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MEMORANDUM FOR: W. Houston, Assistant Director for Radiation Protection, DSI
W. Johnston, Assistant Director for Materials & fualifications .
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

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

SUBJECT: IP REQUEST FOR EXPERT REVIEW OF KRSKO PLANT CHANGES

In our memorandum of May 28, 1382 we provided'éagh of you with the inital
information received from IP related to the Krsko plant changes necessitated

by the recent steam generator problems. We have recently received the enclosed
additional information from IP:

(1) Memorandum, 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.

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

Please use the enclosed information in completing the June 25, 1982 milestone

discussed in our May 28, 1982 memorandim. W. Kane at x27050 is the project
manager for this activity.

4>ﬂﬁmé | %ﬂa’ - = Jﬁbﬁ,
y/Robert L. Tg§Zs o,' sistant Director Gus éﬁﬂfaqazgtlissiyfg:i‘Director

for Licensing for Safety Assessment

Division of Licensing Division of Licensing
Enclosures:
As stated
cc w/o enclosures: H. Denton

Y. lafleur

D. Fisenhut

R. Volimer

R. Mattson

T. Ippolito

J. Youngblood

cc w/enclosures: W. Kane

8209220439 820819
PDR FOIA
BUNCHB2-295 PDR






. TABLE S5.1-%

REACTOK. COOLART SYSTEM DESTCNAAND OPERATING PARAMITERS
FOR NORMAL STEADY-STATE FULL POWER OPERATING CONDITIONS

-
Nominal Operating Pressure, psig 2235
Total System Volume (including pressurize:
and surge line), cu. ft. : 6423
Systen Liquid Volume (including pressurizer
water at zaximum guaranteed poweti. cu. ft. 6011
Pressurizer Heater Capacity, kW 1,000
Pressurizer Relief Tank Volume, cu. fg. | 1,100
(e ) ' Sys.em Thermal and Hydraulic Data
(Based nn Thermal Design Flow)
Total! Pripary Heat Output, MW< 1882
Thermal Design Flows, gpm
Loop 94,500
Reactor 189,000
Totzl Reactor Flow, 106 1b/hr -+ 70.9
Tezperatures, °'F .
Reactor Vessel Outlet : 158 617.5
Reactor Vessel Inlet ; . 555 551.5
: “Steam Generator Steam $35c% 5346
C Fredvater fo 430.0
Stean Pressure, psia 920
Total Steam Flow, 106 1b/hr 8.17

gdest Estirate Flows, gp2 ,
101485 100,700
* 201,600

Loop

¢ Reactor ’ -
Mechanical Design Flows, gpm

Loop . 1664500 104,700

Reactor 213634 209,400 .
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5.6 INSTRUMENTATION APPLICATION

Process control instrumentation is provided for the purpcse of acquiring
dltl for the key process paramefers of the reactor ccolant sjoteu (including
the reactor coolant pump motors) as well as for the residual heat removal
system, The pick-off points for the reactor coolant system are shown in

the three sheets of the flow diagrams (Figure S.1-1); and for the residual
heat removal system, in flow diagram Pigute 5.5-4. Io addition to providing
input signals for the protection system and the plant control systems, the
{nstrumentation sensors furnish input signals for monitoring and/or alarming

purposes for the following parameters:

1. Temperatures
- Flows
3 A Pressures

4, Water levels
In general the;; input signals are used for the following purposes:

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

a. Overtemperature AT
b. Overpower AT
C. Low pressurizer pressure
- d, High pressurizer pressure
e. High pressurizer water level

€. Llow primary coolant flow
s
It is noted that the following parametery, vhich ere also sensed to

generate an input to the reactor trip system, while not part of the

reactor coolant systel, .~9 {ncluded here for purposes of COﬂPletenCoS'

5.6-1




foe  Iofeeduater{lou-

g &  Low low steam generator water level

.2, - Provide input to the engineered safety features actuation system as

follows:
a. Pressurizer lov'pressute

It is noted that the following parameters, which are also scnsed to
generate an input to the engineered safety features actuation system,
while not part of the reactor coolant system, are included here for

purposes of completcness:
9. Low stesm line pressure

c. Hi-H{ steam flow or High steam flow coincident with low-low
,..)

avg
d. Hi-1l contaimnment pressure
e. Hi-2 containment pressure

f. Hi-3 containcent pressure

b R Furnished input signals to the nonsafety-~relatc: system, such as the

plant control systems and surveillance circuits so that:

a. Reactor ccclant average temperature (Tavg) will be maintained
within prescribed limits. The resistance temperature detector

instrumentation is i{dentified on Figure 5,1-1, Sﬁee: 3.

5.6-2

. ’




>

Thus an analysis of smaller pump suction breaks is representative of the spec-

trum of break sizes.

The LOCA analysis calculational model is typically divided into three bhas;s
which are: 1) blowdown, which includes the period‘fronjaccident occurregpce
(vhen the reactor is at steady state full power operation) to the tire when
zero hreak flow is first calculated, 2) refill, which is from the end of blow-
deum to the time the ECCS fills the vessel lower plemw=a, and 3) reflood, which
begins when water starts moving into the core and continues unti) the end of
the transient. For the pump suction break, consideration is given to a possi-
ble fourth phase; that is, froth boiling in the steam generator tubes after
the core has been quenched. For a description of the calculational model used

for the wmass and energy release }nalysigg see Reference 20.

Basis of the Analysis

1. Assumptions

The following items ensure that the core energy rclease is conservatively
analyzed for maximum containment pressure. '
617.5

a. Maximum expected operating temperature (6x6+1°F)

b. Allowance in temperature for instrument error and dead band (+4°F)
¢. 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)

£, Allowance for calorimetric error (22 of ESDR)

6.2-3



prevent spurious trips caused by short term voltage perturbations.
The coincidence logic and interlocks are given in Table 1.2=1. .

d. Reactor coolant pump bus underfrequency trip

This trip 1is required to protect against low flow resulting from
bus underfreguency. for example a major power grid frequency
disturbance. The function of this trip is to trip the reactor
for an underfrequency condition. The setpoint of the under-

frequency relays is adjustazble between 44 a=d 49 Hz.

There are two underfrequency sensing relays connected tc each
‘reactor coolant pump bus. Sig;als from relzys connected to the
buses (time de;ayed up to approximately 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 Coclant

System low flow trips.

e i enLenoTase T sdpe-

Fbe-Gfecéééo—o#i;—éuncééane—goxca&uau&-azo—an—io:?«mu;a
- a3 Lou—ferdnator—low—ttdp
Th 364 T4 p—PUrOaoEE—ERO—T41 & it s—ab—hohest
-9én%e——4he-efé?—+o—aeeuﬂted-bf-eeeca%feedw:~f5-44ew-e&smaeeh
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: Protection System ranges

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 pow2r operation. Limiting setpoints

are at least 5 percent from the end of the instrument span.

7.2.1.3 Final System Drawings

-l :
Functional block diagrams are furnished in Figure 7.2, (Sheets 1-15) and

additional drawings for the I&C syatemé are included at the end of sections
7.2, 7.6, 7.6 and in the referenced topical reports. See Table 7.3-6 for

o~

additicnal references.
o ANALYSES

7:2,2.13 Failure Mode and Effects Analyses

A failure mode and effects analysis of the Reactor Irip System has been

performed. Results of this study and a fault tree znalysis 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 overtemperzture AT and overpower
AT setpoints. All setpoints in the Reactor Trip System have been selected
on the basis of engineering design and safety studies. Tﬁe capability of
the Reactor Trip System to prevent loss of integrity of the fuel cladding
and/or Reactor Coolant System pressure boundary during Cendition IT and

III transients is demonstrated in the Safety Analysfs, Chapter 15. These

safety analyses are carried out using those setpoinis determined from
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results of the engineering design studies. S;tpoint limits are presented
{n the Technical Specifications. A discussion on the intent for each of
the various reactor trips and the accider* analysis (where appfoptiatc)
wvhich utilizes this trip is presented be s. It should be nofcd that the
selected trip setpoints all provide for margin before protec;ive action is
actually required to allow for uncertainties aad instrument errors. The

design meets the fequirements of Criteria 10 and 20 of the 1971 GDC.

§:2:.3:843 Trip Setpoint Discussion

It has been pointed out previously thit below = DNB ratio of 1.3 there is
. likely to be significant local fuel cladding failure. The DNB ratio exdst-

ing at any point in the core for a given tore design can be determined as
a function of the core inlet temperature, power output, operating pressure
and flow. Consequently, core safety limits in terws of a DNBR equal to
1.30 for the hot channel can be developed as ¢ function of core AT, Tavg
and prcscute for a specificd flow as illustrated by the solid lines in
Figure 7. Z-lo Also shown 2s solid lines in Figure 7. 2-&0 are the loci
of conditions equivalent to 118 percent of power as a function of AT and
Tavg represencing the overpover (KW/ft) limit on the fuel. The dashed
lines indicate the maximun permissable set point (AT) as a function of
Tuvg and pressure for the overteoperature and overpower reactor trip.
Actual values of setpoint constants in the ‘equiation representing the

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

These values are conservative to allow for inctrument errors. The design

meets the requirements of Criteria 10, 15, 20 znd 29 of the 1971 GDC.
DNBR is not a directly measurable quantity; houever, the process variables
that determine DNBR are sensed and evaluated. Small isolated changes In
various process variables may not {ndividually result in violatioenm of a

core safety limit; whereas the cozbined variztions, over sufficient tize,

. 1.2=25



pressurizer water level control. A failure in the level control systea
‘could £111 or empty the pressurizer at a slow rate (on the order of half
an hour or more), which allows azple time for corrective action by the v

operator.

The high water level trip setpoint provides sufficient margin such that

the undesirable condition of discharging liquid colant ‘through the safety
valves {s avoided. Even at full pover conditicng, which would produce the
worat thermal expansion rates, a failure of the witer level control would
not lead to any liquid discharge through the eafety valves. This is due

to the automatic high prenaurizer.piéssute rezctoyr trip actuating at a
pressure sufficiently belov_thc safety valve setpoint, or to the high pres-
surizer water level reactor trip,

o

7.2.2.3.5 Steam Generator Water Level and Feelvater Flow

The basic function of the reactor protection circuits associated with low
stecam generator water level and-lou-feeduaser—£la - 19 to preserve the steam
generator heat sink for removal of long term resicual heat. Should a com~
plete loss of feedwater occur, the reactor would'be tripped on aoiaaidoac;. ;
W:Mmummm.emWﬂmewm lew-low
steam generater water level. In addition, redundzut auxiliary feedwater

pumps are provided to supply feedwater in order te remove residual heat

from the reactor.

