
~~·....;..).-- I 
·~~.& • •• • • -~~------ . ·-··· . -..~- .. 

-· 
.....- ~ 

• I 

FI'NAL · 

' 

\ SYSTEM DESCRIPTION 
(Index No. 28A) 

REACTOR BUILDmG E.•£RGENCY SPRAY SYSTEM 

(B&R OWq. No. 2034, Rev. 16} 

JERS~ CENTRAL POWER & LIGHT COMPANY 

THREE MILE ISLAND NUCLEAR STATION 

UNIT NO. 2 

Issue Date 

.. January, 1976 

Prepared by: J. Hooper 

Burns and Roe , Inc. 
700 Ki nderkamack Road 

oradell, N. J. 
07649 

'. .. : .. 

196 187 



l.O 

l.l 
1.2 
1.3 

2.0 

2:.1 
2.2 

3.0 

3.1 
3.2 
3.3 
3.4 
3.5 

4.0 

:. I 

TABLE OF CONTENTS 

REACTOR BUILDING EMERGENCY' SPRAY SYSTEM 

DrrRODUCTION 

System FUnctions 
Summary Descripti on of System• 
System Design Requirements 

DETAILED DESCRIPTION OF SYSTEM 

components 
Instruments, controls, Alarms and 

Protective Dev~ces 

PRINCIPAL MODES OF OPERATION 

Startup 
Normal Operation 
Shutdown 
Special or Infrequent Operation 
Emergency Operation 

HAZARDS AND PRECAUTIONS 

./ 

l 

l 
2 
4 

6 

6 
ll 

1 3 

13 
l4 
l6 
17 
lB 

l 9 

}96 188 



I 
.. t 

APPENDIX 

Title 

Reactor Building Emergency Spray ~p 

Sodium Thiosulfate Storage Tank 

Instrumentation and Controls 

Panel-Mounted Annunciators and Protective 
Devices Set Points 

computer List 

... . ..: .. - •; 

\ 

Table No. 

• 1 

2 

3 

4 

5 

., 196 18 9 

.. .. -... . 



~- -. ... -·· ·- . 
Iiiii ;--i .. _ .... ·. . ·- - -- • ; . . ~-·....-·--. ·- -.-.c:-- - . -· .. 
m;'~ ;w GL .... 

ae4· ' •- r 
REACTOR BUILDING EMERGENCY SPRAY SYSTEM 

1.0 INTRODUCTION 

1.1 System FUnctions 

The reactor building emergency spray system serves an engi neered 

safety features function, along wi th the bui lding emergency 

cooling system, to· cool the reactor building atmosphere 

following a reactor coolant system piping rupture, thereby 

effecting a pressure reducti~n wi thin the bui lding, and 

consequently, minimizing the potenti al leakage of radioacti vity 
- . 

from the building to the site and surrounding areas. ,.. r- - - · 
T~e- spray .. ;iystem aiso t\mctioristo remove ·radioiOdine fran the 

reactor building atmosphere by chemical reaction and to wash 

suspended particulate radioactivity out of the reactor building 

_atmosphere. The cooling action i s accomplished by spraying water 

into the reactor building atmosphere, in order to remove heat from 

the steam released by the piping rupture. The fluid for the spray 

system is supplied from the borated water, sodium hydroxide ~ 

: 

~~aulfata.storage tanks and is discharged into the reactor 

building by a pump in each of the two system circuits . The-sod i uDL 

,..-thicaurfate reacts w1.th radioiodine-and~embVes it from-the-bui~ 

atmosphere~ In o"cde~ that the sodiam Uliosulfate remalms stable xu U 

· 'bc;,",.:~t;d..~,,"&tei::-sodi.um hydroxid-;.i.;-;dd;d to raise the pB of 

.f' 

the borated water and maintain it in the alkaline range. The 

chemi cal solutions are gravity fed from their respective storage 

tanks to the line leading to each system pump. The chemical 

storage tanks and their outlet lines are s i zed to drain at a 

rate proportional to the drainage rate of the borated water 

storage tank. 

When the borated water storage tank supply has been exhausted, 

the reactor building emergency spray system functions i n a 

-1- 196 190 
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recirculation mode by taking suction from the reactor building 

sump and returning the water to the reactor building by way of 

the spray system. The poat-accident building spray is used ~--• . 
in the recirculation mode to continue removal of heat and iodine.. 

from the reactor building atmosphere. 

Ta .• d reactor building emergency spray system has an interface 

with the d3cay heat removal system in that the spray system 

pumps take suction from the supply headers f.o~: the decay heat 

removal pumps# and du:ing system testing, discharge into the 

decay heat removal system return line to the borated water storage 

tank. The system has no normal operating interface with any 

other plant system with the exception that each pump motor is 

cooled by water from the nuclear services closed cooling water 

system. 

Summary Description of System (Refer to B&R Dwg. No . 2034, Rev. 16} 

The reactor building emergency spray system discharges borated 

water into the reactor building atmosphere after a loss cf ccol~nt 

accident (LOCA) to coo 1 the steam released due to the casualty 

and thereby prevent overpressurization by effecting building 

cooldown. System operation is automatically initiated upon 

receipt ot signals from the safety features actuation system 

(SFAS). Alkal i ne sodium thiosulfate and sodium hydroxide are 

introduced with the spray for radioiodine removal and pB control. 

The system also functions to provide long term, post-accident 

bui lding cooling by rec i rculating the water from the reactor 

bui lding sump through the spray system. 

