w N
. .

\

Revision

Date

BWR SYSTEHS
LESSON PLAN

RECIRCULATION SYSTEM

RE?ERENCES

1. BYR Systems Manual, Chapters 2.5 and 3.2
Recirculation System GEK 779, Voﬁ. II

Brown's Ferry Technical SpecificatonsJ

N =3

Reference Card File 2.5
5. Operating Instructions
NDBJECTIVES

7. Fuliv understand the purpose ot the system and its design
besis

2. Major system components and flow paths
3. Significant sysiem instrumentation and interlocks

L. Re.ataonships between the Recirculation System and other
sysiem

3. Technicail Specifications governing tne sysiem

2. Frovices variabie forced circuietien of water throuch the
rzzztor core: tnereby asle ¢ achieve hicher specific
agwer and control flow gistrituticn ©0 all crnenneis. 3y
varyirc cne flow rate. different power densities can be
zcnievad and power ievel changed.

2. Cormoonents 3 Flow Path
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Yariable speed pump

'lotor operated pump discharge valve
Jet pump ring header

fach Toop supplies 10 jet pumps
Crosstie and crosstie bypass valves

Recirc System MG Set.

Flow Paths (Fig. 2)
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Recirc pump suction from reactor vessel downcomer region
between groups of jet pumps

Two separate loops

Discharge of recirc pump passes through a flow element and

is routed to a ring header (not a complete ring)

Fiow from each recirc pump goes from ring header to reactor
vessel via £ riser pipes

nternal to the reactor vessel each riser feeds two jet
umb nozzles via a rem's head arrangement

Ty -t

in the jet pumps the driving flow (from the recirc pUmpS }
mixes with the driven or secondary flow from the vessel down-
comer region (dryer and separztor drains plus feed Tlow)

znd returns, via the jet pump 4diviuser TO Ine COre iniet

SNV,

The tota] recirculation system fiow passes tnrough the core

m
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80% of fiow through fuel channels

-
i

[ @)

5% of ficw bynasses Tuel Cus o cesic
jow prevents excessive voiding in ine
increzses their accuracy.

ed 1
area

" epen core flow = 152.5 x 10° ib/hr

—

A34 x 107 1b/hr is drivinr flow

[« 1]
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x 10°
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b) -6 1b/hr is driven flow

c) ~13.4 x 106 1b/hr of the above is taken as steam

fiow; this being made up by Teesdwater {low.
Recirculation ratio is &/1
COMPONENT DESCRIPTION (Fig. 2)
1. Recirculation Loop Outlet
a. +28" recirculation loop suction piping
2. Pump Suction Valve '
. a. 28" Gate Valve

b. Designed to open against a 50-psi differential. (Equivalent
to the static head of water in the reactor vessel.)

3. Pump Discharce Valve
a. 28" Gate Vaive

b. Designed to open against a 200 psi differential. (Equivalent
to -about shutoff head of the recirculation pump.)

c. Originally this plant had a 4" bypass valve around the pump
discharge valve. However, due tc cracking problems found at
various BWR facilities in the discharge vaive bypass line many
facilities including BF!P removed the bypass 1ine and modified
the recirculation pump starting sequence.
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‘wzuteticn Pump end Motor

8000 HP variable speed induction motor (4 pole, 3£5-1725

RPM 2t 11.5 to 57.5 HZ Supply freguency

[ol]

b. Possibie speed rznge

w

1} Minimum Speed: 345 RPM - 11.5 HZ - 20%
2) Meximum Speed: 1725 RPM - 57.5 HZ - 100%
48

3) HMinimum Speed*: 3 RPM - 16.1 KZ - 28%
* s Yimited by sneed controller
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bump Flow Reting (design conditions **)

1) 12,630 5PM at 23% speed

o

2) &5,200 GPM at 130% speed

=* The Generator and Pump Hotor are not designed to pump

109% rated flow when pumping cold water.
1f attempt is made to do so a limiting condition of
generator stator amps will be reached prior to attain-
ing 100% speed.

Pump Motor Limits

1) Rated Voltage: 3920 VAC at 70V/HZ

2) Rated Current: 965 Amps

3) Maximum winding temperature 216°F

Restart Capabilities

1} Two consecutive starts allowed from motor ambient
temperature

2) One start allowed from motor operating temperature

MOTS: Further starts require an intervening cooling
period of 45 minutes.

Cooling Yeter Requirements

3} Pump seal assembly 47 CGPM

pumn Seazi Assembly (Fig. 2, 4 & 5)

1} Sez: ceriridge zssembly consicts of two sets of sealing
cur<zces and breakdown bushing assemblies
2! The =1 sez’

b) The =2 seal

Y vy
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< Ungsv novTat JI2EYETING Corgitions 220N sezl Crovizes
. ==~ i - - R =
z T.7 2si IvIo o2Creoss 173 surTtecs



2)

3)

d} These sealing surfaces form two cavities frem which
the above pressures are measured.

(1) No. 1 cavity at reactor pressure (1000 psig @
rated)

(2) No. 2 cavitv at 50% reactor pressure (500 psig
@ rated) ‘ .

NOTE: Fiow is controiled internally through the seal
assembly so that these pressures are maintained.

Seal Purging

a) Seal purge water from control rod drive system down-
stream of the supply filters keeps number one seal
cavity clean by flowing out of the seal area, along
the pump shaft, and into the recirculation system.

b) A flow of 2 1/2 to 3 6Pl goes to each pump throuch
a restricting orifice, flow regulator, and rotameter

¢) The ourge reduces the possibiiity of seal damage due

to ingesting dirt from an unciean piping system

&) DSuring normal operauion of the seal some flow through
the seal assembly is reauired to allow each seai to
accent 1/2 of the pressure drop {normally 500= ezch).

{

e}
~——

o
W)

llormal ficw set &t . cPa

{
\

[AV]

) Passes through internel breakdown bushings <To
controiled seal legkot? iine Trom =2 seai

Famm )
(FS)
.-

A17 seal lezkace routed to Drywell egquicment crair
surp.

Seal Failure

[31)

, Failure of the =1 sezl asserbly woula aliow increased
flow to the =2 seezl cav1ty f rcing the =2 seal to
operate at a higher P i.e.: 300 PSID.
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Failure of the =1 seal will cause 1ncreased lezkage
~1.1 GP4 through the controlied seo] leako?f line

(1) Alarms high at .9 GPH

(2) Alarms low at .25 GPM

Failure of the £2 seal would cause an increased

Teakage through the sezl leak detection lirne downstream
from the =2 seal

(1) This condition alarms at .25 GPM. Normally
there is zero flow

Failure of both mechanical seals would result in

a total leakage from the seal assembly of 60 GPH

(maximum)

(1) The breakdown bushings 11m1t the above total
leakage

Plugging the #1 R.0. would result in a reduction
in #2 seal pressure and FS "A" alarming iow

Plugging the #2 R.0. wouid result in #2 seal
pressure and FS "A" alarming low.

Seal CooIing (Fig. €)

a)

wm
~—

Due to the heat generzted by the friction of tre’
sealinc surfaces and the leakage of reactor water
through the seal assembly, cooling is recuired.

Coci<nc supciied sy RECCH system {27 GPM recyired’
Heat exchanger provided which surrounds the sezl
assemdly

Primary water is routed via:

(1} Hoie in main pumg imceller
Hudrostatic bearing

)
(3) Post shaft-to-casing clearance
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(1) Auxiliary impeller mounted on main pump shaft
just beiow the seal assemblies

£) 1f 28CCY is lost to the pumc and motor, the pump
should be tripped in -1 minute to prevent bearing
and/or seal damage

5. Recirculation System ' Sets (Fig. 7)

The recirculation pumps are driven by MG Sets, located in
the turbine building on.the turbine floor. The MG Set drive
motor and generator are connected by a fluid coupler which
controls the speed of the generator and thus the pump motor.

Drive Motor

1) 9000 HP - 6 pole - 1200 RPM Induction Motor
2) Maximum Current - 1125 Amps at 60.0 HZ (Gen. @ 57.5 HZ)
3) Rated voltage - A160V AC
4) Maximum Winding Temperature - 248°%F
Cenerator
1) Variable Frequency Generator (6 pole, 224-1150 RPM
2 11.5 to 57.5 HI)
Z) Power Rating - 3985 XM at 26 HI
3) Power Factor - 0.5 £ 38 EZ
1} Sated Voltage - 3920V AC 3 36 HI @ 2023 ¥ AC et 57.% HI
z) Maximum Current 876 Amps
2} Maximum Winding Terperature 228
Yoitage Reguletor and Excitatien

~

A

:
-

dlormal Qoerztion

a) The generator is excited by an AC exciter whose output
is converted to DC viz rotor mounted diodes and apo11=c
to The Field viaz slic rincs. The excifer is driven 35y
Tne UG Zrive WOTo

initial Stariuc

s} Ixcitaticn is supplied “rom the 120V AL, 60 HI
Zssentiel service bus

e
!
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Transfer to self exciation is time delayed following
closure of the generztor {ield breaker

The volteaoe reculation is supplied by & volts/HZ type
regulator which decreases the output voitage by 70V /HZ as
as the frequency is decreased.

Decreasing the frequency of the applied voltage on an

AC induction motor lowers the power factor. Haintaining
a constant voltage would require excessive amounts of
excitation current which could cause overheating of the.
exciter and/or voltage regulator.

Thus the need to program the output voltage down with
decreasing frequency.

The output of the‘generator is hard wired directly
to the recirc pump motor.

a) The inertia of the rotating elements in the
generator supplements the inertia of the recirc
pump and motor to provide & coastdown of action
or flywheel effect upon loss of station power.

b} The full flywheel effect depends on two factors
(1)

(2) Dependable fluid drive scoop tube controi

Adequate generator excitation

c) At least 10 seconds coastdown time is provided
en a trip from 0% speed oOr greazter.

e

137} Ti1e coastsown meintzins recive Tiow enc
helps protect the fuel Trom excessivé
temperatures foliowing & loss of power

{Tig. 7}

Four basic elements meke up the fluid drive unit.
(1)
(2)

e ~

Inpus {driving) shaft
Output (driven) shaft

Sings

(<1}
{3 ]

& mezns of varyinc Fiuid level
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The input shaft, impeller, impeller, impeller casing,
inner casing and outer casing 311 rotate together at
drive motor speed

The runner and output snaft rotate togetner at & speed
governed by the quantity of oil in the vortex and
the load conditions

The input and output rotating assemblies are suppcrted
on their respective sleeve bearings mounted in pillow
blocks

Hydraulic thrust is absorbed by Kingsbury thrust bearings
included in above pillow blocks

There is no mechanical connection between the input
and output members

Steady state operation

(1) The impeller, which is directly connected to the
prime mover, imparts its energy to the oil

{2) The oil, flowing in its vortex (whirlpool) pattern,
transmits iis energy to the runner to érive the lcad

(2} then the working circuit of the imceller and runner

. is filled with oil, the drive is czpetie of trans-
mitting maximum power with the least stip or
differential speea between the impeller and runner

{2} 2y introducing & movetle scoop Tubz into *he casings,
the amount of oi1 in the casings czn be adiusted
Trom Full o emply

2} Reaction to adjuszment is fast and smooth cver a

wide speed range.

Trancient operation

—

1)} 011 enters the working cil circuit
in the inboard end of the impelier

thygcugh ports
piliow »iock

There is ziways a fixed quantity of oil entering
the working circuit due to positive displacement
0i1 pumps and orificing

* The i1 i3 acIsa uion Ty The GTIE .E¢ EnC IEnLMI-
fyczl force, ‘orring @ vortex fatlern anc
transmitting its fTorce 1o TRE runnser
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{4} The speed controt scoop tube position
controls the quantity of o0il in the working
circtit

(5) The momentum of the rotating oil forces some
of the 0il out of the stationary scoop tube
and into the oil reservoir. (Fig. 9)

(6) Insertion of the scoop tube into the vortex
removes 0i1 faster than it is being supplied,
reducing the quantity of oil in the working
circuit

(7) This reduction of o0il results in less
coupling and a lower generator speed

(8) If the scoop tube is now stopped, the rate
of removal will squaiize with the rate of
supply and the quantity of oil in the working
circuit stabilizes at scme new, lesser
amount

——
to
~——

With scoop tube fully inserted -min. counling
With scoop tube fully retracted - max. coupling

Supply System (Fig. i0)

In addition to the working circuit, the oil sustiy
cystem must provige:

Three hal< capacity, cositive cisplacement &0
2P AC 0i1 pumps rated et €14 GPM and one HPM
DC emergency o0il pump rated et 136 PM

tzke suction from the fiuid coupier reserveir
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Srovide 2/3 core height "standpipe" effect Tollewing
desicn break accident (F 10 i)
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A relief valve at the discharge of the pump controls
the discharge pressure by re11ev1nc back to the suc*1on
of the pump

(1) This meinteins z constant pumping rete and allows
a fixed quantity of 0il to enter the working
circuit

The oil travels to an oil cooler. The cooled 0il is

returned to the fluid drive where a portion is passed
through filters for lubrication of fluid drive motor

and generator bearings

1f one of the oil pumps fails, the following sequence

- OCcurs:

(1) Time 0 - oil pressure drops to <30 psig
(a) The standby A/C oil pumps auto starts
(2) Time + 6 secs. - if oil pressure still 30 psig,

(a) auto. trips AC oil pumps (if DC pump
1ined up to start)

(b) auto. trips of M/G drive motor

(3) If pressure drops te 20% psig (or redundant
10 psig), the DC oil pump auto. starts (after
6 sec T.D.)

(a} The D. C. pum

rovide meximun core flow with minimum external flow

[u1]

Steam fcrmed in the lower 2/2 of the core will fiow
upward, cooling the top portion of the core
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Like centrifugal pumps, a jet pump converts velocity

. neacd into a pressure head. (Fig. 12)

1)

2)

3)

Due to the convergent section of the driving flow
nozzle, the driving flow is accelerated to & high
velocity.

This in turn creates a low pressure in the throat

area. Due to this pressure differential, the driven fiow
is accelerated and entrained with the driving flow

stream

In the diffuser section, a further reduction in velocity

.is achieved and the resultant discharge pressure is

developed

c. The performance of jet pumps is generally shown to be a -
function of the parameters defined below.

[l

Tiow Ratic. M=the ratic of ihe driven mass Tlow {sucticn
ficv) to the driving mess “low through the nozzle
s ) ' g o »6 - Jt - ?
“ Driven = s = €6 x 107 =/nr. = 2
.. . 6 s
Driving w] 38 x 107 =/Hr i
Sy~g ezcer (ric. Z;

Tach recirculation loop ¢33
22" manifold or “ring hezcer'
vessel

ne
1

ine terminates in a
-}

e 1
wnich encompasses the reacticr
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b. Flow from each recirc pump is routed {rom the menifold to
5 - 12" jet pump risers. Each riser supplies criving
flow to 2 jet pumps

c. The “ring header" is split by two vaives

1) Installed to allow operation of all 20 jet pumps from
one recirc pump

a) Designed to minimize flux tilting which may result
from single loop operation

2) Startup test results indicate operating pump may go into
runout when the crosstie valves are opened due to
"doubling the flow area

a) This reduces the pump discharge pressure which
supplies the hydraulic force to the hydrostatic
bearing
(1) Internal pump damage mey be the end result

b) Therefore, operating procedures prevent openinc the

crosstie valves and only allow one crosstie bypess
valve to be open to prevent overpressure

NOTE: The flux tilt was found to be minor in nzture
(3-5 %)

d. The crosstie velves each have an equalizer velve

They prewent

2 pressure buildup between the two
crosstie vaives

2) Pressure in & solid system will increase ~1C¢0= per CF
increase

“G Set VYentiiaticn System

z. ~wo 100 capacity ventilation axial fans supply cooiing air
10 both 3 set drive motors &nd generztors

o

~nere zre no interlocks to prevent stzrting the MG set crive
motor without vent fans. However, procedures require that
at least one fan be operating whenever an MG set is running

o Jf=zy tzeine an NG
ko) o creie

et a)

Lty
(1Al
[ I

[13)
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E.  INSTRUMENTATION

1. Control Room

a.

(S

(@]

a02-4 panel
Instrument

Recirc Toop temperatures
Recirc pump Toop flows

Loop flows .
Jet pumps 1,6,11,16 flows
Recirc pump & MG set temp.

Recirc drive motor & generator
Status temps.

Recirc pump differential
pressure

Recirc pump power

_ 1) generztor current

2) generator power

3) generator voltage

Recirc 1 drive motor

current

Pump seal pressures

1) =1

2) =2

Jet pump Flows (individual)
Recirc pump motor speed
Recirc M€ set generator sdeed

°02-5 oragl

instrument

€02-21 ftzck panel
Iinstrument

Vessel botiom head
Irain temo.

lype

Recorder
Indicators
Recorder
Indicators
Indicators
Multipoint
Recorder
Multipoint
Recorder
Indicator

Indicator
Indicator
Indicator
Indicator

Indicator
Indicator
Indicator
Indicator
Indicator
Indicator

1YDE

e .

Muitinoint
Recorder

Qo o (o N NwNoNw o)

[bN oo e

=000

Range

600°F 3

70 x 103GPM
70 x 1OGGPM
80 x 18 Z/hr
8 xolo £/hr
600" F

300°F

300 psid
150G Amps
8000 KW

5.25 KY
1500 Amps



2. Lloczl
a. Reactor building
Instrument Type Range
Recirc pump seal pressures gages 0 - 1500 ¢
- 3. Significant Interlocks, Trips and Alarms
. \ Item © Set Point Function

Recirc pump low AP >4 psid Allows start signal

. : to be applied to
/G set
Feedwater flow interlock T >20% Provides adequate

sub cooling for
recirc pump speeds
up to 122%.

Recirc pump speed
cannot be increzsed

above minimum until
} interlock is clearec.
’ Cavitation may

damzce impeller

Pecirc nump runback/speed limiter  Any feed pump Recirculation pump

. <20 rated spee¢ is runback
. fiow end or limited to 75&
vessel level so thzt the feed-
>Tow |=v=] weter conitrol system
aizym /+27")  will e &5le o

maintain or reccver
reactor water level
upon loss of &
reactor Teed pump.

discharge vealve not Ve
cen interiock op

tn —

ve <%0% Pr
n e

-
3

s aTve is open.
Fossible pump
internal damage.

~0T2ItE Dur:c.

- e
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Recirc pump trip

M/G oil pump auto start

.

Set Point

-51.5" reactor

water Tevel

<30 psig

w/1 sec. T.D.

Function

Low water level
NPSH for recirc
pumps. Possible
cavitation
problems

Allows time Tor
running oil pump

to restore
pressure. At the
end of 1 sec., auto
starts standby

0il pump

After 6 secs., i¥
0il pressure is
still <307, trips
the recirc M/G set,
and AC c¢il pumps
(if DC pump lined
up to start)

Starts DC oil pump

€ sec. 7.D
Control seal Tow flcw Z5 oPM Detect seal veiiure
Zzrnzrol zedl hish fiow L2265 Jetect seal vailurs
=7 seai ieck .25 GPM Detect seal fazilure
c. SYSTEN JEIRATIONAL <L MARY
i Lormei Ccerztion
g. “ini-us Speed Operztion
1Y The Jimiting minimum recirculation pump speed has been

established so that,

sut<icient flow wi]] he produced

A mmmam oz eoee i
e e et IE\.--' QY.'- ‘r

s _-.—,..--
F T~

t -

with 011J one pump running, a
0 mininize reactor vessel
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a) Potentially high differential temperzture can exist
in the vessel bottom head Begion due to the CRD cooling
water, injected at 70 - 90°F

b) It is desired to keep the sT between the saturation
temperature and the water from the vessel b8ttom head drain
drain to the cleanup system at a2 value <145°F &and the
between an igle and an operating recirculation loop at
a value <50°F :

2) "To accomplish the above:

a) The minimum recirc puﬁp speed is procedurally limited
.to 28% even though the fluid coupler could operate
down to 20%

b) The vessel bottom drain line was connected to the
cleanup system for accurate temperature indication
in the bottom head region.

(1) Drain valve has a drilled disc to eliow Tlow
at all times and prevent stagnation

. 3) A 2T between szturation temperature and the bottom head
-temperature is not limiting in itself. The stresses occur
when starting an idle pump or increasing flow. Hot water
aow sweeps out the cold, producing an unconzroiies neatup.

. a) Regions of primary concern are:

(1 CRD housing to stub tube welds

{2} RPY o6 RPV skirt welds
b) In zdditicn, the cold water is swept up and through
the core, producing a reactivity transisnt

wTy —
e o
ot
X
~
mn

d core mass flow 10Z2.5 x 10° 1b/hr, can te achieved
ower temperatures. However, current 1imits on
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By design the recirculation system is rated at 56.0 HZ.
However. the 1iriting speed is 57.5 HZ with the generztor
the Timiting component )

100% core flow is normally achieved at approximately °20%&
pump speed

Pump NPSH Requirements

1)

2)

"
St

"~y
-

(a)
~

NPSH is defined as & measure of the difference between the
§tatis’pressure and the saturation pressure at the pump inlet

The static pressure is comprised of two effects
(a) The height of the column of water above the pump
(b) The amount of subcooling at the eye of the pump

The recirc pumps are located approximately 60 feet
below normal reactor operating level. This provides
adequate 1PSHduring low power saturated operation

Feedwater flow provides the subcooling to the recirc pump
suction when operating at higher power levels., ~20°F
2 109% power condition

An interlock prevents increasing recirc pump speec above
!

the minimum value (28%) uniess at least 20% F.U. Tiow
is present for subcooiing

2+ fuli oower, 'WPSH is~ 2480 Test
ingle Loop Operaticn
Sincle icop operzticn is alicwed, but the operator
mus+ ensure that the recire iccp Tiow for the loop witin the
running pumo  £1%0% by reducing crerziing pump speec

hdditicnzliy, the ooerator Tust ensure that operzzin
oump Amos, motor winding temperature, beering temper
and motsr vibra=ion are alil witnin allowebie Timits

the discharge valve for that
~irutes

:— * -
Lo [ X
-inutes oper the discnarce valve &s necessary

ma2<nzain 1o0cs terperzture
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Starting an idle pump loop

1) If the pump has been isolated &nd >50 F below reactor
Terperature, open the suction vaive, establish sedi
water supply, and throttle the d18charge valve sufficiently
to establish a heat up rate £100° F/hr

2) Uhen the idle loop temperature is within 50°F of reactor
emperaturg and when vessel bottom head temperature'is
within 145°F of reactor (saturation) temperature,
shut the idle pump discharce valve

3) Establish fluid dr1ve 011 temperature >90°F with cooling
water established to oil coolers

&) Ensure the operating pump £50% speed
5) Start the idle pump at minimum speed

HOTES: (1) Do not start an idle recirc pump when APRI's are
the rod block. Insert control rods as required
to provide - 5-8% power margin between APRM power
and APRM rod block )

(2) The 50% AT limit between the idle loop temperature
and rezctor tempersture orevents a 1aro° uncontrolied
thermal stress on the pump casing. Small internal
components heat up and expand faster than the
casing and pump drainage might otherwise cccur.
Additionally it limits the cold water reactivity
addition effect

The 1£3%F AT jirmiz betwsen vessel botiom nezd

temperature &nd reactor :enserature is based con
1imitinc therral stress on CRD housing to stub

tube welcs ancd thermal siress on reactor vessel
to suoport skirt weids. If tne 14C7 17 i
is excseded, the reactor saturation terper:t
must Se lowered *o recduce the &T.

—~
Gy
~

TSema &
in

T
ure

—~
[ 3
—

Restar: limitzzions must be observed,

(5) Once zhe ust started pump AP increzses >3 psid,
its discharge valve will start to open by an
automatic 'oac1na circuit which will cet tne vaive

ooen «ithin SEConTs maxiTum

-
- -
1) vv ------
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. Abnormel operation
a. Operation with purmps at different speeds (Fig. 13}

1) Operating instructions limit pump speed mismatch during
normal operations as follows:

Power Level Speed Mismatch
- <8C <35%
>80% <22% ‘ -

* a) Large mismatches could cause flow-induced vibration
of the iower speed jet pump risers (Region I of
figure 13)

(1) The vibration results from turbulence generated
by the sheer forces between the driving flow
stream ancd the reversed secondary flow (Fig. 14).
Excessive vibration could cause faticue failure
of the jet pump riser braces.

2} Region 2 of Fig. 13 is prohibited tecause of instability
in fluid coupler
3) Region 3 of Fig. 13 is a transient region. Gperation is
1

[$4]

gi
lowes during pump restzrt only

. b. Recirculation pump seal faiiure

Y} If only one seal zils, cperation of the pump 2y COnTinue
until 2z planned shutdoun

2} IF the other seal leakace becores excessive, shut the
sump down and isclate it

3} Cneck dryweil atmospners conditions and ieakzge rztis ¢
verify sump isoiazion

c. _.soiatzd lo0p

*1 lihen changing temperaturs in an isolated loop, <he ccolidewn
rate {or heatup rate) shculd be controlied to 190 F/hr.
This is a primary svstem limitation. The most Timiting

civre

. . . .~z - P
comoerent in thé regircu 2Thon SYETET 18 Tne re

-~ e =2gien
O
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d. Shutdown cooling mode of RHR
1) BFNP operating instructions call for securing the

recirculation pump prior to starting RHER pumps to
intiate shutdoan cooliing on that 1oop

ny
~—~

There will be thermal stresses cn the RHR line
which ties into the recirculation pump discharge
1ine and on the inlet riser nozzle penetrations
to the jet pumps

NOTE: See Dresden Lesson Plan on Recirculation System
for a discussion of the condition where
recirculation pumps are left running while shutdown
cooling is in effect.

