlocks Comments

'
,

11. Low reactor coolant 2/3 per Interlocked with P-7 Blocked below P-7
'

-

flow loop '

12. Reactor coola nt pump ~

1/2 breakers. Interlocked with P-7 Blocked below P-7breakers open 1 breaker per
bus

.

13. Reactor coolant pump 1/2 per bus Interlocked with P-7 Low voltage on all buses
bus undervoltage on both buses permitted below P-7

14. Iteactor coolant pump 1/2 per bus Interlocked with P-7 Under frequency on 2 buses willbua underfrequency on both huses trip all roactor coolant pump .

* Uroakers and causo reactor tript
reactor trip blocked below P-7

'

15. Low-f eedwa te r-f low - -1/ 2-pe r -No-in te rlocks
loop *

.S
* 16 . Low-low steam 2/3 per - No interlocks

generator water level loop
L

17. Safety injection Coincident No interlocks (See Section 7.3 for
eignal with actuation Engineered Safety Features*

of safety actuation conditions)
injection

7
18. Turbine-generator trip Interlocked with P-7 Blocked below P-7

a) Low trip fluid pressure 2/3
b) Turbine stop valve close 2/2

a
19. Manual 1/2 No interlocks

*-1/ 2-e t e am / f e e dwa t e r- f low- m i sma t ch-in-coi ncide n ce- w'i th-1/ 2-l ow-s tean-gene ra tor-wa te r-leve k. *

o

*

.u. -'.. .
-~~ -~ - - - -- _ .- - _ ... _ , . - . .
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TABLE 7.2-3 (Continued) (Sheet 2 of 2)
.

1 ?

REACTOR TRIP SYSTEM INSTRUl!EITTATION
.

Typical Trip Typical Time*

Reactor Trip Signal Typical Range Accuracy Response (sec)

11. Low reactor coolant flow 0 to 120% of, rated flow + 2.75 percent of 1.0

full flow within .

range of 70 percent ,

-

'

to 100 percent..of -

full * flow (1)
.

.

12. Reactor coolant pump bus 0-to 100% rated voltage f;l percent of rated 1.2
voltageundervoltage ,

13. Reactor coolant pump bus 40 to 55 Itz 10.1 llz 0.6-

underfrequency

14. Low t. dwater..tlow. -0-to 120% Hax.- Cales gt6 r52-(2)- 4,4-

feedwater-flow
.

.
.

.

'l r
15. Low-low accam generator 1; * 6 f t . from 1,2.3 percent of.Ap 2.0

water icyc1 nouinal full load signal ov,er pressure
- ,

water icvel range of 700 to
1200 pelg

.

- ,
.

1.0 \/'
I 16',. Turbine Trip

NOTES FOR TABLE 7.2-3

(1) Reproducibility (see definitions in Sec 7.1)

42). 1/2-eteam/f eedwater flow-mismatch -in-coincidence-with.*

-

1/2-low s team generator-water-level,

-Channel. accuracy-of .f eedwater flow-analog signal-1. +2,5.

_

1percen t-of-maximum -calculated-f eedwater-flow. , , ,

Accuracy.of s team flow singal is .1,3. percent-of-maximum
calculated flow over the pressure range-of-7GO-to-12nn-psigi

.

' .

O
g

a
9 ,, ,e-. w .e-em om =. * - * - *
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.e, TABLE 7.2-4 (Continued) (Sheet 4 of 5)*
-

.
,

REACTOR TRIP CORRELATION -

a]TRIP ACCIDEh TECH. SPEC. !
* '

10) Pressurizer 1). Uncontrolled Red Clus:er 16.2.3.3.2 '

High Pressure Control Assechly Bank *'ith-
Trip drawal At1 Power (15.2.2)

2) Loss of Ixternal Elec:rical I

Load and/or Turbine Trip j

(15.2.7) |,

11) Pressurizer 1) UncontrolledR[edClus:er '16.2.3.3.3 '

High Water Control Assembly Bank at*

Level Trip Power (15.2.2) ;

|
'

2) Loss of External Elec:rical ~i
Load and/or Turbine Trip
(15.2.7) ~

.

12) Low Reactor 1) Partial loss cf Forced Reactor 16.2.3.3.2 -

Coolant Flow coolant Flow (15.2.5)
.

2) Loss of Of f-Site Power to the
Station Auxiliaries (5:ation*

'

Blackout) (15.2.9),

,

3) Ceeplete *_ess cf Forced Reactor -

5

Coolant Flow (15.-3.4) !