~ ;! ~f"' I 

... . .. :.- ,. •·.! . .. ~--. 
-2-
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m·t ~ - ttaa ?Sfiii"' system consists of two circuits each 

~r pump for h~at rem~~al (100% capacity for 
containing a SO% capacity 

iodine removal by sodium 

-.. 
. .. 

thiosulfate injection) which takessuction independently from a decay 

heat removal system supply header. Each of the ~~o Reactor Build~g -

• Spray ~p S.uction . · headers is connected to the borated w~ 

sodi~ ~iosalfate and sodium hydroxide storaqe tanks and to the 

reactor building sump and can therefore provide the building spray 

pumps with suction initially from the borated wat~r storage tank and 
·· ·- - · ·--- ------·--· -

also from the reactor. building sump, while at the same time, 

the decay heat removal system is performing its emergency 

function. Each of the suction lines ' to the building spray 

pumps contains a remotely actuated, electric motor operated 

stop valve and a check valve in series. The electric motor 

operated stop valves are normally ·maintained in the open 

position ahd are closed only during normal operation of the 

decay heat removal system or when isolation of a circuit is 

required as during maintenance work. The pumps are cros!J

connected at the suction but are normally isolated from each 

other by two stop valves in the interconnecting line. '1\.

~ep~te-ttne f1tted--with-a--no~~y-c±osed~emotely actuatea~ 

electric..motor-operated-stop_.valve connects to -each~Wltp suction 

~m t.Ae Sodium tbl.OSUlfate S~":rage-"tank-ou~'1!t-. --'i'hese- . 

va•ves aze automatically opened upon receipt of a s~nai~om 

tp.e...s~ The discharge of each pump is routed through_ an 

individual reactor building penetration and connects to separate 

spray headers in the upper portion of the reactor building. 

Each discharge line is provided with a normally closed, remotely 

actuated, electric motor operated throttle valve at the pump 

discharge which opens automatically upon a signal from the SFAS, 

and a check valve inside the reactor building. 

-3-
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Provisions have been incorporated into the system to allow 

testing of the pumps and the spray nozzles. A test connection 

is provided from -each of the pump discharge lines, upstream -----

of the electric motor operatea throttle valve, which returns 

the pump discharge to the borated water storage tank via the 

decay heat removal system return line to that tank. During 

in-service testing, the pumps take suction from the borated 

water storage tank ~,d recirculate back to the tank. Another 

test connection is provided downstream of each discharge 

throttle valve to introduce low pressure air or smoke to the 

spray headers to check for nozzle flow. 

The system is automatically activated upon receipt of signals 

from the safety features actuation system. The electric . 

motor operated valves, necessary for system operation, are 

opened at a building pressure of 4 psig, and the pumps are 

started at a building pressure of 30 psig. Remote manual 

activation by operator action is also provided. 

1.3 System Design Requirements 

The reactor building emergency spray system is des iq ned to 

p~·ovide suffic i ent -heat removal capability to limit the pressure 

rise in the reactor building, following a design basis accident, 

to a poi nt below the 60 psig design pressure of the building, 

without credit for heat dissipation to the building structure. 

Thi s capability is predicated upon each of the two 50% capacity 

circuits delivering 1500 gpm of spray to the reactor building 

after the accident." However, to provide redundancy, , this heat 

removal requirement is also fulfi lled by .each of the following: 

all five of the reactor building emergency cool~~g system fan-

cooler units in operation: or, three fan-cooler units and one · · 

circui~ __ of the building spray system in operation • 
... . .- ........ . ,...-. 

-4-
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reactor building emergency spray system, 

the reactor building emergency cooling system or a combination of 

the two systems being capable ·of providing adequate cooling of 
......-.._.-._ __ _ 

the reactor building atmosphere, the building integrity will be 

maintained following an accident and the building pressure will 

be decreased at a rate which satisfies the site criteria. 

The water~ introduced into the reactor building atmosphere 

through two . spray headers each containing 96 spray nozzles. 

Each spray nozzle delivers approxLmately 15.5 gpm upon system 

actuation Lmmediately following the accident. This flow rate 

increases sl.ightly with time as the building pressure decreases 

- ··- as a result of cooldown. The water is supplied from the borated 

-~~1 sodium hydroxide aRd &etJi~tb-io~~i.fa~e storage tanks until 

~e tanks are empty. Thereafter water collected in the building sump 

is recirculated through the spray nozzles. The .sump water. in all 

cases, meets the NPSH requirements of the spray pumps with the 

_ __ bui!dU:~.-~pray system in the recir~l!.~~on mode. 

Major system components consist of two pumps, the eedi~ 

.tbio:ml fate sto~ge-t.anlc., two spray headers ,with fixed spray n9zzles, 

interconnecting piping and electric motor operated valves capable 

of automatic opening. The borated water storage tapk and the sodium 

hydroxide storage tank, although not expressly designated as part 

of the reactor building emergency spray system, serve an integral 

function w~th ·respect to system opera~ion (see Decay Heat Removal 

System Description, Index No. 20 for further information). The . 
suction line from the borated water storaqe tank which provides, ln pa~ 
the initial supply of spray water for approximately the first ~ 

40 minutes is sized to deliver the expected flows of two decay 

~ .. 196 194 
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heat removal pumps (3000 gpm each), two high pressure makeup. 

pumps (500 gpm each), and two building spray pumps (1500 gpm 

each) plus some margin of runout for each pump. The tank will 
.. . ~-

del.iver approximately 403,000 gals. of water a.t a minimum 

concentration of 2270 ppm boron. The design pressure and 
-

temperature of the spray system are 350 psig and 300F, respectively. 

Major system piping is classified as Nuclear, Symbol N, designed, 

fabricated, inspected and erected in accordance with ANSI 831.7, 

Nuclear Piping. The seismic requirements· of class I apply to 
. . 

the entire system includin~ all components. 

