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GUIDELINES AND TICllN1 CAL BASES FOR .NDfARC INTilATIVES M31 ARC em
. ,

1

l

DETERMLNE T1(E ESTNATED FREQUENCY OF LOSS OF OFF. SITE POWIR DUE TO SEVERE WI ATHER
AS FOLLOWS:

:

A.
Determine the total amount of snowfall la Inches which falls on the site in any

year. NOAA data for snowfall are providad in Table 3 3. Label the data used as bg.
,

B.
Dentine the espected frequency of "f2+" tornadoes per square mile for the'

site using plant.sp cific data. NSSPC data are also proyided in Table 3 3. Label the
data used as h -2

C.
Determine the espected frequesey of storms with winds between 75 and 124

mph at the site. NOAA data are also provided in Table 3 3. Label the data used
as h .3

D.
Determine the erpected frequency of hurricanes and tropical storms with
sigalAcant salt spray far the site. NOAA data for sites vulnerable to the effects of
salt spray are also provided in Table 3 3. Label the data used as h .

4

E.
Calculate the estlesaled frequesey of loss of off.slie due to seeere weather.
f. In events per year.

P.
Use Table 3 4 to determlae the Severs Weather Group (SW Oroup).

t
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SEVERE WEATilER DATAb
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THE TOTAL Iumt IF $8MENTS IAS 1434
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THE TORNADO STRIKE Plt 0BABIL!f!E3 FCR THE STATE ARE 3.64E03PERYEAR(EXP)AND 7.46E f4 P D YEAR (AVE).
,

TORNADO IKTDel!TY (F . SCALE),
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DPECTS LDe0TH (WI) 2.719 9 Jew it.9H 16.345 19.H8 46.937
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e tatronent 111 to WM 92-0045
. .

4.5 Effec.ts of L'.',s of Ventilation )
!

The purpose of this evalaation is to determine the average steady state
temperature in areas centaining equipment necessary to achieve and maintain
safe shutdown during a station blackout.

,

There are six heating ventilation and air conditioning (HVAC) systems at
WCGS. They are (Section 9.4, Ref. 4)

o Centrol Building HVAC

o fuel Building HVAC

o Auxiliary Building
o Turbine Building HVAC

c Radwaste Building HVAC

c Centainment HVAC

The turbine and radwaste b.ilding HVAC systems serve no safety related
functions or equiement (pg. 9.4-47 and 9.4-56, Ref. 4). Safety related
equipment in the containment is desigMd to withstand a loss of coolant
accident event which far exceeds containment conditions during a station
blackout (pg. 7-18, Ref. 3). The fuel building contains no safety related

,

equipment for the reactor. -

Hence, loss of ventilation to the two remaining buildings, the control
building and auxiliary building. are addressed below.

Control Building

!.oss of control building HVAC will not acversely affect control roo.m
habitacility as explained in NUMARC 87 00 (pg. 2-13, Ref. 3), for the coping
duration of four hours.

The NUMARC canclusion is based on supsorting data tnat the control room
comolex steady state air temperature will not exceec 120*F.

0613n 10< 040439 29
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AUMARC 87 00 also states that the control roem cemplex instrumentatien

indications and associated logic cabinets which the operator relies upon to
cepe with a station blackout will remain below 120'F provideo cabinet doors
are opened within 30 minutes following the station blackout event.

The cabinet doors are opened to dissipate heat generated by operating
eouipment during the four hour coping period. The cabinets which require that
their doors be opened meet the following set of criteria,

(1) Contain safety related equipment required to maintain decay heat
removal during the station blackout, and

(2) Generate appreciable heat during the station blackout, and

(3) Would have enhanced equipmnt cooling if the cabinet door is opened.

F:r aCGS, only safety related equipment is relied upon to c:ce with a station
eleckout for four hours. Table 3-11(B)-3 of the USAR listed
all safety related cabinets, panels, control boards, and racks. Of the safety
related " cabinets" listed, the majority can be excluded from further
consideration Locause they are:

(1) Light and control switchboards r,at generating appreciable heat, or

(2) Relays and terminal blocks not generating appreciable heat, or

(3) Eouipment and instrumentation not required for maintaining decay neat
removai.