13) Reactor Not used nor credit taken for
- Coolant Pump in any Accident Analysis; (-

Hreaker Trip provided as addi:ional feature i
?to enhance safe:y

14) Reactor Coolant 1) Ceeplete loss of Forced 16.2.3.3.2
Pump Bus Under- Reactor C:olan: Flow (15.3.4) .

voltage Trip
,

15) Reactor Coolant 1) Cocplete 1:ss of Forced 16.2.3.3.2 [
Pump Bus Under- Reactor C clant Flcw (15.3.4) :,

frequency Trip |

-16)- 4.ow-Fe e dwa t e r- -14 -Loss-of-sonnal-Feedwat+s- See-note *

'Slow-Trip- -(45 r2re)- .-
,

|,..
- --

~

:;
-

i.
---

. . .

i.

---
1
i

* **
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TA3LE 7.2-4 (Centinued) (Sheet 5 of 5)_ ..

_REACIOR ~2IP COERELATION...

TRIP ACCIDENT "l TECH. SPEC. !g . '
17) Low-low Stearn 1) Loss of Normal Teedvater 16.2.3.3.3

Generator Water (15.2. 8)
Level Trip ~

.

-

7 l~
18) Turbine Trip- 1) Loss of External Electrical See note c.

- Reactor Trip - Load and/or' Turbine Trip (15.2.7)
.

i r.2) Loss of Off-Site Power to the 16.2.3.3.2 j
Station Auxiliarias (Station
Blackout) (15. 2..:)

9
.

1R) Safety Inje,ction 1) Accidental Depressurizatiorr of See note d.
Signal Actuation the .W.ain Steam System (15.2.13)
Trip

19

20) Manual Trip Available for all Accidents See note c. '
~

" (Chapter 15)

. .

t *
\

'

NOTES:
.

References refer to accident analyses presented in Chapter 15.a.

b. References refer to technical specificnions presented in Chapter 16. j

-

A technical specificatien is net required because this trip is not "

c.

assumed to function irt the accident analyses.,

d.- Accident assumes that the reactor is tripped at end of life (EOL)
which is the worst initial condition fer this case. Pressurizer
low press' ire-low level is the first out trip of Safety Injection.
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The feedw'ater pumps are designed in accordance with the requirements of the.

,

liydraulic Insti.tute Standards. Design pSints for these pumps are selected to_

satisfy the requirements of the turbine thermal cycle at the maximum guaran- - *

t'~eed condition'plus margins for wear and surges. The feedwater pumps are also
~~

.

capable of maintaining steam generator water -level during a load rejection add
~

steam dump at 96 percent flow at a. steam generator pressure of 972_ psia. "

'

.

High pressure feedwater heaters are designed, fabricated," inspected, tested
-

:

and stamped in accordance with the SSME Code, Section VIII,-Division 1. Ther-
mal performance of these feedwater heaters is governed by Heat Exchange Insti-
tute Standards.

The feedwater system eqt ipment parameters are listed in Table 10.4-2.
i

10.4.7.2.2 , System Description

- .

.The feedwater system includes three 50 percent capacity motor driven main feed

pumps, two parallel high pressure feedwater heaters and associated piping,
*

' valves and controls.-

..

At loads above 15 percent, normal operating control is achieved by using a
*

three element system consisting of inputs proportional to steam flow, feed-
water flow and steam generator water level to control the position.of the feed--

water regulating valves. At loads of 15 percent and below, the steam generator
level is maintained with the feedwater bypass control valve. The bypass con-

_ ' trol valve is automatically positioned with inputs proportional to the steam

generator water level or the bypass control valve is manually positioned from,
the control room. These controls are always in operation except during a
safety injection signal or a reactor t' rip coincident with low T,y The modu- -.

lating signal is blocked in'these cases.

Eo e r ee 7% * '*L S )L* r ~ 'Ly add A : s e s. s s ;*.* * .s tc

The mai'n feed pumps are driven by a constant speed motor through speed in-
creasing gearing. A low flow bypass to the main condenser is provided'for use *

during startup. '

'

..

-

I---

10.4-15 :
.

'
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plant and of the Reactor Coolant System. The overpower - overte=perature~

protection (neutron overpower, overte=perature and overpower AT trips)--

prevents any power increase which could lead to a DNBR less than 1.30.
F

One example cf eicess heat renoval from the pri=ary system is the transient-

associated with the accidental opening of the feedwater bypass valve which
diverts flow around the low pressure feedvater heaters. In the event of

>

an accidental, opening of the bypass valve, there is .a sudden reduction in [
feedwater inidt te=perature to the steam generators. This increased sub- !