Monitoring of system performance and control of system operation 

is provided in the controL room. 

2.0 DETAILED DESCRIPTION OF SYSTEM 

2 .1 compon'ents 

.. . ·---------------~·--- - ·---· 
The components in each circuit are identical and each circuit 

provides a 50% capacity for building cooling and a 100% capacity 

for iodine removal. Used in conjunction with the reactor building 

emergency cooling system, it provides sufficient heat removal to 

prevent over-pressurizatio~ of the reactor building in the event 

of a ,loss of coolant accident. Since the system is an engineered 

safety features system, neither circuit can be out of service 

except for brief periods during which maintenance is being per

formed o·n system ccmpo~ents. 

--------------·----·--
2.1.1 Reactor Building Spray Pumps, BS-P-LA/BS-P-18 

~:. - -· 

The reactor building spray pumps (see Table 1) are· s i ngle-stage, 

horizontal- shaft, single suction, centrifugal pumps rated at 
. . 

1500 gpm each with a total discharge head of 450 ft. The pumps_ . .. - _,, . 
discharq;-~ate~· --into the reactor building from the borated water, 

-6- 196 195 
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2.1.2 

the sodimn-=-hydroxid~ am! the sod-Ji,nm th i oatil fate storage tanks 

until the supply in the tanks is nearly exhausted and then 

recirculate- the accumulated water from .the reactor building 

sump back to the reactor building through the spray nozzles.-------.. 
cooling water for the pumps' motors is supplied by the nuclear 

services closed cooling water system. The p~~ps are automatically 

started by a signal from the safety features actuation system, 

or can be remotely activated from the control room on the Auxiliary 

systems control Panel Number 3 by operator action. Testing of the 

pumps•. auto-start feature is possible from the Safety Features 

Actuation Monitoring and Test panel No. 13. Electric Power 

supply to the pump's motor is provided from the 4160V engineered 

safety features~usses 2-lE for BS-P-lA and 2-2E for BS-P-lB. 

. . . ! l . /) 
:;:i~;::a;r~::u~1 :f:::•:::;:::jt:::T~~ee/Tabtle 2) is a /e~al 
cylinder, with a 94 • OD and ani overall heigh af 52 • -i". · -;J; 
d~y capacit~ of e tank ~s approximatJly 17 853 gals. and 

t~ will 1elive,l3, oooj gals 1 of 30 'l6oo ppj sodium;{niosul 

solution for approximately 40 min. after th~LOCA. / The s ium 

th: i lf 1 .: 1 \. i / di . hI in/ I · · oau ate so ut1on s
1
. sc arged to the eactor bu1ld 

I I \ I I i 
with spraY.ed water and reacts ·With /the iodine to remove it 

Je bui~Jng _.atmoa~her~. The ~ank/is physic~lly,i located o 

·o~the aJili~ bhilcJng. Thermal insulatibn ahd redund 
· I \ I ' J l ·; el ctrical neat tracing is provided to maintain ;the tank t p-

era\~ur- ove 40F. \aeJter conJrolll is autana~ic. The tank \.s 
~ . I \ \ \ 

dosi :. ed ta .withstandVan iJltern\Jressure eq\10 ta a cal=\ af 

. ·: ·. - - ' . .. . ,. - ~ . 
-. . t • ' . 

, . . . .. -~~ .. ~~ .. :- ~-~ 

~ .. ~-~~-:;-;-· · . ' 

.. ,.. ·' -

.I ;• 

~ . ; 

. .. 
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2.1.3 

2.1.4 

-··--· ~ -_ .... _ .. _ 
# ~ t• . .. , ~ . . .. 

-- - -==---: 
' 

w ter lO. ftl abo;et the high liquid leve in the tank/and a 

. t peratur' rf 150F. A ght nitroq£ ver-pressGr is main-

tained in/ the tank t pro ide an in/rt tmosphe/e. 

ach building spra~ pump throug~ 4 /nch li~ pro ided wi 

emoteiy cohtrolr'ed. ele tric motor o~erate~ valves. Th~alves 
pen aLtomalical{y upon/receiP.{ of a/:iqna{ from ~e sa~ty I 
teatur~s ac~uatlon system. Afrelieflvalv' set a !~ ps{g and \ 

a\vac:Jum br
1
eakJr set at b oz}sq.in. areftitted to \t?e tank. 

A double vJ.ve~ blanked ~ain and a ~o/a1 sampling connection 
I -are P.rovided. 

\ "/ .. 
Reactor Building Spray Nozzles 
-The Reac~5r· suilding -spray · nozzles-iremanufactured by spray --- --- ---:--- ------- ... - -· ..... --
co. (model ~1713) and are designed to deliver approximately 

15.5 gpm a~ a building pressure' -of 60 psig with a 40 psi pressure 

drop through the nozzle. The nozzles are capable of passing 

particales up to 0.25" in diameter without plugging. Filtering 

screens in each reactor building sump outlet line are also 

sized to pass particles up to this dimension. Ninety-six 

spray nozzles are fixed in each of the two headers. The spray 

headers follow the contour of the reactor building dome at an 

elevation ot between 449'-09" and 468'-05" within the building. 

Borated water Storage Tank DH-T-1 

Although not expressly designated as a component of the reactor 

building emergency spray system. the borated water storage tank 

serves an integral function with respect to initial system 

operation following the loss-of-coolant acci dent. The tank 

:. 

... 
:~ .. 