RELATIONSHIPS WITH OTHER SYSTEMS (Fig. 2)

1. Recirc loop "A" provides a suction path and both loops provide a
discharge path for the residual heat removal system

ny

Recirc loops A & B flow elements serve as inputs to the APRM and
REM flc~ biased circuits

(V]

RBCCY cools recirculation pump seals &and recirculation pump
motor oil

&, CRD nydraulic system provides seal purging water to the number
one seai cavity .

(4]

. The reactor water cleanup system takes suction from the RHR
suczion pipe emanating in the "A' recirculation loc2

£, Tne crimary system ¢an be saroied Trom the "AT recirs PRetels
SCHMICAL SPEILIFICATIONS
Jet fuTCs
s, ‘“nenever theve is recirculation Tlow with the rszctor in
-ne s=zr+ud or run modes with S0th recircuiation pumss
running, j&7 pumo cperzdbility shall te cnecked deily by
veriving that the foilowing two conditions do not olcur
simuitaneously:

hen *he two recirculation iooos have a Tlow imbalzance
=% .33 4hzn the TUTIS 5rE CIEXZIET 2T Tne same soeEd
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n
—

The indicated value of core flow rate varies from the
vaiue derived from loop Tiow measurements by more than
10¢

[#3)
~ -

The diffuser to lower plernum ci“ferential pressure rsading
on an individual jet pump varies from the mean of all
jet pump differential pressures by more than 10%

b. Additionally, when operating with one recirculation pump
with the equalizer valves closed, the diffuser to Tower
plenum differential pressure shall be checked daily, and
‘the differential pressure of &n individual jet pump in a
loop shall not vary from the mean of all jet pump differential
pressures in that loop by more than 10%

c. The operator would check 1) above by comparing recirc pump
speed vs. recirc pump flow. For example, 90% pump speed
normalily corresponds to 100% flow in each pump. If one
pump indicated 130% flow, it could indicate a possible
fziled jet pump in that loop

d. Since the core thermal power-core flow relationship has been
" determined very accurztely, the operator can derive core
flow by finding the thermal power and, using the power to
fiow map, find the expected core flow. Comparing this value
+o0 the totai core flow allows him to check 2) above

e. 30th 1) and 3) or 2) and 3) occurring simultaneously is
incicative of a failed jet pump riser or nozzle

)

. Concern for jet pump opereb

iiity
hut rather for ECCS considerztions
1Y Riser fzilure wouid exccse & larger meximum Tlow ares
Tor tne maximum crediblie zccident

Low pressure ECCS syste
\arger capacity to acco
er

ms wouid of necessity have to be of
ar te
énd consecuent more r

~=cdzte the increased blowdown re

ic uncovering of the core
Recirzutztion Pump Flow Mismatch

a. ‘merever poth recirculetion gpurmps are in steady stete opsrazion,
sums speeds sheil be maintzined within 22°% of each other when
nower level is greater than 0% and within 35% of each other
when power level is less than 0%
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if mismatch 1imit cannot be met, one recirculaztion pump
shall be tripped

¢. Tne reactor shall not be operated with one recirculation loop
out of service for more than 24 hours

d. Following one pump operation, the discharge vaive of the
idle pump may not be opened unless the operating pump
speed <50% :

NOTE: Although the technical specification for flow mismatch was
was originally provided for LPCI loop selection
criteria, it still applies for jet pump vibration criteria
‘criteria

3. Temperature limitations

a. The pump in an idle recirc loop shall not be started unless
the temperatures of the cooignt within the idle loop and
coerating loop are within 50°F of each other.

b. The recirc pumps shall not be started uniess coolant
saturation temperature and vessel bottom head drain
temperature are within 1457F.
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BWP_SYSTEMS
LESSON PLAN

A. MAIN STEAM SYSTEM
B. REFERENCES

1. BWR Systems Manual Chapter 2.6 N
2. Brown's Ferry Nuclear P1an{. FSAR Section 4.4, 4.5, 4.6, 4.11
3: Browﬁ's Ferry Nuclear Plant Technical Specifications
4

Flow Diagrams 47W801-1
Mechanical Control Diagram. 47ws10 1 -
. Mechan1ca1 Logic Diagram 47W611-1

PR

5. Reference Card File 2.5

C. OBJECTIVES
1. fullyunderstand the purpose of the system and its design basis
2. Hejor system components and Tlow paths

Significant system instrumentation anc interlocks

[#3)

2. Z%eletionships between Main Steam Systenm and other systems

echnical Scecificaticons ccverning the system

)
<

-

z. To conduct steam from the rezz*or vessel threugh the
canzzinment to the turbine - cenerztor.

b. To prevent uncontrolled reieass of primery stean to
“he =2nvirons.
c. ist in 1imiting pressure in the nuciear steam

5
tion sys=em.

rigus in-TianT comIcnants.

[
(]
'y
)

- .- - -
. —ma b s
VYige sxeg e

o
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e. 7o provide Steam to HPCI and RCIC
2. Components (Figure 1)

a. Steam lines

b. Safety valves

c. Safety/relief valve

d. Flow restrictor

e. Main steam isolation valves (MSIV's)

£. Main steam line, HPCI steam line, and RCIC steam line
drains and drain valves

g. Pressure equalizing header
h. Bypass valves (covered in Turbine Lesson Pian)
i. Turbine stcp valves (covered in Turbine Lesson pian)

j. Turbine control valves (covered in Turbine Lesson Plan)

2. Main Steem lines

1) 2 lines 6
2) Rates steam flow is 3.34 X 10° =/hr./1ine

(v 2

eactor heal vent
c. Satety valves
d. Safety/Relief Valves

ﬂ- - .- - -> e ) .
e. Stezm line <o HPCI tursin

mn

F. S=zzm line ¢ RCIC turbine
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HPCI and RCIC drains
Pressure equalizing hezder
Steam to turbine
Bypass steam to condenser
Batance of plant steam regquirements
1) Off-Gas system (RECHAR)
a) SJAE Supply.(ist and 2nd Stage
b) SJAE Supply (3rd Stage)
c) Off-gas pre-heater
“2) Turbine driven reactor feedwater pumps

3) Gland sealing steam

E. CONPONENT DESCRIPTIOM

1. Steam Lines

2.

Design Basis

1) To conduct steam from the reactor vessel through
the primary containment to the steam turbine

2) To accommodate operational stresses, such as in-
ternal pressures. without a failure which could
lead to a release of radioactivity in excess of
the quideline values in 10 CFR 10C0.

3) The main stean lines within the prirary containrent
are *c witnsiznd the effects of an earihcuzke with-
out & failure which could lead to a reiease of
radioactivity in excess of the guideline values in
10 CFR 100.

1}

(9

~

“u

(N et (h O
-4

—~~wn N

from the outermost containment isolation vaive
up to but not including, the turtine stop valves
Tnter-connected pipinc 2-1/2 inches or larger

! - 3 12 < gt s - S
‘e - - - e RS mm - S22 yae - ~ = :
U o and inciuging The TAvET VEive < S

[e1]
e

o
~—

gitner normizliy 7O
. -zzic cliosure curi
rsactor ODEr:TION.

-t f

v gzt

n ty o

3
n
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3)
4)
5)

Four 26"

-4 -

czrbon steel steam lines used to:

Permit turbine stop valve and main steam isolation
veive zesting cdurine olant cperation wiin z minimum
amount of load recuction.

Linit differential pressure on reactor internals
under zssumed accident conditions including a
reptured steam line

Limit inventory loss on steam line break.

Permit high power operation with one line isoiated.

Permit utilization of bypass valves (common header)

2. Reactor Head Vent

. ) a.

1)

b. Cooidown

99
1

'
.

()
w
(31}

m

Operating vent

Con-
vtnEY‘-

From reactor head to "c" main steam line.
tinuous vent of non-condensibles which might
wise accumulate in the head area during power
operation.

a) Flow caused by small pressu"e drop betwee
tne vessel and the steam line.

vant
Trorm rzacior nead to O/¥ ecuipment arain SuTC.
Yenzs ~cn-condensinies Zurinc ceccldown 2738y TEIn
stezm Tines heve ceen fiooded and tne rezlIlr Ce-
pressurized.

Trne sz sty vzives zre designed tC Drevent Jvevr-
oressurizing the nuclear steam supply system <0
prevent Tailure ¢7 the nuciear system IrgoCess
barrier due to pressure
:* Tzsicon oressure §¢ 1230 osip Tvesse szl
i),
5. ITME code 2iows & Transient OVErIYEssLre
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condition of 10%
(1) 1250 + 10% (1250) =1

ny

80 + 125 = 1375 psig

¢)The highest pressure in the primary system

wiil be at the lowest elevation due t0 Sysiem
pressure + the static water head. The highest

~  pressure point will occur at the bottom of the
vessel. Beczuse the pressure is not monitored
at this point; it cannot be directly determined
if this safety limit has been violated. Also,
because of the potentialiy varying head level
and flow pressure drops, an egquivalent pressure
cannot be a prior; determined for a pressure -
monitor higher in the vessel.

The total safety and safety/relief valve capacity has
been established to meet the overpressure protection
criteria of the ASME code.

a)The worst overpressure transient
1) 3-second closure of all MSIV's neglecting the
direct scram (valve position scram)
2) Maximum vessel pressure of 1303 psig ifa
pressure scram is assumed
3) Maximum vessel pressure of 1260 psig if
a neutron flux scram is assumed
4) Number of installed valves that must open t0
1imit peak pressure to 135C psig (25 psig
margin)
(a) 7 valves must open if a neutron flux
- scram is assumed
(b) 10 vaives must ooen if a pressure
scrarm is assumed

The distribution of the recuired capacity Setween
safety valves and safety/relief valves must be sucn
that the safety/relief veives shall prevent the opening
2% the safety valves during pressure +transients wrich

re resoonsibly exsected during the lifetine of Tne rlant

1) A turdpine trip from reted power with
bypass valve failure 10 open (zssuming
tursine <rip scrazm) is the most severe
apnormal operational transient resulting
directiy in a reactor coolant sysiem
pressure increzse.
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b)

High pressure switch activates a

DC solenoid

which admits air pressure to a remote operator.

)
L

Auto Depressurization

a)

To prov1de automatic depressurization for small
breaks in the nuclear system so that the LPCI made

of RHR and the core spray system can operate to
protect the fuel barrier

b) Opening action is

function

the same as for the relief

.c) 6 Safety/Relief valves operate in the ADS mode.

Valve Set points

4 valves G 1080 psig
valves 8 1090 psig

1)
2)
3) 2 valves @ 1100 psig

2
2
Blowdown cath

1)

(@]

individually piped to
ninimum water level

"ny
—~

Yacuum breaker prov1de
into the relief 1ine ¢
suppression pool,
relief 1ine upcen compl
in the relief line con
the valve with its rel
water could overpressu

AaCtuation

1)

Valve
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cn (2) which is forced

Capacity 800,000 1v/hr each
Capacity 808,000 1b/hr. each
Capacity 815,000 1v/hr each

the suppression pool below the

d to &llow entry of dry well zir
to prevent water from the

from being "pulled" up, into the

etion of blowdown when the steam
denses. Subsequent reopening of
ief line partially filled with
rize the relief line.

(Figure §)

5°n51nﬂ nart
the right if

{3)

<rznsterred ¢
down.
top of

n
(4]
»
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bressure differential is crezted because of the small
size of the main valve piston orifice (13) compared tc the
main valve piston vent (15}.

Zeactor steam pressure inen 1ifis the mein vaive piston (z)
and the main valve disc (14).

Steam flows out and is piped to the suppression pool.
Wlhen steam pressure is =50 psig below set point, the

pilot setpoint adjust spring (4) forces the pilct valve
closed (2).

Second stage disc closes (10).
Pressure equalizes .across main valve piston (12).
Spring force closes main valve disc (14).

If the ?eliows ruptures, a pressure switch alarms at
150# (5).

Pilot actuation (Manual)

DC solenoid admits air pressure to remote air actuator (7).
This pushes down on second stage piston (&),

which unequalizes pressure across main valve piston (12)
as above.

h ure - z2= cressure (lot zorcijceble to

i z
Brown's Ferry)
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} manual demand
) -automztic blowdown demand.
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Stezm Line Flow Restrictors

a. rurpose

i) Limit fiow curing steam line rupture to %200% ofrated line

Tlow.

2) Limit the loss of coolant from the Reactor vessel following a
steam line rupture outside the primary containment to the ex-
tent the vessel level does not fall below the top of the core

within the MSIV closure time.
3) Limit thed\P across core internals by restricting flow.
4) Provides mechanism for measuring steam flow.

a) dindication :
b} input to reactor level control system.

§) Provides input to the primary containment isolation system.

b. Venturi-type restrictor. Pressure drop of =10 psi across the
restrictor at full flow.

Main Stezm Isolation Valves

a. Fach steam line has two isolation valves - one inside and one
outside the primary containment.

b. Purpose

1) Prevent exceeding radiation release rates in excess of 10CFRI100
suidelines in the evert of a stezm iine brezk outside of primery

conteinment.

2, Limits inventory loss during a steam line brezk accident.
meintain clad integrity by preventing core T{rom uncovering.

air cylinder

-\

cy

b) nvdrzulic dashpot

¢} speed control velve

¢) closing sorings

e vzlve seaz

<" nilet and pitst walve ssEt

Helps
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2) Open valve operation

a)

b)

c)

4)

Air supplied to underside of air operator piston causes
piston and stem to move upward ageinst spring pressure.

Stem 1ifts pilot valve first - 1/2 inch

(1)} equalizes upstream and downstream pressures through
balancing oritice

Upper portion of pilot makes contact with main valve
body, and 1ifts the main valve off its seat to a full open
position.

Valve designed to open against 200 .psid differential
(100 psid differential by procedure)

. 3) Close valve operation

a)

b)

|
)
.y

(@)
~

(8]
~—

Air supplied to top of air operator piston plus spring
force causes valve to close.

Yalve closure speed set by throttie valve on hydrauiic
dashpot.
(1} valve closes in 3 - 5 seconds.
{a) Fast enough {5 seconds) to prevent gross reiease
of fission products to the environs.
(b} Slow enough (3 seconds) to minimize the severity
of the pressure transient resulting from isola-
tion.

Air to open,

Air and/or spring to close.

-l

. - \ -
zive fziis closesd on 10S8S ¢
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Each vaive has an accumulator - check valve arrangement
to supply air on loss of pneumatic supply pressure.
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5) Air system open valve operation

a) Air is supplied to air operating cylinder through &n a1r-
overated control velve.

b) The air-operated control valves are controlled by the AC
or DC solenoid operated valve.

(1) If either solenoid valve is energized, the control
valves will be positioned to:

(a) supply air to underside of air operated pistocn.
(b) bleed off air from the top of the piston.

“(2) Working against spring force, air opens valve.
(3) 250 V DC supplied by battery.
(4) 120 VvV AC supplied by an RPS bus.
6) Air system close valve operation
a) De-energizing both solenoid valves will cut-off air
supply to the control valve operators causing the control
valves to:
(1) supply air to top of air operator piston.
(é) bleed off air from underside of piston.

(3) Air pressure and spring force close the isolation
valve.

A}

~1

Test opesrztion

z) Depressing the test pushbotton for 1A Main Steam isoletion
!zalve causes:

(1) The tes* scloncid valve to enerzize resuliing in air
seing suppiied to the itest conirai vaive operatier.
(2} The test control velve po<1u1ons to sicp the air

supp]v o the underside of the MSIV air ocerztor
piston and slowly bieed the remaining air th rough
a needle valve. .

1 - .

zV The veive 20

(4]
[0
(B}
-t
(8]
(73]
1 1]
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L
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m
h)
wn
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18]
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(4) The vaive will ¢o to the full closed position if
the test pushbutton is held depressed

-~
on
e

Hhen the test push button is relezsed, the tsest
solenoid valve de-energized and air is again supplied
to +the underside of the MSIV air operator piston to
open the valve

(b) If the test pushbutton is held down, the valve will close
in 45 - 60 seconds.

(c) Testing a valve at full power might result in high steam
* flow in the other three lines. It is therefore necessary
to reduce reactor power to % 70% of rates power prior to
testing.

—

8) MSIV Control Logic (for MSIV 203 -1A) - Does not Apply to
' Brown's Ferry

2) ‘lormal operztion (valive open)
(1) GRI osolation contacts closed.
(2) 1I1IA & 112A relays energized and seezled in.

(3) Control relay CRIA de-energized.

I~

LN

( Contrcl switch in zuto-open position (contacts ciosed).

/
A

o
o —

120V AC & 125V DC solenoids energized.

h
~—

Air surplied to air operaor to cpen MSIV.

(S
—

Close operation

t2) De-cnergized 120V AC 3 125V 2C solenoids.

} Conzrol switch contactis open.

f2  Air zuppiisd o zir coeravor 10 close "SIV,

¢} Test operation

1f the USIY is full open, momentarily depressing
tect cushbution znergizes CRLA and the test valve
scierci
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(2) CRIA provides the foilowing functions:
(a) seals itself and the test valve sclenoid
+hrough LSIA.
(b) de-energizes 120V AC solenoid.
(c) de-energizes 125V DC solenoid.

(3) When the MSIV reaches the 90% open position, LSIA
opens. )

(a) This de-energizes CR1A and the circuit returns
to a normal configuration with the MSIV open.

(4) Holding the test pushbutton down cont1nuou51y acts
as a bypass of LSIA and the MSIV will slowly close.

d) GR I Isolation

(1) Arranged in a one-out-of-two twice logic, the 106
acontacts open on Group I isolation and cause:

(2) 112A & 111A relays to de-energize, seaiing in
isolation.

(b) 120V AC and 125V DC solenoids to de-energize.
{c) Test valve solenoid to de-energize (if energized)

(d) Air supplied to operator to clcse vaive (2long
with spring pressure in 3 - 5 seconds.

(e) To reset zzer GR I isolation nas cleered, turn *he
mzin steam iseolation reset switch To enargize
ooth intoars &nd outboard vaives.

(f) 102A contac: closes and picks up the 1127 re-
lay, and allows the 120V AC & 123V OC sclenoids
to rick up, opening the MSIV.

Wy
-

in

-t

iongls which cause autcmatic ¢iosure of MSIVY's eare:
Low-low reac=or water level (480%) (Tech Spec ety

b) Main steam line high radiation {3 x normal 100% radiation
level)
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d) High steam flow in any mainsteam line (140%) (Tech Spec

1£0%).
"2} Low :ressure equalizing hezcer pressure (825 neig)
(1) bypassed in all modes except run.
f) Manual
10) Reasons for isolation signals:
a) 490" reactor water level
’ (1) Low enough to prevent spurious initiation.

(2) High enough to initiate isclation (and ECCS) so
that:
(a) .no melting of the fuel cladding occurs.
(b) post accident cooling may be accomplished
and the guidelines are not violated.

Hote: 10CFR100 guidelines define an exclusion area
so that any individual on the site boundary
for 2 hours immediately foilowing the onset of
fission product release would not receive &
+0tal radiztion dose of greater than 2% Rem
whole body cr 300 Rem tc the thyroid.

(& of
~—

3 % normal high radiation

{1) dezect gross fue! failures

12} prevent exceeding JCCFR100 suideliines
¢} 200°F steam <unnel hign temperature

(1) detect small (15 gpm) steam leeks in stezm tunnel.

. . . s ..
‘2) rprovids backup I nigh siedm fiow isoleticn on large
brezks outside centainment
X - A re ~ <
3" prevert exceeding 10 CFRICO guideiines.
A - -
d} 140% stezm fiow
P - = - r. - - L - - - - P
L InozonfuncTicon JTTn the Tiow resTrIITIrS Enc TNt
- - = -k - s =% . -~ 1< : - - —-
s-zzr; jsclation .zt.2 closures, 17713 Lng TESS
invenscry 1633 such Thes
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(2) fuel is not uncovered. o
(b) fuel temperatures remain less than 1000°F
{(c). 10CFR100 guidelines are not exceeded.

e) £ steam line pressure with mode switch in Run

(1) protects against a failure of a pressure regulator
which would cause the control and/or bypass valves to

open.

(a) limits inventory loss so fuel is not uncovered
(b) peak clad temperatures are much less than 1500°F.
(c) There will be no fission products available for

release other than those in the reactor coolant,
therefore 10 CFR100 guidelines will not be ex-
ceeded.

(2) Prevents rapid depressurization and subsequent cool down
of the reactor vessel at rates exceeding the design rate
of change at vessel temperature.

7. +eam Line Drains

Qe

b.

A drain line is provided at the low point of each main steam line
as follows:

1) upsirezm of the inboard jsolation vailves.
2) downstream of the outboard jsolation valves.

Line Draining

Y A conmbined MO vaives (25 valve) is provided for the zbove
sea- <rain lines for rapid craining of the steam Tines 17
flooded.

2) Drains go to the main condenser.

.

is operazing, crain petn is through orifices
gr.

Jhen tlan

-
[ %
CCRGENS

(¥}
——

(34
m 1
. v

n

4) zach downsiream drain Yine has an isolztion valve sO
an individuzl line has to te ispiated &t power, 13s
valve can be opened.

-h
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c¢. Drain valves also have equaiizing function.
1) Recovery from main steam isolation
a) check common drain line to condenser closed (58 vaive)

b) open outbo&rd isolation valves.

c¢) open drain valve #87

Ui

d) open drain valve #56

e) open drain valve #55 to pressurize the main stezm piping
’ and equalize around the inboard isolation valves.

* f) open inboard isolation valves when pressures equalize
(within 100 psid).

g) open drain valve #58

"Mote: Turbine drain lines will be covered in turbine lesson plan.

Note': NPCI, RCIC drain lines will be covered in their respective
lesson plans.

HPCI Steam-Line

a. 13" line off the "B" main steam line
b. Supplies steam %o the HPCI turbine

-RCIC Steam Line

a. 2" line off *he “C" main szear line

£:C -urbine

(9]
(Va)
€=
T
o
ot
-
(14
tn
wn
ct
(14
[a 1]
R
ct
o
ct
3
e

Pressure Equalizing Header

Tyt

w0
o
3
0.

er pressure trensients experienced when testinc IS
ine sICp and conIroil velves. :

a. £ valves with 25% relief capacity {(total)
1) Discharge into the main condenser via pressure reducing orifices
Telzros 5F Thzrt Iiezm GeCJiremEnts
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1) 1st and 2nd stage SJAE Supply 200 psig
2) 3rd stage SJAE Supply 200 psig

-17 -

5. =zZCHAR oT7-gas pre-neater

1) 250 psig steam supply for pre-heater

¢. Gland seal steam

1) Pressure control valve supplies 3.5# turbine shaft sealing

steam.

d. Turbine driven Reactor feedwater pumps

1) 6" Supply line

2) Supplies high pressure steam for Reactor Feedwater
pump turbines, A, B, & C

13. Turbine Stop Valves & Control Valves

a. Covered in Turbine & Eiectro Hydraulic Control Lesson Plans

INSTRUMENTATION

1. Control Poom Indications

Instrument

Steam line flow

Turbine throttle pressure

*Safety & relief valve
temperaures

~ 1ins

1Ype
4 indicators
recorder
1 indicetor

multipoint
recorder

o

1 meter
1 record

m

r

recerder

Range
0- 4 x10° 16/hr
0 - 16 x 168 16/hr
0 - 1200=
0-600° F
6 - 12° nr/hr
{6 ceczce iog scaie)
0 - 600°F
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2. Local Indications
a. Turbine building
Instrument

Main stezm header
pressure

EHC pressure

3. Significant Interlocks,
Item -

Safety & relief valve

high temperature alarm

Main steam line high flow

Mzin steam line high

1 ype

gages

transmitters

Trips and Alarms

Setpoint
150° F

140% of rated
steam 1ine flow

Alarm 1-1/2 x

normal (Mormal is initiates 1
average rezding 2 2) Secures

radiation normal trip 3x
100% power)
¥onitor Alarm
A1-00-136 637 ¥r/hr
2M-20-137 ¢ 637 Wr/hr
B4-80-138 - 637 Vr/Hr
P11-20-12¢ £27 Mr/H
Mein ¢wezT Jow prassure Aiezrm & Trip
2302
12i~ stezm disolation 80 open
27 e zeziiier ‘oyzasses 7
T A

nange

0 - 1200

0 - 1200#

Function

[0

Indicates possible leak-
age past valve. Verifies
valve open.

Initiates Group 1 isolation
Indicates possibie break
outside containment.

Alarm alerts operator of
possible fuel demzge. Trip

pump and valving

3) Isolates Condenser &ir tray
£) Closes off-gas system stack

isolation valve

Scram rezC=or on cevriéin
commdingtions o vz lie
ciosurs

e

rip

1275 KHr/hr
1020

705

1275

1< mode switch iz run -
initiztes Grecup 1 isoie-
tion. Procezzs zzainst rapid
cooldown due *o failure of
pressure reguiator.

