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EAB supply header flows & battery supply header flows are taken
from Appendix H.

Train Supolv Header Flow, cfm Rat 3erv Header Flow, cfm

A 34447 3425

B 26688 2046

C 37884 2443
h

Supply Fan Flow = (34447+26688+37884)/2 = 49510 cfm

Makeup flow = (3425+2046+2443)/2 = 3957 cfm

Return fan flow = 49510-3957 = 45553 cfm ;

Because train C supply fan flow is greater than C header supply
flow, 49510-37884 = 11626 cfm of fan C discharge mixes with fan B j

discharge (supply header cross train flow). !

The recirculated portion of train C header = ' 37884-2443 = 35441 |
!cfm.
!

Because the return fan flow is higher than 35441 cfm, the flow |
,

from train B to train C return fan = 45553-35441 = 10112 cfm _ |

Because all of the C header flow is from the C coil outlet, the C 1

header temp. = 58.21 'F

The sum of all emergency (battery backed) lights in the train'C i

area is 2592 watts x 3.413 Watts / btu /hr + 12000 btu / ton-hr
= 0.737 tons (from Appendix I)

However, since non-1E power is not lost, the emergency lighting
does not come on. Therefore the "use factor" = 0

Values for class 1E equipment, class IE cables, normal lighting,
non-1E equipment, and non-1E cables are likewise from Appendix I.

,

,

i
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The use factor for non-1E cables is less than 1, based on the re-
evaluation of non-1E equipment in DCN EC-73 of Ref. 7. Before !

the DCN, the total non-1E equipment load was 94~220 watts (from
Appendix J). After the DCN, the total non-1E equipment load is
70964 watts (from Appendix I). The ratio is

70964/94720 = .749 -
.

Therefore, it is reasonable and conservative to apply a use |

| factor of 0.8 to the train C non-1E cable load. j

| The total train C area heat load = 0.74*0 + 17.52*1 + 12.00*1 +
10.12*1 + 20.19*1 + 7.55*0.8 = 65.86 tons
Train C return header temp.

= 58.21 + 65.86 tons * 12000 btu / ton hr = 78.67 *F

f1.09 * 35441

The train B return fan receives a mixture of trains A & B return
air for an average temperature of 69.56 *F. The B return header
and B return fan inlet ducts are very closely in-line, so the A & j

B flow would actually mix before the flows split to the B fan
inlet & C fan inlet.

C train return fan inlet = 78.67*35441 + 69.56*10112 = 76.56 *F

l (35441 + 10112)

The heat added by the return fan = 15.77 tons (from App. F). j

The heat added by the supply fan = 36.242 tons ( )" " "

j

i Delta T across the return fan = 15.77 tons *12000 btu / ton hr
1.09*45553

= 3.81 *F

Temperature at supply fan inlet = 45441*f76.65+3.81) + 3957*95
(45441+3957)

= 81.62 *F

1
'

__

.
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Delta T across supply fan = 36.242 tons * 12000 btu / ton.hr j

1.09*49510 ;

i

= 8.06 *F ;

|

Cooling coil inlet temperature = 81.62 + 8.06 = 89.68 *F

'

16.64 tons i
The latent load = 4840 * 3957 * (139 - 66) =

7000 grains /lb*12000 btu / ton hr :

i

The coil " thermal effectiveness" is based on sensible heat ,

*

transfer. The majority of condensation will occur on the coilder
coils, which increase the water temperature seen by the rest of j

the coils. We assume the chilled water inlet temperature .

available for sensible heat transfer is actually: {

52 + 16.64 tons * 12000 btu / ton +hr = 52.67 *F |

500 lb/hr gpm * 600 gpm * 1.0 btu /lb *F ;

The coil effectiveness, c = 0.8503 (App. B)
:,

iNeglecting correction to scfm,

Cmin = Cair = C * lb/hr air ip

33 * 60 min /hr * cfm (ft / min)lb/hr air = 0.075 lb/ft
C of air varys slightly with moisture content. Use C, = 0. 24 2 j

as representative of conditions in EAB and other conditioned |
p

spaces.

