
4

~ W

I I ~ ~ ~ ~





gal ll



0



)

P

r 'ALCULATIONSHEET
PROJECT JQB No 18601 — 200'ALc. No. 15-NC-HJ-253

SUBJECTTRANSIENT TEMPERATURE STUDY FOR HAIN CONTROL ROOM

REV

0

ORIGINATOR DATE CHECKER DATE REV ORIGINATOR DATE CHECKER
~ IQ
OI-

DI E C
C C

Table of Contents

a

IO

I2

I3

I6

I8

20

2I

22

23

2a

25

26

27

28

29

30

3I

I ~

II
'V

~

V.
VI ~

VII

'urposeDesign Criteria
Study Assumptions
References
Summary of Results
Room Heat-Up Computer Model
A. Model Description
B. Required Input
C. Assumptions

'.

Limitations
E. Ou tpu t
Study
A. Heat Loads"

l. Essential AHU Fan Motors Heat Load.
2. Main Control Room Complex Heat Loads...
3. Total Heat Loads

B. Main Control Room Complex Surface Area & Volu
C..- Kaput Data
D. Resu its
E. Discussion of Results
F. Effect of Outside Makeup Air

~pa e No.

6

ll
13

15

17

18

18

18

.. 19

28

23

me 23

26

28

29

38

35





r ,CALCULATIONSH EET
PRoJBrr AHPP JOB No 18601 .— 200 cALc. No 13-NC-HJ-253

'SUBJECT TRANSIENT TEMPERATURE STUDY FOR HAIN CONTROL RooM sHea No
REV

0

ORIGINATOR CHECKER DATE REV ORIGINATOR DATE CHECKER DATE
~ I C

0 DI.
14 E c
C

VIII. Figures:
l. Main Control Room Complex Transient Temperature

Plot 33

Appendix:

10

12

13

A ~

B ~

Computer Transient Temperature'Run for the Main
Control Room Complex (with both ESF AHU fans
running)
Computer Transient Temperature Run for the Main
Control Room Complex (with one ESF AHU fan
running)

34

39

e'6

18

19

20

C. Computer Transient Temperature Run for the Main
Control Room Complex (with no ESF AHU fans
running)

D. Temperature Measurements by ANPP 49

21

22

23

24

25

26

27

28

29

30

31

~:
34

35

36





CALCULATIONSHEET
PRogF~ AHPP, JOB gP 1860 1 200 cALc'go 13 NC . HJ 253

SUBJgcT TRANSIENT TEMPERA'TURE STUDY FOR HAIN CONTROL ROO~

REV ORIGINATOR DATE

(- I3-9
CHECKER DATE REV

~h s8
ORIGINATOR DATE CHECKER DATE

10

PURPOSE

The design basis for cooling
Essential Air Handling Unit
Water System (ECWS) for cool
AHU or ECWS fails, the room
purpose of this study is to
temperature for 24 hours in
the following case:

the Main Control Room Complex uses
(AHU) and the Essential Chi.lied
ing. In the event that either the

11

temperature will rise rapidly. The
determine the transient air
the Main Control Room Complex for

12
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20

Large break LOCA

Normal offsite power is available and all normally
operating equipment continues to .generate heat
Normal HVAC stops and does not operate
Essential chilled water system is not operating
Essential air handlers/f ans are operating
Doors and other HVAC barriers remain in their ndrmal closed
position during the entire period of the study
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Standard room heat-up (RMHTUP) computer program, ME 284,
version Al, is used to study the room air heat-up by the
equipment and other heat loads in the Main Control Room
Complex.

The heat generated in the room is transferred to the room
ambient air, stored in the room enclosure concrete (heat sink)
and transferred to the air outside the room. The transient
temperature for the Main Control Room Complex is calculated
for a time period of 24 hours for the above mentioned
conditions. The emphasis of this study is to estimate the room
air temperature more accurately in the f irst l l/2 hours rather
than the later part of the problem.
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12. Concrete has the following properties:
I

A. Density 144 lbs/f t (Ref 12, table A-2)
B. Thermal conductivity 8.54 (Ref 12, table A-2) '

C. Specif ic heat 8.2 btu/lb- F (Ref 12, table A-2)
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13. The net Control Room Complex volume is required as input to
the computer model. For calculation of net room volume, .

the volume of the HVAC equipment, the control-=panels and
other electrical equipment in the Main Control Room Complex
is insignificant and is neglected.

Most equipment in the main control room complex is control
panels and instrument racks. These items are mostly air
(i.e. approximately 98+9 of the gross volume occupied by
the panel is air. Much less than 189 is actually metal,
wire, circuit boards, terminal boards, etc.).

In addition, the air has low thermal capacity. A small
difference in the room volume does not have significant
effect on the room temperature as shown by volume
sensitivity analysis Case B of Reference 17.
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14. All miscellaneous metal items (e.g. structural steel,
platforms, cold piping) which could be considered as heat
sinks are conservatively ignored. This is ~ due to the
computer program limitation which allows for a single heat
sink to be included in the model.
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It is readily apparent that the ESF AHU fan motors (188 bhp
each) dramatically affect the control room temperature.
Stopping at least one fan quickly should be a high priority.