Group 1 isolation
Mechznical vecuunm
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Instrument Type nange

) . -0
Steam tunnel high Alarm 150 F Alarm alerts operator to
1EmCerature Trip 1920F rossible steam ieak in

tunnel. Trip initiates
Group I isoletion, indi-
cates steam leak in

tunnel outside of contain-
ment.

6.  OPERATIONAL SUMMARY

1.

(73]

Normal Operation
a. A1l MSIV's open.
b. A1l safety, relief and safety/relief valves closed.
c. A1l drain valves closed except 57 and 59 valves
1) provides continuous Tow point drain path
d. Bypass valves closed.
Operation with Isolation Valves Closed
a. Closure of one main steam line will never cause & scram,
b. Closure of 2 main steam lines may cause a half-scram
c. Closure of 3 or more steam lines will always cause & scram.
d. Refesrence :o Rezcior Protective System Lessen Plzan.

Note: Scram occurs due to isolation valve closure if reactor pressure
j¢ 1055¢# or if mode switch is in Run.

Grouc 1 IzolaTion

=. Uoon receist of z Group I isolaticn signal, these vaives wiid
zsTomzzicaily close:
1Y 217 HEIV's
2) #5% & #56 main steam drain valves
2) Reszctor water samwoie line
2 Re=igng rasdlting frem MSIV clesure
= =37 znz Iz .@lves llen
=) =18g,.=15%, =170, and =371 close {folicw "SIV zosizicno.
closed cr open.
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&. Relie® valves mav sometimes be used to control pressure when isolated.
a. Ocerator should zlternate relief valves every 5 minutes.

LI

[

Wdzzer in suppression pool may overheat locally.

-

a) Could damage the coating on the inner surface of the
suppression pool.

b) Could release free steam to the torus.

5. Do not allow steam lines to become flooded when Reactor is hot due to'
possisle 1ifting of safety valves and relief valves. -

RELATIONSHIPS WITH OTHER SYSTEMS
1. Main steam system is part of primary containment.
2. Steam flow signal provided to:

.a. PReactor level control system.

b. brimary contzinment isolation logic.

3. Limit switches on NSIV's provide position input to the Reactor Protective
Systen. ’

Mzin steam radiazion monitor provides signal te:

[EY
.

a. Primary containment isolaticn logic.
b. Feszczor protective system.

gic.

(&

c. CFf-cas iscletion |}

(81)
e
.3
I
w

()]
(X}
3

s
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c. Gland seal steam
d. MPCI turbine
e. RCIC turbine
Safety-relief Valves
a. Part of the Emergency Core Cooling System (6 S/RV part of ADS)

1) Required to reduce pressure to permit low pressure systems to
inject into the vessel.

Bypass steam to condenser
Air §upp11es.

a. Drywell control air supplies the inboard SMIV's and the Target
Rock Safety & Relief valves.

b. Control air system supplies the outboard MSIV's
RPS bus supplies 120V AC solenoid valves for MSIV's.
- 250V DC battery supplies 250V DC solenoid valves for MSIV's.
HICAL SPECIFICATION
MSIY closure scram shall be <10% vaive closure from full open.

3. 7Thnis scram anticipates the pressure and Tlux transients which
cccur when the valves close.

b. Automatically bypassed if ~1055% steam line pressure and mode switch
rot in Run.

1} Plant is stable i «10585= with MSIV's closed.

Main steam low pressure initiation of Group I isolation shall be
825+,

or fzile in a menner which causes rapic
sive cocl ¢swn rates may be enccunisred.

b. Automatically bypassed in eny mode switch position excepT Run.
1) Allows plant to heat up and pressurize.

-3 e ns

isn setocint thail e =32 ¥ normet.

-t

nh orzd

tez= lin

n
n
(4]
m

(4]

&

g}

Ticn.

o

T den
t 13Cq

rouJ

o

“w

o)

ni7iates

0
()

. < . ’d'o‘c*r-‘
5. Scrams regcior (direCc sCram).
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c. Alarm shall be 1-1/2 x normal.
d. lormal is background radiztion level at rated power.

e. zoletes cfi-gas sys<enm

4. High flow main steam isolation shall be 140% of rated steam flow
for that line.

_ a. Isolates a break outside containment and 1imits radioactive release
the environs.

b. Conserves reactor coolant inventory.
c. Prevents excessive P across core internals.
5. Steam tunnel high temperature isolation shall be 200° F.

a. Isolates small break outside containment before it becomes a large
one. .

b. Acts as back-up to 110% steam flow isolation.

6. Reactor Low-low water level trip setpoint is 129.7" above the tep of
. the zctive fuel. (-38" on instrument)

a. Isolates main steam isolation valves to conserve inventory.

7. Mexinum allowable reactor coolant sysiem pressure with irradieted fuel
in the vessel is 12802 + 1C% transient cverpressure.

a. 12505 + 125= = 137%<
b. Highest pressure in vessel is in bottom heacd region.
c. ©Pressure is sensed in steam dome region.

d. Thne recirculeti

tion system piping's transient pressure 1init is in
excess of 1375 p

s
sig.

or further information consuit %78 and PCIS Lesson plans.

[§))

v Yalve Setpoints

a. Safety valves - 2 vaives 71,250 psig

5. Szfzoy/Teiisf Veive zetiCarts
IV 2 waives F .05 sz
7% 4 vaivas 21,115 3sig
3} 3 valves 21,125 c8ig



(8 1]

- 23 -

c. Bases

1) The total safety/relief valive capacity has been established

to meet the overpressure protection criteria of the ASME
Code.

2) The distribution of the required capacity between safety/
relief valves and safety valves has been set so that the safety
relief valves will prevent opening of the safety vaives curing
normal plant isolations and load rejections.

When more than one valve, safety or safety/relief, is known to be
failed, an orderly shutdown shall -be initiated and the reactor
depressurized to less than 105 psig within 24 hours.

At least one safety valve and approximately one-half of all safety/
relief valves shall be bench-checked or replaced with a bench-
checked valve each operating cycle.  All 13 valves (2 safety and
11 safety/relief) will have been checked or replaced upon the com-
pletion of every second cycle.

Once during each operating cycle, each relief valve sha]i bg .
manually opened until thermocouples downstream of the vaive indicate
steam is flowing from the valve.

The integrity of the relief/safely valve bellows shall be con-
+inuously monitored.

At Jeast one‘relief valve shall be disassembled anc inzoecied each
operzting cycle.

Five of the six valves of the Automatic Depressurization Systiem
shall e operable:

A

a) oricr to & startup itrom 2 cold concition or,

5} ‘Uhenever there is irradiated.fue1 in thg reagtor vgsse] znd
+he rezctor vessel pressure is grezier inin 105 -sig, excer
specified in requirements 15 and 1€.-

If =wo ADS valves are known to be inczpabie of autcratic ecrerziion.

. s : - AR an
~he reactor may remain in cpereticn ior 2 period not to exceed 3T
days, provided the HPCI systiem 1S operabie.

1f more than two ADS valves are known <o be incapable of zutomatic
. . N . N
oreration, the reacior may remain in operation for a fericd net ¢

s - campm s T P
1 cpoeided the HPLD 1z coZevalis

A
P pe
£°28835 . 3 ~ e Amr..

({1
1,

©f rzeuirements 15 anc 16 cannct feé weT, &f créeriy ERLIICHR wi.. 28

) - - chr2lY & afran &~ 372
ini=izted and the rezczor vesse: pressure thall he recuczl TC i.S
nsiz or less within 2¢ hours.
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BWR SYSTEMS

LESSO: PLAN

REFERENCES
1. BHR Systems Manual Chapter 2.6
2. Browns Ferry FSAR Chapter 11.2

3. Browns Ferry 0I's 47 and 3

4. Peach Bottom BWR Discussions Chapter 6.3

C. —OBJECTIVES

1. General Description

2. Flow Paths; Stezm and Auxiliaries
3. Major Components

4. Auxiliary Systems

5. Turbine Trips

Ravision

Date

6. Reaczor Scrams Originating with the Turbine

7. Technical Specifications Associated with Turbine and Auxiliaries

BRIZF DESCRIPTION

7. Purscse:

To convert thermodynamic energy of the reactor steanm into mechanical

enersy o drive the main generator.

ny
[$4]

zsiz Description {Figure 1)

&. One high pressure (HP} section

5. Thre

)

€. 1°C% rzonm

ee low pressure (LF) sections identified consecutively as
, and  from the HP section to the generator.

A,
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4. Tandem-compound, Six-fiow

oo |

) Tandem-compound mezns that sach section is alizned on the
czme shet znd-thet siesm leaves the HP section before ex-
pansion is complete and then goes through one or more LP
sections. :

2) Six-flow means that the steam enters at the middle of the
LP turbines and flows in both directions. < -

f. Last stage buckets in the low pressure turbine are 43"
g. Approximate steam conditions:

1) 950 psig throttle pressuré at

2} 13.37 x 10° 1b./hr. steam flow with

(#3 )]

) 0.28% moisture z2ainst a meximum

>

} 8ack pressure of 2" Hg zbsolute in the main condenser.

team Flow Pat

z. From four mzin steam lines (22") to

_b. Turbine Throttle (22")

c. SE" lines <o byoass valves from throttle (¢ valves 257 cdesign
capacity)

4. £" lines to

&L _Ma ¥ -
1) 0ff-CGas Preheztlers
-y -~ - - 2 2 Ce ' -- .
2% Seacior Feed Pump Turdins “{ch Pregsyre Steam AvOLTiES

%} Sea) Steanm Regulators
z) Steew Jet Air Ejector Regulators

!
m
L¥3)

e. ‘llon-reheat; steam is not reheated before returning to LP turbines.
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Through the con;;gT valves
Through the high pressure turbine

Exhausts to the moisture separators (6)

1) Extraction steam from By and Cy crossover Tines supply reactor
feed pump turbine low pressure steam throttles (250 - 275 psig .
setpoint).

combined intermediate valves (CIV's).

Low pressure turbine exhausts to the main condenser.

feedwater heaters.

Other Tandem Mounted Components

a.

b.

cooled with liquid stator coolant.

—

(AN}

~

w

'}
.

2

)

)

ther Components

Low pressure relief valves

at 250 - 275 psig

L? *urbine casing if the mein stop and ccn
and the CIY stop valves sizm shut.

Tueive spherical sest journel hearings

A
st

-
T
a

c
n

Dried steam is admitted to the low pressure turbine through six

Extraction steam is drawn from various low pressure stages for

Generator, a four pol, 1,280 MVA at .9 power factor, hydrogen

Exciter, a four poie, 2635 KU, air cooled, 0.97 power factor,
60 cps, wye connected, alter ev (alternator) excitation system.

———-
[ o]

sered-land thrust bearing mounted at the fixed middle
dard.

COMPONENT DESCRIPTION

1.

Turtine Stop Vaives {Figzure 2)

[y

1
- -

r

.-

1

vaives
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)
o

g causec

b. Purpose:
These zre emergency valves and function to zrotect the turtine
from fauit conditions such as overspeed which could
by

- 1) Failure of the control valves or,

- 2) Generator trip.
¢. Construction

1) A1l four stop valves are welded together at the below-seat

equalizer and thus have interconnected flow paths.

2) Each valve is controlled by an operator at the bottom of the
valve via the Electro Hydraulic Control System (EHC).
3) Hydrauliczlly operated open anc clesed, spring loaded closec.
L) Vvalve Humber 2: (Figure 3)
. 2) Has an internally meunted rilot valve used for acmitting
steam to warm the steam chest.

5) Also used to equalize the pressure across the €%op velves
orior %0 opening &s tne veives are designed to open only
if +he 2P across them is <130 psig (=13% of ratec steam

. pressure).
5. Turkine Controi Yalves (Figure 4]
z. Cugntity is L.
E. Purpose:
1% To reculete the stesm to the turbine within the capazili<iy oF
The vEzCoor to S.ohiv Steam theveby con=reliing resciliry Tressive
23 Llsc orovices tne control for rcliling, syncaroniZing zng
) loading of the =achine.
c¢. Construction:
1) Wzlves zre weidsd directly to trherr rescective 3%oc valves.
ZY Zize y2tez g ogomIrsiied Doo3n £DErIiif BT TNE LINLLT >F Ire
wzlse wiz the I:{ Systen
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3) Hydraulicially operated open and closed, spring loaded closecd.
¢) 3alanced with internal poocpet and balance chamber.
a) Uhen steam is admitted to the steam chest sonie passes
between the valve and valve skirt to pressurize the
balance chamber. .

- b) During valve operation the internal pilot (poppet) valve
. moves less than 20 mils. .

i. Steam is bled-past the stem and out the pilot valve
seat to the outlet reducing balance chamber pressure.

ji. The valve then opens against less back pressure.
3. Combined Intermediate Yalves (CIV's) (Figure 5)
a. Ouantity is six (6Y.
b. .Purocse:

1) To protect the turbine from overspeeding during a generator
. trip or load reject (Load dump .

2) Tne overspeed might occur even if the stcp and control valves
close due to flashing of the moisture, in the moisture sepa-
rzors, to steam when the pressure drops within the turbine,
ciping end moisture separaiors due o the vacuum in the con-
denser.

c. Cons*truction

1)} Two valves in one:

e} Intercept valve

— ' Stop vaive

1)
.o

+
ne

"n

rcecs Velve

o

V' 8zlenced sieseve type

j. Steam pressure is equzlized across the valve, by holes

through the mid-velve plate, balancing the veive.

_- - e s . -
- e e .t ladatant el .
Ve n: ¢ CS. orh 2 Ve

[¢]

Ve,

mn
M
[{}]
[s1)
1
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b) Variable position valve that regulates turbine speed
during overspeed conditions.
i. low increase in speed.
aa. Remains full open until~105% overspeed.
bb. Ramps closed and is full closed at~107% overspeed.
cc. Begins to re-open at~102% overspeed, decreasing.
ii. Fast increase in $peed.
aa. Begins to ramp closed ~102% overspeed.
bb. Begins to re-open at~102%overspeed, decreasing.
c) HNormally full open valves.
i. ©Pamp open when turbine speed is selected.
ii. Valves Al, Bl, and Cl open firsz.
iii. Valves A2, B2, and C2 begin to open when valves Al, 81,
and C1 just reach the open position and valves A2, BZ, .

and C2 will close smoothly when valve £1, B1, &nc Q1
close below half stroke.

)
—

Stop Valves

&) Unbalznced Disc - Eguzl pressure &Cross tne valve is not
recuired as the valve is either full cren or full shut
5} Closes on a turbine trig.
2) Strictly an emergency vEive.
2 s e iz controiled Hv an onerator &1 Tne totior 0F the

ch vaiv
iv

m
™

=} Hydraulically operzted ospen and clesed, spring lozded ciosed.

sssocisted Veive Equipment

[$U

7' Syrzose is ‘o orevent injection oF foreizn materigl Tarcush
.elves ¢ zurbine.
3T vsuzliv oremoved foiiswing i-iTizl turdine Clevition



-7 -

LI

2y Ysually available for re-installation following maintenance.

b. Velve Linkage
1) On all valves except bypasses.
2) Purpose is to provide valve control as valve parts are differ-

entially expanding and contracting during heatup or cooldown.

Turbine Inlet Relief Valves (Low Pressure Relief Valves)

a. Quantity is 6.

b. Purpose:
Protect the turbine low pressure piping and moisture separators
from overpressure which would occur if the CIV's failed in the
closed direction with steam still being supplied to the high
pressure turbine.

c. Pressure setpoint is 250 - 275 psig.

d. Discharge of the valves is piped to the main condenser.

Extraction Hon-Return Valves {Figure 6)

wr

Cuentity: (2)

cl €O

ne on each extraction steam line from the LD turbine section to
ne 1, 2, and 3 feedwater hezters in each stiring (A, 8, and C)

u

Jro

se:

(@]

S0 protect

<he turbine from overspeed which might occur when the
turoine is

tripred and subseguent Towering of pressure in the

-ursine and hézzers {due to vacuum in the condenser) results in

fizsning of the woisture in the nesters to szeem and passace of

-mic szazm beck inzo the turbine, through tne 3lading znc 2n L0

-nz concenser (rore in feecdwetsr systen 1),

Zenstruction

1) Ordinary check valve

S Lip cyiiedev on the d¥sc kzeDs GiLC 1ifsed us sus o the “lcw
mz=e umzzr csrmEh CORGITICTE T FITITAIE regizTance TI oIIEarv
:.GH. .

1) hen turhine.trios, air is bled oFf ‘rom <he &ir cyiincer
zilowing <re c¢izc ©0 £297 car+iaily cown into the Ticw nzzh.

I I¥ reyerse 3TEEN TIOW SCCUTS : .
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7. Bypass Valves {Figures 7 and 8)

&. Juantity is C.

b. Bypass capacity is 25% by design.
c. Purpose:

1) To permit establishing a fiow of steam to the condenser in
preparation for rolling and loading the machine.

2) Also handles excess steam while unloading the machine or
during a turbine trip (at low power).

3) Used for passing steam to the condenser on a reactor cool-
down for decay heat removal.

d. Construction

1) Physicaily loczted above the turbine throttie. (Figure

(Ve
—

a) MNumbers refer to opening sequence.

b) Discharge is to condenser through pressure reducing
orifices.

c) ATl bypass valve inlets are welded tcgether forming a
header.

2) Valve Assembly (Figure 8)

et

Ve

[31)

~—

vES

r

m

(8]

operzted secuentially sy EHC oil pressure.

o

) Flow path is from inlet header ic main condenser.

(L2}

. Turbine Yalve Lineups:

w

~
<

(1]

(18}

High Pressure Turbtine Section (Figure 2)

(41}

)
-
wy
ct
(14
[37]
]
-
=
-t
m
ot
~—
~J
—~
P
ct
[
3
(&
-
3
[44]
(s}
(8]
]
p
tn
ow
)
(&3
=
%)
)
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f.

¢) Exhaust to moisture separetor (17, 18, and 19)
£) Journal bearings (2 & 10)

6) Thrust bearing.(12)

7) Thrust bearing wear detector (11)

8) Coupling to LP {15)

team is admitted to the turbine admission bowl through four lines
at equal circumferential intervals at the center of the turbine.
This is called full arc admission. :

Each end has six stages.

Each stage has moisture removal by annuli at blade tips. Drains
internally to last stage.

A

A journal bearing at each end of the HP section provides the only

.vertical support for the rotor. Mormal bearing oil temperature is

1500 -  160°F.

Steam exhausts to the moisture separators~192 psig and 14% moisture
goes to six moisture separators. .

Thrust Bearing

e,

or

(8]

Located between journal bearingé 2 3 3 between the HP and first LP
surbine {A). (Middle standard)

Suroose:

To prevent eny axiai motion of the turbine and generator roicor in
order to maintain proper clearances between rotating biades and
STET

b

ruc= can occur, for exzmple, due *o imbzlenced steznm

m

o<

¢t 3>
3
Q) ~te

K=

¢y

b -
-
O ct
o ]

¥
wn 3
o

cl tn

hrust bezring wear cetector locez.ed on the bearing will detect
g +hrust bezring wezar (~0.025") in either direction anc

ihe turtine. (Operation covered in G.2.2:)

Mm 3=

- 3
-t
—t (D
-5 wde N
-ty o2
hd)

£

L W
™
-3
wd
3

0
(8]
o
—

y 3

ct
- (D

th
(@

(Y

{h

th ¢
Yy L

L5y b (D
[}

ety
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Tach thrust plate contains two thermocouples embedced in the plate
hacking metal. These thermocouples serve as an acditional temperz-
ture indicatinc device for the bearing.
Normal temperatures 140 - 175°F g
125 - 150°F (Unloaded plate)
High temperature alarm 180°F
Maximum operating 16C°F
. 11. Front Standard
a. Located on the end of the high pressure turbine.
b. Purpose:
To house various turbine control components such as:
“1) Hydraulic trip system .
2) Auxiliary control rotor gears assembly
3) Mechanical trip and reset device
Qi] trip and reset valve
5) Overspeed trip device

Eleczronic low speed switch

)
7} Speed sensing head

£} Mzin o0il pump
2} Torgue shatft, levers

10} Shell expansion detectors

17} Cifferential erxoansion detecicre

12} 01 cages and valves

13} $heft Sroundinc Device--This device consists of & spring-Tcaded
flocd lubricated shoe witn siiver ribbon inseris. These sgring
loaded shoes run on *he turbpine stub shaft extension, on the

frqnt ctzndzprd. The oil film is thin enough so that an acecucte

- 2 are - s jomam So oo mlrz oies mSAm e wez
rLLnC =Nl This sggTEm % TeCESZavy IETEJSE Z1rell=ILTTE
i mrn e - T e mamae=la smmeas a4 mmz  g= zez =g
oTmzesT 2re TYrILUCeL Iy £LEITOCETETAC ZLLTCT L LR eEme STZ2ZES
s
I oeha =ifpane
27 the TJroineg.

"n
i
[}

corconents will be Ziscussec i de+zi
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Moisture Separator

(1)

- Low

W

“here are six units.
Purpose:

To remove moisture from the steam before entry to the low pressure
turbine.

¥oisture Removai Section
1)
2) "Fish hooks" remove moisture which is piped to the moisture

separator drain tank. (Sesme principle as for reactor vessel
steam drier assembly.)

Peerless type moisture removal sections.

3) Dry steam passes to the low pressure turbine.

Srescure Turbine Sections C {Figure 10)

CTonsists of:

i)

Journal bearings (20, 28)

2} Sight stagés (7 through 1&)

3} Aimospheric relief diaphrecms

2} Mojisture removal annuli (20}

2V 2g%cr coupling {27}

“here are three LP sectiens.

Units are designated A, 3, anc € starting from the HP end. Each
section nes eight stages (7 hrsugn 12). Last stage tizcing is
PR

-

is acmit-ed 2o each L7 zuroine in two lines throuzh ine

Txnaust is 0 the individuai sscTions of the main condenser.

[44
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h. Moisture Removel

1} Ezch stage has & moisture removal annuius.

2) The collected moisture drains to the feedwater heaters at
designated points.

i. Overpressure Protection

1) Each of the outer casings- has two atmospheric relief diaphragms.

2) Purpose:

To protect the exhaust heed and mzin condenser from overpressure
which, for example, would occur if condenser vacuum was lost and
steam continued to be sent to the turbine.

3) Consists of a copper-silver alloy sheet.

£} Under normal conditions with the condenser at vacuum, the dia-
phragm is cished inward.

2} On overpressure of 5 psid from within <he exhaust, the diaphragm
is forced outward agzinst a cutting knife thereby opening the
relief diaphragm permitting exhaust o¥ up to rated steam flow.

Turning Gear

z. Located between the last LP turbine (C) znc the generator.

b. “urpose:
7o slcwliy rozate the re2clor &t 3 +¢ S rom wnen machine is shutdewn
=0 orevent rotcr bowing.

c. Ssscription:

Ty A §2 ¥o, AT motor driving 2 Dinion gEEY +hzt meshes with the
turaine shzft suligezr.

4. <Sncacement - Disencagement

-12 -

1) Automatically engages on coast down when machine reacnes J rpm
by operating & solencid air velve which ooris air 1o &n air
~ylinZer connected I the zngaging mecrznism,

DU fan g mer.eiiyoengagIiovie trerenieT -F =-e szmg sclerc’o i3
25CVE

i Zzn be —maruzlly engezec 1aczily vie scencic directly cennecte
+he hand 1ever.
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¢} Can be menuaily engaged locally with a wrerch on the squared

£

end of the external projection of the torque shaft encaging:

mechznism.

5) Automatically disengages upon roiling of turbine.

Interlocked to prevent operations unless bearing oil header pressure

is > 10 psig.

peceives constant lubrication from the bearing 0i1 hezder at & gpm
through a restricting orifice when header is pressurized.

Control -Room Instrumentation

a.

(1R}

Item Device
Turbine Throttle Pressuré (2) . Indicator
Steam Chest Pressure indicator
‘Jurbine Speed indicator
Turbine Speed/Valve Position Pecorder

1) Red Pen Turbine Speed/Control
Valve Opening

2

Ly g

5lack Pen Bypass Valve Opening
Yelve Position Indicators
) One fcr Zach Stco, Conzvroi,

intermeciate Stop, Intermeciate

.Control, and Bypass Vaive

grbine Yibration; Eccentricity Recorder

-.rhine Temzerziure, 3ifTerentizl .
TenEnsicn RecoraEr
1) Sheil Zypansion Pt -1
z) Differential Expznsion Pt - 2
%' R2p+5~ Exoansion LA

-3
t1
—a
o
th
m

1
(1)
b
ow

0 -
0 -

Range

1500 psig
1500 psig
2590 rpm

5000

-
(¥}
Q
o

—
Q)
(9o

2

-t
Q
(én]

9

15 mils

-t



T, TURBINE FUXILIARY SYSTENS

1. Exhaust Hood Spray S¢stem
a. Purpose

During machine startup or at low loads, steam flow to the last few
stages of the low pressure section is so Tow that:

. .1) Little cooling of the blading is provided by the steam and

2) The blades in the last 1 = 2 sections are actually pumping
the steam through the machine (not designed as pumps ).

This result in significant heating of the last stage blading and
inner casing.

Some cooling must be provided in order to prevent distortion of
radial and axial shaft to casing clearances.

oroblem is worsened if have significant non-condensabies in steam.
. b. 3rief Description
System consists of:

1) Temperzture senscrs in the A & C low pressurz hoods to detect
high temperature conditions. The highest rezding detector con-

- +rols the automztic sprey system.