Cmin = 0.242*0.075*60*cfm = 1.09*cfm f

Q = Cmin*c*(Tair in - Tchwtr in) btu /hr
I

also Q = Cair * (Tair in - Tair out) ;

|,

or Tair out = Tair in - Q/Cair j

58 21 *F |= 89.68 - .8503*(89.68 - 52.67) =

;

|

a

l

,

J
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If we had not made s Ich a good guess to start with, the we would |

iterate the process with this value as the new trial coil outlet
'

temperature.
,

|
fThe sensible cooling load

= 1.09*49510*(89.68-58.21)/12000 = 141.53 tons |
.i

Total coil load = sensible load + latent load
= 141.53 + 16.64 = 158.17 tons ,

'

[ Note: the last digit can differ because the spreadsheet retains
more significant digits than is printed or is used in this hand r

calculation.] j
!

2. CONTROL ROOM ENVELOPE

Makeup flow = 1105 cfm from Appendix H.

Makeup fan heat into air = 0.8058 tons from Appendix F.

Heaters for makeup filter units = 4.5 KW from Ref. 5.

Air temperature at filter Outlet

= 95 + 0.8058*12000 + 4.5 KW * 3413 btu /KW hr = 115.8 *F
1.09*1105 1.09*1105

This_is not recorded on the spreadsheet because the air mixes
before being introduced into the separate trains.

Avg. Temp.=95+(0.8058+0.7766)*12000+(4.5+4.5)*3413 = 116.19 *F

1.09*(1105+1047) 1.09*(11.05+1047)

Makeup to train = 1047 + 1105 = 1076 cfm
2

Cleanup fan flow = 5912 cfm from Appendix H

16132 cfm from Appendix HReturn fan flow =



. . _ . . . _ . _ _ . _ _ _ _ . _ _,

,

Mc-6412 43 ob d B l ;

STP 361(1248) CALC NO. SHT OF
SOUTHTEXASPROJECT

!

REV. PREPARERIDATE REVIEWERJDATE |ELECTRICGENERATINGSTATION
HOUSTON UGHTING & POWER 0 gj_ le-4-tJ M <o /, /n

'

GENERAL COMPUTATION SHEET
'

,

SUBJECT UNITis j
i

Use a trial return air temperature of 65.38 'F ;

Return fan heat input to air stream = 6.5688 tons (App. F) i

Return fan outlet temperature = 65.38 + 6.5688*12000 = 69.86 *F ,

1.09*16132 |

Cleanup fan inlet temperature

= O .86*(5912-1076) + 116.19*1076 = 78.29 *F
_

5912
,

Cleanup fan heat to air = 3.0141 tons from App. F. -

i

Cleanup fan outlet temp = 78.29 + 3.0141*12000 = 83.90 *F '|
1.09*5912 ;

!

Coil inlet flow = 16132 + 1076 = 17208 cfm ;

Coil inlet temp. = 5912*83.90 + (17208-5912)*69.86 = 74.68 *F

17208 'I

i

Cair = 1.09*17208 = 18757 btu /hr+F .

I

:

Coil effectiveness for sensible heat transfer = 0.9478 (App. B) {

Latent load from personnel = 0.4 tons (Ref. 13) ,

.

Latent load = 4840*1076*(139-66) + 0.4 = 4.93 tons |
7000*12000

Note: The 66 grain humidity was based on expected EAB )
coil outlet conditions. The same value is used
for other coils, including the control room coil, ,

for convenience. At 54 *DB & 53 *WB, the. outlet I

humidity is 58 grains. Thus the latent load is !

underestimated by about 0.5 tons. !

The personnel latent load should be divided by the
number of operating trains, or 2 in this case.

,

'

The combined error is 0.3 tons, which is not
significant and which will be offset in other
coils.

(
,
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Effective chill water inlet temp. = 52 + 4.93*12000 = 52.70 *F
500*168

Sensible load = Cmin * c * (74.68-52.70)

= 18757 * 0.9478 * (74.68-52.70) = 32.56 tons
12000

Coil outlet temp. = 74.68 - 32.56*12000 = 53.85 *F
18757

Surply fan heat to air = 7.257 tons (App. F)

Supply fan outlet temp. = 53.85 + 7.257*12000 = 58.49 *F

1.09*17208

The flow from A, B, & C trains are mixed for the supply header
temperature.

= 0.0*0.0 + 18486*58.64 + 17208*58.49 = 58.57 *F
(0 + 18486 + 17208)

Electrical loads are from Appendix I, except for the Reheater
load. This replaces the non-1E equipment load. The I & C
equipment loads are not easily separated into class 1E and non-
class 1E portions, so the entire load has been considered class
1E. The reheater load is included in its place. Three operable
reheaters are installed in the control room supply headers, for a
maxinum load of:

!