. ' ... . .. . ... ~ ... ...... ·· . .. 
i 9 6 . ·19 7 
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~~~·) C(see Decay Heat Removal System description, Index No. 20~ 

~able 3) is a vertical cylinder, 37'-06" outside diameter, 

with a vertical straight section of SO ft. and a self supporting 

domed roof. The overall height of the tank ' is 60'/04-3/4" anc;l_~-
t~ 

the dry volume ~ 472,~64 gals. The tank is phy~ically tocated 

outside of the auxiliary building. Thermal insulation and 

redundant electrical heat tracing is provided to automatically 

maintain the liquid at a minimum temperature of 40F. The tank 

will deliver approximately 403,000 ga)~ . (Normal level to Lo/Lo 

Level) of water at a minimum concentration of 2270 ppm boron 

and provides a source of borated water for the building spray 

pumps, as well as the decay heat removal pumps (for low pressure 

injection) and the high pressur.e makeup pumps. for· . approximately 

40 minutes after a LOCA. 

2 •. 1. 5 . :sodium Hydroxide Storage Tank DH-T-2 

The sodium hydroxide storage tank is also not expressly 

designated as a ~omponent of this system but serves an integral 

function following a LOCA. The tank (see Decay Heat Removal 

System description, Index No. 20 Table 4) is a vertical 

cylinder, 84" in outside diameter with an overall height of 52 ft. 

and a dry volume of approximately 14,285 gal. of water at a 

concentration of 20,QOO ppm ~aOB. The delivered volume following 

the LOCA is approximately 11,600 gals. The sodium hydroxide 

establishes an alkaline pH in the borated water which is 

injected. into the reactor building after the accident ~e MaiR~a%n . . 
tht~ stahili ty...of-the-sodi:tltll4h.i.o&ul£ate ··lh-ieh is added-fee iodine

~ The tank is physically located outside of the auxiliary 

building and ther.mal insulation is provided. Redundant electrical 

-· t .. . . . . , , -. . 

'-~,:~::'·:~~~i~~. ,· · .. : . 
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maintain the 'liquid temperature at approximately 40F. A slight 

nitrogen overpressure is maintained in the tank to provide an 

inert -~ t:znospher~ ~ 
-. . . . . ·· ~ . ··...... . 

2.1.6 Major System valves .~ 

Reactor Building Spray Pump Discharge valves-BS-VlA, BS-VlB 

One 350 psig, 300F, 8 ·inch, SS, electric motor operated globe 

v.alve is provided in the discharge line from each reactor building 

spray pump. The valves · are opened automatically within lO sees. 

by a signal from the safety features actuation system. Remote 

manual operation of each valve is provided from the coolant 

sys~-:ms Monitoring Panel No. 8 in the control roan. Cycling 

of the valves for periodic test purposes is controlled from the 

Safety Features Actuation Monitoring and Test Panel No . 13. 

During system operation, as the reactor building pressure decreases, 

the valves are remote manually throttled to prevent pump runout. 

Power supply to the electric motor valve operato~s is provided from 

the 480V motor control centers 2-llEA for BS-VlA and 2-2lEA 

for BS-VlB. 

Reactor Building Spray PUmp Suction Valve from Decay Heat Removal 

Suction Headers - BS-V3A, BS-V3B 

one 200 psiq, lOOP, 10 inch, SS, electric motor operated gate 

valve is provided in the suction line from the decay heat removal 

system suction headers to each building spr~y pump. These valves 

are normally maintained in the open position except during 

operation of the decay heat removal system when the removal 

s ystem is serving its no~al functi ons. In these cases, BS-V3A 

and BS-VJB must be closed by operator acti on to isolate the 

•• • ~ 0 

... . ' 
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. . . : 
building spray system. The valves are remotely controlled 

from the control toom . by switches located on the Auxiliary 

Systems control Panel Number 3. Power to the electric motor - ·· valve operators is supplied from the 480V motor control centers 

2-llEA for BS-VJA and 2-21EA for BS-V3B. 

Sodium Thiosulfate Storage- Tank to Reactor Buildinq'Spray PUmp 

sJ~tion Lines, BS-V4A a~ BJ-V4B ~ ' 

O~e 350 psiq, 300F, ~inch, Ls, electric motor operated gate 

vjlve is provided J the g~(ity feed ~ine/(o each bullding 

sljay pump suctio//line fr the sodium thiosulfate storage tank. 

The valves are o_pened auto ticaily with~ 20 seconds by a !' 
si~al from the Zafety feat es actuatidn system~ to dmit the 

sodium th i ~sulf~te to the pJmps for di~harge into tJe building 

atlosphere. RJmote manual !peration jf each valve il also / 

pr~vided from /the control I room oh coolant Systems Monitdring 

PaJel Number 
1
a. Cycling of the valv~s for periodic est pw/poses 

is kontrolled fro~ the Safet\ FeatJes Actuation Men torin/ and J I i 1 
Tes\Paneio. 13. Power to the jlectric motor valve ope&ators 

is provide from the 480V motor control centers 

BS-V4~~ 2-21EA for BS-V4B. \..../ 

2.2 Instruments, Controls, Alarms and Protective Devices 

.P.- . 
'! ... ..., .. 

Instrument~tion is provided in the :control room on· the 

Auxiliary Systems Control Panel Number 3 for the reactor building 

emergency spray system to monitor system performance during 

testing~ standby and during actual operation. (See Table 3). 

A listing of panel mounted annunciator~ relief valve ana vacuum 

.· ...... 
.. ..I • .• ' '!"""'' :,I •• 

0 'l - .. . , .. , -
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~ ft"k2JQ! f> ... ··--~..C:: 
. .. · . .. . -·· ~ _,p5 b:'a~er ~~-t~~~~~- ~s given 

annunciated in the control 

Monitoring Panel No. 8. 

in Table 4. Alarm conditions are 

room on the c:oolaqt Systems 

- ~ ... . ....,--·- · 
The reactor buildL,g .spray flow in each circuit is monitored 

and indicated in the control room. High and low flow 

alarm ~ontacts are p~ovided for annunciation. The low flow 

alarm is interlocked with the reactor building high-high pressure 

monitors to annunciate only during an emergency condition, i.e., 

when the· building high-high pressure monitor has ~een tripped. 