;

cooling will create a greater load demand on the Reactor Coolant System.

Another exa=ple of excessive feedwater flew would be a full opening of'a
.

'feedwater control valve due to a feedwater control systea malfunction or

an operator error. At power this excess flow causes a greater load demand
"

on the Reactor Coolant Syste due to increased subcooling in the steam
-

generator. With the plant at no-load. conditions the addition of cold feed-
,

water may cause a decrease in Reactor Coclant System temperature and thus

a reactivity insertion due to the effects of the negative moderator coef-
ficient of reactivity. Continuous addition of excessive feeddater is pre-

( vented by the steam generator hig'n-high level trip, which' closes the feed-

water valves.

15.2.10.2 Analysis of Effects and Conscouences

.

~ *

15.2.10.2.1 Method of Analysis .

.

The excessive heat removal due te a feedvater control valve calfunction {;),L: era 1:

transient is analyzed by using the detailed digital cc=puter code MARVEL .

This code simulates a multi-loop system, neutron kinetics, the pressurizer, . ,

pressurizer relief and safety valves, pressuri:cr spray, steam generator, i

,

and steam generator safety valves. The code co:putes pertinent plant
variables including temperatures, pressures, and power level.

'

.

.. . .. .
,

*

. . -

.
.

'

13.2-50- - ,
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The system is analyzed to democstrate plant behavior in the . event of a
Feedwaterte=peraturereductioidue '

feedwater bypass valve malfunction.
to low pressure heaEer bypass valve actuatica 1'n conjunction with an in-
advertent trip of the heater drain pu=p is considered.

.

Excessive feedwater ' addition due to a c'ontrol system malfunction or opera-
tor error which allows a feedwater centrol valve to open fully is considered.

.

Two cases are analyzed as follews:

..

Accidental opening of one feedwater control valve with the reactor1.
5

just critical at zero load conditions assuming a conservatively large
negative moderator temperature coefficient characteristic of end of

.

,

core life conditions.'

.

.

Accidental opening of one feedeater control valve with the reactor in2.
automatic control at full power.

The reactivity insertion rate following a feedwater system calfunction is

-
calculated with the following assumptions:

For the fecdwater control valve incident at full power, one feed-a.

-
water control valve is asse=ed to malfunction resulting in a

.1 S5
step increase to 1-20: of ncminal feedwater flow to one steam

- .

generator,

For the feedwater ccetrol valve accident at zero load condition,b.

a feedwater control valve alfunction occurs which results in a
step increase in flow to one steca generator from zero to 100% }
of the nominal full load value for one steam generator.

*

For the zero load conditice, feedvater temperature is at a con- .c. :-

servatively leu value of 70*F. . , ,
..

,

e-=

mme
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.: - '

I,
.
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'

In the case of an accidental full opening of one feedwater control valve
_

with the reactor at zero power and the above mentioned assucpticos,' the

maximum reactivity insertion rate is less than the maximum reactivity in---

sertion rate analyzed in Sectica 15.2.1, Uncentrolled Control Red Asse=bly
'

Withdrawal from a Suberitical Condition, and therefore, the results of the

analyscs are not presented. It should be noted that if the incident occurs
with the unit just critical at no load, the reactor may be tripped by the ;

'

power range high neutron flux trip (lev setting) set at approxicately 25

percent. .

:'
i

The full power case (EOL, with control) gives the largest reactivity feed-
back and results in the greatest power increase. A turbine trip and reac-
tor trip is actuat'ed when the nuclead flux level exceeds the power range

j
i

high nuclear flux trip setpoint of 115% of ocainal.
-

.

For all excessive feedwater cases continuous addition of cold feedwater is
prevented by closure of all feedwater control valves, a trip of the feed-.

water pu=ps, and closure of the feedvater pu o discharge valves on steam

generator hip,h-his.. level signal.
..

k t
'

Transient results, see Figures 15.2-24 and 13.2-25, show the increase in
associated with the increased,thercal load on the. nuclear power and T,y.

Steam generator level rises until the feedwater flow is terni-reactor. '

nated as a result of the high-high steam g'entrator level turbine trip.
i

-The DNB ratio does not drop belcw 1.3 as shown in Figure 15.2-26.
. .