(Instrumentation required to maintain decay heat removal is listed in Table
7.5-4 and Taele 7.5-5 of the USAR. The equipment required are the

turbine-driven auxiliary feedwater pump and steam generator relief valves.)

0633aio'c4:489 23
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The remaining cabinets are listed in Table 4-5. Table 4 5 also includes the
NSSS and BOP demultiplexers, which are not safety related or required
instrumentation to maintain safe shutdown. They are included per WCNOC
request.

!

All the equipment identified in Table 4-5, are locaced in the control room
cabinet area. room 3605. The cabinet area is shown in Figure 1.2 25 of the
USAR. The large size of the room, ample air circulation and limited sou*ces
of heat generation, support for WCGS, the general NUMARC conclusion that the
area steady state air temperature will not exceed 120'F.

Of the cabinets list in Table 4-5, Westinghouse recommends that the
Westinghouse supplied equipment cabinet doors remain closed. This >

recommendation is based on equipment qualification tests with the cabinet
doors closed, which show sufficient cabinet cooling for the coping duration;
and the knowledge that opening the cabinet doors would eliminato the forced or
natural circulating air flow inside the cabinets (* chimney effect")', The

equipment qualification tests were performed at 120'T for two 12 hour cycles
(Ref. 29). Loss of the " chimney effect" will reduce the air flow over the
components and hence reduce the component cooling.

In summary, loss of control building ventilation can be tolerated for the four
hour coping duration. The action required is that certain vital control
cabinet doors should be opened within 30 minutes,

l .

_ Turbine-Driven Auxiliary Feedwater Pumo Room ,

Loss of auxiliary building ventilation will only nave an adverse impact on
locations wnere a large heat source is present during the station blackout and
where decay heat removal equipment is present. The only location subject to
these concitions is the turbine-driven auxiliary feedwater pump room (room

| numoer 1331). The following is a calculation of room 1331 ambient steady

1
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state temperature during a station blackout. It is shown that the room air
temperature will stay belew the 150=F turbine pumo design specifications,
provided actions are taken to open doerways to enhance air circulation.

The calculations below follow the NUMARC 87-00 guidelines except ahere noted.

Room 1331 Geometry

The auxiliary turbine room geometry is shown in Figure 4-2. The room walls
are assumed to be 12 inches thick and the ceiling 14 inches thick. The room

dimensions are approximately 16 by 28.75 by 24.75 feet. The total wall and
ceiling surface area is

A = 2(24.75)(28.75 + 16) + (28.75)(16)
= 2.675 ft2 = 248 m2

Rocm 1331 has one door of width 4.25 f t and height 7.25 f t (Ref.18 and 19).

The auxiliary turbine room 1331 ambient air temperature is nominally 50'F with
a maximum of 113'F (Table 3-11(B)-1, Ref. 4). The maximum air temperature
shall be used as the initial air temperature in the calculati:n. The initial
wall temperature also will be assumed at 113*F.

Room 1331 Heat Sources

The sources of heat in room 1331 are (Table 3.6-4. Sheet 37, Ref. 4),

o Auxiliary Feedwater Turbine
o Auxiliary Feedwater Pump

o Steam Line to the Turbine (91-0BC-4")
o Steam Line from the Turbine (048-HBC-10")
o Condensate Recovery knk Line Vent (078-HBD-4")

~
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The heat generated by the turbine is determined by using the formula developed
in NUMARC 87-00 (pg. 7-20, Ref. 3) whi h approximates the turbine as a sphere:

4
/4)D(T, - Tair)0 = 0.1(2 + 37.0(T, - Tair) 0

*1.4x10'7(T,4 4

-Tair )

where

0- The heat generation rate of the turbine in watts=

4

-

,

0 The equivalent diameter of the turbine in meters=

,

t

T, The surface temperature of the turbine in =Ka-

1 .

Tair The air temperature of the room at station blackout onset in 'K ;

.

The turbine surface temperature is assumed to be the maximum cperating
temperature of the steam, 565'F (569=K) (Ref. 20). The effect of insulation
on the turbine, which reduces the surface temperature, is neglected. The !
initial air temperature is 113'F (318'K).

i

The equivalent diameter of the turbine is estimated from its weight. The :

turbine weight.is 3,000 lbm (Ref. 20). The density of steel is 488 lbm/ft
3(Ref. 21). -The turbine solid volume is 3000/488 = 6.14 ft . Estimating thc

.