(43 kw + 60 kw + 5 kw)*3413 btu /kw.hr = 30.72 tons=
I

12000
,

These are de-energized by an SI signal, so the use factor for
steady state analysis is 0.

Personnel sensible load = 0.5 tons (per Ref. 13).

i
!

!

!

!,
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The cleanup and supply fans are centrifugal, so motor heat is
rejected into the equipment rooms. This load is lumped into the
total load, which is easier than trying to separate these loads
into the correct coil. The loads are similar so the error is
small. It is conservative because train C is the liraiting train
and the actual train C fan motor heat loads are less than
average.

The total header sensible load

19.33 + 0.5 + .818 + 0.771 + 0.338 + 0.320 = 22.08 tons j=

Total header flow = 18486 + 17208 = 35694 cfm

Return header temp. = 58.57 + 22.08*12000 = 65.38 *F
1.09*35694

This equals the trial temperature. Otherwise, the calculated
temperature would be the new trial temperature, and so on.

Total coil load = 32.56 tons + 4.93 tons = 37.49 tons

3. CCW / ESSENTIAL CHILLER ROOM

Train C, MAB Room #067F

CCW flow after SI = 13000 gpm (Ref. 35)

CCW pump bhp @ 13000 gpm = 780 hp (Ref. 33)

Motor efficiency = 0.943 (Ref. 34)

Motor heat to room = 780 hp * (1-0.943) * 746 watts /hp
0.943

= 35200 watts

Essential Chilled Water Pump flow = 954 gpm (Ref. 38)
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Essential Chilled Water Pump bhp 9 954 gpm = 50 hp (Ref. 36) j

Essential Chilled Water Pump motor efficiency = 0.937 (Ref. 37) >

;
,

Motor heat to room = 50 hp * (1-0.937) * 746 watts /hp i

(0.937)

= 2508 watts j
Note: Higher values were used for both CCW pump motor and ;

Chilled water pump motor based on preliminary estimates !
'

(39305 watts & 4610 watts respectively). The higher
values have been retained because they are conservative j

and have little affect on the results.

The CCW Supplemental Cooler contains 3 fans, each with 1.5 bhp.
t

Motor efficiency = 0.80 (Ref. 32 F) |
,

Heat to room = 3 * 1.5 ho * 746 watts /hp = 4196 watts j
0.80

'

chiller Area Supplemental Cooler

1 fan 0 3.7 bhp, motor eff. = 0.829 (Ref. 32H) r

Heat to room = 3.7 hp * 746 watts /hp = 3330
0.829

300 ton chiller compressor maximum input = 354 KW (Ref. 57) {
!

Motor efficiency = 0.946 (Ref. 37) |

(1-0.946) * 1000 watts /KW = 19116 wattsHeat to room = 354 KW *

The chiller control panel would also release heat, say 1000 watts
Total = 20116 = 20156 watts used from preliminary input j

|

i

!

-
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The 150 ton essential chiller is hermetically sealed, so heat
losses from the motor are removed by refrigerate to the
condenser. The chiller does have a control panel and lube oil
heater (when idle), so a small heat load is present. 1

Preliminary input used 1500 watts with a "use factor" of 0.8,
which looks reasonable for the control panel and oil heater.

Lighting, electrical equipment, & cable loads are from Ref. 11.

Conduction load is from Ref. 15. (0 in this case)

The use factor for conduction is taken as 0 because normal MAB
cooling is not lost in this scenario, so adjacent rooms will not
heat up. s

Piping heat load is from Ref. 15.

'

The total heat load in the room

= 180*0 +0*1 +1503*1 +2116*1 +0*1 +2790*1 +0*0 +0*0 +39305*1 '

+4610*1 +20156*1 +1500*0.8 +4196*1 +3330*1 = 79306 watts

Room vent flow = 1300 cfm This is design flow from Ref. 14.
Comparable Unit 2 spreadsheets used
MAB final air balance data, which
was close to the design value.

Vent temp. = 65 "F (Ref. 22)

Vent constant = 1.09*1300 cfm = 1417

Air flow to CCW supplemental cooler = 25748 cfm (Ref. 30)

Design ECW flow = 36 gpm (Ref. 32F)

ECW temperature of 100 *F is 1 degree higher than Tech Spec limit
for ECP temperature. This scenario is within the first 30
minutes following a LOCA and ECW discharged to the ECP takes much
longer to circulate back to the intake.

i
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The thermal-effectiveness of the CCW supplemental coil is
c=0.8237 from Appendix B.

