'

B .r-—_._, - S S G—— g

GINERM@HECTMC DOCUMENT NO.
NUCLELR ENERCY DIVISIIN

APPLICATION CORCG LootinGg AND CouT,

\ San Jose, Colifornia ‘,_\

[(FSPECIFICATION [Jorawtig ' }_ a Sal [‘t~ | ¢ 2
TYPE DESIGN SPECIFICATION ' E 2i-4d10

DOCUMENT TITLE LEAK DETECTION SYSTEM

| . " g . 7 | Per ECH HE 771355, General Document |tmy
1 Per ECA 01012-7, ECU NE 24412 Change. A1l sheets are affected.
Gueneral Revision 7 ‘{A— 171 Revisions 1dentified with a spadet~ 1
5 YL
Wlo N M 9 15T, T
- KD: PH Gregory
2 |Revis{on per ECYM NE24876, Sheet
affected: 9. PRovisions {dentifled { 3
vith a snpde, (@), S 1'a ./, 'y 5?
et il o “te e 3
7. S etr 234 ﬂ l ' ‘5:{
4 v
S 12eT €28 LADLYET § ifinie2, LG i " ¥
NE3C587. GCereral Ducument Change, l : SUPERSEDES PRINT "
g

Rizviewrp 12-30-74
| Sup. LTR. T-833 !

K
-

e J T ~l'-‘,l~7\‘,y.zf S/,” v/

SR iy |

{ Per ECN NE35002, Sheets aflected:
2,), &§ 5, Revisions i{lentified with
a spade., &) /AL 721

AUG 251872 d[

VLN

] 3 Par EQN NE&1735. Papes 8410 affecte

i e Rey7 Jesoo Teats B

JAN 2 51374
W 6 | Per ECH NE 53503, Paces affected: LB 187 "
|4, £, 6, 8, and 10 evisions AT
| dgntified with a space (). | E
f A .
7 L 1SC 3
| DEC 3 1974 TR |
2381 ‘
A |

"G CAYLORY M- 3G ATRAZ | E
b AL,E: I Q e, { . l/” ./f_/_"v/, PACE NO. 1 &
1% "REVISION STATUS SHEET ~ L

.l'l'r ] e (] >

9603110425 960301 , C el A

PDR ADOCK 05000373 -~ -~
P PDR "

- -



»
363 \
GENERAL & ELECTRIC 2202670
MNUCLEAR ENERGY DIVISION :
nev., 7
-.,*
'. SCOPE . e
1.1 This specification defines an' ci.scribes the basic requirements of the leak
detection of a ruclear boiling wat-. ,eactor plant. '
1.2 This diston specification is based ugom no specific division of work assigpe
ment or responsibility betwean the General Electric Comany and 1ts customers o™
contractars., Tne division of work is specified elsewhcde,
# 1.3 The instrumeatation to be supplied by Others shall satisfy the functionals
design requirements contained herein wnile complying with all applicable regu
lations. [mpticit equipment requirnments specified are intended only as a gvide
and should not in any way restrict the design of instrumentacion supplied by
Others. il
2. APPLICABLE DOCUMENTS ' S g s
2.1 General 5
2.1.1 The latest issue of the following references form a part of this speci-
fluction to the 2yleny speur7ied harein, Genecal Clecuine Compary dotumcnia asd
shown by title, Master Parts List (MPL) nurber, and/or docunzis aumber.
2.2 General Electric Company Documents
Q 2.2.1 Supportina Drawinas
2. Leak Detection IED MPL# E31-101)
b. Nuclear Boiler PAID MPL¥ B21/22-1010
2. Reactor Recirculation System P&ID MPL# B33/35-1010
d. Resctor Water Cl:enup System PAI) MPL# G33-1010
e, Residual Heat Removal System PLID MPL# E12-1010
f. Reactor Core Isolation Cooling System PAID MPL# E51-1010
g. High Pressure Core Spray System PSID MPL# £22-1%10
% 2.2.2 Supporting Specifications )
a. Electrical Equipment Separution for Zafaguard System - MPL# A61/62-4340
~
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3. DESCRIPTION _
. "#t ’""'O -
3.1 The nuclear boiler leak detection systn consists of temperature, precesice, 7
radiation level, and low sensors with associated instrumentation and alarms. ;
This system detects. annunciatas, and isolates (in certain cases) leakages 'u 4
the following systems:

&

a. Coolant System within the primary containment

b. Main Steam Lincs

¢. The Reactor Wacer Cleanup System (RWCU)

4. Residual Heat Removal System (RHR)

e. Reactor Core [solation Cooling System (RCIC)

f. Feedwater

Itolation andfor alarm of affected systems and’ the mathods used are summartzed”>
i Table 1.