2} An eir operzied, temperalure controiled automatic water sprey
valse that controls the fiow of deminersziized water from the
conZensate syszem. Maximum Ticw is 122 ¢cpm at 100 zsig with
nc lead on the turbine.

2) A motor operated bypass valve is provided for bypassing the
sutcmatic spray valve in the event of its failure.

CAUTIGH
2=%¢
-~ i

Do not use byvps
er.

s valve if exhaus< hood temperature is ~ 1
znd -urbine-gererat

erator is “cadec.
&) Sprzy nozzles that spray down into the turbine exhaust hood,
~r+ the Slzding or casing, an2 thus orovide indirect cooling

' e
- A ..

o
-+
g ]
o
ot
%
I
1
m
D
ct
[¢1]
part
b
-l
w
t
w
4]
o
h
)
=
tn
w
[4)
ct
L
=1
(@]
<
>3
[ 4
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2. Turbine Lube 011 Systeﬁ {Figure 11)

Q.

- 15 -

conirol Room Instrumentation

' 8 -
4 EN

Exhaust Hood Temperature (3)

Significant Interlocks

Tevice

Indicators

1) Automatic Temperéture'ton;ro1 Valve

a) Begins to open atw120°F.

“b) Is full open at 200°F.

2) Alarms in Control Room at 175°F.

3) Turbine is tripped at 225°F.

Jo supply oil to the Tollowing:

1)
2)
)

)

(9]

Y

Srief Description {Figure

Consists ©

1

th

‘Purpcse

Turbine and generator bearings

Bancs

———

0 - 300°F.

Thrust bearing and thrust bearing wear detector

Overspeed trip reset

0i1 o *est the mechanical overspeed trip cdevice

Turning

[(y]

€cr

11)

zhe foliowing

-te

7 tznk

ube ©

-

LY Py
naihn

£

1a2in shaft oil pump (MSOP)

Nil driven booster pump

Mamow gaczion oums (MSF)
2 - 20 e -
Jraing cezr oit pump (TG
- . .
Tmercency cearing 01! PURD

‘u

i

COMmpoOnents:
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2) 0i1 coolers
Y Yzpor extractor
12) 0il1 purifier and purifier pump
11) Clean ana dirty lube 0il storage tanks and transfer pumps
- . c. flow Path

1)

2)

Prior to Rolling Turbine
a) Turning gear is engaged and turning.

b) TGOP is providing lube oil to bearings at~40 psig at the
tank.

c¢) Lift pumps are providing high pressure 1ifting oil at
bottom of bearings.

d) Motor suction pump is running providing~~20 psig at MSOP
bearing lubrication.

When Turbine is on Line (At speed)

z) MSOP provides oil a2t 225 psig to booster bypass anc
baffier valves.

b) Booster baffler reduces the oil pressure to the oil driven
+urbine of the booster pumo to--150 psic.

¢} 091 exiting the turbine end of the pump goes 10 <Tre zocolers
-hen on to the bearing header - -40 psig ¢t the t
roocoupie con-

¢) Raw cooling water to the 0il ccolers is th
1000F. cut ¢f th

“rclied to maintain oil temperature at
cecier.

o
QM

th
—r

ni1 rom the booster punp supplies oil e the sucticn oF
“he MSOP &zt~ 20 osig.

£} Motor suction pump, turning gear 0il oump, emergency SEEvIng
0il pump and 1i¥t pumps are o¥7.
Surire Turtine Cpasteoc.n FLiic.ing i Torhdiez Tric

o= : % PUPRE R e -—— e S el o~ - - VT o ama
z, 35 will automaticeliy szavrT iC pEig, &1 Ung Aoo- FoLTNCTL
- == -3 L uTtnD - e mmpes e
-6 rzintain suction pressure to MSJP tC prevent Iéna:s
3 - % - - -" -—- - - b= - - -. -
o 307 will automaticaily start et i3 o2sig Ssaring Tt nEECEY
~ressire tpo Trevent bezring ZErice
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d. Cocmoonent Description

1)

(X% )
~—

¥ain Lube 0il1 Tank Capacity

11,450 gallons
3,500 galions
14,950 gallons

rovice complete oil suppiy
1 power when the machine

a) Operating Level

b) Backflow to tank when shut down

¢) Total System capacity

Main Shaft 0i1 Pump (MSOP)

a) Purpose:
In conjunction with the turbine driven booster pump,
satisfy all Tube 0il requirements while the machine is
at speed without reliance upon electrical power.

b) Located in 4ihe front standard.

¢} Double suction, single stage, centrifugal pump driven at
1200 rpm by the main turbine shaft.

¢} Provides adequate oil pressure and flow sufficient to
meet lubrication requirements when at €09 of rated speed.

e) Discharge pressure is™~225 psig to the booster pump.

Ci1 Driven Booster Pump anc Baffler Valves

2) Purpose:
In conjunction with tne NS5F, ©
without reliancs upon siecirica
is ¢n the line.

»} FPump has two functiongl sections:

“
P

1. Turtine end:

Arive pump end &nc

z1so provides low pressure o1l to
~he beearing header ig

zt 50 psig at tenk level.

Z) Pump end:

1]

try
[
)
ot
L
(o]
o3
[$]
Li]
.
n
b
Y]
(30
Y

s Lok AT
- Lo

tr}

- : = - S Ame = ol e - - =
"o 5oCs-er sefiler vzese crovides Sor preper eclusthént OF
- <1 ¥ - - . <

c31 flow to the bocster pump Turaine.

- s 25 - - 2 £ p -

-ne hooster paffier bvcass valve conirels oil Tiow 20 the
tezring hezfer
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Motor Suction Pump (MSP)

a) Purpose:

TJo provide oil to the MSOP, to provide adequate sucticn
pressure, whenever the turbine is at < 90% of rated speed.

b) Description:

A 60 Hp. AC motor driven centrifugal pump having a discharge
pressure of~40 psig. -

cf Power Supply:

480V AC Unit Board 1B. A bus not normally supplied by the
diesel generator.

d) Starting: Auto if Main shaft oil pump suction pressure
<10 psig.

Turnine Gear 0il Pump (TEOP)

a) Purpose:

To provide o0il to turbine bearings and 1ift pumps when
machine is not &t speed.

b) Description:

A 60 Hp.. AC motor driven centrifugal pump having a discharge
pressure of~~40 psig.

¢} Power Suppiy:

280V AC Shutdown Board 1B. From a bus whick can be energized
by the diesel-cenerator.

4} Starting: Auts when pressure at tank <135 psic.

(R3]
m

- = PR : . feme
erszncy Szaring 0il1 Fump (EECP)

} Purpose:

o

To provide Tube oil to the +urbine and generator bearings 1n
+he event of a loss of &1l AC power.

:  Ceszricztice
a 40 Hp., 3338, 2C single stase centrifucal pumo witlh &
discnarge crassure o¥~~30 5sig.
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1

¢) Power Supply::

From 250V DC Battery Bus 4 normally, alternate 250V DC
Zzttery ous 1.

d) Starting: ‘Auto if TGOP discharge <10 psig.

7) Bearing Lift Purps

a) Purpose:
To provide high pressure oil at the bottom cf each bearing

. to physically 1ift the rotor up off the bearing~3 - 5 mils
when the machine is on the turning gear, in order to reduce
rotor/blade chatter and-turning gear torque.

b) Description:

Five 10 Hp.” AC motors drive 10 positive displacement pumps
(one for each turbine tearing).

c) Power Suppiy:
~i. Pumps 1-5 from 480V AC RMOV Board 1A.
ii. Pumps 7-10 from 480V AC RMOV Board B.
- jii. From a bus which can be energized by the diesel generator.

¢) Suction source for pumps is bearing 0il heads.”

hY

e} Sterting: °Purds auils ctart when turning gear engages andg
332r:s
noTE: Gperzzion ¢f the pumps will not affect rotor performance
z+ speed, and it is recommended that 1ift pump operability oe
checked a+ l=2zst once per month. Generally 1171 pumps shouid
52 poerzied zny time turbine cpeed s 200 rom and &% all Tives
.nen the un‘s is on turning gear. IT on +urning cear &nc cn&

or more 1iT: pumps are not avzilable, the unit mey be ievt

on turning ¢zar &s long 2s there is no shatt cnatler, nor
excessive -urning gear motor current. I chetter exists &nc
ojl temperatures are 50-C0°F the unit shouid be taken off turn-
ing gear and rotated 1809 every is minutes.

10y

z; ~-Ur;Oce:
=5 mzir=zir the lube oil bezring inlet *emperature peiween
1100 - SI55E
- &V .
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b) Description:

i. Two 100¢ capacity coolers, each submerged in the 011
tank.

ji. Cooled by raw cooling water at 3500 gpm maximum design
flow on the tube side.

Vapor Extractor

a) Purpose:
Removal of saturated air above the oil in the tank promotes
evaporation of any water in the 0il and reduces moisture
condensation and accompanying rust in the system.

b) Description:

i. A 5 Hp. AC motor driven fan takes suction from top of
Jube 0il tank and exhausts to Turbine Building roo¥
after passing throuch an oil mist eliminator.

iji. Maintains 1/2 to 1-1/2" H20 vacuum,
c) Power Supply:
480V AY turbine building ventilations board 1A

2ulk Lube 0i1 Storaae and Transfer (P&ID =41

) Lube Oif purifier
i. Purpose:
To provide continuous cleanup of the lucte cil.
ii. Description:

aa. One 100%: systiems
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¢) Dirty Lube 0il1 Storage Tank
j. 30,000 gallon capzcity
ji. Storage for spent oil prior to offsite shipment for

reprocéssing or for purifying.
d) Lube 011 Transfer Pump
i. Purpose:

To transfer oil fromtank to tank within the lube oil
. system.

Description:
aa. Two 5 Hp. AC motor driven pumps

bb. Discharge 100 gpm each

i

ii. Power Supply:
480V AC turbine building ventilaticn board 1A

e. Control Room Instrumentation

Item Device Range
i) Bearing 0i1 Header Pressure indicator 0 - 100 psig
2} Lube 0i1 Tank Pressure Indicator 0O - 100 psig
3. Shef: Sszling Sycstem

g. ?furpose:
To provide sealing for the high:anc low pressure turtine rotors
<0 prevent:
1} BRadioactive steam from entering the Turbine Buiicding, and
2} Mon-condensables from entering the condenser.

b. 3rief Description:
T-zz~ %z rpecwicgs 2T 3.3 £gic o Tests OV & CrEssure PRt SR
=t lizvrirTa tyoe sn@vioracdingT on tng hizn Cressure ang 1ve IN
“ou cressure tursine sections &nd =0 tne 2FP turbines

m -

iy (o



c. Components

1)
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Steam Seal Regulator Assembly (Figure 12)

a) Steam seal feed valve, air operated

b) Steam seal bypass feed valve, motor operated

¢) Steam seal unloading valve, air operated

d) Steam seal unloading bypass valve, motor operated

e) Steam seal supply from main steam header motor operated

f) Steam seal supply from aux. boiler motor operated

g) Relief valves (4)

h) Steam seal header

Gland

Steam

Seal Condensers (2) (one Shown)

Packing Exhausters’ (2)

Labyrinth-type Turbine Shaft Packing

2) Pressure Packing (Figure 12)

Fressure Packing (Figure 12)
+ leak off is to extracticn steam line 0 the HP

Firs
feedwater heaters.

ir
ee

ezl steem header at £ psi

(2

[{&]

2z. Supplied by steam seal feed vaive during startup
and at light loads.

Mzintained &t nigh loac

3 ie
turbine and action c7 sea! =&

(o)
[

z% through from HP
=z unlcading vealve.

Glend Seal Exhaust Vent

az. Held at slight vacuum by giand ceal exhauster




b) Vecuum Packing (Figure 12)

i. Used on LP turbine only.

-—be
—te
.

Gland seal from seal steam header to reduce air in-
leakage.

jii. Gland exhaust; vacuum maintained by gland exhauster
- to remove air in-leakage and seal steam leaking back.

d. Flow Paths (Figure 14)

1} Shutdown to 300 psig Reactor Pressure

a) Steam is supplied to the steam seal feed valve from the
house auxiliary boiler. .

i. An air operated pressure control valve.
ii. Reduces pressure to 4 psig downstream of valve.
jii. Valve fails open on loss of signal or air
. . b) A steam seal bypass feed valve is provided bypassing the

steam seal feed valve during low pressure steam supply
conditions (<250 psig).
HOTE: The steam seal feed vaive is designed for rated
Jressure operation and therefore will not provide adequate

seal steam pressure (4 psig) until throttle pressure is
+283 psig.

¢} Seating steem is appiied o the high and low pressure Tur-
sine shatt seals (Figure 12 and 13).

d} A gland exhzuster fan provides a vacuum of 5" H,0 to the
shaft seal %o prevent siezm lesking into the Jurbine Building.

e) The exhausted mixture of steem, moisture and ajr is routed
<0 2 gland seal condenser to condense 211 the steam an
re-urn the condensate to the main condenser.

o)

f) The gland seazl condenser is cooled by the Condensate System.

The non-condenszbles are routszd to *he Offgas Systesm Tor

™~
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#igh Power QOperation

g)

b)

c)

d)

e)

)
—a

a)

As reactor power increases, steam pressure at the exhaust
¢ the high pressure turpine increases.

team from within the turbine now forces its way outward
past the inner packing and attempts to increase the stieam
sez] header pressure beyond & psig.

Eventually, the steam seal su
completely closes to compensa

pply pressure control valve
te for this leakage, and the

steam seal unloading valve opens as required to maintain

4 psig on the header. (Steam

i€ diaphragm breaks.)

The steam seal unloadin
and C5 low pressure fee
turbine 12th stage).

g valv
dwater

A steam seal bypass unloading
<team seal unloading valve in
closed.

st

t

in this mode of operation,
chaft seals is the sealing s
=yrbine section seals.

Should the pressure control v
w4311 maintain seal system at
control .of pressure is then p
valves.

unloading valve fails closed

e discharges to the A5, BS
heater extraction lines

(%rom

valve is provided around the
the event it should fail

eam from the high pressure
eam for the low pressure

alves fail, the relief valve
& sefe pressure. Manual
ossible with the bypass

e. Conzrol Zoom Instrumentation
Item Device Rance
) Steam Seai Header Pressure Indicator 0 - 10 psig
2} Slanc Zxnezuster Sucticn Pressure Indicator 9 - 3C" H20
£. TURBIHE PROTECTION AMD REACTOR SCRAM INSTRUMENTATION
1. Turbine Trips

z Tefinition
Lo=eic oF YL turming valves £lCI&s (EnCETT INE -Lrcing ssfzes
J3TVES.
$ spis gf the exzrzction reizy Qun vaive znc subsequent clesing
5% 311 vatves con=roiled ov it [See Teecwatar 1D fpr ve,ves &Tiecte



Turbine Trips

Trip

B

High reactor water
level -

Low EHC control oil
pressure

Low Turbine Trip System

0il pressure

High thrust bearing wea
wear

Mechanical overspeed

25 -

Setpoint

+54l5

<1100 psig

<800 psig
r >0.035"

110%

Backup electrical overspeed 112%

overspeed

High LP exhaust hood
temperature

ator cooling
or amps >7726

S0P discharce

TS -l

-~z
-t =
- - -

[

225°F.

Coolant
Pressure
<13 psig
Coolant
Temperature
>959C

1

(4]

-y

psig
00 R

D A
v

3

PY

N

[4}]
v
in
¢
(]

Reason for Trip

To prevent moisture carryover
from the reactor into the tur-
bine.

Prevent loss of control of the
turbine.

Seals in turbine trip.

Wear greater than this amount
is abnormal and is indicative
of incipient bearing failure.

Turbine blading will faii due
to high centrifugal force i
speed is too great.
Backup protection for the 110%
trip.

To prevent damage to last stag
blading and inner casing due
to overheating, overstressing
and possible misaiignment.

Prevents overheating of the
generator stator windings.

-

indicative of Tailure of MSCP.
a breken 0il line or loss of
0il supply to ¥SQP. Centinuec
operations could damage the
pump or resuit in & loss ot
all oil.

Indiczsive of fz2ijurs 2° iz
luce oil 3ygTen. 4FTinuEs
operation #ouic prodeliy ve-
sult in wioed main pearings
an¢ possible damage tc the

machine.
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Trips i Setpoint Reason for Trip
toss of both speed EHC system required at least
feedback signals i -- one speed signal o be &bie
turbine >100 RPM to control the turbine valves.
Loss of condenser , Indicative of 1oss of heat
vacuum <19" Hg sink. Turbine is nct designed

to operate at low vacuum con-
ditions. Operaticns at low
pressure may result in heating
of turbine blading and a con-
denser and low pressure turbine
overpressure conditions result-
ing in rupture of the atmos-
pheric relief diaphragms.

High vibration 10 mils Prevents damage of turbine
components.

Moisture separator Prevents condensate from back-

drain tank high level Hi level ing up into the sepzrator and

possibly carrying over into the
low pressure turbines.

Low bearing 0i1 tank Protects turbine from conse-

jevel . o quences of a loss of lube 0il.
cenerator electrical Protects turbine from over-

or main transformer speeding when load is sudden-
faults: g6 devices 1y reroved from generaior.

A

N
S

)

~——

[81]
~

(9]
L

o)
~——

cenerztor Differential

.

*ain Transformer Differential or Sudden Pressure

Eackup Relay, Fieid Failure, or Trnasformer Fesder

G 2
0 1

~4 (D

-h

nerzso
feren

«t s
el

-
S .
re

.'l

Ci o b

c+a+ion Service Transfcrmer nifferential, Overcurrent, Sudden
Sressure, or Heutral Over-Current

senerator Breaker Faiiure Relay
nenerzzor tlegative Phase Seguence

-

W
[44)

-

cenerazor Over-lurrent



Trips Setpoint Reason for Trin
Remote electrical For operator use in the event
zrip Pushbution he cdetectc & potentialiy can-
gerous condition.
Local mechanical For tripping turbine at the
trip Lever machine.

”~

2. Generator - Load Reject
a. Definition: -

. A greater than 40% mismatch between the main generator electrical
output and turbine power.

Comparison is made between stator amps and turbine crossover pressure.
b. Causes of a Load-Reject

1) Manual opening of main generator output circuit breakers. (0C8's;

2) An "open" in the grid without any lines being grounded.

NOTE: Any automatic trip of the OCB's will result in a generator
trip rather thzn a generator load reject.

¢. Results of a Load Reject at <30% Power (measured by 1st stage pressure)

1) Turbine control valves are tripped closed by the fast acting
solenoids. ({Rezctor dces not scram).

[N
-~
b

L
-

hin their cazpacity t0 accept sieam th

(4]

3} EHC load selector begins running back toward zero load.

q when losc-mismesch is <407
s and machine wincage iosses.

Contrcl vaives partiaily re-

3
+o continue carryirg house 1c

-~

0

?
a

m
~——

Load selector runback stops when the Joad-reject condition is
cieared.

6) EHC system wil

TUr creced con
cec

-l e e

control turbine speed at 1800+ RPM due to the
1

1
ral network. {Siscussed in 18 sresentation).

T e murbire Iric ocCurs.

=} There will pe no voita per cycie trip of the generator since
soltzge reculeso will auscmztically charge excitztion as re-
gquired. -
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10) This condition should not be maintained for any significant
period since at low loads, the exhaust hood temperature will
rise and the last stage blades are subject to moisture erasion.

3. Reactor Scrams from the Turbine
2. There are only two scrams originating with the turbine.*

b. 1) Main stop valves <90% full open (bypassed <30% power as measured
by 1st stage pressure).

2) Generator-load reject (bypassed <30% power as measured by 1st
stage pressure).

b. Main Stop Valves <90% Full Open
1) Scram initiated by valve position 1imit switches.

2) Anticipates the pressure, neutron and heat flux increase caused
by +he rapid closure of the turbine stop valves.

3) BADC CABD logic identical to MSIV closures.
c¢. Generator-lLoad Reject

1) Scram initiated by 1imit switches on the fast acting solenoids
of the turbine control valves.

z) Anticipztes the rapid increase in pressure and neutron flux
resulting from fast closure of the turbine control valves due
+0 & ioad rejection.

3) Peszonse to lozd reject

&) Turbine control valves are tripped closed by the fest acting
solenoids &nd reactor scCrams.

h) 211 bypass valves open 10 accep: sieam +<hat wes going <0
-ne turbine.

¢) EHC load selector beings running back toward zero load.

¢d) Turbine will shortiy run out of steam necessary to carry tne
house-loads and windage losses as the reactor decay heat de-

crezses.

ten AL oil orassare oind o gEnerale @ SIVED signzl when tTre turzine Is 230%
~cwer &S sensed ov 13t stage pressure; Sut -his corzm is considered (o be
cuC rather then zurbine oriented.
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e) Control valves will eventually end up full open yet the
+urbine will coast down.

-t
~—

w S

the excitation will be automatically increased to hold the
rated output voltage.

Assuming thet the voltage regulator is still in autometic,

g) The generator will eventually trip on overexcitation (volts/
cycle trip) to protect the main transformer.

h) The generator trip causes a turbine trip.
4. Control Room Turbine Protect{én Monitors : :
a. Thrust Bearing Wear Detector (Figure 15)
1) Purpose:
z2) To protect -turbine internals by tripping the turbine on
excessive thrust bearing wear or loss of lube 0il bearing
header pressure.
b) Detect gradual wear of both thrust bearing plates.
2) Construction:
a) A hydréu]ica11y balanced follower piston.

b) A pilot valve is attached to +he follower piston to direct
0i1 to and from pressure switches during normal operation.

¢) & sliding bushing that directs 0il to the pressure swiiches
during teszs.

(¥ ]
—

Cperation:

} Once initially adjusted the prcbe tip will maintain e constant
2is+ance from the thrust ccller.

e

i. 0il flows from the bearing header to the top of <he
follower piston, through the celibrated orifice and
out the probe tip to an atmospheric drain.

ii. The follower piston is balznced with half the initial
0il pressure on the probe cide of the piston.
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5} Changing thrust would cause the rotor ic move changing the

gap between the probe tip and thrust coliar.

j. This produces a change in oil pressure and unbaiances
the follower piston.

ji. The follower piston moves up or down, dependent upon
which direction the shaft moved, to rebalance the oil
pressure across the piston.

iii. Movement of the following piston positions the pilot
valve. ’

iv. If movement is excessive, in either direction, oil is
ported from one of two redundant pressure switches causing
a turbine trip.

Test of Thrust 3earing Wear

a) Accomplished by continuously pushing twc pushbuttons lzbeled
Turbine End and Generator End on Panel 7.

b) This energizes a test motor which drives the driven gear in
Figure 15,

¢) Allows comperison of thrust collar position to its previcus
position at the same Toad.

d) Going to "test" defeats the turbine trip circuits but appiies
+he pressure switch contacis +o the test motor circuits.

[14]
——

-t

c+" —oves the siiding bushing in one directicn u i
sorted from one of the pressure switches whose €

p the test motor. The position of the bucshing i
sut indicated in the control rcon.

< o]
n -

S

n O3

cf i

1
gc
he

-t

~

syt is czlibrated in mils poth localis and remotely
trol rocm) and can be compered to previous rezdings <o
¢t thrust bearing wear.

b. Yibration Recorder &nd Detecior

1)

Furpose is 10 measure the magnitude of the tyrbine shatt motion
in a plane perpendicular to its axis.

. - s -
RN st werning 27 2
[N ot

=

rno wurdine <

i

ty O
[T
(-t
m tn

v

-
~
~ -
-

-
-

; Trips turdine if vibrazion is exceszive: =10 miis.
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2} Construction
a) One detector per bearing

b) A shaft riding detector mounted vertically to the turbine
shaft axis:

i. A seismically suspended wound coil in a permenent
h magnet field provides the output signal.

ii. Output is calibrated in mils.

3) Alarms at 5 mils. . . :

&) Turbine trip at 10 mils, can by bypassed at Turbine Supervisory
Instrument cabinet in the Auxiliary Electric Room.

Eccentricity Recorder and Detector

1} Purpose is to indicate and record the degree of shaft straight-
ness (bow).

2} Shares the same recorder &s the Vibration Detector.
3) Construction:

a) An air cap pickup mounted in the front standard on either
- cide of a steel ring attached to the turbine stub shaft

b) Any change in shaft straightness will alternately increase
znd decrease the air gap between the shaft rinc and detectors.

¢} The chenging air gap increases and decreases the impedance
characteristics of the detector which is glectronically
converted to & signal that is dispiayed on the recorder.

d) Output is calibrated in mils. . ‘

St

Jroine Zxpansion and Temperatiure Recorder

1} txpension (Figure 16)
aj Purpose is TO measure shell and rotor expansion wnile heating
up to warn the operator of possible metal to metal contact
w#ithin the turbine.

5. S.ripg me2tuas OF ceolzzwn of tre turbine the vroiow znd n~
c-ej) zre free 10 expanc &nZ COMTIrect. The LF snelis,
generzicr stator &nd thrust bearing are fixzed in place.
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c) Recorder peints

. pt. 1: Shell Expansion, 0 - 1.9"
- Upscale on the recorder shows shell expansion toward
the front standard.

ii. Pt. 2: Differential Expansion, 0 - 5" .
Recorder upscale indicates shell expansion is.greater
than rotor expansion.

j3i. Pt. 3: Rotor Expansion, 9 - 2.0"
‘ Recorder upscale shows rotor expansi
generator.

on is toward the

d) Shell Expansion Detector

i. Measures expansion of HP shell relative to a fixed
point on the floor at the front standard.

ii. As the shell moves & mechanicel 1inkage positions an
armzture between two opposite facing coils changing
their impedance.

iii. The coil outputs are converted electronically to cor-

respond to position; calibrated in inches.
e) Differential Expansion Detector

i. Purpose is to mezsure the differential expansion between
the HP shell and rotor.