This' arrangement permits the Low-Flow Alarm to function as a 

monitor to verify that the Building Spr~y pumps--have started. 

Local instrumentation is also provided to indicate the suction 

and discharge pressure· of each pump with low suction pressure 

alarmed in the c:on trol roc.m. 

The temperatUre and level in the sodium thiosulfate storage tank 

is monitored and indicated in the control room with high and low 

condition for each parameter, annunciated. A gauge glass is 

fitted to the tank for local level indication. The temperature 

of the solution in .the tank is automatically maintained by 

redundant electrical heat tra~ing. A tabulation of the instru~ · · · 

mentation to the borated water and sodium hydroxide storage 

tanks can be found in the Decay Heat Removal System Description, 

Indmt No. 20. 

A relief valve set at 350 psig is provided at the suction of each 

building spray pump to preclude o~erpressurization from inadvertent 

reactor coolant system leakage through closed valves when the 

spray system is idle during .normal reactor power operations. A 

vacuum breaker and pressure relief valve are fitted on the 

sodium thiosulfate storage tank to prevent damage to the tank. 

. · 1..96 20.1 . 
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For details concerning actuation of the reactor building 

emergency spray system, refer to the Safety Features Actuation 

System description, Index No. SO. 

3.0 PRINCIPAL MODES OF OPERATION 

3.1 Startup 

-·· ...... 
... , .. · 

Startup of the reactor building emergency spray system consists 

of testing the operation and performance of the system and 

preparing it for normal stand-by service. The borated water 

storage tank is filled with demineralized water and boric acid 

to establish a 2270 ppm minimum boron concentration if this 

has not already been accomplished. With the circuit electric 

motor operated discharge valve closed and suction lined up 

from the borated water storage tank, each pump is started 

individually and flow is rec~culated to the storage tank. Flow 

rates and pump suction and discharge pressures are noted and 

recorded for future reference in determinir.g system performance. 

System ptping up to the circuits' discharge valve BS-VlA/BS-VlB 

are maintained filled with borated water. The automatic actuation 

feature of all related equipment, including all electric motor 

operated valves must also be tested to ensure proper operation. 

An air or smoke supply is introduced into the nozzle air test 

connection for each circuit to check for free flow through the 

nozzles. Visual observation of the ribbon indicators attached 

to each nozzle or of the smoke is required to verify proper nozzle 

operation. 



- -•- a., ••- •• •- a 

. 
and-»ented. A n~trogen-overprcssute at ~p~tely z-psig-is 

in~pduced tnto the tank to maintain an inert atMo~pher~e--

system is then-lined-up-and-ma~~tained-in a standby-conditton . _ .. 
ready foi-emergency=oper~ti~~ It must be ensured that the 

sodium hydroxide storage tank is also filled and at the prescribed 

concentration of 20,000 ppm NaOH. 

A low point drain line is provided in each circuit inside the 

reactor building and fitted with manual stop valves ss~vl06A/ 

BS-Vl06B. The purpose of the drain lines is to prevent water 

from reaching the spray headers by leakage through the building 

spray pumps' discharge valve during system testing. 

lines are sized to pass approximately. 16 gpm (fl9w 

These drain 

through one spray · nozzle) and must be opened prior to reactor 

startup and remain open during reactor operation. 

3.2 Normal Operation 

The reactor building emergency spray system serves no function 

during normal plant power operat~on. The system provides an 

engineered safety features function and is actuated by signals 

from the safety features actuation system following a reactor 

coolant system piping casualty which increases the reactor building 

pressure above pre-set points. The system can also be manually 

placed in service by operator action, if required. 

upon receipt of an actuation signal, the circuits' discharge 

valve BS-VlA/BS-VlB, the sodium t~iesttlfate sopp ly Valves, 

---

. 
~ 

..BS 114.ALas-v4a., and the valves in the 1 ines from the borated water .· 

storage tank (Ba-vSA/oa-VSB) and sodTtiiilhyd.rox·i~e -~t~rag~ ··tank (i::m-vaA/' 
DH-VBB) are automatically opened followed by automatic starting 

-14- J 96 20.3 
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of the spray pump, BS-P-lA and BS-P-lB. The pumps take suction 

independently through 10 in. lines, fitted with electric motor . . 
operated valves BS-V3A/BS-V3B (normally open), from each decay- -· 

. ~-

heat removal pump' suction header. The suction headers are supplied 

with water from the borated water and sodium hydroxide storage 

tanks through independent lines fitted with safety features 

actuated, electric motor operated valves DH-VSA/DH-VSB and 

Dfi-V8A/DH-V8B. The suction lines to the pumps can be cross

connected but are normally maintained isolated by manual stop 

valves, BS-VlOlA and BS-VlOlB. .A 4 il:l l:n:anch line from the 

~ommon-outlet-o&-the-sod~~-tosuHaee-5tox:aqe tank connects 

to-the-sucti~n-i~ne-o£-each-bu~~dinq-spray-pump_ ~aeh-branct.L 

line-is-provtded-with-a-safet~tures-actuate~lectLic-motor-

operated~a~v~as=u4ALBS~~B--The pumps discharge to independent 

8 in. lines fitted with electric motor operated throttle valve 

BS-VlA/BS-VlB. These valves are opened fully upon a SFAS Signal 

but are : .remote. : n~anuall1• throttled in order to prevent pump 

runout as the reactor building pressure decreases due to cooling 

of the atmosphere after the accident. Downstream of the throttle 

valve, each pump discharge line enters the reactor building 

through a separate penetration, R-'586 for circuit A, and R- 583 

for circuit B. Downstream of the building penetration, the 

piping size is reduced to 6 in. and each line is provided with a 

check valve for building isolation. Each circui~ is then routed 

to one of the two spray headers in the upper part of the reactor 

building. Physical space limitations within the building required 

that the 6 in. supply line to each spray header be reduced into 

4-4in. risers, ascending along the reactor building wall and 

reconnecting at the header. · 

,I . ..... 