2.2 \l22ks are detectad by utilizing the follawing techniques:

a. Sensing zacz:e flow in the prezess pipino systers

b. Sensing pressure and terperature changes in the primary
containment

¢. Monitoring temperatures ir areas containing equipmnt and
piping systems

-m : d. Monitoring level in the drain sumps
' e. Radiation monitoring in the dryweil

3.2.1 Small leaks (5 gpm and less) are detocted by temperature and pressure
changes and drain pump activities,

e 3.2.2 In acddition ta methods described in Paragraph 3.2.1, large leaks are
detected by Lhenges in reactor water level and by the changes in the amount
of flow in the process line.

4. REQUIRE~ENTS

@ 4,1 Gereral Criteria

4 4.1.1 The temperature detectors shall be located or shielded so that they are
sensitive to air temperature and not to the radiated heat from the cquipment.
Divisionally separated cetectors should be lecated so that, basically the same
enviornmental conditions are monitored by 2 detector of each division.
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& 4.1.2 The ventilation inlet/outiet tesperature ard ambient temperature of thef "
equipment rooms for the systems listed in Paragraph 3.1 shall be used to ine '
' ftiate alarm and/or isolation logic. The temperature ilarm sctpoint can bay;
i established by calculating a heat balance for the normal room enviomment,.
-~ then introducing the heat relezse caused by an alarm limit leak. A controlTe
‘volume room is necessary for optimum operation of the tempe.ature detection. &
« =ethod. ' N
A ‘4.1.2.1 Equipment room cooling capacity should be sufficient to cool only: the.
+ +\'  ncrmal heat release from the system piping and equipnent. [f nor 3l or addi-
J v tional casacity is used, it must be controlted to orevent negating the leak

4 s detection capacity at alarm and isolatieca limits. . 2

k. 0 A
R
¥

& 4.1,2.2 When equipment room coolers are used, the following additional Tealth *
dotection equipment should be used: b i

',v_.

AL -
4—7-

a. Cooler condensate drain monitoring
b. + Apkicnt tamparaturas il enoler inlet a':.

Wt 8.0.7 Loak deteciicn instrumentation shali scct the design criteria listed in
. -~ Ammr

the BWR Equipment Environmentil interiace Data - KPLE ALe-"200.

4.1.4 The nuclear boiler leak detection system shall be casigned to detect ;
leaks of steam insida the primary-containment at 1 gpm within a ) hour” pe

An alarm shall be actuated at an unidentifiable leakage of no more than 5
and at an identifiable leckage of no more than 25 gpm.

Q 4,1.5 Components hat are part of isolation system shall meet the design criteria
listed in the elestriz equipment separation for safeguard system design specification,

4.2 Leak Detection Within the Primary Containment. Leaks within the primary
containment shail be cetected by:

3. Measuring pressure and temperature in the primary containment
b. Measuring the flew iuto the equipment drain and the floor drain sumps

c. Measuring the cooling water temperature to and from the primary
containrent atmosphere zoolers

d. Measuring the reactor wate: level | ,

e. Mea:uring the crndensate flow from the primary containment atmosphere
coolers

f. heasuring the fission products in the primary containment atmosphere
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- 4,21 .7‘Mmr-; Containment

4.2.1.1 Pressure reasurerent. The primary containment will be prissurized and
maintatned at 2 sTightly positive pressure during reactor operation. The normal
operating pressure is (.75 + 0.1 psig. The pressure may fluctuate as.a result .
of baroretric pressure changes and outleakages; however, a pressure rise abave
the preset valve will indicate leakage in the system.