3 3internal air volume as 2 ft gives a net turbine volume of 8.14 ft . The

equivalent spherical diameter is

D = (SV/w)I#3 = (6(8.14)/w)1/3

0 = 2.50 ft = 0.761 meter
t.

,

.

.
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New the turbine heat generation con be calculated from the above formula.

0 = 0.1 (2 + 37.0 (569-318)I/4 (0.761)3/4) (0.761) (569-318)

+ 1.4x10*7 (0.761)2 ((569)4 - (318)d)

0 = 2,330 + 7,669 * 9,999 watt (34,100 Btu /hr)

This is a very conservative calculation, because

o The insulation will reduce the surface temperature and hence botn the

radiation and convection terms in the formula.
r

o The steam temperature will most likely be less than 565'F.
Depressurization of the steam generators, called for in the procedures;

,

(Appendix B), will redut.e the inlet steam temoerature below 565'F.

The turbine driven pump is-passing condensate at a maximum temperature of 95'T

(Ref. 20). This temperature is below the air temperature of 113'F. Hence, <

the pump will not be a heat source in the room. The cooling effect of the
,

pump on the room is neglected.

The heat generated by the three high energy pipe lines in the room can be
calculated several ways. First a calculation is done using the NUMARC
formula, then the piping design specifications are used to show that the
NUMARC formula overpredicts the h:at input. The piping design specifications
are used in the final evaluation.

The.NUMARC formula for heat generation from pipes is (eg. 7-19. Ref. 4).
!

1/E
0 = (0.1(0.4 + 15.7(T,-Tair) D

+ 170.3(T,-Tair) / 0)(T,-Tair)+1.4n10'7(T,T\))L#L
9
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Where

The heat generation rate of the pipe in watts0 =

The diaineter of the pipe in u,etersD =

T, The surf ace temperature of the pipe in 'K=

T = The air temperature of the room at station blackout onset in 'Kair

L The length the pipe in meters=

T, The surfa:e temperature of the wall in 'K=

The lengths of pioing in room 1331 are obtained from isometric drawings
Figure 3.5-1 Sheet 46 and Sheet 49 of the USAR (Ref. 4).

for 91-0BC-4"

L = (54 5 + 11.25 + 8.65 + 14.44 + 3 + 8.74 + 4) ft

60.1 ft = 18.3 meterL =

for 048 HBC - 10"

(4 + 6.92 + 17.6 + 2 (1.75) + 2 (9.18)) ftL =

50.4 ft = 15.4 meterL =

4

for 078- HSD - 4"

(23.5 + 3 + 10,5) ftL =

| L = 37 ft = 11.3 meter
|
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The pipe nominal inside and outside diameters obtained from Crano (Ref. 22),
are given in Table 4 6.

The piping insulation and fluid temperature characteristics from Appendix 0 of
Ref. 23. are also given in Table 4-6. The total outside diameter is
calculatea froth

,

0; Dp + 2(t )=
g

4.5 + 2 (2.5)=

9.5 inch = 0.241 meter=

The insulated surf 6ce temperature of the pipe can be calculated for the i

initial roe'n conditions by a conduction heat balance through the pipe
(pg. 100, Ref. 21)

'

i"'I0=
in(D/0PO) in(D /Dpy)3 . g + P0

'vD;L h Zei k 2nL kg p

where the notation is defined in Table 4-6. The final steady state air

temperature (l final) is assumed to be 150=F. This assumption is

confirmed later when-T is actually calculated. The pipe and insulationfinal
thermal conductivities are obtained from Ref. 21 and Ref. 2L The natural
convection heat transfer coefficient is estimated from the simplified
correlation for air (pg. 206, Ref. 21),

final)/D;)l/4 2*
h = 0.25 ((T -T Btu /hr ft .7

3

finally the surface temperature of the insulation is

*

T3=Tfinal + 0/m 0; L h

I
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Solving iteratively for T3 gives the initial surface temperatures in
Table 4-6 and the heat generation in Table 4-7.