10

As shown in section VII.F, after the control room temperature
glexceeds the outside makeup air temperature, the control room

temperature is slightly over estimated because the ventilation
cooling effect of the 1888 CFM per train flowing through the
control room from the control room pressurization is neglected.
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VI. ROOM HEAT-UP COMPUTER MODEL

A. Model Description: (Reference 8)

10

13

16

The room heat-up computer program, RMHTUP, program number
0

ME 284, version Al, can be used to study the room ambient
air heat-up by the equipment heat or any other heat sources
in the room

N

The temperature of room ambient air increases with time@
due to the heat released from the equipment and other
sources. The heat generated within the room is transferred
to the ambient room air, stored in the room enclosure
(walls, ceiling, and floor) and transferred to the air
outside the room.
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34
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36

The room walls are divided into a number of laye'rs with
incremental thicknesses for numerical computation by the
computer program. In this study, the value of imaginary
thickness of first layer of concrete wall is selected as
8.81 ft and the multiplication factor of imaginary
thickness of other layers is taken as 1.41. In other words,
the first concrete layer thickness is 8.81 ft
(approximately 1/8"), the second layer thickness is 8.8141
ft (approximately 3/16"), third layer 8.81 X (1.41) ft,
etc.

The transient room temperature is determined from the heat
I

balance equation, which balances the heat generated within
the room and the heat transferred to the ambient room air,
stored in the zoom enclosure and transferred to the outside
air, as shown below:
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From ref 1, chap 22, table 38, page 417,

Heat gain from Essential AHU fan motor = Bhp X 2545

eff

188 X 2545

8.929

10 273,958 BTU/HR

12

16

AHU Fan motors for both essential trains are i'n operation
during time period of this study (Refer to assumption 15).

Therefore, essential AHU Fan motors heat load for Trains A & B

2 x 273,958 BTU/HR = 547,988 BTU/HR

18 2. Main Control'oom Complex Heat L'oads:

20
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The Control Room normal HVAC and essential cooling system
are designed to maintain the required "environment" for
personnel occupancy and equipment operation during normal
a>d emergency operations.

The heat loads in the Main Control Room Complex are
different during normal and emergency conditions.'" The
following Table 1 compares the heat loads during these two
situations. The greater of each load is selected to

.satisfy the scenario of Section I. These heat loads
include the lighting and personnel occupancy in the Main
Control Room Complex and are taken from pages 6 and 7 of
Reference 2.

34

36
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TABLE 1

J ~
~ ~ ~

tt o m ttt v En N Ca M hl

CD Pl

0

42

Ot

mn m
'

CONTROL ROOM COMPLEX HEAT LOADS

OPERATOR CONSOLE

CABINET AREA

COMPUTER ROOM

CORRIDOR

SHIFT SUPERVISOR

KITCHEN It PANTRY

OFFICE 41

OFFICE 42 & 3

INSTRUMENT REPAIR

CONFERENCE ROOM

MENtS TOILET
ROMENtS TOILET
RETURN AIR PLENUM

NORMAL OPERATION
HEAT LOAD BTU/HR

77i127
358'85

90@110

7~195
5t775
9t660
4t200

13i300
16t 000

13t875
2t335
2t085

68t028
COMMUNICATIONS 120t LEVEL 22t500

ESSENTIAL OPERATION
HEAT LOAD BTU/HR

64~385

280@000

90i110
7~195
5g775

9i 660

4~200
13i300
16'00
13t 875

2t335
2t085

68 @ 028,

MAX OP NORMAL/ESSENTIAL
OPERATION

HEAT LOAD BTU/HR

77 '27
358'85
90'10
7t 195

5g775
9t660
4t200

13t300
16t 000

13g875
2t335
2i085

68t028
22t500

SUBTOTAL

MARGIN

TOTAL

690t375

690 i375

576t948
35i052

612 F000

690i375

690t375

NOTE: 1 ~

2 ~

3 ~

~ rat

The hoat load data is taken from the calculation13-MC-HJ«.051, Rev. 2 (Reference 2).
Tho lighting loads aro included in these heat loads.
Tho personnel occupancy hoat loads are included intho above shown heat loads.
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3. Total Heat Loads:

Summary of the heat loads in the Control Room Complex:

10

Essential AHU fan
for Train A & B

Main Control Room

heat load
Total Heat Load

motors heat load
t

547,988 BTU/HR [see section VII.iA,1]
Complex

698,375 BTU/HR [see section VII.A.2]
1 g 238 i 275 BTU/HR

12

e:
17

18

20

21

22

23

24

25

26

27

28

29

30

31

B. MAIN CONTROL ROOM COMPLEX SURFACE AREA AND VOLUME:

Main Control Room Complex Surface Area:

Slab thickness at elevation 148'-8" = 1'-8" [Ref. 5]
Slab thickness at elevation 168'-8" = ll" '[Ref. 5]
Height of the control room = 168 '-148 '- (8 '-ll") = 19 '-1"
Conservatively, use room height = 19 '-8"

Thickness of the control room outside walls= 1'-9" [Ref. 5]
Thickness of'he control 'room inside walls around cable
shafts and HVAC chase = 1'-8" [Ref 5]

0-
34

35
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