3i. !Mounted in the front standard.

jii. Employs an air gep detector on either sice of & collar
on the turbine rotor.

jv. During & plant startup as cealing steam is supplied,
+he rotor tends <¢ heat and expznd faster than the
shell and hence recorder indication moves toward zero.

v. As the turbine is rolled and temperature equalize, the
shell expands and recorder indicaticn moves toward mid-
scale.

vi. ‘lormal cold position is mid-scaie.

O

etel

= -
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n

s
H

wn

i. Similar to differential expansicn but reasures.rotor
expansion toward the generaicr relzzive =0 & Tixed
coint on the floor.
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iji. The detector is an air gap meesuring device using a

rotor collar at the generator end.
iii. Output is calibrated to reac in inches.
B. TURBIME OPERATIONAL SUMMARY
1. HNormal Operations:
Yi1l be covered Huring the control room phase.
2. Operating Limitations .

a. Confrol Valve Warming Limitations (Figure 17)

1) Procedurally limited to curve AT inside to outside metal tem-

perature.

2) Should be essent%al]y at full temperature prior to rolling the

b. High Pressure Shell Temperature Differential

Limited to i]SOOF. :T inside to outside metal temperatures
excessive thermal stress.

. ) turbine to prevent too fast a heatup and possible overstress
of the metal due to greatly increased steam flow during

roiling.

to prevent

7o prevent large :T's, excessive differential expansion and possible

high vibrztion on & startup of a turbine that is not up to tempera-

ture, the following restrictions apply:

Classificetion HP Turbine

Temperature Acceleration Iniztial Loading

Classification Range rate Loecing Rzte

Cold Turbine up to 250°F. 60 RPM/min. 3¢ *4oid for 3T

) minutes the
proceed 3s
in steady
state.

Warm Turbine 250 to 350°F 30 RP¥/min. 3 Proceed as
in steady
state.

ugs Turzine ~2230%F 120 B9 ~in, rroceed as
iv sTEECY
szztie

= 23lcws metzl zemserzture to equaiize and exhaust hoods 10 €001 6 <123
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1) If starting up a cold turbine (first stage bowl temp. <200°F)
hold unit at near rated speed for one hour before synchronizing
to grid.

c. Steady-state Load Changes (Figure 18)

1) Stay within 150°F. &T limitation at all times.

2) Figure 18 shows time limitations applied for both power increases
and decreases. (The curved lines are values for the lowest load
jnvolved in the change). . ) .

Example No. 1:
If the turbine is at 30% power steady state and it is
desired to increase power to 0%, the power increase must
be made over 14 minutes.
Example No. 2:
1f the turbine ic at 60% power, steady state and you
want <o increase power to 90%, there are no time 1imi-
+ations {as the HP shell is already near maximum tempera-
Ture). .

(This is tne normzl low control, load foilowing range of
operations.)

Example No. 3:
1€ the turbine is at 100% power, steady state and you wani
+o decrease power to £40%, the power decrease must be mace

over & 13 minute period.

N07E: There are no restrictions from the turbine on rate
¢+ power change between 60°% anc 100% power.

d. Heszer Out of Service Limitations - Whenever 2 high pressure feeder
at heater string is isolated reduce turbine load to 70%.

1) The turdine is designed to pass 2 specific amount ‘0f steam to
<he feedwater heaters to heat the feedwater.

2) UYhen heaters are taken out of service, the steam flow through
+he -urbine fownstrezn cf +he nezzz+ exiraction iines increzses.

3} ThiT weuil inCrezse hE pCVEY croduted by TnE Turiine syt wouls
increase the lcading on the diapnrigms anc blades downstiresm,
par=icularly cn the last sizace o€ the turbine
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BWR SYSTEMS
LESSON PLAN s
;. FII AN CTNDDNSATE SUSTEM
E- Pn_rpp...'c S

1. Boiling Water Reactor Syétems Manual Chapter 2.7

- v
]

2. Peach Bottom BJR D1scuss1ons 7 6

L4

3. High Pressure Coo]ant Insert:on Pump Turb1ne Dr1ve Technical
_ Manual (GEK-15545) re

i '

4. Browns Ferry Nuclear Plant Final Desian Report_ |

5. General Electric BWR Thermal Ana1ys1s Basis (GETAB) NEDO-10958
€. Browns Ferry Unit £1-and.s2 Technical Specifications

- . ) .
z. BSECTIVES s .

-t

Fully understanc the purpose -of the system and its desicn objectives.. -
2. ¥now major system components:and their-relationship to each other.
2

3. Lezrn significent system instrumentaticn,:seipcints &nd interlocks.

&. Understand automatic actions in the system.

2. Tecrniczl Scecifications -essocizted with sysIem.
S. IINERILCIISCRIFTICH P .

-a. ¢ s::a?y'tne réactor vessel with prehegted, derineraiized. watlar
z7 z rate eguivaient to the sb gam ceneration rate.

112,23 x 1065/hr. rated feedwater flow

. T:'"rcv1c= en 1n,ectmn oa;h for:

) 995ct0r Core Isoiation Co ng {PCICY
v - -
" =ich Pressure Coolant En*ef'*on {Holl
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Comnonents and Flow Path
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in Condenser. Hotwell (3)

ndensate Pumps (3)

eam Jet Air Ejector (SdAE) Condensers ({2)
and Seal Exhauster Céndenser (1)

f-Gas Condenser (1)

1ter/Demineralizers (9)-

ndensate Booster Pumps (3)

Low Pressure Feedwater Heater Strings (3)

a)
b)
Re
St

lli

“n

(D
(B]

=]
e
n
cz2n
da
-3

(X
via

Ta

Drzin Coolers
&, B, C, Heaters (5, 4, 3)
actor Feedwater Pumps (3)
art-Up Bypass Valve (1,
gh Pressure Feedwater Heater Strings ¢3)

water Scargers {5

1]

.~-~ers in parentneses incdicste numhber of eacr LT
sate Flow Path (Figure 1)

in cocndenser hotwell orovides HFSH for cond

nezts

[1}]

.:eup to hotwell provided by the Condensate Stor:ge
nk (CST).

o offs on the condensate purp discharge commonlire
cvide for turbine exhaust hooc sprays.

rnzensate next flows throucn the tube siae ¢7:
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- . a) Both Steam’ Jet“;ir eJecLor (SJAE) Condensers
=) The 2lend Sea E/nauster Confenser
L (]) Equ1pped with an air operated fiow controllied
w e T T bypass valve. -

- PR -

‘g) The Off Ges Condenser

J.r‘ R
- «».« y

co T BY ¢ Condensate then passes 1nto the condensate filter/deminer-

alizers
o Tl a) .8 dem]nera11zers requ1red for ]0 - flow
b) Bypass va1ve can hand]e 33%
e o (1) Auto: opens 1f &P across any filter >45 psid
6} CExcess water in +he condenser is rejected to the CST
just downstream of the demineralizer. .
0 = 7) A tap off-justidown:stream of-the: demineralizers provides
a bccxun neans of pressur1‘1no the gland seal system.
o &) Normal Sunply is from the Gland Seal System Hez
oL - b Tank c .
. B) Deou1.s of the ’1and Seo1 Sys;en are prov.ceo in
A . the Condenser and Circulating Water Lasson Fian.
2} loncdensatie pooster cumps intrzise th e‘svstem pregsuyre to0
) srcvide NPSk to the reactcr fesc oum DS . ’
¢) Tzp-offs after ohe ‘booster pu"n r‘rov1de
- ?ecircq?qtionvto Mzin Condenser
(1) Prov1des minimum Tlow required for the S¢rt

condenser 10 opera;e efficiently.
(2) Also prov1des minimum flow requirement for
condensa;e and boosztar pumos
{ t1lows clsznup of conden
operating {short cycle;.
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10} iain flow path goes through
of low pressure feedwater h

tube side of 3 parallel strinags
ata :

e rs.

C. Fescwater rFiow Path (Figure 1,

1) Reactor feed-pﬁmps take a suction from the discharge of the
low pressure feedwdter heaters.

- 2) Each feed pump Hiécharge can be pumped through a motor
operated discharge valve or recirculated back to the main
condenser. -

3) "The feed pumps can be bypassed during periods of low
reactor pressure (startup) which is not sufficient to
run the reactor feed pump turbine.

a) Startup bypass valve can be automatically controlled
by reactor level.

>
—
o
(0]

high pressure heaters are next.
. . &) 3 strings of two heaters arranged in parallel.
b} Flow is through tube side.
c) n "Lon§ Cycie” Recirculzticn Valve on tne cown strezm

side of each high pressure hezter allows fililing 2nd
venting during startun.

5) Feed flow now splits into two lines before penstraling
constainTent.

2, Zzen line has 2 cneck vaives. 71he check wvaives act as
orirery contzinment isoiation valves.

7Y ~re “Z' line contains a tep-in from the cleanuo system
return line 2nd tne RCIC infeczion line. 7he -' line
conzzins 'a tap-in from tne ~rli injecticn 1°ne
&) 20th lines have thermal sizeves to minimizs stress.

2)

ce inside containment. each iine splits agzin into 2
nes, before penetrating the vessel to supply & sszar
=

Itz
3te
dwatar §narzers.

- emmAape ymame
LY Loy o TRl oo ro T Il

P 1%
- “ ety JZoWTar il un

N Mlaep “apeapmcow wpe= Ve 1T wm e ‘;‘
e o LN IEnRssY CLhT S Clwws T L
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a. Purpose
1) Collects Condensate from:
) ‘a) Ma1n lurb1ne Exhaust Steam - N
-b) Bypass Valve Exhaust S;eam i,
c) Reactor Feed Pump -Exhaust’ SteamA
T d). Var1ous Drain L1nesisuch as~fffi
(1) Main Steam Lines
(2) RCIC Steam L1ne
‘ (3) HPCI Steam L1ne
1.(4) ) team JeF A}r’§3é;tor éondenser
(5) G]éndlExhaustgy Condenser
(6) OFff Gas‘CondeBéerd .ol
(7) Gland Seal System "=
o @ete. T ot

2) Retains condensate Tor

gbout Z minutes to ailow decay of
‘short lived-activity (N16

cu
).

for condensat

(%]
U
-
Q
<
-
n
(1))
"
3
N
M s

.
DuUrpS.

[0

a) Ca p acity 3 m1nutes of Tull power operation

b. Construction 7 -
1} Locetec at the bottom of ezch concenser sneil
.2} Incorporaieéﬁfeheatiﬁgaﬁd deaerating features

: "é} Host ”egrat1on ‘Gceurs in tube bundles but lower
"+ ""bundie and hotwell ‘ur;her deaerate

37 longitucdinaily diviced into e sections ov horizontal
ccllection trays. -
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7)

1)
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a) Frovide dearate stecam 2t low steam flows from main
steam system.

Fipes distribute portions of exhaust steam te 2&iow
collection trays during high steam Tlows.

A11 three hotwells interconnected by 30" crossover
pipe for pressure and level equalizing.

Each hotwell has a separate condensate outlet to a
common suction header for all condensate pumps.

Operation

Steam Flow Path

a) Steam exhausting from the low pressure turbine flicws
over condensing tubes and is condensed by the circula-
ting water flowing through the condenser tubes.

b) The condensate formed by the steam condensaticn
collects in the coliecting trays of the hotwell.

¢} Portions of the tu-bine shaft exhaust steam are
reuted by cuct1ng to an area below the collection
trays wnere it is disbursed to fiow out through
holes in the collection trays and be condensed.

1) This is called reheat steam.

2} The cocilscting trays neve hc:es Tarcugh whicn <on-
censate flows to tne condensate purp suction nort.
"nis type o7 Tlow tends ‘o a‘.omzt= the condens:;e
incrzasing its suriaces area fer heat irz nster.
b} Tne reneat steam {frcm 2bove discussion} flowing u>

through the collection tray strikes the downward
flowing condensate 'Tcsh.ng the condensate %o st2anm
and liberate noncondensab]es to the condenser air
removable systsm. The reheat stear is congensed in
the process.

fiocw conditions {startup) stear from
ader <an be acd~itied <o the reneax

m s g mpaemmzs
S27¢ Zuvilsz. - .~
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g} Crnze $n the hot.eirl. concenseis ie Forced tC fiTu
zround baffle plztes before reaching the concensate
pump suction lines.

(1) ‘Provides u? minute holdup time to allow for
decay of N 6
(2) Provides storage space for 90,000 gallons of
water, at & normal level of 27".

4) Level Control.-:- =~ '*° ~ 5

i‘fa)}:ﬂgkéup o R .

- (1) Normal throﬁgh "4 Jevel control valves from
P ) . "CST. S . -

.
-y -

() VYalve controlled by level indicating con-
troller normally set to open valve when
level falls about 6" from nermal {~21" in
hotwell).

{2) ' Emergency mekeup from CST through 10" moteor

.- operated level ‘control valve.

7 (a) -Operator menuzlly controls vaive from
K . control room. -

{3} Low level zlarm 15" in hctwell.

: “2) “dormal -throuch "4 Tevel conzrol vaive to CSY

1) Velve contralied by jevel indizating coniveliers
.set 1o open-valve when ievel rises about ¢"

from normal (33" in hotwell)

b) Emergency reject to CST through 10" motor operzted
> level control.valve. - - P
‘1 Operzior nanuzily conwrols vilse Tromocontroh
) rocm.
-V aspestavel ozizem I8 in noTweld
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d) <Condensate oumps provide driving force for reject.

~e -

mn

oy
cw clazred up by 1

o rewurning to CST.

23 ter/deminere lfzzr gnits
pri

(1) Eliminates impurities from leakage of condenser
tubes during shutdown-periods.

2. Condensate Pumps

a. Three Condensate Pumping Units

1)

2

w
(S

——-
Steznm

L

-

[47]
]

2

Ca

Each unit consists of one condensate pump and motor.

a) Each motor is 900 hp., 3 phase, 60 Hertz, 4160 volt
induction motor with a speed of 1800 RPM.

b) Power supplies are from unit Boards 1A, 1B, and 1C
respectively for pumps 1A, 1B, and 1C.

Tach pump is rated at ~5.4 x 10°=/hr. (33% of rated flow,
10,830 GPM).

a) The above ratihgs are based on normail operaticns,
runout ratings allow two pumps in runout to supply
82%. of rated plant ccndensate flow.

The only pump trips or electric interlocks associated
with condensate pumps are electrical fault trips.
Zu~3¢ n3ave Tlecnan With
‘egrotne pump GO KE<
%11 oump bearings are water lubricated whnile the drive
70tor has 1ts own oil reservoirs for the motor thruzt
and ,\,urnc 1 beari nes.

a2} Pump motor jacket is cooled by Raw Cooling wWater.

< F

~ir Ejector Condensers

Tach ccndenser is sized to pass rated condensate f{low for

air ejector recuirements through the tube side.

5. Only one condenser is necessary for {ull power operaticn.
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5.

6.

7.

c.

Gland éea1 Steen Condenser

d.

1

e

-9-

..t

Soth normally valved in because of the automatic start
features associated w1th the Standby Air Ejectors.
i1 sice Grains go 0 ¢ néensa:e drein tenk viz jcco sezls.

B - w = -

; Conoenses steam from ‘the gland seal‘steam system.
*bi She11 s1de of condeneer ma1nta1ned ct s11ght negat1ve pressure
by steam packing exhauster.
c. DOrains gg_todéondensate drain tank via loop seal.
'0ff-Gas Condenser R N
a. C?ggnguperheated discharge 6%}the'reeombiner from ~800°F to
< . ' .
b. Shell side drains go to condensate drain tank via Toop seal.

Heat Sxchanger Flow Balancing Valve

R

a. SJAL Condensers, Gland Seal Steam Condenser, and gas
Condenser are all in paralle] condensate f]ow paths
b. Each of - the above heat exchcnsers presenes a ditferent
resistance to flow with a correspcnd1no probability that
the hezt exchanger with the least resistance during periods
5f low Siow-would rob the remaining heat exchangers.
€. 3Zlang 3ea? cncenser presants mOST ii*i:irg $low restricticn.
d. “low a]:nc1ng valve GULO contro] ‘low through valve based
to excess -of thet required-for rlcnd Seal Londenser.
1; Assures most 1.m1t1na component hes sufficient Tiow.
Z, Air Gperated Vaive orwa]lj Pun in- hULO
3) Controiler is Local
Concensate Filter/Demineralizers
5.- :Mzintains purity of the reacior ’eeéwaterlby removinc dissoivec
v JERC sus:enced.50714s wnich result from corrosion in ‘he con- '
Zerizc Eng :;s::ie::d =ioing zs3Teve ind from (eENEfs OV TS
#2TET InTl ’

=ne méin conoenser.

-
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1) Reduces damage to components due to chemical and
corrosive attack.
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3) Reduces impurities available for activation.

4) Reduces the consequences of condenser tube leaks.

b. In order to meet these requirements, condensate filter/
demineralizer effluents will ‘be maintained within the
following specifications:

Ldading - Effluent

Total Dissolved Solids <.lumho/cm*
(Conductivity)

)

pH at 25°C <6-8*

Suspended Solids <5 ppb

Total Iron <5 ppb

Total -Copper <Z ppb

Sissolved Sitica <5 ppb

Chlorides <10 ppb*

1} Conductivity is measured since it is a very goocd indicator
o7 most impurities.

2; retzilic impurities are 1imites tc prevent sxcessive
plating out on the fuel cizdding surfaces and tc rsduce
the amount of activation products.

3} Silicate (Si0,) is maintained <5 ppb becauss 1% wiil
carry over in"tne main stezm system and piate cut on
the turbine blading.

Z7T 1imits in this tabie are based on Filter/Oemin. capacity anc ar
=2gtzq on 2 szmohe 3t the Filter/Serin, 27 luent. Items with the aste
~2.z "-szzmcz (imigs czzzdioon 2 3ETChE T4 Ing JSssei. Tng ltlEnss T
~°.%7 ze zZitcussed dzter
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4) Chlorides are maintained low enough to limit the possi-
bility of chloride stress corros1on.

z) <17 oob chlorides ars very difficult tc ~ezzure.
thersfore chlorices cut of the condensate cemineraiizer
are maintained low enough to keep reactor water chlorides

_from exceed1no their spec1f1cat1on
Nine full flow condensate po11sh1ng filter/demineralizers
known as Powdex (a Graver Corp. Trade Name) are connected
in parallel are used as ion exchange mediums and filtering
aaents (F1qure 3) )

.
- ! -

:1)7 E1ght are requ1red for full flow operation, the ninth

“being’ a standby un1t
Vo . I 3

1. °2) Each f11ter/Dem1nera11zer is:

a) 106‘ d1ameter 6 6" high

b) 302 woven ny]on f£ilter elerments (septums) representing
800 ft2 of filter area

(13

—

tlements rep1aceab1e throuch manhoie on top
2) “Eiements supported by vertical rods

c) Flow enters shell at bocttom, flows through septums
" with filter demin &cent on them, anc exits tnrough
“lower tube sheet to unit outlet.

Y Desicn pressure 730 osi a2t 150°%F

o

(s
o *
-1t

ilter/Temineralizer ‘Acent

[« 1)

)
i

Graverlproduct‘éal]ed nowdex

e13 Dcwcercd c**'on and zn
nydrocen cnd nydrexyi

n eachinge resin in

-
~
——

"Uniformly coated by orecoat system to 1/4" o
septums

- {3} Serves dual function es filtering end demineralizing
' . acent’
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Solka-Tloc
‘1, Grzver Zorp. narve Tor celivicus Finer Tilzzring
agent

(2) Only used cn a few units during reactor startup
to remove large amount of suspended solids.

Resin Expiration
(1) Conductivity at effluent >1umho/cm
(a) Conductivity cells at inlet and effluent
of system monitor efficiency of all units
each has an effluent conductivity cell.
Each cond. cell has the following alarms.

i. Hi conductivity any vessel effluent
.3 micro mho local

ii. Hi conductivity system effluent .3
nicro mno local

iii. Hi conductivity system e2ffluent .5
micro mho Joca?

iv. Any local alarm causes cond. demin.
alarm in control room.

{9 Incicazes ion excnance capacizy limitce

(28]

~ny Tiltersderin. witn a ZZ psid pressura arco.
(2} High >P indicetes restriction 1o Tiow caused
by filtarinc orocess and renresents a potential
Tor seotum carmege.
i. Alarm oo SYStem :p .20 nsid loczl and
control rocm.
ii. A system :DP 45 psid autd orens,demin.
bypass valve whicn wilil precvice 1/3 of
gted ccndensate Tiow.
37 Zlpnroxi—ately & I weex cycis.
F28in CelenTion



. A

-4} " Resin Trap (Fig'rezé)

{1} Zach unit equippediwith & .60 GPM holding pu
{2} Pomps zuto-start 170w Tarouch unit Crots IO
€00 GPi to maintain Ticw ough unit &nc

14
“prevent ‘11ter/dem1n.-agent from failing off
septums. T .l

(a) If coat on septums not na1nta1ned it must
be re-established prior to unit use to
prevent demin./filter agent from being

T o pumped to reactor vessel.

R - -
- . i

.(3) Loca] alarm pump fa11ure if un1t flow drops to
I 45 GPM ST

;- " s -

e) Precoat and Backwash System

o s e
- ¢ w

(1) Precoat necessary to establish filter/demin.
agent to ]/4" on sepbums prior to unit use.

(2) Drecoat System Pumo and Tank Arrangement

(z) 'Pump < 5% slurry of powdex resin to u11ts
from precoat -tank .at 1185 GPH and 100°F
“conditions.

(b)" Tanks {2)-- 54" -dizreter 60" high mixes
T 2 resins with 1/2"HP mixer ’
{3) SBackwash.system:zir and co ndensate mixture to
Tjush spen< nowdex to backwesh rzcziver, iznk
inredwasze.

I3

s

Tq2) ucckuash1nc and precoa*1nc are 2171 eutomatic

one” unit i< placed out of service ana the back-

"_sh oreccet process is selectad lccziiv.
0 hoid the rrecoet

12) Hoiding pu..‘o wiil &u
ved ‘back in.

L]
until unit is vaiv

. G Sy e

‘ a) SLra1ner in unit ef 1uen* 11nes serves &s resin trap

R -

ol Ca
o vé

(AN
~
t

ches part1cu: s ‘that micnt ~ash tnrougn i7 sectum
Te _

-
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d. Flow Bazlancing System (Figure 2)

zch filter/dzrmin. should carry ecuzil “icw

[$1]

Z) Each filter/demin. unit presents different {iow restriction
because the condition of their resin charges vary _ - i.e.,
they were reyhewed at different time intervals

3) Equipment

The equipment which comprises the flow balancing system
_consists of the following items.

a) 'Ind1cat1ng flow “controlier (complete with pneumatic
transmitter and orifice plate) for each Powdex vessel.
The controllers have pneumatically adjustable setpoint
and proportional-plus-reset mode of pneumatic control.

b) Control valve at the outlet of each Powdex unit. This
valve is positioned by the signal from its respective
flow controlier.

¢} A combination of high-signai selector relays ccnnected
so that the final output is that flow controiler output
which has the highest flow.

d) The master indicating controller - this controiler has
2 menuaily-adjusted setpoint and proportionai-plus-
reset mode of pneumatic control. It measures the Tlow
signal at the output of the high-sicna1 seiector relays.
This is irndication of valve jositicn for ine contirel

~
- -

vaive wnicn s widest o38n. The mastsr CCnT- 2. .&r
maintains *ne set degrze of valve opening oy simultan-
ecusly aajusting the identical setpoints of the flow
controllers. In actuai facu, the master controiler is
controlling <he ouzput ficw of that vessel {lew con-
trotler with the greatest cutout.

&} Method of Operation

a) The master controller should have its control point
set for the widest valve ooening which is consistent
with allowing the valve to maintain flow controi. 30
cercen® opening accears o be a gocd starting ocint

Sernaps greater opening will be pos;1b’e iith good
controy. < tne {locw controlisr with agregiest Zullut
$hCws TSNy 7EIDINIINE 0 & Tise U sszolirs
z 0 r 3eIscint snouid e used Tor the restar cin-
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b) With two or more” Powdex vessels in service, the cne
with the greatest loss of Tiltered matter on its eiement
will recuire the g¢reztest cecree of control velve
“coening.  Other Powcsx unizs will have treir cuzist
valves open to a lesser degree to obtain the same Ticw
rate. ' : o

I I i - - [

¢) The combination ‘of high-signal selector relays transmit
to the master controller the signal which indicates the
-signal level of ‘the vessel -flow controller with the
‘highest output flcw.
~"C°1f 'this -signal 'is -below the setpoint of the master con-
troller, the output of the master controller will
increase. -This output is connected as the setpoint
'signal of all the flow controllers for the Powdex vessels
in-service. :Increasing the setpoint of the flow con-
trollers ‘causés’ their output flows to rise.
The over-all effect of the zforementioned action is to
have the most exhaustec powdex vessel with its control
vzlve opened to-the amount set upon the master controiler,
'and the control Vvalves for the less exheusted vessels
.- throttled closed to-scme ‘exient, to maintain an ecual
'~ flow through all the vessels which are on stream. ¢

i

o

- d) As'will be explained later; sometiries the initial change
“oF vessel flow controlier output is in the directicn

- oppOsité te that caliec¢ for by the piant ioad change.