The AHU constant is the lower of 500*gpm*c or 1.09*cfm*c ,

f

:

500*36 = 18000 < 1.09*25748 = 28065

therefore AHU constant = 500*36*0.8237 = 14827

The chilled water AHU air flow = 3491 cfm (Ref. 30)

Chilled water design flow = 40'gpm (Ref. 32H) |

Chilled water inlet temperature = 52 *F from case input j
i

Thermal effectiveness of coil = 0.7778 from Appendix B

AHU constant = C3= 1.09 * 3491 * 0.7778 = 2960 ;

Note: Only in the ESF Pump Room and CCW Supplemental Coolers- ;

does the cooling water have_a chance to set Cmin. Most |

other AHU in the spreadsheet do have.the decision process to ;;
select Cmin. I

Latent load = 0 because conditioned air is supplied from the MAB -

j
system.

i

T,, = 7 92 06 watts * 3. 413 btu / watt .hr +14 827 *100 +2960 * 52 +1417 * 65 |
:(14827 +2960 +1417) :

!

T = 104.1 *F
J

12.85 tonsChilled water sensible load = 2L960* (104.1 - 52) =
,

12000 btu / ton.hr i

Total chilled water coil load = 12.85 + 0 = 12.85 tons
Note: The two coolers in this room act together. The CCW |

supplemental cooler basically keeps room temperature slightly
higher than ECW inlet temperature, while the load on the-chilled
water coil is determined by the room temperature. The actual ~ :

room heat loads-have very'little affect on the load to the l

chilled water train. {
l
l,

,

i
1

6
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4. ELECTRICAL PENETRATION ROOM. Train C. EAB 301 ,

Electrical heat loads are from Ref. 7.

The normal AHU is running per the scenario.

6.3 hp * 746 watts /hp * 1/0.672 = 6994 watts (Ref. 26)
i

Essential AHU load to air
8.2 hp * 746 watts /hp * 1/0.838 = 7300 watts (Ref. 3)

Conduction load = 0 per assumptions 6 & 7.

Piping load = 0 per Ref. 12.
L

Total room load = 50676 watts
,

Vent flow = 830 cfm per design ,

Vent temp. = 65 *F (Ref. 22)

Roon vent constant = 1.09 * 830 = 904.7

Normal AHU fan flow is assumed to O because the normal and
emergency AHU fans share common ductwork and the emergency fan .

has considerably higher static pressure. Therefore the normal i

fan may be " shut-off" and be unable to move air.

Emergency AHU flow = 7241 cfm (Eef. 30)

Design chill water flow to coil = 78 gpm (Ref. 32F)

Coil effectiveness = 0.8006 per Appendix B

Coil const. = 1.09 *07451 * 0.8006 = 6319
i

Latent load = 0

T,,= 507 67 * 3 0413 +6319 * 52 +904.7*65 = 77.6 'F !

(6319 +904.7)

load to chilled water = 6319 * (77.6 - 52)/12000 = 13.47 tons ,

!

;

i
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S. ESF PUMP ROOM. TRAIN C, FHB 004 !

.!
Electrical loads are taken from Ref. 10 -j

Conduction load = 0 (Ref. 18)

Note: Trains A & B have a steady state conduction load for /(
the spent fuel pit, which is above the Train A room and ;

partially above the Train B room.
>

i

Conduction = 2376.2 b/hr with SFP O 125 *F and room ,

104 (Train A), per Ref. 18

Consideration of initial transient loads indicate a !

reduced initial room temperature is necessary if only ;

the 300 ton chiller is available. It is conservative !

Ito use this 75 'F room temperature for conduction load
in all cases for this room.

Room FHB 006, Train A ESF Room Conduction ,

= 2376.2 b/h * (125 - 75) * 1 watts = 1658 watts -j

(125-104) 3.413 b/h |

|
Similarly, for FHB 005, conduction j

= 1139.2 * (125 - 75) * 1 = 795 watts -

(125 - 104) 3.413
,

;

Piping heat load = 136012 b/h (Ref. 18)

= 136012 * 1/3.413 = 39851 watts !
l

Note: The piping heat load was calculated-assuming a room j

temperature of 120 *F, whereas the steady state room i

temperature is much less than 120 'F. Thus this |
portion of the load is underestimated by 3 to 4 tons. i

Overall the transient load is limiting by more than |
'

this margin, so this calc. will not be iterated to
reflect actual room temperature.