These reactor trip{ acgibefore the steam generatcis are dry to reduce the
required capacity and increase the time available for starting these aux-
{liary feedwater pumps and to minimize the ther=al transient on the Reac-
tor Coolent System and stesm generators. Thercfore, the following reacter
trip circuitf <J:;,provided for each steam generatcr to ensure that sufficient
initial thermal capacity is avsilable in the stesc generator at the start

.

of the transient:

702-4‘
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2+ A low-low steam generator water level regardless of steam -~ feedwater

flow mismatch;

It 1is desirable to minimize thermal transients on a steam generator for
credible loss of feedwater accidents. Hence, it should be noted that con-

troller malfunctions caused by a protection system failure effect only

one steam genetator;-%he—c&oaahgadoea4o$_Losaé—s:gnal—used—tn—:ho—saad-
~ wd - g [ » ned ‘a :ho loﬂx fﬁeﬁiiﬁﬂﬁ
FeeateTLTip - A~

‘ CPHF‘OII" hlsh “E— a: £rr.a :he “pd'.—ona ‘IG! Cb-aaol h‘jaﬁ Ilﬁﬂd fo: Lon=
trol would cause-a-caductionin £ ooduster—flou-sreventiag—that—charnod

A spurious low signal from the feecdwater flow channel being used for con-
trol would cause an increase in feedwater flow. The mismatch between
steam flow and feedwater flow produced by the spurious signal would actuat
alarms to alert the operator of the situaticn in time for manual correc-
tion. If the condition continues, a two out of three high-high steam
generator water level signal in any loop, indepcndent of the indicated
feedvater flow, will cause main feedvater pump trip and isolation and trip
the turbine. The turbine trip will result in a subsequent reactor trip.
The High-High Steam Generator Water Level trip is an equipment protective

trip preventing excessive moisture carryover vhich could damage the turbin

'
'

blading.
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ll.

12,

3.

14.

Reactor Trip

Low reactor coolant
flow

Reactor coolsant pump
breakers open
Reactor coolant pump

bua undervoltage

Reactor coolant punmp
bus underfrequency

Lovr—focdwator—£low

Low=low ateam
gennrator water level

Sofety injection
osignal

Turbine-generator trip

a) Low trip fluid pressure
b) Turbine stop valve close

Manual

- —

TABLE 7.2-1 (CONTINUED)

LIST OF REACTOR TRIPS

Coincidence
Logic

2/3 per
loop

1/2 breekers,
1 breaker per
bus

1/2 per bus
on both buses

1/2 per bus
on both buges

e
1copt

2/3 per -
leop

Coincident
with actuation
of safety
injection

2/3
2/2

Interlocks

Interlocked with P-7

Interlocked with P-7

Interlocked with P-7

Interlocked with P-7

+o—trtericens

v

No interlocks

No interlocks

Interlocked with P-7

No interlocks

(Sheet i of 2)

Comments

Blocked below P-7

Dlocked below P-7

Low voltage on all buses
permitted below P-7

Under frequency on 2 buses will
trip all recactor coolant pump
breakers and cause reactor trip;
reactor trip blocked below P-7

(See Section 7.3 for
Engineered Safety Features
actuation conditicns)

Blocked below P-7



11.

12.

13.

RN

15.

Reactor Trip Signal

Low reactor coolant flow

Reactor coolant pump bus
undervolteage

Reactor coolant pump bus
under frequency

Low—facduator—£lou-

Low-low steam generator
water level

Turbine Trip

TABLE 7.2-3 (Continued)

REACTOR TRIP SYSTEM INSTRIDENTATION

Typical Ranpe

0 to 1202 of rated flow

0 to 1001 rated voltage
40 to 55 Hz

LS a—i20I-Monr—Galten
Seonduoteor—tow

4+~ 6 fr. from
noninal full load
water level

MOTES FOR TABLZ 7.2-3

Typical Trip
Accuracy

(Sheet 2 of 2)

Typical Time

Response (sec)

+ 2.75 percent of
full fiow within
range of 70 percent
to 100 percent of
full flow (1)

+1 percent of rated
voltage 8

40.1 Ke

A S

+2.3 percent of 4p
signal over pressure
ronge of 700 to

1200 psig

1.0

1.2

0.6

2.0

1.0

(1) Reproducibility (see definitions in Sec 7.1)




TABLE 7.2-4 (Coo:inued)

REACTOR TR1P CORRELATION

Accmsmm

led Rod
Assembly
At Power

chontrol
Control
draval

2) Loss of External Ele
: Load and/oT Turbine Trip
(15.2.7) .
izer ) Unconttoll 4 Rod Cluster 16.2.3.3.3
ateT Control Assezbly pank at .
Trip Pover (15. .2) ‘
2) Loss of Ex rnal Electrical
Load and/oT Turbine Trip
(15.2.7)
eactor 1) partial Loss of Torced ReactoT 16.2.3.3.2
rnt Flow coolant Tlow (15.2.5) _
) Loss of -Site Po¥ to the

gration {1iaries (station

plackou (15.2-

Complete Los of forced ReactoT

Coolant Flow (15.3.6) \
actoT Not gysed noT credit raken for
olznt PumP {n any cident Analysiss
jeaker Trip provided s additional featur® \

to enhance safety : \
eactoT Coolant ) Complete oss of Fotqed _____ 16 2.3.3.2 \
ump Bus Undert- Reactot Cool Flow (15 3.4)
joltage Trip
Reacto¥ Coolant complete 1O of Fgrced F 3 16.2.3.3.2
punp Bus der~- Reactor Coolant flow 15.3.6)
frequency Trip
<&4¢—£&aduaso;- RS &nae—o&—So&aa;—soedua&o4- Soa—ﬁe&e—ev \
flow—TEH (5 PR ; \
i



TRIP
.
1%) Low-low Steanm 1)
‘Cene;ator Vater
Level Trip

5
18) Turbine Trip- 1)
‘Reactor Trip

2)
8
-y 1) Safety Injection 1)
(,) Signal Actuation
. Trip
19

25) Manual Trip

-

NOTES:

TABLE 7.2-4 (Continued)

FEACTOR TRIP CORRELATION

accipenr(d)

Loss of Normal Feedwarer

(15.2.8)

Loss of External Elect:ﬁc;i
Load 2nd/or Turbine Trip (13.2.7)

Loss of Off-Site Power to the
Station Auxiliaries (Station
Blackout) (15.2.9)

Accidental Depressurization of

the Main Steam System (15.2.13)

Available for all Accidents
(Chapter 15)

(Sheet 5 of 5)

TECH. spec. (b)

16.2.3.3.3

See note c.

16.2.3.3.%

See note d.

See note ¢c.

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

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

} €. A technical specification is not required because this trip s not
{ T assuned to function in the accident analyses.

d. Accident assumes that the reactor is tripped 2t end of life (EOL)

which 1is the worst initial condition for this cage.

Pressurizer

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

}
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The feedwater pumps are designed in accordance with the requirements of the
Hydraulic Institute Standards. Design points for these pumps are selected to
satisfy the requirements of the turbine thermal cycle at the maximum guaran=

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

capable of maintaining steam generator vater level during a load rejection and
v

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

High pressure fcedwater heaters are designed, fabricated, 1nspected,'tested
and stamped in accordance with the ASME Code, Section VIII, Diﬁisiog 1. Ther-

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

tute Standards.

The fecdwater system equipment parameters are listed in Table 10.4-2.
N

10.4.7.2.2 System Description

The feedwater system includes three 50 percent capacity motor driven main feed

pumps, two parallel high precssure feedwater heaters and associated piping,

valves and controls.

At loads above 15 percent, normal operating contre) is achieved by using a
three element system co~sisting of inputs proportirnal to steam flow, feed-
vater flow and steam generator water level to contzol the position of the feed-
vater regulating valves. At lcads of 15 percent arnd below, the steam generator
level {s maintained with the feedwater bypass contTol valve. The bypass con-
trol valve is automatically positioned with inputs proportional to the steam
generator water level or the bypass control valve %¢ manually positioned from
the control room. These controls are always in operation except during a :
safety injection signal or a reactor trip coincident with low Tavg' The modu-
lating signal is blocked in these cases.

add Alicwsiias od %o parecest aved L\IQL“—"

The main feed pumps are driven by a constant speed moter through speed in-

creasing gearing. A low flow bypass to the main ccndenser is provided for use .

during startup. '

10.4-15
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plant and of the Reactor Coolant System. The cverpower = overtezperature

protection (neutron overpower, overtemperature and overpower AT trips)

prevents any power increase which could lead tc a DNER less than 1.30.

One'example of excess heat removal from the prizary system {s the transient
associated with the accidental opening of the fecdwater bypass valve which
diverts flow around the low pressure feedwater Lcaters., In the event of
an accidental opening of the byéass valve, there is a sudden reduction in
feedwatet'inlet terperature to the steam generaturs. This increased sub-
cooling wiil create a greater load demand on tic Reactor Coolant Systeu.

Another example of excessive feedwater flow would be a full opening of a
feedﬁater control valve due to a féedwatet control system malfunction or
an operator error., At power this excess 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 conditfouns the addition of cold‘feed-
water may czuse a decrease in Reactor Coolant System temperature and thus
a reactivity insertion due to the effects of the negative moderator coef=-
ficient of rcactivity. Continuous addition of cxcessive feedwater is pre-
vented by the steam generator high-high level trip, which closes the feed-

water valves,

15.2.10.2 Analvsis of Effccts and Conscauernces

15.2,10.2.1 Method of Analysis

The excessive heat removal due to a feedwater ccatrol valve nalfunftion

OFTRAN
transient is analyzed by using the detailed digital computer code~¥ﬁﬁ¥§£1%4:
This code simulates a multi-loop system, neutron kinetics, the pressurize:,f

pressurizer relicf and safety valves, pressuriisr spray, steam generator,

and steam generator safety valves. The code cciputes pertinent plant

variables including tecperatures, pressures, and power level,

v
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The system is analyzed to demonstrate plant behavier in the event of a

feedvater bypass valve malfunction, Feedwater terperature reduction due

to low pressure heater bypass valve actuation in ccajunction with an in-

advertent trip of the heater drain pump is concidered.