L)
4.2.1.2 Temperature reasurerents. A cooling system circulates the primary-
containmeat etmaspn:re througn neal exchangers to maintain its design operating:
tenperature of 135°F. An abnormal air temperature rise ibove 135°F will in-
dicate a coolant and/or steam leakage. A temperature rise in the primary con-
tainment.should be Zatected by mcnitoring; a) the primary containment temperature
at various elevations, b) inlet and outlet air to the coclers, and c) the closed
cooling water tempurature increase between inlet and cutlet to the coolersd

4.2.1.3 The condensate collected from the 2fr coolers should be piped to the
primary containment floor drain sump. The condensate flowrate shall be measured -
before the collection tank, High flowrate shall be annunciated in the main
controi room,

4.2,2 Oiiiacy contaiarane giaia 34008

& 4.2.2.) Equiprent and floor drain flow rmeasurements. The floor drain sump {instru-

wuntation should LS cesigned to nave a sensitivity cf detecting leakage of 1 gpm

. witnin a 1 hour period wnile the equipment drain sumo snould have a sensitivity of

detecting steam leakage of SU-percent of anticipated backsround 'eakage. The sump
outflow rate, in gom, snall beindicated in the main contrnl room. Leakaga juct
below the licens2 limit shall pe annunicated. The alarm sat point shall have an
adjustable range of 0 to 25 gpm for equipment drain sump and 0 to 5 gpm for floor
drain sump, The cizcharge lines to the radwaste system from both drain sumps shall
be provided with sample points outside of the primary containment.

' 4,2.2.2 The cauiprent drain sumo (EDS). The equipment drain sump collects only
fdentified leakages, I1his tump snall receive condensate drainage from pump seal
leak-of f, reactor vessel nead flange vent drain, valve packing lezk-off, and other
equipnent, - Backarvund leakaoce will be determin2d during operational tests. Collec-
tion in excess of vackg-ound leakage would be indicative of the reactor coolant

leakage. The sump shail be equippcd with a cooling means to prevent liquid flashing

and refuce vaporization of its coitents, The sump shouid have a cover M)ich should
be either sealed or curbed to prevent inflow drainage. The alarm set polat shall
have an adjustable range of 0 to 25 gpm.
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4.2.2.3 The flogr drain sum (FOS). The.leak detection signal should be-ss
actuate am alarm before the unigentified leakage reaches 5 gpm. The alarm se

rn!t shat¥ have an adjustable range of O to 5 gpm. This .smhall colldetiiiial =iy . M
eakage from contrel rod drives, valve flange leakage, flogr' drains closeds cll=™ : | - b AN
tng witer systam, the primary containmett coaling wnit drafns, and any etheet.o oy il
potential sources not already identiffed. Leakage from the closed cooling g ¥
system would be détected by changes in the clersed cooling water sys tem.suryes tank s
levei. Background laakage shou'd be observew during operatfonal test and’ sevve 3

as the basis for set points.

4.2.3 Reactor Vessel Head Closure. The reactor vessel head closure fs provided ‘
with douole scals with a Jeak-off connecticn between seals that is piped to the \
equipment drain sump. Leakage through the first seal shall oe detectedtby a4 ...

prexsure transduger and annunciated in the madn. comtral roum, g e

4.2.4 Pri Recirculation Pump Seal. The Teakage from the primary reci b v
ulation pump seal snall e pipea to the equipment draim sumgx and instrumented - -
s« shown in the reference of Paracraen 2.2.), Item c.

4.2.5 Gaf=+ Malief Valves, Temperature semsors, connected to a multipoint

Wi . ded s T pFOVICS~ th Zi%CeL carety/reir.t vaiwi ieokage Lurinyg re- 4
actor-operation. Safety/Relief Valw: temperature elenents shall be ‘mounted, .

using a thermewell, in the va've discharge piping sevoral feet from the valve
body. Temperature rise above ambient shall be annunciated in the main control
room. Instruments are snown in the reference of Faragraph 2.2.1, Item b.

]

4.2.6 Valve Packira Leskace, The valve inner packing leakage should b2 piped to

the equipment drain surD. s @ minimum requirement, it is recommended that each .
line bc equipped with a method forivisual inspection during hydrotests. The

valve seal leakoff anpliec to al) power operated valves (larger than 2 inch)

located inside the drywell for the following systems: t‘uclear boiler, reactor

water cleanup, zore spray, RCIC, R4R, and feedwatcr. High terperature at thex

leak-off line should be ainunciated in the main centrol room.