,

|
.

,

1
d
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HHSI pump, Train C
l'

BHP near runout = 880 hp (Ref. 8)

Motor officiency = 0.949 (Ref. ) ,

heat load to room = 880 hp * 746 watts /hp * (1-0.949)
0.949

= 35280 watts
t

U1SI pump

BHP near runout = 405 hp (Ref. 8)

Motor eff. = 0.931 (Ref. 8)

heat load to room = 405 * 746 * (1-0.931) = 22392 watts
0.931

The Containment Spray pump and motor are identical to the UISI
pump.

Air Handling Unit has 2 fans 0 3.5 bhp each

Motor eff. = 0.82 (Ref. 32F) ,

load to room = 2 * 3.5 hp * 746 watts /hp * 1 / 0.82

= 6358 watts

Net room load = 133187 watts

Room vent flow = 1208 cfm (Ref. 29)

Inlet air temperature = 95 'F from outside

1
l

i
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Note: While non-1E power is still available, the SI signal
opens the FHB inlet bypass dampers, which closes the |
normal-inlet dampers and trips the supply fans. ;

'i
Room vent const. = 1.09 * 1208 = 1317

AHU air flow = 34050 cfm (Ref. 29) ,

t

Chill water flow (desirjn) = 62.5 gpm (Ref. 32F) i

Chill water temperature = 52 *F per initial input -

Note: Chill water flow to this AHU is ch*.ged in a subsequent ;

section. A lower flow is desirable to minimize the ;

transient load immediately after starting the AHU. The |
higher flow is conservative for steady state purposes. ;

3

Coil effectiveness = 0.8258 from Appendix B
i

Cmin * c, Cmin = lesser of Cair or Cwater ?C =
3

Cair = 1.09*34050 = 37115 i

Cwater = 500*62.5 = 31250 i

Use Cwater .{
:

31250 * 0.8258 = 25806 i; C =
3 !

Latent heat load = 4840 * 1208 cfm * (139-66) = 60970 b/h .j
7000 grains /lb |

Note: This assumes the coil outlet humidity obtained from 58
*F Dry Bulb E 57 *F Wet Bulb for the EAB coils. The
outlet temperature for these coils will be higher than
58 *F Dry Bulb. This also assumes the room humidity :

equals the coil outlet humidity, whereas the room I
humidity is higher than coil outlet humidity. Both |

factor increase the calculated latent load relative to |
actual conditions and are therefore conservative. !

!
!

!

|

i~

_ _ . _ . _ _ . _ . _ _ _
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SUBJECT UNilis |'

Effective Chilled Water Temperature = 52 + 60970 = 53.95 *F ;

500*62.5 !

!

*F |T , = 13 3187 * 3. 413 +1317 *95 +25806*53.9 5 = 72.70
(1317 + 25806) {

y

Coil sensible load = 25806 * (72.70 - 53.95) = 40.32 tons
|12000
(

Total load = 40.32 + 60970 = 45.40 tons ;

|12000
I
!

Note: Calc. No. MC-5275 and Ref. 23 both indicate a very j

small available margin in the AHU, whereas this i
i

calculation shows a huge margin. It is obvious that
vendor data from Ref. 32F was misinterpreted. The heat i

transfer data in Ref. 32F is for only one of the two j

coils installed in the air handling unit. This can be j

readily seen by calculating heat transfer from air ;

-!
flow.

Note: The actual ventilation flows to the 3 ESF pump rooms
iper Refs. 29 (Unit 1) and 45 (Unit 2) are very-

different from the design ventilation flows, and very !

different from each other. The result is a big [
difference in latent load between different rooms. It

is noted that MC-5275 did not consider latent loads in |
1 the ESF pump rooms. )

1

6. ESF SUMP VAINE ROOM. TRAIN C, FHB 009

;The method is the same as the previous room, with the exception
of the vent temperature. In the emergency modo, air is exhausted ;

from this room via the exhaust ducting, but the supply fans are j

tripped & supply fan inlet dampers are closed. The only source !
*

of air is transfer air from the ESF pump room. Thus the inlet
air temperature is the same as the ESF pump room temperature ['

calculated in the previous example. The latent load is taken as ;

O because moisture in the air has been removed in the ESF pump !'

rooms.
;

t

!
i

!

