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PURPOSE

»

The design basis for cooling the‘Main Control Room Complex uses
Essential Air Handling Unit (AHU) and the Essential Chilled
Water System (ECWS) for cooling. 1In the event that either the
AHU or ECWS fails, the room temperature will rise rapldly. ‘The
purpose of this study is to determine the transient air

temperature for 24 hours in the Main Control Room Complex for
the following case:

' Large break LOCA
Normal offsite power is available and all normally
opetating egquipment contigdee-te.éeﬁerate heat
Normal HVAC stops and does not'operate .
Essential chilled water_system ie not operating
Essential air handlers/fans are operating

0O o O o°o

Doors and other HVAC barriers remain in their ndrmal closed
position during the entire period of the study

Standard room heat-up (RMHTUP) computer program, ME 204,
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
teméerature 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 first 1 1/2 bours rather
than the later part of the problem.
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II.

DESIGN CRITERIA:

This is a study of the effect of certain equipment failures
which are, strictly speaking, beyond the specific design basis
for the affected systems. The results will be used as inpu%

for a response to EER 88-EC-018: being done by others.

The systems involved in this .study are the control room HVAC
(Normal and Essential), and Essential Chilled Water.
design criteria are references 1% and 1l1.

Theix
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5. The main control room complex model is simplified as an
enclosed space bounded by the same thickness of walls,

. ceiling and floor. Most of‘the room walls are 1'-9" thick
e ‘ (Ref 5). The floor and the walls around the cable_shafts

; are 1'-8" thick (Ref 5), while the ceiling is 11" thickk

. (Ref 6). :.For this study, 'all surfaces are considered to be
0 1'-6" thick. No credit is taken for the wall thickness

ol being more than-1'-8", except that the ceiling is also

Y1 considered as 1'-8" thick for computer modeling.

ontraa,

12

13 The emphasis in this caiculation is to improve the accuracy

4 of the calculation in the initial 96 minutes. Thué, heat
‘ sinks are modeled in a way that takes credit for thinner

16 heat sink walls than would be used in modeling for accuracy

17 in the 12 to 24 hour time frame.

18

19 ' Due to the low heat load generated during the first 1 1/2

20 hours compared to the therma} capacity of the existing

21 walls to absorb the heat, additional thickness does not

22 appreciably affect the room ambient air temperature.
23

24 6. The walls, ceiling and floor are used as a heat sink. For

23 details, refer to Section VI.C of this study.
26

2. 7. The heat'generated within the room is considered as being

constant. This is due to the fact that thg heat load
.equipment continues to operate during this study. 1In
addition, a constant heat load is required for the compu ter
model as shown in section VI.D.
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3 ) 8. The dimensions of the Main Control Room Complex for all
three units are essentially identical. - In addition, the
chillers, fans, other equipment, the lighting and_ghe room
dimensions are virtually the same for all of these rooms.
7 This study is performed for the Main.Control Room Complgx
for Unit 1 and is applicable to the Main Control Rooms for

all three units.
10

>

L :
9. Per assumption 3 above, the essent1a1 chilled water is not

available during.the time period of this study. For a

12

13

. conservative approach, the AHU fans are assumed running,
' without chilled water through the essential 'coils as
‘6 ‘ indicated in Section I.
| 17 T " .
18 19. This study is performed for a time period of 24 hours. The
1o computer model can.provide details for a maximum.of 729
20 ) steps (Refer Section VI.D). Therefore,.each step or time
21 increment is 2 minutes. '
22 ‘ . vk o= 2.
23 1ll. The room walls are required to be divided into a number of
24 " layers for computation of temperature distribution in the
25 concrete walls by the computer model. The required input
| 26 for the thickness of the first layer and the multiplication
‘ 27 factor for thickness of other layers are selected as $.91
| 28 ft (approximately 1/8") and 1.41 respectlvely. Fox
29 details, see sections VI.A and B.

30
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12, Concrete has the following properties: \m
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14.

NS
L N
A. Density 144 lbs/ft” (Ref 12, table a-2) ¥ @
B. Thermal conductivity 8.54 (Ref'li, table A-2) =

C. sSpecific heat #.2 btu/1b-°F (Ref 12, table A-2) y

3

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+% of the gross volume occupied by
the panel is a1r. Much less than 19% is actually metal,
w1re, c1rcu1t boards, terminal boards, etec.).