4.2.7 Leakage of steam or rvactm'- water inside the primary containment should alsa E
be cdetected by using radioisotopi: techniques.* A continuous air sampling system /
should be provided for gross comg:ing of particulates, lodines and loble Gases. !
The counts shall be recorded in ,he main contrul room end actuate an alarm on high -
activities, i

|

|

i —— i
Through correlation of proces: fluid redioactivity via the grub sample .
analysis method, traceable coicentrations of isotopes can be established.
The airborne traceable concentrations can then be r2lated to a corre- il
sponding leakage rate of process fluid within the drvwell volume,
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4.3 Lesk Detection External to Primary C.,/n'ta!mnt

e
& 4.3.1. Reactor coolent leakage outsideshe primary containment shall be

detected using a combination of the f3ilcwing:

\
".‘

c.
d.

4.3.2. Floor Crain Sumn. Cach equipment area (RER. HPCS, RCIC, and MSL tunnel),
should be cquiprecgvitn a sump monitoring system cipable of detecting <c~'ant leak
age in that 2re2. c4 leakage of § orm cha!l be annunciated in the main control room,

4,3,2.2 Eouipmen’- Drain Sumo. Equipment drain surp shall be provided to collect

Reactor building surp monitoring, and
3 /

Equipment areas ani st;‘%m ripe routing area
temperature moni".-rin’g.

High flow (m,‘acy‘.)

High & flow (RiCLY

4,3.2 A sump system :p~.17 De provided in the reactor building to collect
drains from the equipF:rc areas. The. sump monitoring instrumentation shall
be provided to measur~ lzcakage. The sigmal (alarm; setting should indicate
2 leakage of 5 gpm, .

erainage from variuus cquipment. O2rain connection shall be instrumented to
fdentify leak&-';eﬁ‘ources.

4.3.3 In cddition to the differential temperature measurement in the areas
listed belo:, temperature elements shall te provid:d to indicate room arpient
temperature, These temperature elements are to measure temperature rise due
to reactor coclant leakage. High temperature shall be annunciated in the
main control room. Areas to be monitored are:

. a.
b.
Ce
d.
e.

.
b“_—-- N et - .. . -
- ——— 1 - - -ttt § o s ot A D 3 o el B W . s St s . . A WS . St o

Main steam line tunnel,

Pipe area between tunnel exit an.. turbine,

RHR,

Reactor water cleanup,

RCIC equipment area & RCIC steam piping routing.

4 \
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4.3.3.7 Main steam line, Leaks tm the maim steam line shall be detected using
any one or a coroination of the following methods:

a. Low water level tm the reactor vessel,
b. High flow rate at the flow limiter, and Y

c. HKigh temperature and high lemperature difference in the main steam
Mne tunnel, : .

(1) Reactor Water Level. The loss of water in the reactor vessel
25 the resuit or a major leak in any major system is monitored
at the reactor water level using the same signals that actuate
alarms on low reactor water level and close selected primary
system isolation valves and initiate: Core Standdy Cooling
System. A summary of reactor vessei level instrumentation and
set points is referenced in Paragraph 2.2.1, Item b.

& (2) Stean Line High Flow. Each main steam flow 1imiter shall con-

tain rour ditrerential oressure *ransiicers which qive a coine
Y cidence signal for main steam line isclation at 140 percent of

the affocted line ratnd flow.

& (3) Temperature Scosgrs. The ambient temperature around the main
Steam Jines énd w.e steam tunnel temp.rature differcnce shall
be measured by locating temperaturz sensors at the inlet and
outlet of the steam tunnel in accessible locations for testing
and calibration during normal operation. High ambient and
high differential terperatures shall be annunciated in the main
contrcl room. The alarm set point shall correspond to 5 gpm
stezm leakaye, The Isolation set point shall correspond to
25 gpm steam leakage.

v

4.3.3.1.1 The area around the piping from the pive tunnel exit to the turbine
inlet should be monitored for steam leakage., This area may be divided into
several ventilating zones and arbient temperature at each zone shall be-measured.
Temperature rise corresponding to steam leakace of 5 gpm in any zone shall be
annunciated in the main control room and automatic isolation actuated at a tem-
perature rise corresponding to 25 gpm steam lezkage. A minimum of one tempera-
ture switch snall be proviced per main steam isolation logic. Design and
instrumentation o7 the leak Jetection system ia tre turbine building by the AL
unless otherwise shown on the MPL,