!
;

i
,

!

.- -. .. .-
+
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!

7. OPENT FUEL PIT PUMP ROOM. TRAIN C, FHB 107

Electrical load are from Ref. 10.
Piping heat load is from Ref. 18, converted to watts. |

SFP Pump bhp = 172 (Ref. 41) ,

motor eff. = 0.930 (Ref. 41)

heat to room = 172 hp * 746 watts /hp * (1-0.93) = 9658 watts
0.93

AHU fan bhp = 0.54 (Ref. 321)

0.689 (Ref. 3)motor eff. =

heat to room = 0.54 * 746 * 1/ .0689 = 585 watts

Note: This AHU is actually outside the room and the fan motor
may be outside the conditioned space. This would
decrease the heat load slightly, but the value used is
conservative.

;
'

Total room load = 14909 watts

Room ventilation in emergency = 680 cfm (Ref. 29)
t

Room ventilation temperature is 95 *F.

Room ventilation constant = 1.09 * 680 = 741.2

Note: This is the only case, in either unit, in which the air
handling unit air flow is significantly less than the
design air flow.

,
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Chill water flow = 12 gpm (Ref. 32I)

Coil effectiveness = 0.7559 from Appendix B

coil constant = 1.09 * 680 * O.7559 = 560
34320 b/hLatent load = 4840 * 680 * (139 - 66) =

7000

Note: This is more than twice the actual latent load because
it ignores the humidity removed by exhaust flow.
Because the ventilation flow is the same as the AIIU -

r

flow, the humidity removed by the exhaust will exceed
the humidity removed by the AliU. This overestimates
latent load on the coil and is conservative.

Effective chilled water temperature = 52 + 34320 = 57.72 *F
500*12

T,, = 14 9 0 9 * 3. 413 +7 41. 2 * 9 5 + 5 6 0 * 57. 7 2 = 118. 0 6 *F
(741.2 + 560)

Sensible load = _560 * (118.06 - 57.721 = 2.82 tons
12000

Total load = 2.82 + 34320/12000 = 5.68 tons

This is the only room in either unit where the steady state
temperature approaches the design temperature.
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,

8. RADWASTE CONTROL ROOM. TRAIN C. MAB 217
1

.

Electrical loads are from Ref. 11. 1

|

Conduction load and piping load are from Ref. 15, converted to
-

watts. However, the "use factor" for conduction is taken as zero ;

;

because MAB IWAC is available.
,

Personnel load is from Ref. 15.
(Ref. 32.J) ;

AHU bhp = 9.2 hp

motor eff. = 0.845 (Ref. 3) f
'

heat to room = 9.2 * 746 * 1/0.845 = 8122 watts

Total room load = 24375 watts ,

room ventilation flow = 2000 cfm -(Ref. 14)

room ventilation temperature = 65 *F (Ref. 22)
2

room ventilation constant = 1.09 * 2000 = 2180 ;

!

J AHU cfm = 16519 (Ref. 30) |

Chill water flow to coil = 49 gpm (Ref. 32J) |

,

coil effectiveness = 0.4739 per Appendix B
i

coil constant = 1.09 * 16519 * 0.4739 = 8533 |
'

|
i

latent load = 0
,

b

4

.

Q

9

4
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T = 24375*3.413 + 2180*65 + 8533*52 = 62.40
(2180 + 8533)

* (62.4 - 521 = 7.40 tonscoil sensible & total load = 8533
12000

This AHU is considerably oversized. Also, the room does not
contain safety related equipment (Ref. 22). If chiller capacity
is limited, this AHU could be electrically disabled to reduce
both steady state and transient load.

9. OTHER ROOMS

The remaining rooms use the same methods and the same or
comparable references. The only room with a different twist (for
this scenario) is MAB 226. This room contains redundant B & C
AHU's, which are both operable in the case being analyzed (loss
of A train Safety Injection) . This is the same down to
calculation of room temperature. If both AHU's are operable per
the particular scenario, the total room load is adjusted by
adding the AHU fan load from train B and including the train B
AHU constant in the room temperature equation.