Excessive feedwater additicn due to a control systcm malfunctien or opefa-

tor error which 2llows 2 feedwater control valve tc open fully is ccnsidered.

Two cases are analyzed as follows:

1. kiccidental opening of cne feedwater control vzlve with the reactor

just critical at zero load conditions assuming a conservatively large

negative moderator tezperature coef{ficient chzracteristic of end of

core life conditions.

2. Accidental opening of one feedwater control valvé with the reactor ia

automatic control at full power.

The reactivity insertion rate following a feedwater system malfunction is

calculated with the following assuzpticns:

b.

Ce

For the feedwater control valve incident at full power, one feed-
water control valve is assumed to malfunzticn resulting im 2

15
step increase to 76% of nominal feedwatcr flow tu one steanm

generater,

For the feedwater control'vklve accident at zero load condition,
a feedwater control valve malfunction occurs which results in a
step increase in flow to one steam generator from zero to 100Z

of the nominal full load value for ome stcam generator.

For the zero load coudition, feedwater tcuperature is at a con-

15 . 2-51
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In the case of an accidental full opening of cne feedwater control valve

with the reactor at zero power and the zbove mentiomed assuzptions, the

gaximum reactivity insertion rate ic less than the maxiounm reactivity in-
.sertica rate analyzed in Section 15.2.1, Uncontrolled Control Rod Assembly
.Qithdtawal from a Suberitical Cond{tion, and therefore, the results of the
analyses are not presented. It should be noted that {f the incident'occur:
with the unit Just critical at no load, the reactor may be tripped by the
power range high neutron flux trip (low setting) set at approximately 25

percent,

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 actuated vhen the nuclear flux level exceeds the power range

high nuclear flux trip setpoint of 118% of nominal.

For all excessive feedwater cases continuous addition of cold feedwater 1is
prevented by closure of all fecedwater control valves, a trip of the feed-
vater puzps, and closure of the fecdwater pump discharge valves on steam

generator high-high level signal.

Transient results, see Figures 15.2-24 and 15.2-25, show the increase in
nuclear power and Tav asgsoclated with the increazced thermal load on the
reactor. Steam generator level rises uatil the fescdwater flow is termi-
nated as a result of the high-high stcamvgeneratcr level turbine trip.

‘The DNB ratio does not drop below 1.3 as shown in Figure 15.2-26,

15.2.10.3 Conclusions

Results show that the consequences of excess load increases due to opening
the lov pressure heater bypass valve are more moderate than those considered
for the Excessive Load Increase Accident. Additiozclly, it has been shown
that the reactivity insertion rate which occurs at no load following exces-
- 8lve feedwater addition is less than the maximum vzlue considered in Fhe
analysis of the rod withdrawal from a subcritical condition. Also, the

DNB ratios cncountered for excessive feedwater addition at power are wedl

above the liziting value of 1.30.
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TABLE 15.2-2 (Continued)

TIME SEQUENCE OF EVENTS FOR

Accideq&

Loss of Normal Fecdwater
(Continued)

Excessive feedwvater

(~) at full load

.
Excesnive load Increase

1. Manual Reactor
Control (TOL)

2. Manual Reactor
Control (EOL)

CONDITION II EVENTS -

Event

Peak water level in

pressurizer occurs

One main feedwater control
valve fails fully open

o

Minimu=m DNEIR occurs

Feedwater flow isolated due
to high-high steam gencrator

level

10% step load increcse

Equilibfium conditicns reached

(zpproximate times only)

10X step load increasse
Overtcmperature AT reactor

trip point reached

(Sheet 8 of 10)

Time (sec.)

280

§5.5

150

24,1
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COMPONENT

Feedwater Pump

Main Feedwater Flow
Control Valve

Teedwater Isolation Valve

Feedwater Piping

Feedwater Preheater Bypass
Valve

Feedwater Bypass Control
Valve

Feedwater Auxiliary Control
Valve

1

TABLE 10.4-3

FEEDWATER SYSTEM FAILURE ANALYSIS

MALFUNCTION

While two pumps are running
one operating pump trips.

While one pump is running one
operating pump trips.

Valve fails closed above 20X power.
Valve stuck full open.

Valve fails closed above 20X power.
Valve stuck full open.

Postulated pipe rupture.

Valve fails closed below 20% powér.
Valve fails closed above 70% power.

”
Valve fails closed below 20X power.
Valve fails open below 20Z power.

Valve fails closed above 70X power.

Valve fails open below 30Z power.

COMMENT

Remaining feedwater pump runs

out; no

Standby
starts;

Reactor
Turbine

Reactor
Turbine

effect on NSSS.

feed pump lutouhticnlly
no effect on NSSS.

trip.
trip/Reactor trip.

trip.
trip/Reactor trip.

See Section 10.4.7.2.3.

Reactor

trip.

Feedwater control valve opens

more.
sounds.

Reactor
Turbine

Hi preheater flow alarm

trip.
tr:, /Reactor trip.

Feedwater control valve opens

more.
Turbine

Hi preheater flow alarm

trip/Reactor trip.
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TABLE 16.3-3 (Continued) ' (Sheec J of

REACTOR TRIP INSTRUMENTATION LIMITING OPERATING CONDITIONS

Operator Actio

Ho. of Min. Min. If Conditions
No. of ; Channels Operable Degree of Coluon 3 or 4
Functional Unit .Chaanels To Trip Channels Redundancy Cannot be Met
Hi-H{ Steam Cenerator Level or S.I. 3/1loop 2/1lo0p 2+lloop 1/loop - Maintain hot
(Turbine trip and feedwater isolation) (any loop) shutdown
strem—Flowifoeduator—Flowdisartoh- 2f3oop-- +fioop - “Hioop— 1fleep-- Iaintaia-het
avdlnw-Stecn-Gonerator—HWater Javad— Lavald- 2ovsl- Jovel- shutdewn—
wecineddons
withe . ‘
2{iocop— 3/leop—  —iiloep-- Iflecp - -Malataia-hot
flow ~£lou- Llow- £iow. shutdown-
-aicmatch oslspatch  -aismatch. aismateh-
“40—-eome-
Zoop-

If the plant is operating above 75 percent of rated power with one .excore nuclear channel out of service, the
the core quadrant power tilt shall be determined once a day by the movable incore dctectors (at least 2 thimb
per quandrant).

When 2 out of 4 power channels are greater than 10 percen§16u11 power, hot shutdown is not required.

1f one of two intermediate range channels greater than 10 avps., hot shutdown is not required.

Inoperable channels are placed in the trip mode. Once placed in the trip mode, the channels can be considere
operable for purposes of meeting this specification.



.

i ‘ TABLE 16.4-1 (Sheet 2 of &) -

MINIMUM FREQUENCIES FOR CHECKS, CALIBRATIONS AND
TEST OF INSTRUMENT CHANNELS

Channel Description Check Calibrate 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
8ix in. when computer is out of

3 scrvice
; 11. Steam Geperator Level S R## M
1 12.- Stcan-Cenazator—Slow H—- R M-
; Jilomateh~ :
) . 13. Charging Flow S Ar® N.A.
:,l 14. Pcoidual Heat Removal *S (when Ark H.A.
| . Pump Flow in oper-
= ation)
J,f' 15A. Boric Acid Tank Level W G N.A. ¥
!‘}' 158. Boric Acid Tank Temperature W R ¢ R '
i 16. Refueling Water Storage W A N.A.
\ Tank Level ’
' 17. Volume Control Tank Level S AR N.A.
18A. Containment Pressure - Ra& H(¥) 1) Isolation valve signal

(SIS signal)

18B. Contaiéﬁent Pressure S RA# M Narrow range containment pressure
(Streamline Iaol) - (-3.0, +3.0 psig excluded)




10.4.7  CONDENSATE AND FEEDWATER SYSTEMS

10.4.7.1 Condensate System

10.4.7.1.1 Design Basis

The condensate pumps take suction from the condenser hotwell and develop suf-
ficient head to overcome the system pressure drop and transport the condensate
to the suction of the main feedwater pumps at the required net positive suction

head. The condensate system is shown on Figure 10.1-4.

Condensate can be recirculated to the-condenser during low load conditions,
maintaining cooling flow requirements to the steam jet zir ejector condenser
and gland steam condenser. A bypass, directly from the discharge of the cecn-
densate pumps to the main feedwater pump suction, {s provided to maintain con-
densate flow at a reduced system pressure drop should th: heater drain pumps
not be available, 2 condensate puzp become inoperzble, or a load rejection
cccur. The bypass system is controlled by sensing heater drain pump ninimum
discharge flow, feed pump suction pressure, and load rejection. In_addition,
the lower temperature condensate that is bypassed prevcnts flashing from occur-

ring at the suction of the feedwater pumps during severc transient conditions.

The condensate pumps are designed in accordance with the requirements of the
Hydraulic Insti.ute Standards. The low pressure feedwater heaters are de-
signed, fabricated, inspected and tested in accordance vith‘the ASME Code,
Section VIII, Division 1. VSystém piping and valves are designed in accordance
with ANST B31.1 and ANSI B16.5, respectively. "The condensate system, except
for the condensate storage tank, is non-nuclear safety class. The condensate
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.

10.4-12
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10.4.7.1.2 System Description i L)o

. Tne condensate system consists of three 50 percent capacity vertical condensate
puzps, five stages of closed feedwater heaters and associated piping, valves,
controls and equipment condensers. Condensate is pumped from the hotwell stor-

2ge area by two normally operating condensate pumps through two 50 percent

capacity, parazllel streams of low ptessure heaters to the feedwater pumps.

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

. zope. There are two 50 percent capacity, parallel streams of low pressure
heaters and each stream can be bypassed if it is out of service. Turbine load
cust be adjusted according to the manufazturer ‘¢ instructions when a feedwater
stream is 1solated The three lowest pressure heaters are located inside the
condenser neck. Heaters #5 and #6 are in a single shell, duplex arrangement.
Drzins from the #3, #4, 5, and #6 hesters 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 cystem

piping just upstream of the main feedwater pump.
10.4.7.3.3 Safety Evaluation

A standby condensate pump is provided which starts on low feedwater pump sSuc-

tion pressure.