·~ 
• • .~ 0 !• ... ..: ..... 

·· ·:.:.JM1~...!·Z.: . •. : . . .... \ ;::~: t - : •• 

. ...,.._, ..... ,..... - ' .. ~ 1·::-. ~ .. .:. .. ~~ .. ., ···"'•. -. 
. ... I. 
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.... 0 
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-~ . Ji!J~:· tit-~~-s~ppiy p~ water in the borated water storage tanJc-

•. is exhausted, (approximately 40 min.), the control room operator 
I 

is alerted by annunciation of the low-low storage tank level 

alarm. At this time, the suction supply to the pumps must b~----·

transferred from the storage tank to the reactor building sump. 

The operation is performed by action of the control room 

operator. The electric motor operated valves, DH-V6A/DH-V6B, 

in each of the reactor building sump line:~ to the decay heat 

remt>val. pump suction headers are opend, and the supply va l.•tes 

DH-VSA/DH-VSB from the borated water storage . tank, BS-tr4n/BS-lT4B 

f~m ehe sod~ thiGSUlfate storage tank and DH-V8A/DH-V8S 

from the sodium hydroxide storage tank. to the headers are closed. 

Hand switches on the Safety Features Actuation Monitoring and 

Test Panel no. 3 provide for negating the safety features 

actuation signal (once the signal has been tripped) so that these 

val.ves may be closed. an~e the safety features actuation signal 

has been negated, these valves are closed by depressing their 

respective actuation switches from the control room. The reactor 

building emergency spray system, in this mode, recirculates the 

water from the reactor buildin~ sump through the spray system, 

and discharges the water into the reactor building atmosphere 

to continue iodine removal as well as building cooldown and 

depressurization. 

3.3 SHutdown 

When the: !;)uilding spray system is shutdown, as is ~e case during 
• .... 

normal reactor power ·or 3hutdown conditions, it is maintained in 

a standby status with all. valving except the safety features 

actuated, electric motor operated valves positioned for system 

operation, and the pumps availabde for automatic start. If 

•• · 1 • • .':'1 : • • 
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~ .... 
maintenance to equipment in one c i rcuit of the system is 

required, it must be ensured that the other circuit is 

ful:._l_y operable and available in the event of an emergency·-·

To shutdown a circuit for maintenance, it is only· necessary 

to de-energize the pump and the safety fea t ures actuated 

valves, close and de-energize the electric motor operated 

pump suction valve (either BS-V3A or BS-V3B), and close the 

ass~iated manual valves to is~late the circuit and/ or 

component req~iring maintenance. 

Following a system test, the building spray pump(s) must be 

manually stopped and the valves, opened for the test, must 

be closed and. the system control switch positioned for 

automatic operation. 

3.4 Special or Infreauent Operation 

I · . ... • 

Provisions have been incorporated into the system to allow 

testing of each circuit pump and for testing spray nozzle 

flow during reactor operation. Pump performance can be 

determined by operating the pump taking suction from the 

borated water storage tank through electric motor operated 

valve DH-V5A or DH-VSB and discharging through manual test 

valve BS-Vl03A or BS-Vl03B and BS-Vl04 back to the storage 

tank via the decay heat removal system test line. The suction 

and discharge pressures of the pump and the circuit flaw is 

noted and recorded for comparison with initial and prior test 

results to determine system performance. 

The nozzle flaw te~t is performed by intcoduci ng air or smoke 

through the nozzl e test connection, for each circuit, fitted 

: ! .r. ..,t''· · ... .. ... -·· ... .. .. -.. .. . ·~ . .. . 
-17-

... 
196 206 

. -. 

, 



' .. . .. ·z. ·~· - . -~ . -----·-.... -- · _...._.,. ~- .. _ . - : 

manual stop valve BS-V·l30A or BS-Vl30B. The air flows 

through the circuit piping to the spray header in the reactor 

building and free flow is confirmed by visual observation of 

the smoke or the ribbon indicators affixed to each nozzle. 

srplfn~ of the ;a"t~ contai/~within the'Sodium t~~ulfate 
srorage ~anks is pe odically petformed -~o e sure an a equat conrfentra\io2~£ the requu/.d chlmica/. and to d/.erm ~ 
I I \ I ~ /. '--' · . 

later qualt y. Sample_saps are f1tted to each tank for this 

k/rpose. 

3.5 Emergency operation 

Reactor building emergency spray is initiated upon an 

abnormally high reactor building pressure sensed by redundant 

pressure monitors within the building. System activation is 

a function of the safety features actuation system (see 

System Description, Index Number SO). 

Operation of the system in the emergency mode is identical 
. . 

to that whi ch has been described under "Normal OIJerat i on", 

Section 3.2 of this system description. 

Additional sodium hydroxide and sacHWR 1:1\iosal!ate may be 

added to the recirculating water during post-accident 

operati on, if deemed necessary. The solution is added to the 

r espective storage tank from the · caust~c mixing ' tank, via the 

addition pump, in the chemical additi on system and then 

· introduced i nto the recirculating water by opening the 

appropriate storage tank outlet val ve (s), once a water 

level in the storage tank has been establ i shed. 