15.2.10.3 Conclusions

Results show that the consequences of excess icad increases due to opening

the low pressure heater bypass ralve are more coderate than those considered
~

for the Excessive Load Increase Accident.
Additionally, it has been shown

that the reactivity insertion ra:e which occurs at no load following exces-

sive feedwater addition is lecs :han :he caximum value considered in the
Also, the -

analysis of the rod withdrawal frco a subcritical condition. -
.

,

- --
<

DNB ratios encountered fer excessive feedwater addition at power are well.
..

above the limiting value of 1.30.
'

:__
i -

-
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TABLE 15.h-2(Continued) (Sheet 8 of 10) |,;, ,,

;.-
.

* ~~ '
~~

TD4E SEQUENCE OF EVENTS FOR-

CONDITION II EVENTS t

*
. ,

Accident Event Time (sec.)

Loss of Nornal Feedwater -
. .

(Continued) Peak water level in ,

pressurizer occurs 280

' Excessive feeduater .

-

Onemaidfeedwatercontrolat full load *

.

valve f ails fully open 0,
1
.

f f.i '|
lMinicus DN3R occurs 40.

.

.

*Feedvater flow isolated due
! *to high-high steam generator g

(
'

level 192-0 - !

Excessive Load Increase

1. Manual Reactor ,

10" step 'oad increase 0Control (BOL) l

. . .

. . -.

Equilibrius conditions reached
,

(approxi= ate tines only) 150

2. Manual Reactor

Control (EOL) 10I step load increase 0

< - Overtenperature ST reactor *

trip point reached 24.1
.

.

.-

, , . .. .
*

.
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T/.BLE 16.3-3 (Continued) (Sheet 3 of 3)'

REACTOR TRIP INSTR?nfENTATION LIMITING OPERATING CONDITIONS

Operator Action

No. of liin. liin . If Conditions of,

No. of Channels Operable Degree of Column 3 or 4
,

No. Functional Unit Channels To Trip Chann elo_ Redundancy _ Cannot be tiet.

.

18. 111-111 Steam Generator. Level or S.I. 3/ loop 2/ loop 2+/ loop 1/ loop Maintain hot ''

(Turbine trip and feedwater isolation) (any loop) shutdown

19. Steam Flow /Fuadwntur Flow M1mmatch- -2 / l oo p -- 1/ loop - 1/ loop-- 1/ loop - Maintain hot

and Low Steam-Cenerator Water . level- -le ve l- -leve l- level- shutdown-
*

-co i n ciden t. . . ,

with.
.

-2 / loop- -1/ loop - -1/lcop - 1/ loop - -Maintain-hot.- ,
-

flow flow . flow. Ilow. uhutdown.

. mismatch . mismatch. . mismatch. raisma tch. .

,
,

-in eame-'

-loo p- .

> ,

then
is operating above 75 ~ percent of rated power with one excore nucicar channel out of service,A- If the plant

the core giud runt. gewer tf1t shall be de' ermined once a day by the movable incore detectors (at least 2 thimbles
'

per'quandrant). shutdown is not required.When2outof4powerchannelsaregreaterthan10percentfullpower, hot** amps., hot shutdown is not required.I f one of two intt rmediate range channels greater than 10
Inoperable channels are placed in the trip mode. Once placed in the trip mode, the channels can be considered^^*

+
operabic for purposes of meeting this specification. ,

.
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TABLE 16.4-1 (Sheet 2 of 4)
T

MINIMUR FREQUENCIES FOR CllECKS, CALIBRATIONS AND
TEST OF INSTRIRIENT CIIANNELS

Channel Description Check Calib ra te Test Remarks

10. Rod Position Bank Counters S (1,2) N.A. R 1) With analog rod position -

2) Following rod motion in excess' of
six in, when computer is out of
service,

*

11. Steam Generator Level S R** H .

12.- | S team Gene rator-. Flow -5- -R**- M-
H i pinn t ch

,13 . Charging Flow S A** N.A. ,

.
-

14. Heulduni llent Removal S (when A** N.A.
,

Pump Flow in oper- -

ation). .

15A. Boric Acid Tank Level W A** N. A.1 *

V '''

ISB. Boric Acid Tank Temperature W R R

16. Refueling Water Storage W A N.A.
Tank Level

.

17. Volume Control Tank Level S A** N.A.
.

.

18A. Containment Pressure S R** M( 1) Isolation valve signal
(SIS signal)

. .

,

18B. Containment Pressure S R** M Narrow range containment pressure

(Streamline Isol) (-3.0, +3.0 psig excluded)

.
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