System makeup is provided directly from the condensate storage tanks to the

condenser hot well.

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

pot a safety related system.

10.4~-13
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10.4.7.1.4 Tests and Inspections

LCgndensate system equipment is shop tested hydtostatically and operationally.
Feedwater heaters are tested in accordance with the recuirecmrents of Section

VIiI, Division I, of the ASME Boiler and Pressure Vessel Code.
10.4.7.1.5 Instrumentation

Pressure and temperature test points, recorders and indicators are provided to
test and monitor system performance. Equipment operating conditions and sys-

tem motor operated valve positions are {ndicated in the control room.

In the nuclea: saiety class portion of the:system, {nstrivmentation is provided

for monitoring the condensate storage tank level.

10.4.7.2 Feedwater Systea

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 paintenance of steam generator‘watet level
during startup, 0-100 percent power operation, shutdown znd steam dump condi-

tions. The feedwater system is shown on Figure 10.1-3.

Feedwater system components from and including the feed. ater isolation valves
to the steam generators are safety Class 2, Seismic Category I. System compo-

nents upstream of the containment isolation valves are Lon-nuclear safety class.

Feedwater piping upstream of the feedwater isolation valves in the turbine
building is designed in accordance with ANSI B31.1, 1973 Addenda B, and valves
conform to ANSI B16.5-1968. Safety Class 2 feedwater system piping, valves

and other pressure containing parts are designed in accerdance with ASME Code,

Section 111, Class 2, 1971 Winter, 1972 Addenda.




The feedwater pumps are designed in accordance with the requirements of the

{ - ‘Hydrauvlic Institute Standards. Design points for these pumps are selected to
i sétisfy the requirements of the turbine thermal cycle at the maximum guaran-

K teed condition plus margins for wear and surges. The fecdwater pumps zre also

czpzble of maintaining steam generator water level during a load rejection and

steam dump at 96 percent flow at a steam generator pressure of 9/ psia.
High pressure feedwater heaters are désigned, fabricated, inspected, tested
and stamped in accordance with the ASME Code, Section VIII, Division 1. Ther-
zal performance of these feedwater heaters is governed by Heat Exchange Insti-
tute Standards.

{ The feedwvater system equipment parame:eré are listed in Table 10.4-2,

10.4.7.2.2 System Description -

p Tl ——

\\}%e feedvater system inc'udes three 50 percent capacity motor driven main f::;

| ::n:s\\E:;\:arallel high pressure feedwater heaters and associated piping,

~

valves and~controls.

—— ]
achieved by using a

At loads above 15 percent, normal operating control

three element system co::;;}ing of inputs propoprional to steam flow, feed-

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

Ot;{>/<\ vater regulating valves. At loads oE)TS\Eercent and below, the steam generator
(

level is maintzined with the feedwzter bypass control valve. The bypass con-

~
trol valve is automaticall ositioned with inputs proportional to the steam

~
generator water 1ev€}/p the bypass control valve is manually positioned from
the control r:sz//These controls are always in operat}on except during a
} safery iﬁijsp'on signal er a reactor trip coincident viLh\loq Tavg' Tne modu-
\\

lating signal is blocked in these cases. \‘\\\\\\

Thé z2in feed pumps are driven by a constant speed motor through spee;\zn;
\

e

crezsing gearing. A low flow bypass to the main condenser is provided Zor bis

>

during startup.

————

‘ —————

. e e . e



10.4.7.2.2 System Description
The Main Feedwater System consists of three (50 percent) capacity motor driven
centrifugal feedwater pumps, two (50 percent) paréllel high pressure feedwater
heaters with bypass, separéte feedwater control stations and preheater bypass
control stations for each steam generator, piping, valves, and associated

instrumentation.

The Main Feedwater System provides feedwater to the steam generator under all
operating cghditions from 0 to 100 peféent éowef. For locads below approximately
20 percent power; feedwater is delivered to the 6-inch auxiliary feedwater

o~
nozzle on the steam generator. Between 20 and 70 percent power; flow is
delivered through the l6-1nch main feedwater nozzle on thz steam generator.
Above 70 percent power; approximately 70 percent of the required flow is.main-
tained to the l6-inch nozzle and the difference is supplied through the 6-inch
auxiliary nozzle. The main feedwater control valves contiol flow in the l6-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.

Each of the three feedwater pumps take suction from a cozzon manifolc through
locked open suction isolation valves and flow measuring elements and strainers,
and discharge into a common header through tilting disc check valves and motor
operated stop check valves. Separate minimum flow recircmlation lines to the
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 isnlation valve at

the condenser.

/(54 QL*/ L
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10.4.7.2.2 System Description (cont'd)

Ahfeedwater 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 dischargé 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
heaters 1A and 1B. At the feedwater heaters, the flow path is divided and passes
through the two half-capacity heaters. A common bypass permits either heater
to be isolated while full flow to thé steam:geneators is maintained.

N
After the feedwater heaters and/or bypass, the feedwater is recombined into a
single pipe to ensure an even temperature distribution of waier being supplied
to the steam generators. Above 20 percent load, two separate main feedwater
control stations regulate the flow of féedwatet to their respective stean
generators. Each main control station consists of a flow measuring element, an
air operated diaphragm control Qalve, 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

regulating bypass flow to maintain approximately 70 percent flow through the

main 16-inch nozzle. g

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

feedwater control valve. The three elements are steam flow, steanm 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 periodz of operation

10916«



16.4.7.2.2 System Description (cont'd)

below 20 percent load énd above 70 percent locad, respectively. The feedwater
bypass control valve is controlled remote manually or automatically, in

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

percent. When plant operation is above 70 percent, the feedwater auxiliary -
control valve }s automatically controlléd to maintain steam generator flow

through the 16;inch nozzle to approximately 70 percent. The feedwater auxiliary
control valves can also be manually controlled.

Downstream from the méin feedwater control valve, the feecduater passec through

a check valve. At that point, the piping changes f;om 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 feedwatex preheater bypéss valve,
at which point the piping changes from Non-Safty Class to Safety Class 2. It

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

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
purge valve. This mode prevents cold water from being injected into the preheater
section of the steam generator during low power operation and potential water
hammer damage. When power reaches approximately 20 percent and the main feedwater
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
will flow that amount required to maintain approximately 70 percent flow through

the main feedwater nozzle.

/,0 / ((-’/ A -g'
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J0.4.7.2.2 System Description (cont'd)

During reduction from égll power, feedwater flow is automatically transferred
from both stean generator nozzles at 70 percent load and then is manually '
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 vaive. This flow, taken
upstream of the feedwater cdntrol valves, prevents thermal shock to the auxiliary
nozzle if flow is suddenly transferred from:the main nozzle or if auxiliary

feedwvater is required.
Auxiliary feedwater flow and chemical feed to the main fecdwater system is
accorplished through separate injection lines on each 6-irch 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 electrical siznals.,

10.4.7.2.3 Safty Evaluation

A pipe break in one loop of the main feedwater system will not damage the other
intact feedwater loop. Also, a feedwater pipe break will not propagate to cause
a4 main steam or reactor coolant loop pipe break. The above protection is provided
by separation, restraints, equipment orientation, and jet impingement barrie;s.
Following a feedwater break in the intermediate building, all control valves and

isolation valves on the intact feedwater loop remain operable.

/CD& ﬁ/’T/c;(fL/



10.4.7.2.3 Safety Evaluation (cont'd)

The main feedwater, feedwater preheater bypass, feedwater isolation, feedwater
control, feedwater auxiliary control, feedwater bypass control, feedwater
temé%%ing, and feedwater pufge valves are designed to close within five seconds
after receipt of a closure signal, to provide isolation if a feedwater line
breaks either inside or outside the reactor building. These valves are designed
(7 to fail closed and éo close upon loss of control air or Train A or Train B
electric power, except for the main feedwater isolation and feedwater preheater

(:} bypass valves.
. »
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 solencid 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
close the valve. However, valve opening is hydraulic with an electric pump
. talher than an air pump. Solenoids on the valve are required to be energized
to pump the hydraulic fluid and close the valve. No air is required for this
valve. Any of the following signals initiate valve closure:
1. Safety injection signal.

a. Low steamline pressure.
b. Low pressurizer pressure.
c. High containment pressure.

Manual safety injection signal.

2. Either steam generator hi-hi level.

py-Ied



10.4.7.2.3 Safety Evaluation (cont'd)

|
|
|
|
Thé above signals also ré5u1t in a Train A feedwater pump trip signal which
trips all running fecdwater pumps. Whenvthe safety Injection signal is bypassed,
either Pump 1 or Pump 2 starts automatically. This does not affect feedwater
system isolation, since the isolation valves remain élosed and feedwater is

bypassed to the condenser.
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KRSID REED:ATER BYPASS SYSTEM CHANES

THE PREHEATER BYPASS',LI!E COLLECTICH HAS BEEN RELOZATED FROT
DIASTRAN O The REDATIR GOHTRL VRLVE (RV) TO L@STRA
O THIS VALVE, |

A 1EN 10" FEEDATER AUXILIARY CONTROL VALVE (FACV) WITH ASSOCIATED
8" PIPING HAS BEEN INSTALLED IN PARMLEL KITH TIE BXISTING FEEDMIER
CONTROL BYPASS VALVE (FGBV): '

\ |
THE FEEDATER PREHEATER BYPASS VALVE (FFBV) KAS BB C/aED FROM
A GLOZE TO A GATE VALVE. |

o A NEW LINE FOR PURGING KAS BEEN ADTED Fv"CUID THz FOY,

-

A P’\l VERTURT FLOW FETER F S EEEN INSTALLED I THE BYPASS LINE,

TIE FRESAHT, PROTECTIGN GACE $6 YATER LEVEL TRADUCENTRSISHTTRR
ARE 1) LOVGER LGED FOR TRL FLACTIGSS, QR THE CCTR0L RACTICS, s o
A SCIRATE H1FDL GRDE S5 HATER LBV TRAISCER/TRAISIITIER HeS