It ic thé function of the master controller to react

- feszer to the flcw controlier 10 react fzszer ¢ the

w conireiser outtut chznte ther Ine flow cInTrotlier
cTs o0 mecity velive pesiti
odify flow contiroller se
load, with necligibie cha

-

el Q.

1 no-n -
O
m
o
1]

c!
i Q

o =h v
[1\]
(]
(4]
-’
n

s

Ot

o |
ct

-d

- Tne best conir

o .moc
cniy throuch ot o
S

+incs czn be ested
)

v

\J

L2 D

-t W

* Graver Powgex'
- the controlier

J =5 ¢ (D,
M Mt 5.
3
w

s
ct
0

-

- Master Controller:

Proportional 3anc --10C%
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b) Plant Flow Decrease

When nlant flow razte decresses. thes vessel flow coes
DEVCA TRE SE2TPOInT.  Tnis C2u3ss The 2ecCinning €T én
increase in controlier output which is sensed by the
master controller, which decreases its output to lower
the setpoint of the vessel flow controllers to restore
the desired output signal. -

c) Increases Solids on Filter Elements

. As the Powdex vessels progress through their service
- - runs, the coating on the elements will provide in-
creasing resistance to flow. - This is a gradual, but
unavoidable change.

For those vessels which. are not the most exhausted,
an increase in element resistance will cause the flow
controllers to open the ccntrol valve enough to main-
tzin flow at the seipoint.

Usually, it is the most exhausted vessel where the
elerent resistance is building up the fastest. The
control valve of this vessel is open wide as the flcw
balancing system allows. Therefore, the overall pres-
sure Toss from iniet header to outlet header will
graduzlly increase. The plant feedwater control makes
up for this, by performing the necessary action in the
direction of increasing flcw to counteract the increase
of pressure loss across the Powdex systems. The result
T ‘hese acticns in the direction cf ?10 increasa {see
scticn 3) z}. above) is tnat the centrol valves ¢F
2ss- °vn—Jsted vesseis wiil tnrcttr: slightly in order
. +o Taintain balance of fiow with the most-exnaustad
vessel.

o]
s
-

l

“he overzll increase oF ressure loss througn the
¥stem is 11‘1::d sizsly by piacing ¢n tne
freshly preccatecd aes=e1 wnich has oeen
by. Sore systems ailow partial ocenin
ass (see spec1f1c instructions for your in
on). The exhaus*ed vessel is then rnrnved
service for re-ccating, after which it is usus
olzced con standby.

T
1.
[

--'C\J v mn v

0
a
C

<
ron

._- -|, "

Condenszze Socster 2umps {Ficure 1

W
LS
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b. B3o0oster pump recirc.: -valve' conbro1led autcmaticaily by Tiow
controlier at the discharge of the condensezte puwp.

1 ACES 2§ minimum flow veive for; conasnséte puTps, CLhn-
densate "booster pumps, SJAE .condensers, orf gas concenser,
and gland exhauster condénser.

¢. ‘totor e
oo Wn) 1750 horsepower, 4160 vo]t 60 cycle, 3 phase -
a) Pump 1A from 4160 V un1t Roard 1A
.. b) Pump 1B fron 4160 v .unit Board 18
. c¢) Pump 1C from 4160 v un1t Board IC

2) ‘Journal Bearing = -~ . = 7 ¥ B
g¢) Force Teed lubriceted by Booster pumd auxiliary oil

system -

3} Fump Trips )

AR . : . . .
a) FElectrical fault”
by <uc:10n or°55ure <3 .psig decreasing for 5 seconas
‘1) Aiarm at <15 psig decreasing
.. ¢} Zezrinc iube o0il prassure <10 osiz cscrezsing Tor
Z zzcends T L
(1Y <7 psig alarm and auto start /if associated
hooster pump running) of euxiliary oil our:
{e) TAuxiliary.oii pumpo shouid restors searing
lube cil orecsure o grezter Tren 10 £sig
tefore 3°secand ~ime celey nas excirec.

2) pump Stert Interlocks: -~

) Pump ceh be started or stcpped locelly {with push-
- buytzons) or r=note!y in Tne CoOnTrol rocT.
’ D S:a*%1n§*tﬂé nump frem ejtner switch initiates :
ST ogszoonmz =imer o oz LDofElgng LiTEw .
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(1) Auxiliary oil purmp auto starts during the 25
seconds if not all ready running.

——
[N ]
—

it ausliary 031 cuno is running tne 2
timer_ is bypassed and the booster pump w

-
-

cons
1 auto

se
i1

start in 15 seconds if:

(a) Condensate booster pump suction pressure is
>10 psig and;

(b) Booster pump bearing o0il pressure is >7 psig.

Pumps

1) Centrifugal, 10,800 GPM/per pump, at 450 psig

2) 3 pumps are normally required for 100% operation, however,
the pumps are rated such that 2 pumps at run out conditions
will provide 92% condensate flow.

(8
~—

Yechanical Seals

&) Supolied by Running Pump

&) Radial and Thrust Bearing Force Feed Lubricated

Lubrication System - each condensate booster pump has its own
lubricating oil system consisting of:

1) An Attached Main 0i1 Pump

A ~
’ ~

(O]

vae} puro CF

[AS]
~

&z, 2ischarge Pressure ~23
5) Pump Starts

{2) Automaticaily if:

{a) The associe
is running

~wzc3
R )

= -

~e
-4

130

rce prassure .2

n

ol

t)

20 ¥ electric motor criven centrifugal auxiliary oil
D

psig

1 start stop switches

z2d
and
izs

ccnaensate bcoster pumn
bcoster pump searing oil
2 Tozshz oo,

-~ ;



’ (b) 'The associated condensate bocster pump is
sterted.or;

- SR B “Time delay ailows auxiliary oii
’ ... ipump’to develop bearing 0il pressure
be.ore condensate booster pump starts

., - s - ~ - P -

4

= (c) _Any condensate pump is started and there
I "are'no condensate booster pumps running

353 L - c) Pump Stops’ 1\ - *5‘
(1) Manual from LOCa1 Stop Switches
- 77" 3)"'15°gallon 0il Reservoir .
| 4) 0i1 Cooler ST

- * a) ‘Reguires Raw Cooling Hater

Vo)
.
n

eedwater Heaters &nd Drains

a. —u*:osn

- 1}' Improves overa11 plant eff1c1encv factor.

< s

z) Provides path for mo1sture removal from turbine stages.

"+ - 3) " Three strings (&
i

B and C) keeps tube velocity within
limits znd provides

H
des reasonable beater size.

——

1 ‘uan Low Pressure’ (LF) Heaters (Ficure 5

1
cvion - .

- 1) Dra1n coo]er provides two functions:

(a) Raises ‘eoduater temperature so less
i T T extraction steam reguired.

's) Lowers {subcocls! areins *
flashing in trensit o nex

[ . .- - LN . e mmmmane s cr2l teaca
- (T, =2CETEC TASLTE LECLK LY LLreE g2y TrEr: gL
. - = a2 = 2N {EY Far ~e=zilsg

LeZ.0.0 &y AT TCY Zetz1 s,
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(1) Feedwater enters at the bottom of the hezzzr, into
a #ater box.
{2} A-civiger plete forces tne fszecunzter into 0
L sta1n]ess steel U-tubes.
(3) After passing through the tube sheet, the feed-
- . water_is first heated by the drain cool1ng section,
: ~z-. cooling the drains.
(4) Upcn leaving the drain cooler zone, the feedwater
acts as a condensing mechanism for the extraction
: steam..
(5) Returning through the tube sheet, the feedwater
exits at the top of the heater and flows into the
"3" heater.
(6) Feedwater outlet temperature is ~239%F at full

power.

c) Extraction Steam Flcw Path (Figure 7)

(1)

!

~

H
[

(XN

"4" heater extraction steam is tzken Trom t
tenth stace of the L.P. turbine and passe
the heater throuch two inlet poris (22" s
lines).

.« 23

e
s iate
ez

(2} woisture from the turbine is carried with
the extraction steam.

‘s7 The "i' heztses are continulu3iy COn wnsnever
<he turbine is running &s tnhe only vaives in
the extraction lines are mechaniczl check
valves which prevent reverse Tlow.

-d

et (b M

~3in"e"en: nDiat

S Ce

+
s

B
-
.
A
Y

t
3
D
N
(44

da
04 GUT &n< cown OVEr

25 where 1t .s condenssa. T
he 7T

cr "1 o

oF ¢ v ot

-
ccoling wezer
. )

ferrirc its he

o
o
ct

The condensed stezm joins with the other a2«<trzction
drzins. flowing toward the drain cooler section.

- - - - e ge As A memma s AT, e - -
- TES a e . TsiTer znht:z 2Iv TnE L= Tuls
, i - - :
. ———m e =z smie fatas mpe
Fend z2md TI0W TIZWarIiI o Tng Teecazler Traiet Ing
< =z E 2. - - - hrazearn
Ssme of the drains “izsh as thsey enter ne healer.
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- {2) Condensed extraction steem joins the drains.

T

t -~
- ~
W~ 2 m.E

tne combined dreing rzizh Ine Irein otoEr
section, ‘they are-sucked up into tne ccoler by 2
siphoning action, flow around & series of bat¥les
and exit through the .drains outlet to the flash
" tank. .’
(¢) The level of drains inside the heater is normally
iz * "~ maintained by controlling the amount of drein flow

"L © to the flash tank.

-(5) - ‘The drain cooler section is completely filled
with 'drains, acting as a water-to-water heat
exchanger.

- - Lt - :

e) Air, together with fission products and other non-con-
‘desnible .gases, enters with the extraction stear and
czscaded drains. -

(1).. If these gases are not removed, increased corrosion
could result.. The heaters could also beccme 2ir
bound, decreasing heater efficiency.

"{2) PRemoval.of. these non-condensibles is accomplished
. by air vent lines.
z) Orificed vent lines provide continuous
. degassing to the main condenser.
{5} Neminal hezt exchenger sne”l side oressure
2.7 psie.  °
“3' lcw Pressure Hezters
3} iZscentiallyothe seme 25 "&" hesters with the followinc
srceptions: }
. 7{1}" Heater-drains ccme {rom "g" heaters znd flow
- ~. into (Figure S} "&" heaters.
{2} Zxtraction steam comes Trom the &th stzze oF tne
. 7. "=-LP (Figure 7)-turbine.
’ {3 - Therefore. the "2" hezters operate at &
diffepon+s tz—ceczzyrs g Dressure TNET
: Tne "A" hezTers

. - -~
K g - - mark - e, - - PO
i, TezcyzTer sxnt temoeraiure U0 SL
Lo P AARR e
mezcer  TE.YD oL CCweEY!
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ii. Nominal neat exchancer shell sice
pressure ~69.4 psig
(b) Valves in txtraction Line

i. Air operated extraction nonreturn
1ine auto shuts on all turbine trips

ii. Motor operated extraction nonreturn
- 1ine au*o closes of cp heater string
condensate iso. valves close.

A\ N
Heat exchangers locatedheater bay of turbine
building outside of main condenser shell

3) "2" High Pressure Heaters (Figure 6)

a)

b)

Vertical, U-tube heat exchanger with integral crain
cooler section.

Drain cooler provides same function as in "4'
heater.

Vertical heater instailed due tc space lTinjtations
and tube removal canability.

Located in Heater Bay of Turb

—te
o }
1))
w
[ &
-ds
—t
(@]
aad
p |
«w

Feedwater Flow Path

~

.
-

\
/

A

-

Txtraction Steam Figw “ath (rigure

Feedwazter en<ers tne Doticm of tne hezt swchanger,
znd flows upwarc Inrcuch the tube sias 7 zine
drain cooler secticn.

Passing out of the drain cooler. =ne ‘aecwater
acts as a condsnsing wechanism for extrzzzion
stean.
Returning throuch “he tude shesif, Teedwater exits
at the boitom o7 tne heater into ine Teedwaater
return header.

"N"o = .17
Feedwater outlet terperature ~.330°F at Tull power

- -
I3
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- _{1) - Extraction steem and noisture from the L.7P.

_-- - turbine -seventh stage enters the heater &t the
bottor and Flows unwers viz 2 Sisam jane.

- et [ . ~

. =+ (2) - Tube support plates direct steam onto the
cooling water tubes.

- R ;'(3): Condensed steam-flows down the condensate lane
. -~¢..~and mixes with the moisture separator drains

and the drains from the #1 heater drain cooler.

S - (4)’“Vé]9é5;{ﬁ Extraction Line
< - - - --(a) *Air operated extraction nonreturn line
o -auto shut on all turbine trips

(b) - Motor;operated extraction nonreturn line
auto close if L.P. heater string condensate
- T _-isolation valves.close.

d) Drain Flow Path (Figure 8)

T - - o . sy s [
. : (1) Drains from the moisture separator drain tank
: and from the =1 heater drain cooler enter
; -through the drains inlet nozzie and mix with
‘the extraction condensate.

. SEPEE (2) -This -mixture then flows downward and inio &
: -drain cooler section.
- . {3} Baffies-in the drzin cooier force the creins
R ‘ - 10-take & circuizous rocute IO Tne crairs cutiet.

- {2) M2 heater drains casczde into the
z} A& level conirsl. system maintains
fy11 by contrelling tne zmount of dréin Tlcw to
the "3" neater.

.- . . e). Air and non-concensibies zare removed by vent 1ines.
S .
)

e DR . ’
-.{1} MNominal- hezat.excnanger chell side pressure ~110 psia
2% 1" -ich Pressure Heiters
2V, Cceentizlly.che sare.zs “ZY hezters witn ine seliowire
h z o0 220771208

:
1
Y
1
‘
¥
g
)
t
i
¢
]
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There &are no drainc ceming into these heat:
exchangers from a higher pressure heater.

Extraction steam comes from cross around
steam- to the moisture separators.

(a) Therefore, the "1" heaters operate at
a different temperature and pressure
than the "2" heaters.

i. Feedwater exit temperature to the
vessel ~3779F (100% power)
"ii. Nominal heat exchanger shell side
pressure ~200 psia

5) "5" Low Pressure Heaters

a2) Essentially the same as 2 heaters with the following
exceptions:

(1)

(2)

.
(¥ ]
—

()

——~
(8] ]
—

h

There are no heater drains cascading into the
"5" heaters.

Extraction steam is taken {rom the twelfth
stage of the L.P. turbine.

(2) Therefore, the "5" heater operates at
Tower temperatures and pressures.

The 'G" hezzter dces not have
cooier. ~n sxzaernzl drein
function. An internal drain
mace the "3" heatars tco big.

The "3" heatars &re aiways in service i the
turbine is operating. There are no extirzciion
valives.

Since there are no cascading drains into the
"5" heaters, the only drains are condensed
extraction steam. These drains, aicng with
uncondensed extrazction steam, are pioed tc the
flash tank.

- = -~ % -

Tre 2 5, meztere znd dvain conleve 2rs 17C2lsC

insize wne neck oF e Ioncensas IO 3Eve CaCov
- - 4 - o -

ssace and minimize cioing runs.
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(7) Feedwater outlet temperature 183°F at fuli power.

- o e

o
[t\]
g )

M 1 m - - - o~ - %N ,e s - - . - -~ .
} nomingl heét exchenger sheli sice Cresiure "> £Shé.
< \ “ -

Flash Tank Operation (Figure 8)

“a) A1l ‘heater drains are combined in the flash tank and
" flow into "the drain cooler.

.. b) _Any.drains which flzsh and any uncondensed steam

PR

_from the "5" heaters -is routed back to the "5" heater.

¢) ‘The drain’'cooler is a water-to-water hezt exchenger
which increases the temperature of the feedwater.
Feedwater inlet temperature is‘~1030F at full power.
Feedwater qut]etﬂtempefature_is_m130°F at full power.

Operation of Heaters and Drains

-
1

—

2)

I
~—~

o
Nt

.

i

€)

Heater condensate-drains’ flow from.the highest pressure
heaters towards the lowest pressure heaters, achieving
a cascading effect (Fiaure 8).

‘Condensate drained from the moisture separztor drain tanks
is routed to the shell side o heater "2" by & separator
‘drain- tank level controller and moisture sezerator drain

-‘pumps. | Cordensate from heater "1" is also cirectecd to

‘heater "2"-level controiler.

~he level controller for hezter “2" crazins concensszie =
hezter "3" level controiler for hester "I <razins corcen-
sate to heztir "&" and-ievel contreliler TOor nealer 2
drzins condensate to the flash tank.
“Steem flashing from ihe condensate drained into the

#1zsh tank is routed to the shell sice of reatsr "I,

“he fizsn'tenk’ level -cniroiier drains concensate L0 ins
_rmein notwell by way of the "3 heater externgl drain
ccoier. . -

- -~

Zxtraction stezm is recuired to ferce the crains Trom cne
“ heater to the next.
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If the level is too low, proper subcooiing cof the
drains is lost.

(1) Tnis causes Tlashing in the drain line tc the
dewnstream heater.

(a) Water hammer_in the drain line and level

oscillators in_the downstream heater
results.

" Note: Flashing of "drains will occur normally,
but only after passing thrcugh the level
control valve, where pressure is reduced.

8) Heater LeveiAContro]Q .

a)

b)

The "3" heater arrangement is typical of the level
control system.

Drains from the upstream “2" heater Tlow throuch a
level control vaive (LCV) into the "3" heater.

(1} This LCY is ccntrolled by an air signal from the -
"2" heater level control system.

if the "2" heater level changes, the LCV is
opened to pass mere or less condensate Tlow
to maintain "2" heater level.

———
(€8]
S

Since "2" heatsr drains will flash a* g
through the LCV, <he valve is iccztec very ¢
0 the "3" nezizsr.

through the “3"
"a" heater.

"3" heagter drains flow
control vaive into the

heater levei

e
Vo

This
the

~y s
L2V is
-I‘:ll
-

centr
i

ce led by &n air signai frs~
heater 1

o
zvel control svstiem.
Level changes in the "3" heater are compenszisd
by opening or closing the LCV.

:3) An emergency drain valve is provided in the
gvent Tore drzin capzcity is nescec on trs
drains from heaters 2, &4, the drzin cocier.

ind *n2 —oigturs ssnzralor dratn tznks
;

-—pa

- b=
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. As an example of heater level control operation,
" assume @ level 1ncr°ase in "2" neezter.

¥ ¥

llhn

=g

Z %e=°gr~L9! Would ope
1evel S g

If- 1eve1 cont1nued to increase, "2" heater

' *emercencv ‘drain valve -would begin to open.

/-el.,

CIF Tevel reached the-high level sw1tch

setpoint, the feedwater iniet and outlet
valve of the affected high pressure feed-

Waber s;r1ng wou]d close to isolate the

C]os1no the high pressure feedwater
string isolation valves from the feed-
‘water-system causes the affected 1 and

2 heater motor operated extraction non-
‘return valves-to close isolating steam
from-the afiected-neater (See Systems
Manua]~Figdre 2.7+2 for Extraction Velves).

' (’a).

responce to increzsing level in heater
is much the same as heater "2" with
exception of the fact that heater "1"
no emergency drain vaive.

“(b) The*
- IIJ 10
_the
has

The end result is

(&) "1"'and "2" heater motor operated ext
“nonreturn valve .is Cl0SeEC znd heater 2"
- '-'2 "

_estrzction typass is c2En {nezte
“no exbract1on bjpa=s Vcnve)

“2" hea er 1c M is TUll oDEN.

—~~
cr
~

ATl "2" heator e*a.ns flow irio main con-
‘censer vial emergency drzin vaive or i
hecter v1a ICv.

<<1nce one high pressure heater is isclated
- ihe feedwater zemperature leaving thzt
*'T.  phedter siring will be lcwered.

' .
S 3



(e) The inlet feedwater *emperature to the
vessel will also te slightly lower.

-~
~h
—

Feedwater flow in tTns unaffectec hignh gras-
sure feedwater heaters will increase when the
, isolation occurs.. This produces a larger
- At between feedwater temperature and extrac-
tion steam temperature, increasing the heat
- ., transfer across the remaining high pressure
. - heater tubes.

~
c
.
1

__-(g) The remaining high pressure heaters will
"work" harder (require more extraction steam)
partially compensating for the loss of the
high pressure heater string.

9) Rema?ning Level Control Features

a)

Q.
~

Increasing level responses in heaters "3" and "4"
are-similar to 1 and 2 except the high level response
iscletes the affected low pressure feed water siring
to cause an isclation of the string and the heater
"3" motor operated extracticn nonraturn valves.

(1) There are no controliable extraction nonreturn
valves on heaters "4" &nd "5".

(27 Heater "3" has ro emergency drain valve.

-

Heater "5" affects its level control through the
fizsn <ank level centrollers.

0
-
-.a

ash tenk ievel co
ency drain from ti

el
o
ceC

Nt & <
he drain el

(Cl
(]

Kile)

isture separater drain tank nigh level efiectis:

-
——t
—
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©
3
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O
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m
—
2
m
]
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3
m
v
~ty
)
%
Wi
(43
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fmergancy crain 10 main ccndenser second

-
)
-

Jurbine trip and air operzted extraction ncn-
return valve isolzticn on "1", "2" and "3"
heatars third.
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d. <Control the concentration of f1ss1on products in the reactor
orimary system. ) v

. & #aintains high reactor water purity to limit chem1ca1 and

corrosive act1on
System Description (Figure 1)

a. ?Provides continuous mechanical filtration and chemical
demineralization of reactor water.

b.  Components .

Recirculation pumps (2)

w N

1)
) Filter - Demineralizers (2)
)

Regenerative Heat Exchange (3)

[
~—

"on-regenerative Heat Exchange (2)

[$ 1]
~—

Yalves
a) ‘'lotor operated valves inside the containment.

} Motor operated valves outside the containment.

o

} 3lowdown fiow control valves.

(]

~
-

fow Pztn (Ficure 1)

[¢13

. S.cticn - Tzken from the "A" recirc lcop suction line and
wne APV bottom nhead drain {to monitor bottom hezd water
<s~perature, to prevent temperaturs stratification in the
zot=om head, which could cause thermal stresses in the RY
scttom heacdand in the CRD steb tubss, and to remove crud
frer the bottom of the vessel). The sucticn point is
zz-wen 0 The PHR - Shutdown Ceoolinc moc..

valves - Inboard ancd ocuinoard o7 the primary
inmert Tor the system inlet.

c. £/U Recirc Pumps - two 30T capacity pumps.

(L
1
(]
(21
!

m
S
(8]

<y
o
pon |
1)
(1]
-
wn

o
gﬂr
T
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) f:,‘~ -25, Hon- re:enerqt*va heat exchange"s - 2 (Pccucc temperature
- “urther from 233°F to 120°F) -~
e. “ilter-demineralizers R
1) Two (50% capacity) usedyto,maingain reactor water purity.
- ‘s Although the majority of the impurities are removed
. ’ by the condensate demlnnra112ers, the reactor acts

as a concentrator of the remaining impurities. These
zre removed by “the cleanup system filter-demineralizers.

T 2) Filter-demineralizer ‘bypass 1ine-100% capacity

f.” Sample Stations
“(Conductivity measured) before and after the filter demineralizers

g. Return through the Regenerative Heat xcﬁangers‘(temperature
- -.- increased form 120°F to 434°F) to 2 thermal sleeve in the
© ‘eedwater lines and into the RPY.. Check’valves on feedwater
‘ . -1ine provide containment iso]atjon.

«

h.-.3lowdown path to main condenser or Radwaste.

i. Slew Control

}  Constant volumetric flow through the filter-dem nineralizers.
. .2% Flow control vzlve and controller for blowdown.

[

el c n -
. SESTC YoLEs ov, Lberzian 3 ‘

‘&, =eactor _pover. ope*atlon - norna1 uaber au a11:y

o - . .

] vel during zient ﬂFE Jp.

»
v

t. Rezctor bl wdown onerot1on < lnvel con»roi when not steaming.

¢® Ho: Stendby ‘ .

e Fefusling - reactor cavity Weler guality.

[¢1)
18]

re sidse L2 gvercore P of system line icsses, Jressure drzos
zc~223 z/e=en ecuitment andinfect return welsr into tnhe Teecd-
zne= 3.87E0
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Two - 50% capacity, horizontal, electric motor driven,
centrifucal pumps with mechanical seals. Rated flow is

12C gpm ezch.
Pump design Data
Number Required . . ..

Capac%ty (Each) . . . .

Dischargé Flow (gpm/pump)’: .

" Design_Temperature (°F)

Design Pressure (psig)

e o+ s s e

Discharge Head at Rated Flow (ft) . . . .