Now the steady state heat generation from the pipes can be calculated using
the formula developed by NUMARC. The wall temperature is equal to the initial
air temperature, hence all the variable 9 are given in Table 4-6. The

calculation is

0= (0.1 (0.4 + 15.7 (370-318)1/6 (0.241)1/2

+ 170.3 ((370-318)l/3 (0.241)) (370-318)

+ 1.4x10'I (0.241) ((370)4 - (318)4)) (18.3)

0 = 21,300 watt = 72,700 Btu /hr

The resultant hec.t generations are summarized in Table 4-7 The NUMARC

formula gives heat generation an order of magnitude greater than the steady
state estimate.

A third estimate of the heat generation can be made by restricting the heat
flow to below the design specification for the pipes. This value is 65 Stu/hr

2
it at the insulation surface (Ref. 23). The total heat
generation for nominal conditions is simply

a = (65 Btu /hr ft ) 5 D Ly

= (65) (n) (9.5/12) (60.1)

* 9.720 Btu /hr = 2.850 watt

The design scecification heat generations are also listed in Table 4-7.
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The NUMARC calculations give values five to seven times higher than the design
specifications. One factor contributing to conservative values using the
NUMA.iC formula is treatment o' radiative heat transfer as black body
radiation. The " grey" insulat',on cladding the piping will significantly
reduce radiative heat transfer from that predicted f or a black body. Another

factor is using the initial air temperature 6 calculeting the convective heat
transfer. As the room air temperatu e increases the convective heat transfer

will decrease. The NUMARC formula conservatisms are appropriate in larger
room applications, as shown in NUMARC 87-00. However, for WCGS it is

conservative and more apprcpriate to use twice the insulation design
specification in calculating the piping heat generation. The piping heat
generation used in the room heat-up calculations are also shown in Table 4-7.
(Note that the turoine heat generation estimate includes all the NUMARC

formula conservatisms stated above.)

Room 1331 Air Temeerature

The final steady state temperature of the room is determined by returning to
the NUMARC methodology.

The final temperature with the door remaining closed, is (pg. 7-15, Ref. 3)

final =T,+(Q/A,[I
T

ihe final temperature with the door passage open, is calculated from
(pg. 7-17, Ref 3).

15.18 F .EEE3)
0/ IAT

f$n,) 4 + T, + OT +=
w

where
.

I Tne final steady state air temcorature 'Ka

final

T, Wall temperature in *K=

)
i
|

|
1
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T tal heat generation in WattO =

T

2
A, Wall and ceiling surface area in m*

S3/2 W in m /2Door passage factor HF =

Door height in metersH =

Door iridth in metersW =

The total heat generation is the sum of the heat generated by the turbine and
three pipes

O 999 + 5,700 + 6,920 + 2,400=
T

25,020 watts=

Door passage factor is

((7. 's f t)(0.3048 m/f t))3/2 (4.25 f t)(0.3048 m/f t). F =

54.255 m /2=

Again, the wall temperature is assumed equal to the initial air temperature,
113=F (318'K).

The final temperature with the door closed is

T = 318 + (25,020/048)3/4final

= 350 'K (170=F)

ihe final temperature with the door passages open is

T = 4 + 318 + (25,020)3/4 / ( (245)3/4 + 16.18 (4.2555)0.8653)final

= 339=K (150'F)
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The wall area in this esiculation was reduced by 3 square meters to account
for the wall area occupied by the opened door.

The above open door formula is valid since the total heat generation is
between 24,000 and 100,000 watts, and the initial to final temperature
dif ference is 21'C, which is between O'C and 50'C (pg. E-12, Ref. 3).

It should be noted that the above formula with the door open assumes the air

temperature outside the door is constant at 113'F. The room outsggdoor
is a corridor to the turbine building, feed pump valve room (132 , and two

motor auxiliary feedwater pump rooms (1325 and 1325). Opening the doors to
these four rooms will be required to ensure that the corridor remains below
113*F. The maximum temperature of the adjacent rooms is 104*F

(Table 3.11(B)-1, Ref. 4), 9'F below the assumed corridor temperature of
113*F. Hence with all corridor doore cpen, the assumption of constant 113*F
temperature air outside room 1331 is conservative.