BN ADIED, et d S Sed SN L




0. THE PRESENT FESTY/STLA MISHTON SIGUL USED 1N ORIz WITH
©IHE S5 L0 WATER LEVEL SIGUL HS BN ELIMINATED. A 2/3 6 10-10
| T WATER LEVEL SIGUAL (FROY ETIMEN NOT USD RR CHTROL RULCTIONS)
e me IS 1O USED FCR FEACTOR TRIP,

! LEEREIe S L P TN LE R B PRI

V-

© o PVCIS KM CNTROLLED TO LIFIT TEE REEDWATER FLCH N0 THE G MAIN
ROZZLE TO 707,  ABOVE 707 TES FESWATER AUXILIARY CONT ROL VALVE IS
1 AUTGMATICALLY GPEED TO CONTROL FLOW BETVERN 70 & 1002 FOXER,

&

R e L e 2 o e a2 R e ZE
2




— Chemical Addition

.
S\t prrenane

|
& X |
L/——‘\ ‘ T Auxiliary Feedwater . i o ?
-~ -S“ l $
\ g : 6"x2" RED, | :
s Loen FBCV a :
=R ' Previous Tempering Flow Connection i by
[ ,
-1 ¥ g . v . | S Froe
. I 3 6 : _ , e Muan®
: ' y : RN
- 3 (Note 1)>‘§—-o v , FBFE FRTO ! Heato
- i ‘ e gttt - ¢
: ¥ ' . e 2 WV - :
b ‘ % 15 b 8"x6" RED, | . o o ;
y | 1. L 4 - ; ' " . e i
' g . - ' - i
A1 5 ~ : D ' | i
v | . l('HV . 3 A 60- E
. L. ' : , 2 \
. L Rt SRR do L\
| - ' \ — ~ Previous Bypass v < ‘ FALV (Note 3) /
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lﬁ" " : i/‘ T Mg gl LA I)‘ -

. s = DR
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g
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L e SYSTENAS PROFOSED USING FEED. FLO-SIGYL FCR FACV-COUTTOL IS STALE: -
FOR FLL FEASTURLE LOOP GAINS,  INCREASIES GAIN BY FACTGR OF S LED

S TO INSTBILITY, BUT THIS (DD BE CORECTED BY ICIEASIES FILTER
i sl e TIE COSTAT, . .

B VR PH A M s TRERS U b YA VP U a M BT 0 At e g L
. .

-

! o SYSTEM DASED GY FACV CONTROL WITH STEAH AL SIGYL 1S HORE FARGI
1 © TO INSTABILITY, | ‘

o NOTE: STERM FLOH SIGUL VAS EVALUATED AS AN ATERMTIVETO
(i | TOTAL FEED FLOY SIGUL, CHDICE FEED AOYSIGW.RR P

CONTROL ¥AS BASED O CORSIDERATIONS OTHER THAY STABILITY: - %

.= FEED FLOY SIGYL HAS I'DRE STEADY - STATE ACCURACY
- : , @ - 3% PRI B

-

- FEED AW SIGL IS LESS ROISY THAN STESM FLCY SIGIAL
(DPRIBLE)

- BE OF FEED RLCH SICMAL HINIMIZES FLG! G/RSOOT 1T0
PRAEATER RXLGILG L0 FEJECTIGN D OTHED TRASIENTS
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o HIGH FEEDNATER TEPERAIUR: SIGHL IS KW (SD TOGFNFIV.
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. ' "COMPARISCN CF STEAM GENEPATOR PARAVZTERS :
St ¥ S 2 T P PR ARG T e AT e ka2 I e s R S S R S T
1 + ) ; ) . b apd 2% |
Desicn Parzneter ... Present Systen Proposed Systen

Stecm‘TemperatUré; . SR .Z © 534.6
Steen Pressure, psia " 920
Steen Flow, 108 1b/hr total . . eieazo . 817

Feedwater Temperature*, °F . 430
. ~ Poisture, $ maximun A e = 0.25

o *Six stages of feedwater heaters in operation

- . v
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534.6

S0
8.17

430

0.25
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COMPARISON OF REACTOR COOLANT SYSTEM PARAETERS
B el it e e 55 e B e i s S Tl St v
<+ Thermal and Hydraulic Design Paramaters D2sign Conditions
4 Current Proposed
S S R RSP Fiotn O SEANEY  eras -o i et B b e s MEanin
3 ecoaeno NSSS Power, VNE LT LT 1882 T . . 1682
2 ~ Reactor Core Heat Output, MMt 1876 1876
 Systen Pressure, Kormal psia 2250 O 2250°
Total Inlet Therm2) Flow Rate, gpm 189,020 169,020
™ """ Total Inlet Thermal Flow Rate, Tba/hr  71.05 x 108 ©70.9 x 10°
Core Effective Flow Rate for Heat
k- ' e Trensfer, 1ba/hr . 67.8 x 106 67.7 x 106
Reactor Coolant System Tenperatures, °F
Nominal Rezctor Vessel/Core Inlet - 54%.9 551.5
Average Rise in Yessel 66.2 €5.0 )
Avefa.ge in Yessel . 583.0 - 584.5
Average Rise in Core 69.0 68.8
Average in Core 586.3 . 587.8
Mo Load . 557.0 §57.0
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PERCENT FOLER MPAP
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FSAF FIGURE §.3-1
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| REVIEW OF MECHANICAL SYS‘TLHS AND COMPONENTS AFFECTED BY FEEDWATER SYSTEM MODIF ICATIONS*

\ ,‘ !

: . : { , 1

Atfected? Desfgn Decoment(s) : v

Systen/Component Norma] Transfent Revisions Required Remarks .

; v i

Reac tor Coolant System Yes " Yes g A & 3

Fractor Yessel Yes © Yes ‘ 3 2 AL :

_ i ? ; |

' ¢ [ . A 3 ¥ ' ‘t

Steam Gencrators Yes , Yes ' . ;.5 I. ;’ B % j o : [

: . Y. A 5 L i

Fressurl zer . Ko , Yes % ' No, o < '} f

Loup Piping/Fittings Yes v Yes - © No» b i :

i S 3 t ! [ v L

RID Uypass Manifold Yes , Yes f No - A I N I PiBee t

RC Thermowell /Doss - Yes ' Yes . i l’ Mo ; v : i ' '&
) ] ! i . . ‘ : :

Safety Valves No | Yes : v+ No : } ; : RN -

’ ' % a1 {

PORYSs No I No . - 3 3 - | :

- ‘ : : L ; 3w 5 B '

RCHD Valves . Yes - Yes ! . i No? g ¢ | &

Rractor Coolant Pumps Yes " Yes : : j, ! s

| ; 2 R : : 2

i . ) bR !

Chenmical and Yolume Control System | 4 =13 £ -.’. »‘, ¢ ! : :

} ' - 4 " . . ‘t

. Al e

Rogencrative Mx | . ; 3 <y '?

: i b T Sl 3 .

Letdown Mx ; ; ‘., | 't

L mincralizers i ) ; ' R 3

v & 19 g . ‘e £ y "

#cactor Coolant Filter ! 3 3 - L el T -

v i 5 *

Volume Control Tank i 2 : i ' :
CL/¥D Pumps ] : R
el 2 ' ' - ; L

R L

——

f
)
Ay

1]
£ .
'l'
LA !
£
.)
1.
1]

)
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'

Sysicm/Componcnt

Seal Water Filters
Cetdown Ordfices

Excéss Letdown HX

Seal Water lix

Poric Acid Tanks

gA Transfer Pump

EA Blender

gA Filter

pA Tenk Orifice

KCP Scal Bypass Orifice

Boron Thenmal kegencration System

———— ———— - —— =y

Norma)

Yoderating liX

Letdown Chiller HX

Letdown Rehcat HX

Theraal Regen, Demineralizer

Emergency Core Cooling System

Rasidual Hoat Removal System

{nron Recycle System

No

Ko

Ko

TABLE

Affected?

No

No

“Transient

3 (Continued)

Design Decoment(s)
Revisions Required
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' : ' RESIONSIBLE

il
| l ESTIMATED
1TEM DFSCRIPTION ;__PAUY__ § p.0. MO DLLIVERY_
. ‘ s
1. & Thermowells with RTD's. - % WN1-Grogan/Pavick 1 KSG-022 £/05/8%
2. 2°1C Level Indicators for { © wWNI-Grogan 2y, 48 KSG-023 D 4/09/82
$/G Level. (- !
: : t - |
3, 2 N Flow Venturi's for 8 H NNI-Moore/Brady KSG-035 5/08/82
Inch Bypas? Line. P .
a. 2 Pressurel Transmitters for 1 N 1-Grogan/Pavick | KSG-019 §/05/82
fW Flow Vepturi's: L \
, i R 4 '
5., 6 Inch Pipe Caps safety. Class . ¥NI-Moore/Brady KSG-016 S 4/15/82 ’ .
Quantity 4. : } i .
6. Ten 0 Inchjto 6 Inch Reducers, & uN1-Moore/Brady KSG-017 s 4/08/62
ceven 8 Inch Schedule 100 Long 4 S 4/16/82
padius ELLL Eight 2 Inch 3000 3 4/26/82
LD, SW Boss, Cight 2 Inch 3000 5,
L. "SH Half Coupling, Four 6 i
inch Veldolets, Four 6 Inch “
Schedule 00 ELLS, Four 8x10 &
Reducers. | .o ‘ i .
!1 . £ b %
7. Mangars | . WNI-Moore/Fullen KSG-021 partial § - 4/16/02.
% i : galance R/A - 4j23/e2,
| ] § R VE L
8. (2 Karrow Fange 5/5 Level Inst. ! 50D-Beacomb K$6-037 s 4/1/82
g9, Ffour !nst#uncnt [s0lation. ; S1TE-Comolettd ! . Available :
valves for Blowdowd Connections :
on HNR $/G }cvcl - Safety Valvcs.} !
t K] :
10. Eight Instrument Isolation . SITE-Comoletti - Avzilable
valves forn Feecsater Flow - ; :
Transmitters Non-Safety £ .
3/47-38. | : : .
. | ; :
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! ITEM D‘SCRIPTION‘

1.

"L
13,

. 14,

. 15.
:18s

17.
; 185

Safety Class Instrument
Tubing - 50 ‘bters

Non- Safety Inftrumant Tubing
D

Safety Clas, Piping

5.5 laters 6 inch Schedule 80

1-90 Degree 8en) - 50 Radius
5 Inch Schedule 80

1-180 Dagrezs bend - 5D Radius
6 Inch Schedule 80.