*FT,, = J 2 0 6 4 + 2_16 * 1. 0 ) * 3 . 4 L3 + 2 3 9 * 5 2 + 6 8 7 . 7 * 6 5 + 2 3 9 * 5 2 = 6 6. 3 5
(239 + 686.7 + 239)

coil sensible load = 239 * (66.35 - 52) = 0.29 tons
12000

B. FAILURE OF ONE CHILLED WATER TRAIN

Failure of a chilled water pump or a single chiller leaves one
EAB fan train and one Control Room fan train running without
cooling chilled water flow until operator action is taken to
restore the normal lineup. The control room fan adds heat to the
operating coils. In the EAD, the air in the affected train will
mostly be recirculated without cooling, because the air exchange
between air distribution trains is limited. In this the heat
absorbed by EAB room walls will limit the heatup until operator
action is taken.

!
|

L_ l
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.

|

The spreadsheet in Appendix G tabulates floor areas and volumes J

for each room in the EAB, and totals the areas served by each j

train. The length and width of each room is not tabulated.
iHowever, the minimum perimeter can be found assuming each room is

square.

W = width = length = (area)%

Thus a low estimate of the surface area of each room (walls,
ceiling and floor) is. j

!

Vol.H = height (ft.) =

area ,

I

(area)* * H jSurface Area = area * 2 + 4 *
;

The surface areas for rooms in the EAB served by each train
.

iheader are totaled in Appendix G.
|

Assume walls are 1 ft. thick (most walls are at least 1 ft. -

thick). i

'
From Ref. 31, the heat transfer properties of concrete are:

.:
5

k = 0.54 btu /hr.ft.*F ;

i

Cp = 0.20 btu /lbm.*F |

|
.

3density = 144 lbm/ft

a = 0.019 f t2 /hr

Surface conductance for concrete = 1.5 btuf f t2 .hr.*F

i

!
;

!

!

!

'

~!

i
i

!

.

l
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1. Loss of " Train A" Chilled Water System

(See Appendix M4 for summary, File M4 for complete results)

This scenario results in all 3 trains of EAB & CR envelope fans
running, but no cooling from the A train coils.
In the EAB, most of the heat load in A train areas will be
absorbed in the walls. The small amount of air exchanged between

fan trains limits the affects on the other EAB trains.
In the control room envelope, the extra fan train sharply
increases the load on the two active coils.
Rooms that contain A & B or A & C air handling units see an
increased load on the other coil.
This particular scenario has an interesting twist for the EAD
HVAC system. The four trains of QDPS are located in rooms 015,
015B, 015C, & 015D. These rooms are on the 10 ft. elevation and
receive air from only the "A" distribution header. If the "A"

fan is running but "A" chilled water is not, these rooms will
receive only warmer air.

The A train return header temperature = 63.71 *F in dual train
normal operation (from a following section).

Case M4
header load = 61.76 tons
return fan = 15.60 tons
supply fan = 36.40 tons

113.76 tonstotal =

delta temp. across fan train == 4.52 + 14.23 = 14.23 *F

The A train area has at least 125000 f t' of wall, floor, &
ceiling at an initial temperature of 63.7 *F.

|

|

|

|
|

_ _ _ _ . _ _ _ __
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.

Using charts from section 4.5 of Ref. 31: !

]
0.54 = 0.72 .;k =

h*L 1.5*0.5

The ratio of surface temperature (wall temp.) to centerline '

temperature after 30 minutes (0.5 hrs) is taken from figure 4-9.
,

0.56 for x/L = 1. 0 (x=0 is centerline)T(x.t) - T_ =
j

T(0,t) - T. |'

|

at t= 0.5 hrs. at/L2 = 0.19*0.5/(0.5)2 = 0.038 {

from fig. 4-8, temperature at centerline has not changed. j

!

T ( 0, t) -T, = 63. 7 - 77. 9 = -14. 2 'F

T ( 0. 5, t ) -T, = 0. 5 6 * (-14 . 2 ) = -7.95 *F 4

T ( 0, t) -T, = T, g -Tre

T ( 0. 5, t) -T, = T,,g g T,,-

0.56 .tIroca T_at tTIwatt
- ="-

room
T - T (T - T ,g) |et room room

:

Conduction from room to wall = h * A * (T - T ,,gg) !
ra

,

Ventilation load = 1.09 * cfm * (Tair.in - Trm) [

i

For Quasi steady state
,

Qventilation + Qelectric = Qconduction ;

I

I,

;'

i

$
t

I
a

!

i

I
T

k

ia

f

.