Normal flows and témperatures
2 pumps, 2F/D units
270 gpm
Temp. from reactor
Temp. to Non-regex. HX
Temp. Trom Hon-regen. HX

-

Temp. return 1o Reactor

D

rerated Trom tne main conTrsT

1 pump, 1 F/D unit

135 gpm

532°F

233°F

120

234

c

.2

F
F

Pump bearing and seal cooling provided by RBCCW

2umps desd

esiagned 5 oJer
P - =%
cgntinue & i

aq zt
* reducec Tiow wi

Auto triss

te in o
itn

re
ne

1
o

el-systzm oger

Jump out o

ser

+
i

1) . Inlet isolation vaives (1.ang(or 2) not full open

N
—

Qutlet

Hign pearing cooling water temperature >120°F

isolation valve {12) full closed
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-&) Low Recirc pump flow < 30 gpm.

- Curlm,n-
rez% Zxchangers

a. Regenerative (RHX) heat exchangers
1) Used to reduce reactor water temperature to avoid
excessive demand on the closed cooling water system
and minimize heat losses from the reactor system.

2) Cooling med1mum is c1eanup system return flow to the
reactor- she11s1de {thus improving Lhe system heat cycle).

i

.3) Design Data

N

Reactor Coolant Flow Rate (1b/hr) . . . . . 133,300
Shell Side Pressure (psig) . . . . . . .. 1,450

Shell SidewTeﬁperature (°F) . . . . . . .. 575
Tube Side Pressure (psig) . . . . . . . . . 1,250
Tube Side Temperature . . . . . . « . « . . 575

4

4) Relief vezives on shell and tube side provice overpressure
protection.

b. HNon-regenerative {liRHX) heat exchanger

17 Used to reduce rezctor weier tempera*ure ts ¢ srafie
tevels for the resin mzterial used in tne Tiiter-
ceminerzlizers. -

2} Cooling mecium is R3(Cw (sheliside)

3, Desicn ceta

Rezctor Coclant Fiow Rate {ib/nr) . 133,300
Shell -Side Pressure -(psig) 750
Shel]l Side Temperature 370



)
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Seiief valve on tube side provides for hezt exchance
isolation protection.

[

er - Demineralizers (Figure 2j

Used to maintain Qater'purity by mechanical and chemical
filtration.. They remove insoluble solid particles and
dissloved solids from the water.

Two - dual purposes, 50% capacity units of the pressure
per coat type which use finely ground mixed jon exchange
medium. The filer/demineralizers cperate in parailel =zt
50 of the total system capacity.

[ad
H

The rapid ion exchange rates at the finely ground resin, requires
the use of only a thin pre coat and facilitates greater
utilization of the ultimate capacities of the resin. Powdex
demineralizer resin is not regenerated. (Solka Floc is not

always usad under the powdex because powdex is usuzliy a
sufTicient filtration medium alone - Brown's Ferry dcesn

" use Solka Floc.)

[§4)

Desicn Data

Number Required . . . . . .. 2
Capacity (each) . . . .. 50+
Flow Rate/unit (1b/hr) . . . . . .. . 56,650
z§<luent Conductivity {.mno max) 0.
Sifluent. . . L . . . . .2 o
Tifijuent .Insolubles (ppb) . . . . . <10
sesign Temperaturz (CFY .. L. . 15C
pesign Pressure {(psic) . . . . . . . . . .. 1,320
Maximum expected time to remove
&g unit from service, backwash,
pre coat, and return to service
{minutes} . . . . . . . 60
interngi construciicn
1) Fine Steel mesnh Filter elemants (sectum) attacneld 2 @
tube sheet

b
-
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Resin mixture {weight basis)

Cation : Anjon =2 : 1 ¢

f. Filter - Demineralizer effluent spec1f1cat1ons

Conductivity <0.71umho/cm
i , pH , 7,0 = 0.5
’Insolub1es ' ‘ . <10ppb (residue on 0.045
M1cron filter paper)
- \ ~ Chlorides : ‘ N
SO:l T influemt . - Effluent
200 - 1006ppb 80% removal
" <200ppb e0:: removal
. V g. Maximum pressure arop‘y(in1et ‘to‘butlet nozzles)
‘ Clean - : 5 psid |
Dirty. 20 psid
Alarm . 25 psid
Automatic i;alation < 40 psid

Alzrm (ef{luent va?ve)

h. Seacvwash and precoating renu red if:
' 1 F/D Differential pressure high : 25-25 psid
7% F'T Differential cressure lcw @ 1 psid
ingicative of possible faiied filzer eiement).
3} Effiuen conduct1"'9y > 0.1 umno/cm
) Influent conductivity < 0.1 .mho/cm & 25°C
Effluent conductivity > 0.1 wmho/cm 8 25°C
£)  Influent conductivity 1.0 _mho/cm 2 23°C
Sewcve when DF'S - 3. ?

. | | | ’



pH
Insolubles
_Si]ica
Chlorides
AP

(Decontamination factor (DF)

vaige)

= influent valye/effluent

¢) During startup mode of operation conductivity may
exceed 0.1 umho/cm for short periods of time as long
as the reactor vessel water quality remains within
the limits defined in the technical specifications

Post Strainers

.1} Provided to prevent carryover into the reactor system of

£ilter or resin material due to filter element failure.

2) Designed to withstand shutoff head of the cleanup

recirculation pumps.

Pressure drop

, W
S

clean
Alarm

sclation

Automatic !
Tfluent valve)

(F/D evs

1

2} Post strainer backwashing required if differential pressure

zcross 1t exceeds zpprox

iy 3 nsid.

Sackwash and precoating done Trem iocal panel.

recoated 2t a time.

)
~—

Aoiding oump

, Automatic or manual segquencing

Interlocks allow only one

lter demineralizer to be

. Frovided to maintain tne Tilter cnarge until tne unit

is in service.
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(wg
~

Pump will auto start if Tlow through the {ilter drops

to ~ 0.8 gpm/ft toprevent the precoat from dropping
67T the Filter elemgrss.

4)" Elapsed time (expected -maximum) - to remove unit from
service, backwash prncoat and return to service - 60
. minutes.

‘k. Flow Control Valve

1) Maintains constant flow rate.through each filter-demineralizer
for Vcryxng pressure drops.

2) Set at a local f11ter - oen1nera11zer contro] stat1on.
é) Normal Flow is 135 apm

4, Valves

ow

inboard and outboard system iniet valves are part o¥ the PCIS.

‘ The *primary purpose of system isolation valves is to prevent
uncover1ng .the core and 1limit the radiological dose if the
cxecnup pipe breaks.

b. A1l valves are AC powered “exceot the system suction outboard
valve (=2 valve) wh1ch is 250 VDC.

-

Fiow-control valve to ‘radwaste/main condenser (#15 valve)

«

1) Resrticting orifice upsirezm prevents exéessive"blowdown
in the event theFCV faiis open. Bypzssed for low bressure
cengitions.

Upstreen pfossure switen
prevent draining the enti
sichon action to the mair
downstream pressure switch closes rC oh hich pressure
+o ‘protect the downstream iow pressure piping.

[N ]

ciosss FCY on iow pressure €
ire RWCU system pioino in &
n congensar cr ragwWaste.

L)
~

F. INSTRUMENTATION i . L v -

1. Control Room Instruments ~

&. Fiow indicators
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Cleznup return flow to main condenser or radwaste 0-300 gpm
Fitter Demineralizer "A" flow  0-120 c¢om

Filter Demineralizer "B" flow 0-150 gpm

sure indihator,\Regen.'HX inlet . 0-1500 psig

erature Indicators (1 indicator with selector switch) 0-600°F

Reactor water (inlet to RHX, tube side)

"Regen. Heat Exchange outlet (tube side)

Non-Regen. Heat exchanger Qutlet (tube side)
Return to feedwater line
uctivity recorders

Reactor Water Cleanup before Demin "A" and "B"
(1 pen recorder) 1-10 microm hos/cm

Reactor YWater Cleanup after Demin "A" and "B"
(2 pen recorder) 0-1 microm: hos/cm

Red - Demineralizer "A"

Black - Demineralizer "B"

. Sample Station

tlet of eacn filter-demineralizer.

ives reduces system pressure for use in the
able ¢ maintzining continucus fiow through
int at any cleanup system operating temperature.

tant temperature for tne sampled process Tluid.

Sarmpie is discharged to clean radwaste.

. Also sample influent header to filter demineralizers. Difference
between infiuent and effluent wiil determine the filter/

demi

Tic

ign

[ I ¥l
Wn ot

-la
O ¢t 0

e U !

QO (b
ct e =

neralizer efficiency.

——h
Tao

- (D ct

07 inboarc znc
} and Ine return

ic
t 1s
ve {

a
~

(b |

0
S

n
n "’a i

O . -

(. - . - -~
Low rezctov p2tav leve
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2) High Temperature -outlet non-regenerative hezt exchange 130°F
Alzrm also)
2; Stancby | 10u1d ont“0| initiated
4) High temperature in areas occup1ed by cleanup system equipment
110 120°F
- 5) ‘F’lgh temper‘ature 'ln flOOtdra-lns in areas 0CCUp1ed b_y C'Ieanup

. ‘system equipment 110-120°F
" b, Rec1rcu1at1on pump tr1ps ) : C o

1 In]et Isolation va]ve ( ‘1) not fu]]y open.

[y Ty

)
) Inlet Iso]atxon va1ve (¢ 2) not ful]y open.
)

w N

Reactor return 1so]at1on va]ve (¥12) fu]]y closed.

>
e

Pump flow low <30 gpm \5SEC TD on startup)

}' Pump cooling water outlet High temperature (RBRCCW) 140°F.

w

c. Filter Demineralizers
A
1)

Flow (Local)

a} Alarm on Tow flow

b) Holding-pump auto starts at ~0.8 gpm/ft2

2} Differentiai pressure {(Locel)

a) Filter-Semineraiizer

(1) Alarm on high differential pressure & 25 psid

{2} Clecse d F/D effiuent -vaive & 20 psid
- ~2) Conductivity N

- a) Alarm on F/D inlet conductivity € micro mho/cm

) Alarm on F/D unit outlet conductivity € 0.1 =irco mho/cm

[&]
(53
_—
Q
a.
(@]
=
3
o~
=
o
O
a1}
—
f
5

(8]
(G
-t
(1]

tard

‘ 1" Zlarm end closure of drezin Tiow control vei/e
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2) Alarm and closure of drain flow control valve @ 140 psig.

"

[ ES

Lazkace Isoletion

-

a. 8 thermocouples (RTD) located near Cleanup system equipment
to monitor the aréa temperature.

|_7v - E. P
1) Alarm on Panel 9-3 on high temperature—++9-———+209F
SO 1 DT
2) Iso]ate cleanup system at H8%320°F

b. 8 temperature switches lecated in floor drains serving
cleanup system equipment. Isolate cleanup system 110°-120°F

G. OPERATIONAL SUMMARY
1. Modes of Cleanup System Operation
a. Reactor Power Operation - Normal

- 1) Design bmsis for the sizing of the Regenerative neat
exchanger and main pump discharge piping.

2} Equipment Status
Mzin pumps operating
RHX under full load
NRHX under partial load
Filter-demineralizers coerating
No blowdown
b. S:cartup Oceraticns
i} During plant S:tartup and heatup at a maximum rate o7 10G°F
ner hour, the reactor watcr volume w111 "swell." Additional
wazer will be introduced to the reactor from the control
rod drive system flow to *he reactor. To acccmodate tnis

increzss in vessel water inventory, the cleanup system is
used to discharge reactor water to the main condenser or

radwaste.
2) The svystem drain line res:iricting orifice bypass valve
is czen 2t low rezcior pressures



)
A

)

B
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factors:
RBCCW
vater

The biowdown rate.is .limited by the Fellowing
Filter-demineralizer inlet water temperature,
return temperature and hezt exchanger cooiing

TIoVW rate.
The cleanup system_remoVes cantrol rod drive water
and “"swell" water.from the reactor until reactor
temperature reaches ~100°F. above the saturztion
temperature .for themain turbine seal setpoint pressure;
at which time this watér will be removed as steam by
blowdown to the main condenser.
Equipment Status

‘ain pumps in operation

RHX under-partial load .

MRHX under maximum.startup load

. Filter-demineralizers in service

CRD input and system expansion discharged to
radwaste or main cendenser.

3icwdown Operations.

1)

2

)

Design basis for.sizing the blowdown 1ine restricting
orifice and flow control valve. o

s

Ccid blowdown

[3 1}

} blowdown up to the czpacity of the drein FCY 0

Can
‘raawaste”ﬁ?‘fhé‘cbndenSér."”

Cquipment Status

(&4
S~

Mzin pump$ in operazion
Heat exchangers uncer little load
Tilter-demineralizers in operaticn
Draiﬁ FCV'{n operatioﬁ

“ct bleowaown

=) The system wili have & restricteq Flow rate beczuse
tne limizazions on tThs maximum &i:owas € outlet iem
-0 RECZH on the shell side of zhe "REX znc the 90t
demingralicer jnlet .gier temievatiuve
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b} If plowdown is in progress with the moderator at 545°F
with no flow returning to the reactor, System Flow rate
must be limited to within the cooling capacity of
the MREX.

c) The percent of total system flow blowdewn must be
adjusted to stay within the temperature limitations
on the F/D and on the NRHX RBCCW outlet - if the total
system flow must be adjusted to operated within the
temperature limitations.
d) Equipment Status
Main pump (s) operating
RHX under no load (entire flow to radwaste/condenser)
NRHX under full load

Drain FCV in operation

" 4) Blowdown to main condenser is the preferred point to limit

the duty on the liquid waste processing facilities.
Hot Standby
1) Same as Hét blowdown above
é) Minimum NPSH for pumps
Refueling Operations
1} Maximun bwnass
a) Can be used to blowdown refueling {reactor) water, thus
«#ith blowdown mode., this operation shall aiso govern the
blowdown flow control valve sizing.
b} Eauioment Status
80th main pumps operating
RHX under no load
WRHX under no load
Filter-demineraiizers in operation

-
-

rain |

Ty

. in ooeration

(a)

)

i

ntire flow discharge %o radwaste or main condenser
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2) Refuel mode

1w

) in conjunction with fuel pool cooling and cleanup
srovides continuous cleaning of rezctor water during
Lo ~ refueling.

'b)  The 'system may be used to assist in heat removal if
required.

¢) Equipment Status
Main pumps in operation
RHX ‘under nq‘]dqd
NRHX under no load .
Filter-demineralizers in operation

o FCV operational - No blowdown

2. Filter - Demineralizer Basis Operation
a. Filter-demineralizer -~

1) Two 50 percent capacity, parallel-operated {ilter-
demineralizer units are provided.

2) They are pressure precoat type using finely ground, non-
regenerable, mixed cation and anion jon exchange resins.

b. Service Cycigs

1) The operatingservice cycle of & filter-cemineralizer is
‘ zerninzted either by & nhigh pressure drop across the unit
or by exhaustion of the ion exchange resins. MNormaily, pressure
drop 1imits the _run Jength except during &n abnormal condenser
ieak. - ) o

'2)~ vihen-an operating unit's service cycle.is terminated, the unit
is isoiated by-closure ‘'of the outiet’vaives whil the
parallel unit remains in service. ’ ;

. - . - . - -

t. Backwash

1) The out - of - service filter-demineralizer is backwashed
Witk 29w z2nd wazter tc remove 211 oF ine spent re
iz-zd insoiubie mz=erizi. Tnis is accomsoi
yse of an air blast injected into the ¥
jizer to dislodge the preccat. Condensa
into <he filter-demineraziizer throucn the
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line. The backwashing process efficiently removes
these materials with a minimum volume of water from
the condensate system.

~n
~—

Sackwash water drains to the cleanup backwash receiving
tank. Vent lines from the filter-demineralizer are
routed to the backwash receiving tank.

3) The mixture of water and spent resins is pumped to the
cleanup phase separator tank of the radwaste system.

d. Precoating .

1) " After the backwashing.step, the filter-demineraiizer is
precoated by circulating a slurry of freshly prepared,
finely ground, mixed resins from the precoat tank onto
the stainless steel holding elements (septum).

2) The slurry deposits eveniy on the elements while the
water returns to the.precoat tank. Recirculation is
continued until the return watzsr is clear.

3) A holding pump is started which will maintain the filter-
demineralizer cake in piace, after which the precoat
pump is removed from service and associated valving
is closed.

4) The unit is then ready to be p]éced in service by opening
the inlet and outlet valves, after which the holding pump
is removed from service automatically as flow increases.

.

wun

The holding pump for each filter-demineralizer unit is
autcmatically restarted if tne filter/demineraiizer

outlet flow drops below 25 gpm. This insures a {iow through
the filter/demineralizer at all times and prevents the

- preccat from falling of the element.

ATLATICNSHIPS WiITH OTHER SYSTENMS
4. Reactor Bui]ding Closed Cuo1ing Aater System which supplies cooling

watar to the non-regencrative heat exchangers and RWCU recirculation
pumos.

2. Primary Containment Isolation System which provides for automatic
clasure of the RYCU system isolation valves.
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3. Radwaste facilities which are’used to collect water from the
"R¥CU blowdown’ and spent-resins from the filter-demineralizers.
a, Tbe 2" recirculation”loop and the redctor vessel which supply
ater to the RWCU syStem
5. Feedwater line which supplles a return path to the vessel for the
processed water. = . - 13
6. ] “The - Area Leak Detection- System wh1ch prov1des :an isolation signail
' for the RWCU. **»‘i o )
R Stanoby Liquid Control System wh1ch causes 1501ut1on of the RWCU
... upon its 1n1t1at1on o
‘1.~ TECHNICAL SPECIFICATIONS Ce N
o 1. Coo1ant Chem1stry - L1m1t1ng Cond1t1ons Tor 0perat1on

-t
R

a. Prior to startup and at S;eam1nc rates less than 100,00

- ~1b/hr the following 11m1ts ‘shall apply

o 1) Conductivity - 2 0 micro mho/cm € 25 C

"2} Chiloride -0 ppm

b. At Steaming rates greater than 100,000 1b/hr, the following
1imits shall apply

1) Qonductivify 1.0 micro mho/cm G 25°C.
2} Chloride 0.2 ppm -

‘AT <tecm1haf"ates greater’ than 100.200 1b/hr, the reactor
vigTer CUc11ty may exceed' the above: specification onlj for
the time limits- spec1.1ed below.- Exceeding those time limits
: oF the .o1nou1ng maximum quality:limits shali be cause for
nizcing the reactor in the cold shutdown condition.

(&)

1} <Conductivity t1me above 1 w1cro mho/cm & 25°C.
-~ 2 weeks/year ©Ll
- hax1mum L1m1t 10 m1cro nno/cw ¢ Z25°C.

no

. ) Chloride concentration t1me abcve 0.2 ppm - 2 weeks/year

Maximum Limit 0.5 ppm.

C

3 The rezctor shall .be shutdewn §f cH. Z.€ or »2.6 for :
z< nour period.
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d. When the reactor is not pressurized except during startup, the
reactor water shall be maintained within the following limits.

1) Conductivity - 10 micro mho/cm @ 25°C.
2) Chloride - 0.5 ppm
3) pH shall be between 5.3 and 8.6 _

e. ‘When the time limits or maximum conductivity or chloride
concentration limits are exceeded, an-orderly shutdown shall
be initiated immediately. The reactor shall be brought to the
cold shutdown cendition as rapidly_as cooldown rate permits.

f. Whenever the reactor is critical, thé 1imits on acitivity
concentrations in the reactor.coolant shall not exceed the
equilibrinm valve of 3.2 uCi/gm of dose equivalent I-131.

This 1imit may be exceeded following power transients for a
maximum of 48 hours. During this acitivity transient the
jodine concentrations shall not exceed 26 .:Ci/am whenever

. the reactor is critical. The reactor shall not be operated
more than 5 percent of its yearly power operation under this
exception for the equilibrinm activity limits. If the iodine
concentration in the coolantexceeds 26 .Ci/gm, the reactor
shall be shutdown, and the steam line isolation vaives shall
be closed immediately.

2. Coolant Chemistry - Surveillance Requirements
" a. Reactor coolant shall be continuoly monitored for conductivity.

1} “henever the continuous conductivity monitor is inoperable
and the condensate demineralizers are bypassed, & sampie
of reactor coolant shall be analyzed for conductivity
every & nours. If the condensate demineralizers are in
service, a sample of reactor coolant shall be analyzed or
conductivity every 8 hours.

z) Once a week the continous monitor shall be checked with

2n in-line flow cell. This in-line conductivity calibration
shz1l be performed ever 24 hours whenever tne reactor coolant
conductivity is s1.0 micro mho/cm @ 25°C.

uring Startup prior to pressurizing the reactor above
tmospheric oressure, measurements of reactor waler quality
ha1l e perormed %o show conformance with I.l.s above
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c.. Whenever.the reactor is operating. (including hot Standby
conditions} measurements of reactor water quality shail
be performed according to-the-following schedule:

-

-2

3

)

i

j

Chloride ion content shall be mezsured.at least once
every 86 hours. - | EEE "

Chloride ion content shall be measured at least every
8 hours whenever reactor conductivity is >1.0
micro mho/cm @ 25°C -- . R ,

EO

A sample of primary coolant -shall be measured for pH at

-Jeast once every 8 hours whenever the reactor coolant

eonductivity-is >1.0 micro mho/cm @ 25°C.

.d.  'Whenever the feacto?fis—notjpréSSUfizéd, a ‘'sample of the

reactor coolant shall be analyzed at least every 96 hours
for chloride ion content and pH. .

-e. -During equilibrium-pover operation on.isotopic analysis,

“including quantitative measurements for at’least 1-131, 1-132,
1-133, and 1-134 shall be performed monthly on & coolant

Tiquid sample. - - . .

1

f. Additional coolant samples shall be taken whenever the reactor
activity exceeds one percent of the equilibrium concentration
specified in 1.1.f above and one of the. following conditions
are met: ‘ ’

A

Lo

v _
~

)

7§

—

During Sta}iup . e

Following & significant power chznge {z change esxceeding 15%:
of rated power in less than 1 hour), .

Following an increase in .the ofi-gas level exceeding 12,200
_Ci/sec (at the SJAE) within & 48 hour period.

Whenever the equilibrium iodine limit specitiec in 1.1.7

is exceeded the addition coolant liquid samples shall e
taken at 4 hour intervals for 42 hours, or until a stable
iodine concentration below the limiting vaise (3.2 “Li/om)
is estz-]ished. However, at ieast 3 consecutive samples
shall be taken in 21l cases. An isotopic analysis shall

be performed for each sampie, and quan titative measurements
made to determine the dose ecuivalent 1-131 cor.centration.

s :he 1otal iodine activity of the sample is paiow
i'em, en isotopic znaiysis o determine squive’

- -
ol

(11}

Coociznt Chemistry Limits Bases
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The reactor chemistry limits are established to prevent damage
to the materials in thgcprimary system which are primarily 304
stainless steel and Zivealoy cladding.

The 1imit on chioride concentration is to prevent stress
corrosion craking ‘'of the stainless steel. For stress corrosion
cracking to occur, chlorides and oxygen must be present.

The lower the oxygen concentration, the higher the chloride
concentration can be before stress corrosion cracking will
occur. Boiling within the reactor results in degeneration

of the reactor water. During steaming operation of <10C,000
1bs/hr and during startup, there is not much degeneration taking
place and ‘the dissolved oxygen content of the cooling water

may be high. Therefore, to assure that no stress corrosion:
cracking takes place, a more stringent 1imit is placed on chloride
concentration under these low steaming conditions.

When conductivity is in its proper range, pH and chloride and other
impurities affecting conductivity will be within 1imits. When
conductivity becomes abnormal, then chloride measurements are

. made to determine whether or not they are also out of their

normal operating valves. Significant changes in conductivity
provide the operator with a warning mechanism so he can investigate.-

The major benefit of cold shutdown is to reduce the temperature
dependent corrosion rates and provide time for the cleanup
system to re-establish the purity of the reactor coolant.

The equilibrium coolant iodine activity limit represents a
computed dose to the thyroid of 36 rem at the exclusion
distance during the 2 hour period following a steam line break.

The maximum activity 1imit during & short term transient is

astablished from consideration of a maximum jodine inhalation

dose less than 300 rem.

HOTE: Yendor fuel worranties alsc contain conlant chemistiry
limits which may be more strigent than the Tecnnicail
Specifications.
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L. FIZTWATIR LIJEL CGHTROL SYShiow
B. REFERENCES B
1. BWR Systems Manual, Chapter 3.1 }—
L 'Ié. GEK 32550 - Féedwater Cont;51 S&sfem - Brown's Ferry
- -}‘ 3. <vsgem Dlscuss.on 7.6 - Reactor Feed Pump and Turbine Drive -
Peach Bottom
; E‘rj4;'.System ‘Description 32-2 - Feedwater Control System and Feed
: o Pump Turb1ne - Brunsw1ck .
. - 5. GEK 779 = Volume 10 - Instruction Manuals for Vendor Supplied
gqginment - Brown's Fetry .
6. Operating instruction 3 - Reactor Feedwater Systlem - Brown's
. Ferry
7. System Dizgrams - Brown's Ferry
g. £7450 - ?6 - Mechanical Control Diagram
o & b.” 2T¥E11 - 2. -26 - Mechanical Logic Disgrars
c. A&5%F12 - PFP Schematic Dizgrams -
o, gElECTIVES " |
1 ‘ Jﬁde*s:and now systém controls ?eactbr water level during both
stszcy state and transient cengit cns.
z Lszen vErious medes of operaticn and when £ach 1sA‘r:1cyr:
3. Learn significant syétem instrumenfatidﬁ;énd interiocks.
‘&, Xnow reilationships between the level controi system and other

- -
-~

Revision

Date

BWR SYSTEMS
LESSON PLAN

sysers

(1]

w

=
-

e to cescribe sysIem respense o

~
-

feilures.
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Autowat1ca11y controls the flow of feedwater into the reactor
vessél to maintain vessel water level*within pre-determined
Tevels during 311 rodes of planz- operzzicn.