In addition, the air has low thermal capacity. A small
difference in the room volume does not have significant ]
eﬁfect on the room temperature as_ shown by volume
sensxt1v1ty ana1y51s Case B of Reference l7.

All miscellaneous metal 1tems (e.g. structural steel
platforms, cold plplng) wh1ch could be considered as heat
sinks are conservatlvely 1gnored 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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15. At the start of this study, both trains of the Essential
Control Room Complex HVAC will be started. For calculation
of heat loads, both of these trains continue to operate
during the entire period of this calculation. This
assumption complies.nith Section I.

16. The temperature of the outside makeup air is 161. 3°k. This
10 .

ol 2 *3 Pased on the actual measurements made Dy Al
operating unit (Ref. 16). Thejwalls around the outside air

chase are neglected for calculation of the heat sink

12

13}

. effect., These walls effectively act as a heat source
‘.5 N during initial. period but act as a heat sink during the

‘6 latef‘period.g,The amount of heat added during the initial

iz stages is insignificant because the structural steel and

18 the thin metal 1tems (e g. cabinet sheet metal) act as a

. heat sink, the effect of which has been excluded (see

20 J Assumption 14 and Section VII F).

21 . )

22 17. Room surface area adjnstment for panels‘etc. mounted on the

23 concrete floor and walls is not done because the panels,

24 . . 1nstrument racks, etc. generate heat internally and )

25 generallxrhave open bottoms which allow the heat to have

26 : . ready access to the heat sink.
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SUMMARY OF RESULTS:

The calculated transient room temperature’summagy for the Main
Control Room Complex is shown below. The transient room air
temperature for the Main Control Room Complex obtained from*the
computer output, 1s shown in Figure l. The;tran51ent
temperaturé output, Appendxx_A, shows that with both essential
AHU fans of Trains A & B operating under conditions outlined
in Section I, the calculated temperature in the"pump room will
be as shown below. For cases with one or no fans running, the

transient temperature outputs, Appendices B and C, are also
presented:

Appendix A Appendix B Appendix C
Control Room Control Room Control Room
w/2 ESF Fans w/l1 ESF Fan w/No ESF _Fans
Time Period Temp. °f Tenp. Op Temp. Op
9 min 75.5 75.5 75.5
2 min 86.07 - 83.79 8lL.49
4 min 93.65 © 89.78 85.86
6 min 99.00" 94.06 89.92
12 min 107.43 1806.95 94.23
36 min 115.21 187.38 99.19
60 min 118.590 . 110.99 191.12
84" min 121.685 112.03 182.60
96 min 122.18 112.92 193.25
2 hr 124.21 114.52 104,42
4 hr 132.65 120.73 198.95
6 hr 138.082 125.45 112.38
8 hr 143.63 129.49 115.26
12 hr 151.46 136.06 120.10
24 hr 171.90 151.48 : 131.31




i
i
"
l



@cr

CALCULAT]ON SHEET

11
12

‘13

16

17

19
20
21
22
23
24
25
26
27
28
29
30

31

‘33

34

"

35

36

"prosscr _ ANPP J0B N. 18601 - 200 carc. no. 13-MC-HJ-253

sumsecr TRANSTENT TEMPERATURE STUDY For Main ConTRoL Room sueeTno. 1Y
REV | ORIGINATOR DATE CHECKER DATE REV | ORIGINATOR DATE CHECKER DATE 'g
/0\ f33 61348\ ) Gzt 6//)/55;\\ “ Egg
: i ¥

It is readily apparent that the ESF AHU fan motors (186 bhp
each) dramatically affect the control room temperature.
Stopping at least one fan quickly should be a high priority.
As shown in sect1on ViI.F, after the control room temperature
eXceeds the outside makeup air temperature, the control room
temperature is slightly over estimated because the ventilation
cooling effect of the 1008 CgM per train flowing through the

e . — e - - e

control room from the control room pressurization is neglected.
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VI. ROOM HEAT-UP COMPUTER -MODEL

A. Model Description: (Reference 8)
The room heat-up computer program, RMHTUP, program number
[}
ME 204, version Al, can be used to study the room ambient
air heat-up by the equipment heat or any other heat souxces
in the room. ;
‘ l ' = Pl ST
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

e (walls, ceiling, and floor) and transferred to the air

‘7 outside the room.