Hon Safety Pip\nq

54.4 l'oters 8 Inch Schedule 100

9 Each S0 D2grece Bends - 5D

Radlus 8 lnch Schedule 100.

7300 Cards < NSSS %

7300, Cards - 8 MNew for a
gop Racks ; o

;oA i
Deleted '} ;

P:ping Insuiation
12 listers of 6 Inch Pipe

~ 60 M:ters of B Inch Pipa

9.

Small Quantity of 2 Inch Pipe

Small Quantity of Tubing.,
Ea

Twisted Shiclded Pafr Cable

2 S/G Level to Process Rack .

2 Venturi to Process Rack

Miscellancou$ Other Cable.

Y ™

KRSKO STEAM CENCRATOR PLANT MODIFICATION

-~

" RESPONSIDLE

PARTY

SITE-Comoletti

SITE-Comoletti

. SITE-Reuler

SITE-Reuler

S0D-Chambers

WNI-Grogan/Pavick
SITE-Melville
|
!
t
SITE-Janes . '

P.0. NO.

KSG-020

KSG-020

N/A

KSG-032

PAGE 2

ESTIMATED
DELIVERY

Available

Available

D &4/08/82

- D 4/08/82

4/30/82

30 Heeks to Replace,
Cards Available.

Available

Available
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5.6

INSTRUMENTATION APPLICATICN

Process coatrol instrumentation is provifed for the purpose of acquiring

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

the reactor coolant pump votors) as well as for the residual heat removal

system.

The pick-off points for the rezctor ccoclant system are shown in

the three sheets of ~he flow diagrems (Tigure 5.1-1); and for the residual

heat removal system, in flow diagrza Figure 5.5-4.

In addition to providing

{nput signals for the protection systex =d the plant control systems, the

{instrumentation sensors furnish izput signals for monitoring and/or alarming

purposes for the following parameters:

Teczperatures
Flows
Pressures .

Water levels

.(
In general there {nput signals are use¢ Zor the follewing purposes:

1.

Provide input to the reactor trip srstem f{or reactor trips as follows:

a. Overtemperature T
b. Overpowver 4T

Low pressurizer pressure
d. RHigh pressurizer pressure
.e. High pressurizer water level
Low primary coolant flecw

l‘ S '
It is noted that the following parzzeters, which are also sersed to

generate an input to the reactor IIip system, vhile not part of the
1 § 4

reactor coolant system, are inclucel here for purposes of cocpleteness:

L ——————

L S —

e ——— ———




g~ Low-feedwater -flow-

g h. Low low steam generater Water level

Provide input to the engireered szfety features actuation system as

follows:
a. Pressurizer low presscire

It is noted that the folloving pa:aﬁbtets, which are also secsed to
generate an iﬁput to the ergineered safety features actuation system,
while not part of the reactor coclznt system, are included here for

purposes of completeness:

b. Low steam line pressure

[ HEi-Hi steam flcw or Bizx stezxz flow coincident with low-low

(T, ..)

avg
d. Bi-l containment presscTe
e. Hi-2 containment pressure

. Hi-3 containment pressire

Furnished input signals to t~e no-safety-related systez, such as the

Aplant control systems and eurveillznce circuits so that:

a. Reactor coolant average terpérature (Iavg) will te maintained
within prescribed limize, 7Tne resistance temperature detector

instrumentation is {de-zifies on Figure 5.1-1, Steet 3.

————

- w— -



Thus an analvsis of smaller pump suctic: breaks is representative of the spec-

trum of break sizes.

The LCCA analysis calculational medel is typically divided into three phases
which are: 1) blowdown, which includes the periocd from accident occurrence
(when the reactor is at steady state full power operation) to the time when
zero hreak flow is first calcul;ted, 2) refill, which is froa the end of blow-
drn to the time the ECCS fills the ves:z2l lower plenum, and 3) reflood, which
begins when water starts moving iato th2 core and continues until the end of
the transient. For the pump suction brzak, cecasideration is given to a possi-
ble fourth phase; that is, froth Soilin; in the stead generator tubes after
the core has been quenched. For a deé{:ia{iom of the calculational model used
for the macs and energy release znalysis, see Reference 20.

Basis of the Analysis

1. Assumptions

The following items ensure that th: core energy rclease is conservatively
analyzed for maximum containdent pressure.
6175

a. Maximum expected operating texderature (615:1°F)

b. Allowance in temperaturs for Instruzent error and dead band (+4'F).
¢. Margin in volume (1.4%)

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

e. Margin in core power associatsd wit! use of engineered safeguards

design rating (ESDR)

L Allowance for calorimetric errar (2% of £SOR)

6.--3
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prevent spurious trips causes by short term voltzge perturbations.
The coincidence logic and izzerlocks are given in Table 7.2-1.

d. Reactor coolant pump bus uncerirequezcy trip

This trip is required to protect against low flow resulting from
bus underftequency. for exa==le a major power grid frequency
disturbance. The funczion of :his trip is to trip the reactor
for an underfrequency candificn. The cetpoint of the under-

frequency relays is ad:iustadle between 44 and 49 Hz.

There are two underfrequency sensing relays connected to each
reactor coolant pump bus. Sizmals from relays connected to the
buses (time delayed up to a;;r:ximately 0.1 seconds to prevent
spurious trips caused by shcr: term frequency perzurbations)

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

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

System low flow trips.
Steam Generator-Trips
The-specifie—tfip-funcc1dns~genera:éd~are—as—tollousa
a. Llow -feedwater—flow—-trip
This-trip-protecis the-:eactof—ftom-a-suddeu—loss—of—{he~heat
—sink;*—Theﬂtri?ﬂis—aczueced-}?—éteamifeedwezer—{%cw~misna(eh

(oné-out—ot—{wo}-4n—coiacideﬁ{e—uith—;ou—ua:er—lc:el—4oao—ou:

of-tvo)-in-any-sleam-gereralcs.

3.2-.2
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~$1gure~112~lT-Sheet-Zwrshcxsu:he-logic—ioc-&his-trip—iuac&ion.
Jhere-are-no-interlocks asscilatec with this trip.

. low-low steam generator wa:z:r level trip

This trip protects the rezc::r frea loss of heat sink in the
event of a sustained stean/’:edwater flow mismatch of insuffi-
cient magnitude to cause a I:w feeswater flow reactor trip.
This trip is actuated on tuc out of three low-low water level
signals occurring in any ;{eaa gernerator.

The lokic is shown on Figure 7.2-1, Sheet 7.
Turbine Trip - Reactor Trip (anti:zipatowv)

The turbine trip-reactor trip is z:zuated by two-out-of-three logic
from emergency trip fluid systez siznals or by all closed signals
from the turbine steam stoz valves. A turbine trip causes a direct

reactor trip above P-7. The rez::>r trip on turbine trip provides

health and safety of the public. This :rip is included as part of
good engineering practice and prifsnt design. Yo credit is taken in

any of the safety analyses (Chzprer 15) for this trip.

The turbine provides anticipators zrips :o the reactor protection

system from contacts which thange sesitizn whea the turbine stop

valves close or when the turbire :zergenzy trip fluié system pressure

goes below its setpoint.




Fe Protection System ranges

Protection system ranges are tz>ulated in Table 7.2-3. Range selec-
tion for the instrumentation ccvers the expected range of the process
variable being monitored Zuring power perationm. Limiting setpoints

are at least 5 percent frem the end of the instrument span.

T.8<lad Final Svstem Drawings

"
-
-

Functional block diagrams are fumisted in Flgure 7.2, (Sheets 1-15) and
additional drawings for the I&C systs=s are Included at the end of sections

7.2, 7.6, 7.6 and in the referexced topiczl reports, See Table 7.3-6 for

additional references.
1. 2.2 ANALYSES

Tidsdnd Failure Mode and Ef’zcts fnalvses

A failure mode and effezts analvsis =f the Fzactor Trip System has been
performed. Results of this stuéy arf a faul: tree analysis are sresented

in keference [4].

T2.2:2 Evaluation of Desig=

While most setpoints used in t=e Rea:zor Prciection System are fixed, there
are variable setpoints, most nc:izbly the overtemperature AT and overpower
AT setpoints. All setpoints iz the Zzactor Trip Svstem have been selected
on the basis of engineering design a=Z safers studies. The capebility of
the Reactor Trip Svstem to preveat lcss of Iztegrity of the fuel cladcding
and/or Reactor Coolant System ;rzssusz bounc:iry during Condition II and
II1 transients is demonstrated in the Safety Analysis, Chapter 15. These

safety analyses are carried out using those setpcints determinec from




ST g

results of the engineering cesign studies. Setpoint limits are presented !

{n the Technical Specificaticns. A discussion on the intent for each of Qi

the various reactor trips and the sccide=: analysis (where appropriate) .

which utilizes this trip {s preseczed belaw. It should be noted that the

oints all provice for =argin before proteczive action is
The

selected trip setp
d to allow for uncartainzies and instrument errors.

10 and 20 of the 1971 GDC.

actually require

design meets the requirements of C-iteriz

7.2.2.2.} Trip Setpoint Piscussion

It has been pointed out previousi? that

likely to be-significant loczl fuel claciing failure. The oNB ratio exist-

for a given core design can be determined as |

-o-

ing at any point in the core

a function of the core inle: température, power output, operating pressur?

-s in terms of a DVBR equal to

|
\
\
i
\
zelow a DNB ratio of 1.3 there is
|
|
and flow. Consequently, cors safety li=

1.30 fcr the hot channel caz be cevelope: as a function of core AT, Tavg

and pressure for 2 specifiec flow as {1 :strated by the solid lines in

Figure 7.2-19. Also shown as solid lirnes in Figure 7.2-le are the loci

:f power as a funcrion of AT anc

of conditions equivalent to 118 ;eccent
wi/ft) .imit en the fuel. The dashed

Tavg representing the overpever (
lines indicate the maximum sermisszble =2t point (AT) as a function of

) v and pressure for the overte=-eratus? and cverpower reactor trip.

a
Actual values of setpoint constatcs in :=e ‘equation representing the

dashed lines are as given iz the ~echnizal Specification, cection 16.2.3.