~· ... . . 
-18-
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HAZARDS AND PRECAt11'IONS 

The principal hazard associated with th i s system is inadver

tent actuation when no emergency condit i on exists. Such an 
- -4~ --.--

occurrence with the reactor in operation or in a shutdown 

condition could cause damage to aqu i pment and electrical 

~iring within the reactor bui lding. Since manual activation 

of the .system is possible from the safety features actuation 

panel, extreme care must be exerci sed to prevent this occurrence. 

Also, prior to routine periodic test of the system pumps, a 

visual observation of the electric motor pperated throttle 

valvesBS-VlA and BS-VlB should be made to ensure that the 

valves are fully closed • 

. ,. ·. .· 
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Pump Details 

Identification 

Number Installed .... _ 
Manufacturer 

Model No. 

Type 

Rated S? _.:!CJ, rpm 

Rated Capacity, gpm (u.S.) 

Rated Total Dynamic Head, ft. 

Submergency required at rated 
flow, ft. 

Design Pressure, casing,psig 

Design Temperature, 0 p 

Lubricant/Coolant 

Min. Flow Requirements, gpm 

Motor Details 

Manufacturer 

Type 

Enclosure 

Rated Horsepower 

Speed, rpm 

Lubricant/Coolant 

Power requirements 

.. 
... 

BS-P-1A, BS-P-lB 

TWO 

_---...:..~·=· .. ..... 

Babcock & Wilcox, Ltd., 
canada 

SMK 6 X 8 X 13 

... 
··- ---·...:=. 

0 - . 

Single Stage, Horizontal Shaft, 
Single suction, centrifugal 

3600 

1500. 

~so · 

14 

350 

300 

Oil/Water 

None 

Westinghouse Electric Corp. 

LLD Horizontal 

Totally enclosed 

250 

3600 

Oil/Water 

4l60V, Amps (Full Load) 
60 Hz, 3-!6 

' 0 .. 

-20-
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Power Source (for eac:h 
pump motor). 

··-· - ·· · 

classification 

Code 

Quality control 

Seisimic 

Cleanliness 

-..... :..:'. 
~LE 1 (Continued) 

. . -·. '"' 
·"' ____ _ 
-- J "'· - -:- . 

BS-P-lA:-4160V. Engineered 
Safety Features Bus 2-lE 
BS-P-1B:-4160V. Engineered 
Safety Features Bus 2-2E ~---

Level 

N-2 

2 

I 

c 

_,1_ • 
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r .. r TABLE 2 

Sodium Thisolphate TANK 

BS-T-1 Identification 

Manufa'Cturer· ank-Dl.v. 

capacity-gallo s 

Inst~a~ 
OU SJ.de diamete 

/:' 
Skill~terial 

Shell: Thickness 

94" o .. • 
. ~.s 

High 

. / 
~ ~es~gn temperature, 

:../ DesJ.gn pressure, 

9/16"-3/16" 

150 

. High Liquid Leve~_ Plus 

I. .•• 

10ft. wate2 
corrosion allowance, in. Non~ ./ ,......-
Design C~e ~~ ASME-1968 Sec . VIII Div. 1 

Code /amp required,.... _..._..........-- NY 

Min3-mum Temperature P'. . . 40 /. __ ,. 
· e;Electri:-~e?ting/Source Redundant Heat tracing 

Cla~sifi;ation Level 

/ Code N-3 

Quality 3 

Seismic 

• r 

, ' 

I 

c 

-~ . --~-·~ 

r- · 
1 9 6 2, 1 
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TABLE 5 

COMPUTER LIST (DIGITAL) 

INPUT DESCRIPTION :INSTRUMENT •• · , ~NPUT CONDITION USES 
NO. TAG NO. FOR OUTPUT STATUS 

CHANGE 

2824!-il' ES Ac:f A BLDG ISLN HNL TEST GPl lXlE/RBA MANUAL TEST .. 
ALARM I 

ES ACT A BLDG ISLN HNL TEST GP2 lX2C/RBA MANUAL TEST 
,I 

ALARM . . 
;, 

ES ACT A BLOO ISLN HNL TEST GPl lXlE/RBA MANUAL TEST ALARM :I 
1 

2827 ES ACT A 2/l LOOIC BLDG ISLN GPl 63ZlE/RBlA, 4 PSIG ALARM 
RB2A, RBlA 

2828 ES AC't A 2/3 LOOIC BLDG. ISW GP2 63Z2C/RBlA, 4 PSIG ALARM ~ J · 

RB2A, RB3A ' . 
1.' 

2829 ES ACT A 3/3 LOOIC BLDG ISLN GP3 63Z3E/RB1A, 4 PSIG ALARM .. . I: .. RB2A, RBJA . . 
2830 ES ACT A BLDG ISLN CHl DEFEATED 43X/RBlA & 4 PSIG ALARM 

43Y/RBlA 
~ I 

2831 ES ACT A BLDG ISLN CH2 DEFEATED 43X/RB2A & 4 PSIG ALARM ~· · 43Y/RB2A ': 
2832 ES ACT A BLDG ISLN CH3 DEFEATED 43X/RB3A & 4 PSIG AlARM 

43Y/RB3A ·. 
2833 ES Biro ISLN SW ACT A CHl TP.IP 63X2/RBlA 4 PSIG ALARM 

2834 ES BLDG ISLN SW ACT A CH2 TRIP · 63X2/RB2A 4 PSIG 
; 

ALARM .. r· 
2835 ES BLDG ISLN SWACT A CH3 TRI~ 63X2/RB3A 4 PSIG ALARM 

2836 ES BLDG S9RAY SW ACT A CJil TRIP 63X/RB4A 30 PSIG ALARM 

•• • -
2837 .....0 ES BLOO SPRAY SW ACT A Cll2 TRIP 63X/RB5A 30 PSIG ALI\RM .. 