18 .

19 The room walls are divided into a number of layers with

20 ‘ incremental thicknesses for numerical computation by the

21 . computér program, In this study, the value of imaginary

22 . thickness of first layer of concrete wall is selected as

23 G 61 £t and the mult1p11cat10n factor of imaginary

24 g thlckness of other layers is taken as 1.41l. In other words,

25 the first concrete layer thickness is 0.81 ft

26 (approximately 1/8"), the second layer thickness is ¢.0141 ‘

27 £t (approximately 3/16"), third layer 8.61 X (1.41)% ft, \

28 etc. |

The transient room temperature is determined from the heat

balance equation, which balances the heat generated within

.z the room and the heat transferred to the ambient room air,
3

stocred in the room enclosure and transferred to the outside
air, as shown below:
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ol ‘ | | QwAL

: | Qeavp = Qoursive AR
6

7 _ - |Qame ar R ¢
8 -

10
' ., (ORI
12

13

()
- Q _Q

‘6 EQUIP = “AMB AIR + °WALL + 20UTSIDE AIR

17

18

15 WHERE QEQUIP = Heat generated from equipment or any*

20 ' <N other source in the room, BTU/HR -

21 . ’ ' ' ' )

22 QAMB‘AIR = Heat transferred to the ambient room air, BTU/HR
23 . o ) h .

24 QuaLi = Heat stored in room walls, ceiling -and floor, BTU/HR.
25 ‘ ’ C :

26 Q0UTSIDE AIR = Heat transferred to the outside air, BTU/HR
27 B ’ )

28 The room ambient temperature and the wall température

29 distribution are calculated at fixed time intervals. in

30 addition, total heat stored in the ambient air and in the
31 concrete walls and heat transferred to the outside air are
@

provided for each time interxval.
5 .

34

35
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B. 1Input Required for the Computer Model:

a4
s The following information is required as input for transient
¢ temperature study in the Main Control Room Complex: p
7
® l. 1Initial room ambient temperature, degrees F
° 2. Initial outside ambient temperature, degrees F
: 3. Equipment and othgr heat generated in the room, BTU/HR -
2 4, Net room surf?ce arga, £t
' 5. Net room volume, £t
. 6. Thickness of room enclosure, ft
Qs 7. Density of room enclosure material, lbs/ft3
‘6 8. Thermal conductivity of room material, BTU/HR-ft-F
'y 9. Specific heat of room enclosure material, BTU/lb-F
18 18. One period of time increment for calculation, min
" 11. Imaginary.thickness of .first layer of .zoom enclosure, ft
20 ] 12. Multiplication factor of imaginary thickness of other

21 : layers
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C. Assumptions for the Computer Model

. 1. The room is simplified as an enclosed space bounded by the
. same thickness of walls, ceiling, and floor.
‘ "o 2. The gross room volume is corrected for the volume "occupied
| , ‘ by piping and equipment (see Assumption 13). "
} . 3. The gross room surface area of the room enclosure is
| o corrected for the area occupied by equipment (see
‘o . Assumption 17).
" 4. The enclosure walls, ceiling and floor are taken as a heat
2 sink. |
13
D. Computer Model Limitations
@ |
16 1. The room enclosure walls, ceiling and floor must be
17 con51dered as having the same thlckness and of the same N
18 homogeneous material. " ’
19 2. The air temperatures outs1de the room must be cons1dered as

20

M

be1ng the same and remaining* constant.

21 3. The heat generated within the room must be considered as

; 22 being constant. No heat generated outside the room can be
\

23 .. considered. ' «

24 4. The program is limited to 720 time period calculations.
25

27

28 The following information is provided in the computer model

output:
TAF

29

30

Final room air temperature at each period, °p

|

|

26 E. Computer Model OQutput
3t

|

QAT = Heat stored in the ambient air, BTU
L L]
a3 QST = Total heat stored in the concrete, BTY
se ’ Q0T = Heat transferred to the outside air, BTU

35
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VII. STUDY: . e

This study is performed for the following case:

Control Room Complex operates at the design flow. Normal
HVAC and Essential Chillers are not available. However,

both essential air handling unit fans are.operating. u

A. Heat Loads:

L3

Design basis coolxng for the Control Room Complex is
provided by the Essential Air Handling Unlt HJA-F04 or
HJB-FP4. Essential chilled water is recirculated through
the AHU cooling coils.. In the event that either the
essential AHU or the essential chilled water system fails,
the control room.temperature will rise rapidly.

l. Essential AHU Fan Motors Heat Load:
.This heat load consists of the heat generated by the-
Air Handling Units (HJa-F84 and HJB-F84) vaneaxial fan
motors. Both essential AHU fans are running without
ve s the essential chilled water through the essential AHU
cooling coils (See Assumption 9). .
- . Essential AHU Fan Motor BHP = 1606 hp (Ref. 13)
(125 bp nameplate)

Motor efficiency at full load = 92.9% (Ref. 13)

All the fan motor energy is transmitted to the Control
Room Complex, although the motor is physically located,
at floor elevation 74'-g". However, it is located
entirely within the recirculated air stream.
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From ref 1, chap 22, table 39, page 417,

Heat gain from Essential AHU fan motor

Bhp X 2545
$ eff

186 X 2545 ) !
8.929

. 273,950 BTU/HR

o

AHU Fan motors for both essential trains are in operation
during time period of this study (Refer to asgumption 15).

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

2.

2 x 273,950 BTU/HR = 547,900 BTU/HR
Main Control Room Complex Heat Loads:
The Control Room normal HVAC and essential cooling system

are designed to maintain the required "environnent" for
q

personnel occupancy and equ1pment operatlon durlng normal

! and emergency operatlons.

-
- v ¢

The heat loads in the Main Control Room Complex are
different dur1ng normal and emergency condltlons. The
following Table 1 compares the heat loads during these two
situations. The greater of eaeh 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.
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TABLE 1 a =l=}
Wzl 12 |=
CONTROL ROOM COMPLEX HEAT LOADS E; wn 1=
. - * fo—y —U
” , g g haw)
' MAX OF NORHAL EBSENTIAL -
NORMAL OPERATION ESSENTIAL OPERATION OPERATION AN
HEAT LOAD BTU/HR HEAT LOAD BTU/HR HEAT LOAD BTU/HR L‘B g —
m
. Y 14l =
OPERATOR CONSOLE . 77,127 64,385 . , . 77,127 ed b i -
CABINET AREA 358,185 280,000 358,185 \E D
COMPUTER ROOM 90,110 90,110 - 90,110 2 = -
. m
CORRIDOR 7,195 : 7,195 7,195 . 2 r;?‘l ()
SHIFT SUPERVISOR 5,775 5,775 ) 5,775 N 2 v r):
KITCHEN & PANTRY 9,660 9,660 9,660 - E’ O
OFFICE #1 . 4,200 ' 4,200 4,200 \*%g > C
OFFICE #2 & 3 13,300 13,300 13,300 %; - B
INSTRUMENT REPAIR 16,000 16,000 16,000 - ;oo s _::
. x
CONFERENCE ROOH 13,875 13,875 13,875 >>g = 2 6
MEN’8 TOILET 2,335 " 2,335 2,335 Z 0 >
ofi= |
WOHMEN’8S TOILET 2,085 2,085 2,085 b gm
olloO
RETURN AIR PLENUM ° 68,028 . _ 68,028, 68,028 g QST
COHMMUNICATIONS 120/ LEVEL 22,500 22,500 11=0 H
0
________ o e - o e 0 e 'e)
SUBTOTAL 690 375 576,948 690,375 T 8 -
MARGIN 35,052 g 'éo o
TOTAL  _ . T690,375 - "612,000 "690,375 Al =
')
' >
NOTE: 1. The heat load data ig taken from the calculation Aty O
13-MC-HJ<051, Rev. 2 (Reference 2). s =
2. The lz.ght:l.ng loads are included in these heat loads.. % ﬂ o .
mnt= =
3. The ersonnel occupancy heat 1oads are included in by
the g.bove shown hegt lgads. e \lN
=
- g <?
4 gj =
n 1
- - N sey é‘rNEDV{ \‘\J?l.
1: | caTor W
1}
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3. Total Heat Loads:

Summary of the heat loads in the Control Room Complex:

Essential AHU fan motors.heat load

for Train A & B = 547,900 BTU/HR [see section VII.A.l]
Main Control Room Complex )

29
30

31

‘o hgat load = 690,375 BTU/HR [see section VII.A.2]
' Total Heat Load = 1,238,275 BTU/HR
12 . '
13 :
14 B. MAIN CONTROL ROOM COMPLEX SURFACE AREA AND VOLUME:
| 5 ’
| QG . Main Control Room Complex Surface Area:
B “
| 18 Slab thickness at elevation 148'-g" = 1'-g" [Ref. 5)
19 ‘ . Slab thickness at elevation 168'-g" = 11" [Ref. 5]
20 ' Height of the control room = 166'-146'-(8'=11") = 19'=1"
21 Conservatively, use room height = 19'-g"
23 : Thickness of the control room outside walls= 1'-9" [Ref. 5]
24 . ihickness of "the control ‘room inside walls around cable
23 shafts and HVAC chase = 1'-g" [Ref 5]
£ 26
27
28

LAO=3998,1 7/85
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The following wall lengths are shown in Reference 5.

For 1'-9" thick wall

Length of East Side Wall =

(82'~6") - (8'-3") ~ (18'-3") = 64'-g" "
Length of North wall

(118'-6") - (13'-3")

Length of West Wall =
(82'-6") - (13-3") - (7'-3") = 62'-g"
Length of South Wall =

(26'-3") = 77'-g"
10 .

11
12

13

(11'-6") -(12'-9") - (24'-3") = 73'-6"
. Total Wall length = (64'~8") + (77'-8") + (62'-0")
A 4 (73'-6") = 276'-6" .
- Wall surface Area (276'-6") x (19'-8") = 5253.5 ft?
'8 Door area = (7'-4 1/2") x (ll'-ﬁ") + (3'-4 1/2")
' x (7'-2 1/4") = 8. 13 + 24026 = 105.39 £t2
20 ' T A . _ :
21 Net wall surface area = 5253.5 - 185.39 = 5148.11 ft2
22 Lo
23 ‘ .
24 " For 1'-g" Thick walls:

25

26 The walls around the outside air chase are neglected

27 because these walls act as a heat source during the initial

28 period and act as a heat sink during the later period

29 (Refer to Assumption 16).

30

> The length of the walls around the cable shafts and HVAC
@

chases in contact with the control room

= (13'-3;) + (18-3") + (13'-3") + (28'-3") + (12'-9") +
(7'=3") + (L7'-3")

= 94'-3"

343

35

36
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Wall surface area = (94'-3") x (19'-g")

1798.75 £t2

(3'24 1/2") x (7'-2 1/4")

24.26 £t2

Net wall surface area = 1796.75 - 24.26 = 1766.49 £t2

Less door area

Floor area [(XY18'-6") x (82'-6")] - [(L3'=3") x (18'-3")
(28'=3") x (13'=3") + (12'-9") x (7'-3")
(24'-3") x (8'-3"™)]

9116.25 - 696.63 = 8419.62 ft2

+ o+

Ceiling area (same as the floor area)= 8419.62 ft2

Therefore net surface area = 5148.11 + 1766.49 + 8419.62 +
8419.62 ='23,753.84 ft2 ' :

Use net surface area =.23,754 ft2 -

As we are interested in short term results, all the heat
transfer surfaces will be considered 1'-8" thick. The heat

_sink effect of the walls thicker than 1'-6" is significant
only for the longer term. (Assumption 5).

Main Control Room Complex Volume

Floor area = 8419.62 ft2 Height = 19'-g"
Volume =°8419.62 x 19 = 159,973 f¢3

ALt ANe ¢ Suae
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C. 1Input Data:

. The following input data fbr the computer model is used:
. .
t l. 1Initial room ambient temp. = 75.5° F [Assumption 1)
. 2. 1Initial outside ambient temp. = 75.5° F [Assumption 2] 1,
8 3. Equipment and other net heat generated in the room =
0 1,238,275 BTU/HR [See Section VII.A.3)
1o | 4.” Net room surface aréa = 23,754 FT? [See Section VII.B]
11 5: Net room volume = 159,973 Fr3 [See Section VII.B)
‘2 6. Thickness of room enclosure = 1'-8" FT [Ref 5 and
13 . Assumption 5]
s 7. Density of room enclosure material = 144 LBS/E‘T3
‘, N [Ref 12]
16 8. Thermal conductivity of room enclosure material =
17 6.54 BTU/HR-FT-°F [Ref 12]
i8 | 9. Specific heat of room enclosure material = 8.2 BTU/LB—OF
19 . [Ref 12] '
20 1l8. One period of increment for calculation = 2 min