<

,Ihe final air temperatures for room 1331 are summarized in Table 4-8. For the
"a'uxiliary feedwater pump to operate, the design specifications (Ref. 20)
require a temperature of less than 150*F. NUMARC reviewed equipment

operability ( Appendix F of Ref. 3) and determined that a turbine generator
win electronic governors can operate in environments up to 160*F.

The calculated room air temperature is 170*F with the door closed and 150'F
with all corridor doors open. An additional reference is a 48 hour test of
the turbine-driven pump without room ventilation, and the door closed,
starting at nominal ambient conditions. This test shows the room temperature

to rest.h 142'F (Table 3.11(B)-1 of Ref. 4 and Ref. 25).

In summary, the turbine driven-auxiliary feedwater cump will be operable
following a loss of ventilation provided all doors in the adjacent corridor
are opened.
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TABLE 4-5

Potential Cabinets Requiring Open Door
During A Station Blackout

Description Component Number Room Number Spec. Number

BOP Instrument Racks RP053AA, RP053AB, RP053AC 3605 Ref.28
RP053BA, RP053BB, RP053BC J-110

'

RVLIS Equipment- RP068, S8078, SB079 3305 Ref. 29
ESE-51

Subcooling Monitor RP081A, RP0818 3605 Ref. 29
ESE-46A

ESFAS Cabinets- SA036A, SA0368, SA036C 3605 Ref. 28
SA0360,-SA036E J-104

Solid State SB029A through 0 3605 Ref. 29
Protection System * SB032A through 0 ESE-16

Process Protection 5B037, SB038, S8041, S8042 3605 Ref. 29
Cabinets * ESE-13

BOP Demultiplexer RK045A, RK045B, RK045C 3605 Ref. 28
for Control Board J-10S
Announciators

Westinghouse 5B046 3605 Ref. 29
0.?.tui t iplexer* ESE-16

Westinghouse Nuclear SE054A through 0 3605 Ref. 29
Instrumentation NIS* .5E-10

* Westinghouse Supplied Cabinets

|

|
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TABLE-4-6

Room 1331 Piping Data ,

Units 91-08C-4" 048 HBC-10" 078-HBD-4"

Pipe Inside Diameter (0p3) inch 4.0 10.0 4.0

Pipe Outside Diameter (DPO) inch 4.5 10.75 4.5

Inst,lation Thickness (t;) inch 2.5 1.5 1.0

Insulation Diameter (0 ) inch (m) 9.5(0.241) 13.75 (0.349) 6.5 (0.165)3
>

Pipe Length-(L) ft(m) 60,1(18.3) 50.4(15.4) 37(11.3)_

Fluid Temperature (T ) 'F 565 260 212p

Air Temperature (Tair)_ 'F('K) 113(318) 113(318) 113(318) ,

Assumed final air

_ Temperature (ifinal) F 150 150 150

2 '

Heat Transfer Coef. (h) Btu /hr/ft .F 1.06 O.79 0.87

Insulation Conductivity (k ) Btu /hr/ft'F 0.0333 0.0333 0.0333g

Pipe Conductiity (k ) Btu /hr/ft'F 25 25 25
_ p

Surface Temperature (T ) 'F(*K) 206(370) 182(356) 172(351)3

-

!

|

L -

l'
l
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TABLE 4-7
'

Piping Heat Generation in Room 1331 I

Units 91-0BC-4" 048-HBC-10" 078-HBD-4"

Nominal Steady State Stu/hr(watt) 6.050(1772) 3,345(980) 852(250)

|

NUMARC Formula- Stu/hr(watt) 72,700(21.300) 58,400(17,100) 17,400(5,090)

Design Specifications Btu /hr(watt) 9,750(2,850) 11,800(3,460) 4,090(1,200)

Values used in Stu/hr(watt) 19,500(5,700) 23,600(6,920) 8,180(2,400) {
heatup calculation
(2 times Design Spec.)

>

I

r

|
|

|
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TABLE 4-8

Room 1331 Maximum Air Temperature

Reauirement Temperature

Turbine design specit'ication (Ref. 20) 150*F

Turbine with electronic .

t

governor equipment operability (Ref. 3) 160'F

;

Calculated |
,

NUMARC formula with door closed 170'F
;

NUMARC formula with doors open 150'F

!

!

!

!

.

I

,

t

l

!
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