0" l' 2838 
N 

ES BLOO SPRAY SW ACT A Clll TRIP · 63X/RB6A 30 PSIG ALARM I - 1 •:r 
co I 

I '· l 

•• . ,. ........ ,. . .. ,, - ._._ --

I~ . . - - ....... 
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TAB~E 5 (Continued) 

CQMPUTER LIST (DIGITAL) 

INPlll' DESCRIPTIOO INSTRUMENT lNPUT CONDITIOO USES 
NO. TAG NO. FOR Ol11'Pl11' STATUS 

CHANGE 

2839 : ~ ES BLDG 2/3 LOOIC RB SPRAY 63X/RB4A, 30 PSIG 

·I ·I ' R.BSA, RB6A 
I \ . ' 

ES ACT B BLDG ISLN MNL TEST GPl lXlE/RBB MANUAL TEST 2849 ·, r' 

2850 ES ACT B BLDG ISLN MNL TEST QP2 1X2C/RBB MANUAL TEST 

2851 ES ACT B BLOO ISW MNL TEST GP3 lX3E/RBB MANUAL TEST -2852 ES ACT B 2/3 LOOIC BLDG ISLN GPl 63ZlE/R.BlB, 4 PSIG AU.RK ), . 
I 

RB2B, RBlB 
.• i I 

2853 ES ACT B 2/3 LOGIC BLDG ISLN GP2 63Z2C/RB1B, 4 PSIG ALARM '' •' 
RB2B, RB3B · .. 

2854 ES ACT B 2/3 LOOIC BLDG ISLN GP3 63Z3E/RB1B, 4 PSIG ALARM 
. . 

R.B2B, RB3B 

3047 ES ACT B BLDG ISLN CHl DEFEATED 43X, 43Y/ 4 PSIG ALARM 
RBlB 

3048 ES ACT B BLDG ISLN CH2 DEFEATED 43X, 43Y/ ~ PSIG ALARM 
·RB2B 

3049 ES ACT B BLDG ISLN CH3 DEFEATED 43X,43Y/ 4 PSIG ALARM 
RB3B .,: 

3278 ES BLDG ISLN S'lf ACT B CHl TRIP 63X2/RB1B 4 PSIG ALARM l:. 
!II 

3279 ES BLDG ISLN S'll ACT B CH2 TRIP 63X2/RB2B 4 PSIG ALARM 

3280 _ ES BLDG ISLN SW ACT B Clll TRIP 63X2/RB3B 4 PSIG ALARM 

l 1281 ~ ES BLDG SPRAY""SW ACT B CHl TRIP 63X/RB4B 30 PSIG ALARM !; _·· 
""' i .. ,:·· · 
...0 to I : 

I •• : ... 

i" . I 

.. ......... - . - - _ ..... ~ ... .. . 
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JNPUT 
NO. 

3264 :.t~ 
3265 l~l~ 
Josoif' 

3167 

3168 

3169 

3170 

.. 

TABLE 5 (Continued) 

CC»tPUTER LIST (DIGITAL) 

PESCRIPTICti 

ES BLDG SPRAY SW AC'l' B CH2 TRIP 

ES BLDG SPRAY SW AC'l' B CHl TRIP 

ES BLDG 2/3 LOOIC RB SPRAY 

4 PSI RB PRESS RED CH TRIP 

4 PSI RB PRESS GRN CH TRIP 

4 PSI RB PRESS YBL Cll TRIP 

4 PSI RB PRESS . BLUE CH TRIP 

....0 
c-. 

N 

"' c::> 

t' .•.,' tA• I 

. 

INSTRUMENT 
TAG NO. 

63X/RB5B 

63X/RB6B 

63X/RB48, 
RB5B, RB6B 

BS-PS-3570 

BS-PS-3571 

BS-PS-3572 

BS-PS-3573 

INPUT CCimiTION 
FOR OUTPUT STATUS 
CHANGE 

30 PSIG 

30 PSIG 

30 PSIG 

CH TRIP 

Cll TRIP· 

CH TRIP 

CH TRIP 

USES 

l ALARM , .. 

l 
;· 

ALARM ,, 

ALARM 

A.l.ARM •, I 

SEQ. MON. I 

• ALARM . • '
1
, : 

I• 
SEQ.MON. •:' 

ALARM ;i,; 
; .. . 

SEQ . MON . ~-:. 
ALARM 
SEQ . MON. 

I 

i. 

• . ,. 
! .. . , 

i l ' 
.i' 
·'· 'I• 
I • . 
.1 ' 
I; 
1: 
il 

I I ' .,. 
I 

I 
j:' . ....... 
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INPtrl' 
NO. 

DD97 ,:ii ... 
1668,1 i·: 

•• f • 

1669 •t 

.. . . 

-.....o 

"' 
N 
N 

TABLE 5 (Continued) 

' Cg1Ptn'ER LIST (ANALOO) 
. 
DESCRIPTIW INSTRUMENT 

TA.G NO. 

RB WIDE RANGE PRESS • 
,. 

BS-PS-1412-2 

BLDG SPRAY PMP A MOl' STATOR BSP-52-TE6 

BLDG SPRAY PUMP B MOl' STATOR BSP-52-TE12 

....... ..... 

AlARM 
LO 

, 
LIMI'4'S USES 

HI 

30 PSIG i ALI\RM ,. 
266P. A LARK 

266P ALARM 

l 
i 
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