These values are conservative to :1low far instrument errors. The design

meets the requirements of Criteriz 10, 15, 20 and 29 of the 1971 GDC.

:=y; however, the preocess variables

that determine DNBR are secnsed a=% eval:ated. small isolated changes in
i

¢ variables z=ay nct individually result in violatien of a i
J

various proces
core safety 1imit; whereas -he cc=tined sariations, ©over sufficient time, :

DNBR is not a directly measurable jquant

7.3-235



pressurizer water level control. A failure in the level control systea

could fill or exmpty the pressurizer at a slow rate (oo the order of half .
an hour or more), which allows arple tizme for corrective zction by the

operator.

The high water level trip setpoint provices sufficient margiz such that

the undesirable condition of dischatéing tiquid coolant through the safety
valves is avoided. Even at full ;cwer cczditions, which wouid procuce the
worst thermal expansion rates, a failure of the wat( - level control would
not lead to any liquid discharge. through the safety vaives. This is due

to the automatic high pressurizer 'pressure reactor tri: actuating at a
pressure sufficiently below the szfety vaive setpoint, or to the high pres-

surizer water level reactor trip.
Vel 8:3.9 Steam Cenerater Water level ind Feedwater Flow

The basic function of the reactor jrotection circuits associaced with low
steam generator water level and-louw-feedwater—£flow 1s to preser&e the steam
generator heat sink for removal of long term residual heat. Should a cco-
plete loss of feedwater occur, the reactor would be tripped ca coincidence
of-eteam/feedwater--flow mismatch snd-low-sieam-generator-leves-or-on lew-low
steam generator water level. In zddition, redundant auxiliarr feecwater
pumps are provided to supply feedwzter in >rder to remove res:idual heat

from the reactor.

Thééo reactor trips ac;fbefo?e the steam generators are dry to reduce the
required capacity and increase the time avzilable for starting these aux-
iliary feedwater pumps and to =mini=ize the ther—al transient ca the Reac-

tor Coclant System and steam generators. “herefore, the follcwing reacter
trip circuits aéi.provided for each steam jenerator to ensure that sufficient
initial thermal capacity is availztle in t:e stesn generator zt the star:

of the transient:

7.2-<3 ' |



3+  The-low-feedwater—flowv-tris—detects—a-nismatch—in-steam-and-feecveter '
—£low—4cne-out-of=~twol-<oincident-with—lov-stean-generator-water—evels-

for-a-eteam generator—in aa¥-100ps

2= A low-low steam generator water level regardless of steam - feecszater

flow mismatch;

It is desirable to minimize thgr:al trazsients on a steam generator fer
credible loss of feedwater acciién:s. Yence, it should be noted that con-
troller malfunctions caused by a protection system failure effect only
one steam generatot;-:he—&aean—generator—level—signal—used~in—{he—£¢e&-—
vater-control-or® inates-separazeiv-frez-that-used in-the-low-feedwater

JTeactor-Ltrip.

A-spurious high-signal frcs the {eedwater-£flow channel being used-for—can=
trol would cause a reductica. in-feedwater flow preventing-that-channes
from ultimately tripping.- fowewver,-the aismatch between steam-demand
and feedwater-flow producec Sy.3inis-spurious signal will actuate-alar=s
to.alert the operator of- this-sizuation-in-time-for sanual-<orrection-<F,

if the condition is allowec o centinue, -the reactor-will-eventually-<rip.

—on-a low-low water level siznal i;dependéntdof-indica:edufeeduater-flc:.

A spurious low signal from the I:edvater flow channel being used for ceon-
trol would cause an increase in feedwater flow. The mismatch between
steam flow and feedwater flcw pr:cuced br the spurious signal would actuate
alarms to alert the operator of :he situation in time for maanual correc-
tion. 1If the condition corzinues, a two osut of three high-high steam
geherator water level signal in z=y loop, independent of the indicatec
feedwater flow, will cause =ain fzecwater purmp :rip and isclation and Tl
the turbine. The turbine ‘p will result in a subsequent reactor tri;:
The High-High Steam Cenerat:? -ar Leve. trip is an equipment protective
trip preventing excessive mIlstuls farryiver which could dacage the turiine

blading.




in addition, the three elermeat feedvater controller incorporates reset
action on the level error signal, such that with expected controller sett-
ings a rapid increase or dezrease in the Ilow signal would cause only a

small change in level before the controller would compensate for the level

error. A slow change in the feedwvz:ar signal would have no effect at all. -

A spuricus low or high steaz flow signal would have the same effect as

high or low feedwarer signal, discussed adove.

A spurious high stean 3enera:or.w;:et level signzl from the protection
channel used f;r control will tend to clese the feedwater valve. However,
before a reactor trip would sccur, two out of three channels for a steam
generator would have to indicate a high water level. A spurious low steac
generat r vater level signal will zend to open the feedwater valve. Again,
before . reactor trip would occur, twé ou: of three channels in a loop
would have to indicate a low water level. Any slow drift in the water
level sigﬁal will per=it the operaz:zcr to respond to the level alarms and
take corrective action. Autsmatic protec:zion is provided in case the
spurious high level reduces ‘eedwaz:er flew sufficlently to cause low level
in the steam generator. The reac:sr will crip either on low feedwater flo=
coincident with low water level.pos, ulsizzzely, on low-low steam generator
water level. Automatic protectica Is alsc proviced in case the spurious

. low level signal increases feedwatar flow sufficiently to cause high level
in the steam generator. A turbine trip azd feedwater isolation would occur

on two out of three high-high stea= generztor water level in any loop.

7.2.2.4 Additional Postul:ited Azzilents

Loss of plant instrumeat air or less of cczponent cooling water is dis-

cussed in Section 7.3, Load rejec:icz and turbine trip are discussed

in further detail in Section 7.7.




Reactor Trip

11. Low reactor coolant
flow

12. Reactor coolint pump
breakers open
13. Reactor coolant pump

bus undervoltage

4. RNeactor coolant pump
bus underfrequency

15. -Low feedwater—flow

‘16. Low-low steam
generator water level

I8
1?7. Safety injection
slgnal
7

18. Turbine-generator trip

a) Lovw trip fluid pressure
b) Turbine stop valve close

19. Manual

TABLE 7.2-1 (CONTINUED)

LIST OF REACTOR TRIPS

Coincidence

Logic

2/3 per
loop

1/2 breakers,
1 breaker per
bus

1/2 per bus
on both buses

1/2 per bus
on both buses

-1/2-perx
loop®

2/3 per -
loop

Coincident
with actuation
of safery
injection

2/3
2/2

1/2

Interlocks

Interlocked with P-7

Interlocked with P-7

Interlocked with P-7

Interlocked wicth P-7

No-interlocks

No interlocks

No interlocks

Interlocked with P-7

No interlocks

(Sheet 2 of 2)

Comments

Blocked below P-7

Blocked below P-7

Low voltage on all buses
permitted below P -7

Under frequency on 2 buses will
trip all reactor coolant pump

" broakers and cause resctor tripg

reactor trip blocked below P-7

(See Section 7.3 for
Engineered Safety Features
actuatlon conditions)

Blocked below P-7

*-1/2-stean/feedwater-flow-mismatch-in-colncidence with-1/2-low steam-generator-water-level.

!




11.

12,

13.

Reactor Trip Signal

Low reactor coolant flow

Reactor coolant pump bus
undervoltoge

Reactor coolant pump bus
under frequency

Low lesduater Llow-

Low-low steam generator
water level

Turbine Trip

#

TABLE 7.2-3 (Continued)

REACTOR TRIP SYSTEM INSTRUMENTATION

Typical Range

0 to 120X of'rated flow

0 to 100X rated voltage
40 to 55 Hz
O-te 120X Max.- Calen
feedwater flow

~
+~ 6 te. from

noninal full load
water level

NOTES FOR TABLE 7.2-3

Typical Trip
Accuracy

+ 2.75 percent of
full flow within
range of 70 percent
to 100 percent of
full flow (1)

+1 percent of rated
voltage

+0.1 Hz
4_'6-'5:"(2)'

4+2.3 percent of Ap
signal over nressure
range of 700 to

1200 paig

(Sheet 2 of 2)

Typical Time
Response (sec)

1.0

1.2

0.6

2.0

1.0

(1) Reproducibility (see definitions in Sec 7.1)

{2) 1/2 eteam/feedvater-flow -mismatch in-coincidence-with-
1/2-low steam generator-water-level,

Channel -accuracy-of feedwater flow-analog signal-ie—+2.5
percent of -maximum calculated -feedwater-flow.

Accuracy of steam flow singal is tJ'percent-o(—-aulnun
calculated flow over the pressure range of 700 to-1200-0sig,

W




TRIP

10)

11)

12)

14)

15)

Pressurizer
High Pressure
Trip

Pressurizer
High Water
Level Trip

’

Low Reactor
Coolant Flow

Reactor
Coolant Pump
Breaker Trip

Reactor Coolant
Pump Bus Under-

voltage Trip

Reactor Coolant
Pump Bus Under-

frequency Trip

46) dow-Feedwater-
+low-Trip

1)

2)

1)

2)

1)

2)

3)

1)

1)

23

TABLE 7.2-4 (Continued)

REACTOR TRIP CORRELAT-ON

accipex-(2]

Uncontreiled Rod Cluster
Control issectly Bank With-
drawal At Power (15.2.2)

Loss of Ixterzzl Elec:zrical
Load ané/or Turdine Trip
(15.2.7)

Uncontrolled de Clus:er
Control Aissemblvy Bank at
Power (15.2.2)

Loss of Ixternzl Elec:-ical
Load ané/or Turbine T
(15.2.7)

Partial loss c¢f Forcec Reactor
coolant Flow (15.2.5)

Loss of Cif-Size Power to the
Station Auxilizries (S:zation
Biackout) (15.2.9)

Complete Zoss ¢ ForceZ Reactor
Coolant Flow (13.3.4)

Not used zor crefit tzkan for
in any Accident Analysis;
provided zs aciizional feature
to enhance safezv

Complete Loss c¢f Force:
Reactor Ccolant Tlow (-3.3.4)

Complete Loss of Forcecd
Reactor Ccelant Flew (23.3.4)

loss-of-Noermal-seedwates
{13.2:8%

(Sheet &4 of 5)

TEcH. spec, [P)

16.2.3.3.2

16.2.3.3.3

16.2.3.3.2

16.2.3.3.2

16.2.3.3.2

See-note-o~




TASLE 7.2-4 (Ceatinued) " (Sheet S of 5)

REACTOR TRIP COFRELATION

TRIP ' accrpextia) TECH. spEc. [P)

o

.
17) Low-low Steam Loss of Normal Feedwater 16.2.3.3.3
Generator Water (15.2.8)
Level Trip

Turbine Trip- Loss of External Eleztrical See note c.
Reactor Trip - Load and/or Turbine Trip (15.2.7)

Loss of Off-Site “ower to the 16.2.3.3.2
Station Auxiliarias (Station
Blacrout) (15.2.3)

Safety Injection 1) Accidental Depressurizatiom of See note d.
Signal Actuation the Main Steam System (15.2.13)
Trip

Manual Trip Availabie for all Accidents See note c.
(Chzpter 15)

NOTES:

a. References refer to acciieat aaalyses :resented in Chapter 15.
References refer to techzical specific:tions presented in Chapter 16.