1) Required Levels Determined by:
a) Requirement of Steam Separators

(1) Limits Carryovgr;and Caf%yuﬁgegg
(a) Carryover is‘ineffiéiént removal of moisture
resulting from high vessel level. May damage
turbine blading.

(b) Carryunder is-caused by low water level :
allowing uncovering of separator skirt.
Steam from the separators is entrained
in the downcomer flow and may cause
decreased core subcooling and/or jet
pump or recirc pump cavitation.

b) Prevent Uncovering the Core.

Modes of Operation

a.

D.

Manual
i) Valve Control - used from O psig to approximately 350 psig.

4
2) Pump Control.~ used from 350 psic to approximately 10%
oower

Single Zlement - Autcmatic llode

-~

vl e

1) Level Conirol Cnly. Only azutoratic mcde avaiiable to
bypass valve, also available for RFP Auto-Controls.

Tnree Zisments - Automatic ticde

1; Lev steam flew, feed fiow. Anticipates level chance

-
Tl
ue to steam flow-feed flow mismatch.

ar-

2} Usuzlly in operation between 10% and 100% power.

L

y Oniy availabie for RFP Centrois.

-

crenis (~izure )

~

Stzrtup 3vpass velve

-



1) “One for each RFP“turb%ﬁé
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1) Controlled by air signal from an electropneumatic {E/P}:

converterd ...,

- I
% 0 =
-— \J -

nerztes on level control only for automatic operat%&p.

3}. Varying position of va]ve(sﬁﬁcnanges feedwater flow

which in turn changes reactor water 1eve£;

“Turbine Driven Reactor Feedwater Pumps

Y Controlled by Hydrau11c System ‘which positions turb1Q§;

“control valves»

‘.;v

2) Hydraulics Systemacontrol1ed by FWCS to vary pump speed,
- controlling rate-of.feedwater flow.

Manual/Auto (M/A) Transfer Stations

~

2} Provides a manual cemand signal to the turbine speed
controls or .

®rovides automatic control signals from the master
-contrcller..to the turbine speed controls.

(W3]
~ -

“aster Coptroliers

1} Provices electrical control sicnel to the M/& stz +1ons,

either manual or automatic (cutomatwc described below).

(AN ]

(410 S ]

erator acjusts desirea cmerzting level with setgoint
”~

=3

ot 0y

Controlier corpares desired 1eve1 to actual level if in
single eiement control.

(¥3)

e

. -
-1 1
o) i

¥ they are not the same, conurolle” outout will
varvy to ccrrect the error. -

I»

~

Controller comoares desired” level to medified level sicnal
if in 3 element, control. . .

" a) ‘Steam Flow - feed flow mismatch signal provides
aniicioatorv level change Teature even thouch
. actual level may not heve changed.
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B} IF desired level and modified level signals are not
the same, controller cutput will chance to correct

——e A
T OErYOr.

5) Bypass valve levels controller is level control only.
a) Controller compares actual level to desired level.

(1) 1If they are not the same, controller output
will vary until the error is corrected.

:“éﬁ’
Vessel Level vs Flow Error Networki

1) Modifies level signal based on steam flow - feed f]ogﬁ
condition§§

]

a) If steam flow and.feed flow are equivalent, mod1f1e‘f
signal will correspond to actual- level s1gna]«

LI

b) If steam.fiow exceeds feed flow, the medified signal®
will be Tess than the actual level s1ana1

c) If feed flow exceeds steam flow, the modified signal;

" Wwill be greater than the actual level s1gna1 ki

Steam Flow - Feed Flow Comparator

-

Compares *otal steam flow to total feeawater flow.

-4

~

(SN ]

I¥ they are *he sare, <0TR&rs=or output is sore constizrs

Falali okt
=

wdit e
3} IF steam fiow exceeas teed ficw, comparaIor cutput will
increase.
ty 1+ f2a¢ flow exceeds stezrm flow, cecmparatcr output will
decrzass

zezctor fessel Level Instruments

i) Two level transmitters are available via a selector
switch, & third transmitter is also used for turbine
trio logic.

(A8 ]

——

Tach jevel instrurent is pressure {density} compenszted.
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* " h. Feedwater Flow Instruments
1Y Thz o fzecdaeter flow sicnals zre gent TO 2 osumwing
network for a total feed fiow signeal.
I 2)1 Faedwater fiow s1gna1s are density compensated.

y=:;1,~‘Steam Flow: Instrument .«”Ae

¢

1)) A11 four steam ‘1ow s1onals are sent to a summing
network -for a total steam-flow signal.

2) "Each flow signal-is pressure (density)compensated.

E. COMPONENT DESCRIPTION -t
1. Reactor YWater.Level (Figure 2) .

2. 3 Independent Sensors# differential.pressure trensmitters
connected to water reference condensing chambers within the;
drywell. 1 of 2 is selected to-be-used in the feedwater w
control circuitrv.

+

b. Transmitter output< 10 50 nu, correspond1ng to & level range
of 0-60 inches !from inst. zero) is 1nd1ca+ed in the control
rocm. - ’ - C

c. Srassure compensaied to correct for water densitiy chances
{ievel cescribed by d1ffe ential pressure is related tc 2
“erily of curves whose zero points and slope changes with
~yzsigre’. Creesure signzi s zopifes o & isvel correcticn
z~-1iSier for Drorer COTDERSETION &nG IRGICETEL N INE COnN-
Irot reoT.

4

d. Leve] is alsoc indiczted on 1 pen of & two pen recorder.

S se1ec-ed "ac input to the levei

.I
. 35 2786 *he chennel recorcsd.

~yrt =1e - Tmesrmt - o
evel alarms from the level selectec.

P
n
(72}
m
o
pon
-t
(U]
-3
ne
3
[
aad
Q
z
-t

_o -t 2. Level .dinterlocks and computer -inputs- are from the level
channel selected. ™ - . - s e
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Feecwater Flow (Ficure 4): Consisting of 2 individual

-6 -
reur steam flow &P transmitters send signals via sauare roct
converters to individual steam flow meters in the control rocm.

Pressure Compensat‘

1) 2nd input to. square root converter:is pressure from the
primary (high) tap of the differential pressure trans-
mitter. This signal is used to: correct for changes in
steam density as a function of pressure.

All four signals summed by total steam. flow summer.
Total steam flow signal serves as input io:

1) Level Program Limiter -

2) Steam Flow - Feed Flow Error Network

T

3): Conirol Room Total Steam Flow recorder.

" 4) RWM Bypass Control

-t
—_
Q
[~
el

transmitters.

a.

)

zach flow s1cna1 dispiaved on CR meters
3cth signais summed by feecwater ficw summer.
Totzl feedwatsr fiow signal serves as inout tc:

- - - : T A~ by Y e,
Ts2m ricw-reed Tigcw Srror leTwork

2Y (R Feed Flcw Intagrater

3} CR Feed Flow Recorcer

2} Recirc Pump NP3H Interlocx
5) Rl

Temperature Compensation - density changes in feecdwater
corrected in a multipliier/divider unit.

Fiow elements are loczted beyond the lest H.P. heater (0
ali-ipa=a 211 jezkzce scurces or “low recirculation “cliow-
ing fingi Teecweisr T.0W CeasureTent.
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Lal Fescwater Regulating Startup Bypass Valve Control (Figure )

" from the 1/p° converter.
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"f*x

-
cilh

1ty

“The bypass va]ve d1sc pos1t1on is controlled by a valve
‘operator.

. Increasing the air pressure app11ed to the top of the

valve d1aphragm c]oses the va1ve aga1nst spring pressure.

_Bleed1ng off the air pressure allow ‘S the valve to open.

- [y

‘The air pressure is contro]]ed by a- pos1t1oner which

in turn is controlled by a small (3 - 152 ) air signal

!

The I/P converter output is chanoed by varying the valve
contro]1er output s1ona1

The’ pos1t1oner output pressure passes through an air

flock ‘valve.

Low instrument air supply pressure (<65=) will caus

e the
spring loaded air 1ock valve to ‘close.

I PR g) This interrupts the pos1t1oner swrnc1 and "1ocls the
o 7. .- air in the va1ve operator. -
9) The valve w111 not move until ‘sufficient isuoply pressure
is zvailable to ooenwthe air lock valve.
iote: 1T the positicner is ceman ging & fuil ccen veive
wnen air pressure iS regainec, the veive will
open repidly '(unless airezdy open).
S. Reazctor Feed Pump TurbineACoptrols {Ficure 6) z
z. Turdine soeed is dezermined by the rosition oF tne crirery

nilot velve bushing.

1)

The primary pilot valve bushing is set by an electric/-©
hydraulic poswt1oner - the pressurc reley p.ston.f

The pressure relay oiston is cont r0i1er by cne of O
speed changers ‘- the Motor Gear Unit \HGU; or Motor
Speed than"er (MSC). -

ne MGU can conirol turoin
Pt znd is controlled by the

:rm

1
-
-

3
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4) The MSC can control. turbine spead.from 0 to ~5500 RPM 3
and is manually controlled from the control room at either

& high or a low speed chancgh

[$2]
~—r

,The, linkage arrangement, which, pos1t1ons the pr1nary p1]0t"
valve busing is a low value. selector 'so “that the’ 1owesb§;
demanid“signal from the’ MSC or MGU w111 be in control. ¥
6) The turb1ne speed governor, pos1tzons the primary p11ot
valve within its bush1ng, supplying hydraulic pressure
to the primary piston. The reset relay provides feed-

back to the primary p1]ot valve bushing for stable oper-
ation. :

7) The primary piston controls the“éecondary operating
cylinder which positions the turbine control valves.

8) The turbine control valves (5. 1ow pressure and one high
pressure) are sequentially openéd by Tift rods and a Tiftg
beam to admit steam to the turbine. The 1ift rods are
positioned by the secondary operating cy11nder and are
arrange to: 1) Sequentially open the Tow pressure valves
via the 1i¥t beam and 2) open the high pressure valve
after the last low pressure valve has opened beyond its
effective .flow area.

6. In order to understand the electrical portion of the control system,
it is necessary Lo discuss Generzl Electric #easurement z2nd Control
{GE/MAC) devices.

[

o.

”

3]
)
{1
n

g vice in 2 GE/MAC contrel syste zn inout ancd cutput.

=
=3
n

. 1iQ

U
reng

-
3

1

;11 rznce_defiection o7 tne inrut sigcnai producas &n ouIILT
ing from 10-50 nilliamps (ma).

1} "a1nua1n1nc a 10 ma miniTum output allows detection of
an electrical failure in the device.

ny

2) & rini~um input signal procuces & 10 m& output.
2} A maximum input signal produces & 50 mea output.
ror example:

i} The reactor vessel level ins*rumen
signal representing § - 60" of 12

=
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2) A transducer converts-the 0 - 60" £P signal into & 10 -
50 ma output s1gna1.

3} If the reactor waeer jevel js O" (or less), the trans-
. ducer output Jds 10 ma. : .

&) If the wgter level is 33", the transducer output is

e 32 maf( x- 40 ma + 10 ma) .

If the water 1eve1‘1s 60" (or greater) the transducer
output is 50 na.\ .

6) Since a 60" 1eve1 1nput change produces a 40 ma output

" change, every 3" .level change-causes a 2 ma output change.

-When two'different signals -are compared, such as steam and
feed flow, mismatches between them-may be either positive
or necutlve, i.e.,: steam flow may exceed feed filow (posi-
tive) or ‘eed flow may . exceed steam flow (negative).

gliow pos1t1ve -and neaut1ve s.gna]s in & device whose out-

put is always a pos1t1ve current (10 - 50 me), biasing is
ermpioyed.
The bias sngna1 acts as & reference po1nt Any output

greater than the normal bias signal is considered pesitive.
Fny output less than’ the bias signal is-considered negative.

For example: (Figure 7)
Ty The swezm flow vs. .feez “low compareor uzilizes 2 sJmming
cevice T0 determine if¥ & ficw mismatcn exists
z, Feed Flow Zquals Steam Fiow
£} If'steem.fiow-and feed flow zre ecual, tne first
sumrer-cutput is zerc.
-5) The amplifier output is zero.

c) The Eecond summer‘edds-tﬁe amplifier output and a
b1cs s1onc1

¢ -

The b1cs sicnal is 32 ma (ncrhc11y).

(&N
~

(1)
oo

- R & - S VD e
Chrozrzior ocutout it 22-ma2.
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Feed Flow Exceeds Steam Flow

\
] 1€

A - T A -
IrST SUTHeYr CuLTut woull e r

[}
mn

gtive.

-~

o

) This error signal is amplified and sent to the
second summer.

¢) The negative error signal and the 32 ma bias are
added, resulting in a comparator output of <32 ma,
which is considered a negative output.

. Steam Flow Exceeds Feed Flow

a) The first summer output would be positive.

b) - This error signal is amplified and sent to the
second summer.

c) The positive error signal and the 32 mz bias are
added, resulting in a2 comparator output of >32 ma
which is considered a positive output.

The mastar level contreoller is an integrating ampiifier.
{Figure 8)

1)

2)

-
.
-~

The reactor level (or modified rezctor level) is com-
pared to a desired level as determined by a setpoint
adjust tape.

TF *hey are different. z2n 2rror sicnzl is gererztad
anc¢ sent o tne 1r.e~r or

The integrator resgonse is shown in Fizure §.

a) A positive error signzl into the integrator will
cayse intagrator sutzut tc increase until the
errcr signal is cancelied.

necative error signzl into the 3nis
ause 1n;egrator output to decraase u
rror°-signal is cancelled.

~
]
n

i

or will
i1l the

v
.

4+
1%

A
c
e

¢) In the absence of any error signal, integrator
utocut remains censtent.

n

e e o~

wn in Fiaure (2. zrcwisicn i
1
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c)

d)

.o

- the 1imiter set at 0%
:use with BWR/6 -systems.)

- 11 -

»

The need for level .program is determined curing

- startup testing. - -

IT used, the proaram will decrease the operating
Tevel at ~-.2"/% rated steam flow; designed to
reduce moisture carryover to the main turbine.
The program will on]ynbe used at power levels
above programming limiter setpoint.

If installed on—cdfrent1y operating plants, the
amplifier modifies at 0"/% rated steam flow with
steam flow. (Design for

Operation of Feedwater Control -System .. =~

a.' Normal Operation (Fiqure 11) -

ny
~—

1)

Manual/Auto (#/A) Transfer Stations

a)

o
S

Manual Position

(1) The input signal from the master controller

. is -removed from the circuit.

(2) Control.is from manual contrel potentiometer.

Auto Position

{1 The output of tne meszar controiier is sassad
directly throuch the /% <rznster szation 12
the function-generator and I/F converters

(2) .The manual control potentiometer is discon-

nected- frc= the circuit.

Eziance Position
(1) . Exactly the seme &s eutomatic insofar as
--control-is concerned.

Mas+er Controller and Yalve Level Controller

&) Hanual Position

-
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(1) The ou*put of the master controller is the signal
from the manual contrcl potentiometer.

(2) The level error signal- is disconnected from the
‘output.of the controlier.

b) Auto Pos1t1on

o
i

(1) The output is a s1gna1 proport1ona1 to desired
feedwa*er r1ow

-~ ~ s

.c) Balance Po§1t1on . : :
(1) Same és auto insofar aé control is concerned.

RFP Turbine Controls

a) During normal operation; the MSC is placed at its
High Speed Stops so that the FWCS can control the
MGU over its entire speed range.

Single Element Control

a) A ievel signal is compared to a desired setpoint in
the master controller or valve level controlier.

b) If they are the same, the signals cancel each other
and no error exists at the input to the integrzior.

¢) If there is no error signai, the intecrator outdut
is constant.

i+ The agn1‘uce of the integrator ouiput is depercent
upon the feecwaier ficw de=anc

e) For exzmple, assume the foilowing plant conditicns:
{3ypass Velve G:e ration Iiiusirzted)

The 9lan: is starting up.

Jery jittle steam flow is ragquired.

The CRD system flow is exact1y balancing steam
demand.

Reactor water level is stable at 33".

Setpoint tape is demanding 0(32").

The valve level controiier is in autc.
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A 33" level .signal is represented by & 32 ma
input signal "tc the master controlier summer.

[

Thic is exazctly halznced by the $etdoINT tirE
input of 32 ma. ~

The'outpﬁtyéf the summer is zero.

The integrator output is at the minimum value

~of 10 ma. =

.10 ma is applied to the I/P converters, telling

the regulating valve to stay closed.

Now assume these conditions:

The plant is still starting up.
CRD reject flow is adjusted greater than CRD flow.
..Reactor.water level has begun to decrease.
Setpoint tape is’ demanding 0(33").
_valve level controller is in auto.

(53]
—

o~

——
(¢}
—

{7)

with no error s

Es soon as level begins to decrease, & positive
error signal. is generated by the summer.

The integrator output begins to ramp uoward.

The.increased output causes the feedwaier
reguiating bypass velve to open.

Opening the feedwater byrass velve ceuses an
increase in fees flow &and reacidr Tevel reTurns
2 normel.

When reactor ievel returns to normel, the arrer
signal no jonger exists.

gnal, the integrator outout
werd anc sta>ilizss &t scie
L]

i
gtops remping ub
iue. -

g
new positive val

_The .final-result: __Steam fiow and feed flow are

increzsed. Peactor level is et 33". Integretor
output, is >10 ma and the feedwater reculating
bypzss valve is open siichtly.
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Three Element Control (Ficure 11) (Master Centroller

Operation Oniy)
&, CStezdy State Cperaticn

(1) Total steam flow is compared to total feed
flow.

(2) At steady state, they are equal and no error
signal is generated.

(3) Comparztor output is the bias signal (32 me).

(4) This signal is ccmpared to reactor level.

(5) Normal 33" water level produces 32 ma.

(6) Since both inputSignals are 30 ma, no error
signal is generated or amplified.

{7} Level vs. flow error network output is the
bias (32 ma).

(8} With the level centrcl mode switch in 3 element
contrel, the 32 wa is sent to the master
controiler.

(@} 1t is corpared to the desired level as deter-
mined by the setroint tape and &ny error is
sent to the intecrator.

TTY It stszdy stezte. zczual Tevel and cesirea tevel
zvz nor-ally sotr 33 (32 7e;, thersfore no
error signal is cenerated.

(311) Integrater outou: will remain constant unless
an errgr signal s sensed on the input.

(12} If intsgrator cuizut is consz:n:, Teedwazier
sumbp turbine speed s consiant.

b) Stezm Flow Exceeds Feed Flow
1) This conditicn cenerates a positive errcr signal

- -

. P —
ir the zeroarster
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The error signal is amplified and summed with
the 32 ma bias <1cna1 resulting in a signel
>32 ma.

The level vs. f1ow error network compares this
signal to the 32 ma level signal.

A negative error is: -generzted, amplified and
summed with the 32 ma bias signal, resulting
in an output <32 ma. (Modified level signal)

‘The master controllericompares this modified
level signal-with the 32 ma desired level input.

The resultant positive error signal causes the
1ntegrator output to increase.

The feedwater pump turbine(s) increase in speed
and feed flow 1ncreases until it matches steam
flow. .

when steam flow and feed flow are equel, the
comparator cutput is 32 ma.

Assuming reactor water level has not changed, the
two 32 ma swcnaIS cancel and the error net:ork
output is 32 ra.*

-

- -

This output is icentical to the desired level
and no error signal is generaied.

.~ K

The integretor cutput will SIIS roregsing since
the input errcr sianzl has tesn tenceliec.
Firial result: Stezm'Tiow and Teed 7icw are

", integraicr

nduput is.at scme new, niche

Te
equal, reactor water Teved 15 32
va

feagiater” “ura tJerqes zre a: z

b
Tue and the
hicher spesd

-

. _r‘

iow Exceeds_Steam Flow
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5) Bypass Valve Control

a) Essentially identical to single element controi

=C
= -

2~

ijus*trated).

b) MNormally used for plant start-ups.

Abnormal Operation -

3

1) Steam Leak Detection Device (Figure 12)

a) .Compares total steam-flow:with 1st stage turbine

oressure (a measure of turbine steam flow).

b) A predetermined mismatch actuates an alarm unit.

c) 'Mismatch annunciation time delayed for 30 seconds.

d) Turbine first stage pressure is indicated on a
recorder as turbine steam flow.

' 2) Loss of Signal (Note: The following assumptions are
made with gain of all amos = 1.0)

a) Loss of one steam fiow input (at 100% power, 3
elerent control)

(1)

-~
LA ]
~ -

(3]

—
[¢)]
~

-~
~4
—

Tetal steam vlow ncw indicates 75° {actual
steam flow still 160%).

~mplified by 1.0 and sumred with 32 ma.
resulzant cutout cf Tiow comperzior is

22 ma.

Level vs. Tlow error network compares phis
signal with normal 33" (32 ma) ievel signal.

Result is +10 ma error signal, which is
summed with 32 m2 for a resultant outpu:z
of 42 ma.
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<. -. - {(8) Master controller summer compares 22 ma with
32 ma. Result is -10 ma error signal sent to
integrator. .

(9) Integrator output decreases to attempt to
. - rectify error signal.

1

' (10)-_Feédhétgf»pdmb'tﬁrbines decrease speed, ‘reducing
© " feedwater flow.

C7(11) 7 Althcugh steam flow. indication has changed, actual
steam flow has not. )

(12) Fegdifidﬁ}iéAndw.iéSs than steam flow and vessel
level begins.to decrease.

- (13) The;decreasing;vesseI.1gve1 input signal to the
level -vs flow error network begins to offset the
erroneous steam flow signal.

{14) ‘4hen actual vessel level has decreased to 18",
{a 15" level change) the level input to tne level
vs. fiow error network is 22 ma (ig" x 2 ma + 10 ma).
N 4 3II
. {15) This exactly halances the 22 ma from ihe steam
. . flow - feed flow comparator and the error net-

-

work output returns tec 32 ma.

(16) _ However, since an actuzl steam flow - feed flow
misma=ch s:i11 exiszs. reactor jevel continues
-9 cecrease.

.—~
.
~3

—

. _This.creatés a négative error signal in tne
error newwork, resuiting in an outout oF <32 me
{18) ‘=ne master controiler summer compares this with
+he desired 32 me, and & 00Sitive &rrvor zignal
is cdevelcped.
- (1¢) Integrator cutput becins to increase.
(20) . Feedwater pump turbines increzse sseed until feec

flow and steam flow are again equai {at 100%:
gach). ‘
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Reactor water lavel stabilizes at i3".
Fine’ recult:

Reactor power'is 100%.

Reactor water level is 18".

Steam flow and feed flow are both 100%.
~ Total steam f]ow signal is only 75%.

b) Complete loss of steam flow s1gna1 (@ 100% power,
3 element control)

(1)

Error signal would drive steam flow vs.

flow comparator output to a minimum signal

(10 ma).

feed

Level would have to decrease below the scram
setpoint to compensate for this flow error.

Reazcter would scram on low water level.

c) Loss of one feedwater flow input (100% power, 3
element control)

d)

(1)

(2)

-~
La)
-

{4)

—
o
e

Complete l0ss of

Since there are 2 ‘ee
loss ¢f one inou*
feedwzter signal.

dwater fiow elerent, the
corresponds to a 50% loss of

The rssuitant Tiow error demands more feedwater

Flow.

Assuring steat <

L=

level begins to

Yo
=

2ins conszént.

T ow
increase.

A 30" level increzse {to +62") would

RPN
rezCicr

oTTset

the Tiow error znd return feedwzter “low o

100°

Since
51«!

th

e main tur2ine and RFP's trip
the tran a

g
sient will result in r

)
SC

three element control)}

4
+
-

a

feecdwezer fiow inout (at 100

m

) v

power,

n3
-3

n (o
3 1]

30O

(D
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e)

f)

9)

Loss

—~
-
—

(3)

Loss

(1)

(2)

—
On
~—

High
(1)
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of level input (100% power, 3 element control)
teccentially the same as zero level.

Master controller output tries to increase
level by increasing feedwater pump turbine
speed to maximum.

Level will increase until RFP's and main
turbine trip at +54".

of control signal to turbine speed controls

Would cause reduction of speed to low speed
stops of Motor Gear Unit (MGU) for RFP
turbine affected.

Control signal failure alarm unit (Figure 12)
monitors signal and trips if it falls below
the normal rance (10-50 ma}. Normelly set

at ~1 ma.

Results in interruption of power to the MGU
(Jockup) which fails "as is", thus turbine
speed is fixed.

Control of the turbine (manual only) can be
regained by lcwering the moior speed changer
(MSC) until it is the lower demanc vaiue,
then energizing a hydraulic jack solenoid.

The hvdrzulic jeck will use turdins conirai
0il pressure to wove tne MGU to its hicn

speed stops, &lliowing the MSC full range

speed control of the RFPT.

The signal failure is & sezl-in functicn and
mus* be manually reset wien the control signai
is available. icte: The MGU demand from the
M/f station must be run to cemand fuill scele
(HSS) of the MGU before resetting.

Reactor Vessel Water Level

For turbine protection, turbine trips are initi-
ated on high water level.