4.3.3.2 Reactor Water Cleanup (RWCU) Ssstem a:d Residual Heat Removal (RHR) Syscem,
High temperature process Tiw Of ine reactor water cleanup system and rHi cystem
external to the primary containment shall be detected by temperature sensing
elements. Temoerature sensors shall be located in the inlet and outlet venti=
lation ducts to masure temgerature difference also, local temperature sensors
shall be located in all compartments containing equiprent and piping for these
systems, Alarm {a the main contrul room should be set to annunciate a temperature
rise corresponding to a leakage of 5 gpm and the system isolated at 25 gpm.
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4,3.3.2.1 Reactar Water Cleanuo System-Flow . Leakage in the cleanup system,
" fn addition to temperature cetection method, suall be detected by means of flow
eu?u'im between cleanup system inlet and outlet, [f the inlet flow exceeds
outlet flow by 20 percent, an alarm shall be actuated and the cleanup system

shall be isolated automatically. A bypass timer shall be provided to over=
ride the isolation signal during surges. Instrumentation is shown in reference
of Paragraph 2.2.1, Item a.

@ 43.3.2.2 Leakage in the RHR system. (shutdawa cagling made of operation) in.
eddition to temperature detection method, shal)l be detected by a set of two
" differential pressure transducers sensing differentis] pressure across a flow
restivictor or elbow. Flow in excess of specifiad limits shall be zlarmed and
the system automatically isolated.

& 4,3.3.3 RCIC Equipment Area, Leakage in tiris system shall be detected by tems

\ perature sensers wnicn snall be located im the equiprent area and its inlet and

\ . ~ outlel ventilatfon ducts for measuring ambrent and temperature difference rise
in the event of steam lcakage. High ambient or high temperature difference shall
actyate 2n 2lar» 2ad rsulale the sys*em automaticallv, Alar~m shouy'd he 22%u2ied

by a temperature rise Zorresponding to steam ieakage of 5 gpm and automatically
feotaie the syste: "n 25 gpm,

4 4,3,.3.4 Leak Detection in the RCIC Steam Pine Routina Arca, Leaks in the RCIC
steam pipe routing area snall be cetected by means of femperature sensors, High
ambient temperature and/or hign differential (aT) terperatur2 shall actuate an
alarm and isolate the system automatically., Alarm should be actuated by a tems
per;ture rise corresponding to steam leakage of 5 gpm and automatically 1solate
on 25 gpm,

4.4 System Test

‘ 4.4.1 Periodic inspection, calibration, and testing shall be performed to verify
that each component in the system is capable of performing its intended function,
both individually and in conjunction with other components,
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m Summary of Isblation/Alarm of System Monitored ,
A snd the Leak Derection Methods Used
, S — VARTABLE MONTTORED
: . | resverenc acrron == |4 | a4 | a bafas] af alastfarzlie e h .-
w ] . — v ur w z o
¥ v Pt o el~lo a -~ ("
' w —t =152 |~z o] = |9
- O O L] Wi~ - ™ > -~
| [ B O & T Be | b =] ek - 3
b O e 4 S B ==
~ ale b ! ,MLJM % ‘C—LM_ . - 7 X
. 2813 [ 23 P = b AW X .m
¢ E12 8 e 08l ifale el 3 ~3 BT
, Source of u lu < aol<) R slw lasl < |3,
" Leakage () . ] ! B Aol sluval = |92 ~
. _ HER B HEERHEE I
) . LU LGLL UL L. i
| Main Steam Line  PC! X fX x b Iy rgbx %
w ke ﬂm:r & Sl s X
RHR pcl x Ix X v | x X
et > Xy X X
" RCIC ¢l x |¥ X Y Iy | x
' Steam RB X 51 e E
e, RCIC  (Check G X _
¢ Water valves) RS X
21e80Up (Check PCl ¥ Ix X x* x| X \
Water Valves RS ho: X X x| X ///
“on Inlet)ITLT cole X YR o
Feedvater (¢ .- vou X {X : X X
o-p<u¢v A8 5 A
b’ |

NOTE: 1. Break dovnstream of flow element will
{yolate the system,
2. All eystuns within the drynrell share a

.
.

PC - Primary Contailnment

fB - Reactor Buildin; common bace detection syst~m which is
KCU - Reactor Water C eanup designed to derect leakage at less than
CCW - Closed Cooling Vater established linits,
3. In run mode only.
A - AMare S. Alarm only (stcam tunnel)
% I - Isolation
( :
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