A technical specificaticn is nct required because this trip 1is not
assumed to function in the accident an:zlyses.

Accident assumes that the reac:or is tripped at end of life (EOL)
which i{s the worst initial corii{tion fcr this case. Pressurizer
low pressnre-low level is the first out trip of Safety Injection.
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The feedwater pumps are designed in accordance with the requirements of the
Hydraulic Institute Standards. Des{gn points for these pumps are selected to
satisfy the requirements of the turbine thermal tycle at the maximum guaran-
teed 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 'SME Code, Section VIII, Division 1. Ther-
mal performance of these feedwater .. a“ers is governed by Heat Exchange Insti-

tute Standards.
The feedwater system equipment paraiméters are listed in Table 10.4-2.
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=
‘tral 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 trip coincident with low Tavg' The modu-

lating signal is blocked in these cases.

-~

add Aljcnsiion ou .Carclwc..ﬁ avel AiaLc'

The main 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.




plant and of the Reactor Coolant System. The overpower - overtemperature
protection (neutron overpower, overtemperature and overpower AT trips)
prevents any power increase which could lead to a DNBER less than 1,30.

One exanple cf excess heat removal from the prizary system is the transiezt
associated with the accidentzl opening of the feedwater bypass valve which
diverts flow around the low pressure feecwater hcaters. In the event of

an accidental opening of the bypass valve, there is a sudden reduction in
feedwater inlet temperature to the steam genmerators. This increased sub-
cooling will create a greater loz¢ demand on the Reactor Coolant System.
Another example of excessive feecwater flow would be a full opening of a
feedwater control valve due to a feedwater control systea palfunction or
an operator error. At power this excess ¢low causes a greater load demand
on the Reactor Coolant Syste=z due to increased subcooling in the steam
generator. With the plant at no-load coniitions the addition of cold feec-
water may cause a decrease in Réactar Coclant System temperature and thus
a reactivity insertion due to the effects of the negative moderator coef-
ficient of reactivity. Continuous additicn of excessive feedwater is pre-

vented by the steam generator higz-high level trip, which cle=es the feec-

water valves.

15.2.10.2 Analysis of Effects :=d Conseguences

15,2.10.2.1 Method of Analysis

The excessive heat removal due tc a feecwater control valve malfunction |
transient is analyzed by usiag the detailed digital computer code HARVELI3}]

This code simulates a multi-loop sy¥stem, teutron kinetics, the pressurizer,

pressurizer relief and safetv va.ves, pressurizer spray, steam generator,

end steam generator safety valves. The code cozputes pertinent plant

variables including temperatires, pressules, and power level,

[

n

.2-50




The system is analyzed to de-otstrate plant behavior in the event of a
feedwater bypass valve malfunc:zion., Feedwater temperature reduction due
to low pressure heater bypass valve actuatica in conjunction with an in-

advertent trip of the heater drain pu=p is considered.

Excessive feedwater addition due to a contrel system malfunction or opera-

tor error which allows a feedwater control valve to open fully is considered.

Two cases are analyzed as follcws:

1. Accidental opening of one feedwater centrol valve with the reactor

just critical at zero lo2d conditions assunming a conservatively large
’
negative moderator temperature coefficient characteristic of end of

core life conditions.

Accidental opening of one feedwater cortrol valve with the reactor in

automatic contrel at full power.

The reactivity insertion rate follewing a feedwater system malfunction is

calculated with the following zssumptions:

For the fecdwater coztrol valve {-cident at full power, one feec-
water coantrol valve ig assi—ed to =alfunction resulticg in a

step increase to iQO. of pcminal feedwater flow to ome stean

generator.

For the feedwater ccctrol valve accident at zero load condition,
a feedwater control valve -z1funczion occurs which results in a
step increase in flow to ore steaa generator from zero to 100Z

of the nominal full load value for one steam generator.

For the zero load cocditics, feecwater temperature is at a con=

servatively lov value of 70°F, . L




In the case of an accidental full o;ening of one feedwater control valve
vith the reactor at zero power and the above sentioned assumpticns, the
gaxipum reactivity insertion rate is less than the maximum reactivity in=
sertion rate analyzed in Secticm 15.2.1, Uncentrolled Control Red Assexbly
Withdrawal from a Subcritical Conditienm, and therefore, the results of the
analyses are not presented. It should be noted that if the incident occurs
with the unit just critical at =0 lozd, the reactor may te ‘tripped by the
power range high neutron flux trip (low setting) set at approxicately 25

percent.

The full power case (EOL, with contrsl) gives the largest reactivity feed-
back and results in the greatest powe: {ncrezse. A turbine trip and reac-
tor trip is actuated when the ~uclear flux level exceeds the power range

high nuclear flux trip setpoint of 1151 of ncainal.

For all excessive feedwater cases coctinuous addition of cold feedwater is
prevented by closure of all feedwater control valves, a trip of the feed~-
water pumps, and closure of the feecdvater pu=s discharge valves on steaa

generator high-higu level signal.

Transient results, see Figures 15.2-24 and 153.2-.5, show the increase in
nuclear power and Tavg associated wita the increased thermal load on the
reactor. Steam generator level rises until the feedwater flow is termi-
pated as a result of the high-high st:am generator level turbine trip.

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 -cad increases due to opening
the low pressure heater bypass -slve azre more moderate than those considered
for the Excessive Load Increase sccideat. Aciitionally, it has teen shown
that the reactivity insertion rate wkich occurs at no load following exces=
sive feedwater addition is lecs than -te maxi=um value considered in the
analysis of the rod withérawal Izom 2 subcri:i:al condition. Also, the

DNB ratios encountered fer excescive feedw atc' addition at power are well-

above the liziting value of 1.3C.
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TABLZ 15.2-2 (Continued) (Sheet 8 of 10)

TDME SEQUENCE OF EVENTS FOR

CONDITION II EVEINTS £
Accident Event Time (sec.)
Loss of Normal Feedwater
(Continued) Peak water level in

pressurizer occurs 280
Excessive feedvater "
at full load % One maiz; feedwater centrol

" valve fails fully open 0
§5.5

Minigua DNSR occurs £6.0-

Feedwater flow isclated due

“ to high-high steam generator N
level 18230~
Excessive load Increase
1. Manual Reactor :
Control (BOL) 105 step load increase 0

Equilibrium conditions reached

(approxi=mate tizes only) 150

2. Manual Reactor
Control (EOL) 102 step load ircrease 0
Overtemperature AT reactor

trip point reached 24.1
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T#BLE 16.3-3 (Continued)

REACTOR TRIP INSTR!MENTATION LIMITING OPERATING CONDITIONS

Functional Unit

lii-Hi Steam Cenerator Level or 5.1,

No. of
Channels

3/loop

(Turbine trip and feedwater isolation)

Steam Flow/Feedwater Flow Mlsmatch-
and Low Steam-GCenerator-Water

Tf the plant is operating
the core quadreut power tili shall bLe de!

per quandrant).

Inoperable channels are placed in the trip mode.

2/1vop-~
Jdevel-

2/1oop—
flow
mismatch

Wiien 2 out of 4 power channels are greater than 10 percent 6u11 powe
. -1

1f one of two intermediate range channels greater than 1
Once p

operable for purposes of meeting this specification.

o e o ——————

No. of Min.
Channels .Operable
To Trip Chgnnels
2/1lo0p 2+/loop
(any loop)
1/loop = 1/loop—=
-lavel - -level-
colncident | |
with.
1/loop—  -1/lcop--
~flow £flow.
.mismatch -mismatch.
in same-
-loop-

above 75 percent of rated power with one excore nuclear
ermined once a day by the movable incore detec

(Sheet 3 of 1)

Operator Action

Min. If Conditions of
Depree of Column 3 or &
Redundancy ‘Cannot _be Met

1/loop Maintain hot ’

shutdown
1/loop-=- Malntaln -hot
level- shutdown-
1/loop - -Maintain-hot
flow. shutdown.
mismatch-

channel out of service, then

tors (at lesst 2 thimbles

r, hot shutdown is not required.

amps., hot shutdown is not required.

laced in the trip mode, the channels can be considered




‘ TABLE 16.4-1 (Sheet 2 of 4)

MINIMUM FREQUENCIES FOR CHECKS, CALIBRATIONS AND
TEST OF INSTRUMENT CHANNELS

Channel Description Check Calibrate Test Remarks
10. Pod Position Bank Countars $ (1,2) N.A. R 1) With analeg rod position

2) Following rod motion in excess of
8ix in. when compiter is out of

service
11. Steam Generator Level s RA* M
12.- Steam GCenerator Flow 5~ “RAk ‘M-
Minmatch
13. Charging Flow S Ar* N.A. N
4. Kesldusl Heal Kemoval S (when ArA N.A.
Pump Flow in oper-
ation)
15A. Boric Acid Tank Level W A*% N.A.
158, Borlc Acid Tank Temperature W R R
16. Refueling Water Storage W A N.A.
Tank Level
17. Volume Control Tank Level S ARk ; N.A.
18A. Contaslnment Pressure S RA# . H(l) 1) Isolation valve signal
(SIS signal) .
18B. Containment Pressure S RA® M Narrow range containment pressure
(S5treamline Isol) (=3.0, +3.0 peig excluded)
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