-- ~ , . ,- - - ~ . -- -
t
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Q conduction = 1.09*38778*14.2 + 61.76 = 112 tons
12000

Qconduction = h * A * ( T,, - Tutt) = 112 tons * 12000 b/hr. ton

h*A=1.5* 125000

112*12000 = 7.15 *F( T, - Tnt t ) =

1.5*125000
.

0.56*(T - T,g) = 7.15re

63.7 *FT =g

63.7 + 7.15/.56 = 76.5 *FT =
ra

Tair.in = 76.5 + 14.2 = 90.7 *F Use 91 *F for " trial coil
outlet" in Appendix M4
spreadsheet.

Look at rooms 015, 015B, 015C, & 015D

Total elect. load = 16500 watts * 3.413 b/hr. watt = 56300 b/h

Total wall area (minimum) = 2191 +1060 +865 +1060 = 5176 ft2

air flow = 3100 +1170 +1170 +1170 = 6610 cfm

delta temp. at design air flow = 56300/(1.09*6610) = 7.8 *F

Initial wall temperature ~ 58 + 8 = 66 *F

Try room temperature = 88 *F

T = 88
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!

-T = 66 -88 = -22T ( 0, t) -T, = Tct room

T ( 0. 5, t) -T = T,g g T,, = -2 2 * 0 . 5 6 = -12 . 3-

Wall temperature = 88-12.3 = 75.7

Qconduction = 1.5*5176*(88-75.7) = 95500 b/h |

Qvent. = 1.09*6610*(92-88) = 28800 b/h
;

|

Qelect. = 56300 b/h ,

95500 > 28800 + 56300, therefore with air supply temperature of r

92 *F, the room temperature would be
'

rbelow 88 *F. ;

i

Per discussion with Ron Falstreau (I&C Cognizate Engineer): [
!

QDPS is qualified up to 135 *F j-

The temperature inside the cabinets runs 13 to 15 *F |
+

higher than room temperature.

The Limiting Condition for Operation (LCO) for the QPDS rooms |
requires an engineering evaluation within 24 hours if the ;

temperature inside the QDPS cabinets exceeds 110 *F.for more than [

8 hours. In this case the temperature inside the cabinets could -

exceed 94 *F for a brief period (roughly 10 to 20 minutes) but !

the temperature would not exceed 110 *F and would not approach
the maximum qualified temperature of 135 *F.

!

4

L

|-

,

i

i

F

4
.7

i

L

i

,

b
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2. Loss of B Train Chilled Water
I

The rooms served by the B train EAB ventilation header serve only
B train equipment. Thus we are only concerned with the posstble ,-

affect of higher B train temperatures on Trains A & C chiller
loads.

Return header temperature = 59.38 'F initially (Section VII.E.1)
,

From M5 spreadsheet:
B header load = 37.63 tons
return fan = 16.93 tons
supply fan = 36.47 tons

Total = 91.03 tons

delta temp. across fan train =4.91 + 9.73 = 14.6 *F

Area > 32400 f t'

B return hender flow = 30303 cfm

14.6 / 12000 = 40.85 tonsventilation load = 1.09 * 30803 *

40.85 + 37.63 = 78.5 tons

78.5 * 12000 = 19.4 *FT, ,-Tgg =

1.5 * 32400

T -T = 0. 5 6 * ( T,,-Tg) = 19,4
rm gi

T = 19.4/0.56 + 59.4 = 94.0ra

94.0 + 14.6 = 108.6T,i y ==

Use 110 *F as " trial coil outlet" temp. for B train EAB coil in
case MS.

|
,

I |

:
)
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3. Loss of C Train Chilled Water

C return header temperature = 65.86 'F' |
'I
'

header load = 65.86 tons 'i
~

e

delta temp. across fans = 4.57 + 9.67 = 14.24 *F |

area > 74512 ft" 4

:

C header flow = 44301 cfm |
Ventilation load to area = 1.09*44301*14.2 = 57.1 tons |

12000
i

ventilation load + elect. load = 57.1 + 65.9 = 123 tons ,

123 * 12000 = 13.3 *FT,,-T .t t =
w |

1.5 * 74212 ;l
i

T -T = 0.56*(T -Tet) = 13.3rm watt rm

;

T,, = 13 . 3/ 0 . 5 6 + 6 8. 6 = 9 2 . 4
;

92.4 + 13.3 = 106.6T =
y pty

Use 107 *F as " trial coil outlet" temp. for B train EAB coil in
case MS.

I

i

5

4

;

!

!

;
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