21 [Assumption 18]

22 11 Imaginary thickness of first layer of.concrete enclosure =-

23 g.61 FT [Assumption 11) )

12. Multiplication factor of imaginary thickness.of other
layers = 1.41 [Assumption 11]) .

24

25
26
27 i Y
28
29
30

31

34
35

36
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Effect of AHUs on Control Room Complex Temperature

The two ESF AHU fans are 44% of the total heat load. To
evaluate this sensitivity two additional computer runs are
made for the cases where only one or none of the two ESF

AHU fan motors are running. Only 1nput data item #3 in the
above table is changed. ’ :

For one ESF AHU fan motor running, the heat load is
1,238,275 - 273,956 = 964,325 BTU/HR.

For no ESF AHU fans running, the heat load is
1,238,275 - 2 x 273,950 = 696,375 BTU/HR.
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D. RESULTS:

The transient room air temperature for the Main Control
Room Complex obtained from the computer output, is shown in

Figure 1.

operating

presented:

Time Period

g min
2 min
4 min
6 min
12 min
36 min
60.min
84 min
96 min
2 hr.
4 hr
6 hr
8 hr
12 hr
24 bhr

The transient temperature output, Appendix A,
shows that with both essential AHU fans of Trains A & B*

under conditions outlined in Section I, the -
calculated temperature in the pump room will be as shown
below. For cases with one or no fans running, the
transient temperature outputs, Appendices B and C, are also

Appendi% A Appendix B appendix C
Control Room Control Room Control Room
" w/2 ESF Fans w/l ESF Fan w/No ESF Fans
Temp. OF Temp. OF - Temp. OF
75.5 '75.5 75.5
86.07 83.79 81 .49
93.65 89.78 85.86
99.90 -94.06 89.02
107.43 108.95 94.23
115,21 187.38 99.19
118,59 119.00 101.12
121.65 112.63 182.60
122.18 112.92 1963.25
124,21 114.52 104.42
132.65 126.73 108.95
138.082 125.45 112.38
143.063 129.40 115.26
151.46 136.06 120.10
171.4¢9 151.48 131.31

.
.t
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E. DISCUSSION of RESULTS:

As shown in Appendix A, the temperature inside the Main Control
Room Complex is lower than the outside temperature of 101.3%
(Refexence 16) for the first 6 to 8 minutes (for the base case
of 2 fans running) ~and is higher after this time period. Y
Therefore, a small percentage of the total heat will be added
to the Control Room Complex by the outside makeup air during
the first few minutes, while it will provide a very small
amount of cooling after this time interval. The initial heat

source effect is insignificant as shown in Section VII.F and is
excluded.

Reviewing the above results, it is concluded that the
temperature after the-first 6 to 8 minutes (for the base case)

is slightly overestimated due to the ventilation cooling effect.

of the two essential -control room pressurization traxns. Each
of these two trains has‘a flow of 1868 cfm through the Main

Control Room Complex (Ref. 14, page 2). The total ventilation
cooling effect would only be on the order of 5% of the control
room heat load when the._control room temperature reached 135°F.

»
- w
-

As can be readily seen by looking at the results of the cases
with less than two ESF .AHU fans operating, stopping one of the
fans-as soon as possible will dramatically decrease the rate of
temperature rise in the control room complex. Stopping both
fans may be undesirable, because "hot spots"” could result in
the various small rooms within the complex. Further evaluation
would be required to assess this effect. Stopping both fans

also is not consistent with the LOCA scenario described in
section I.
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F. EFFECT OF OUTSIDE MAKEUP AIR

Outside makeup air flow foi'each ESF AHU train= 1000 cfm
[Ref. 14, page 2]

Outside makeup air temperature = 181.3°F [Ref. 16] :
Time“required for the Main Control Room Complex to reach

101.3°F, when both ESF AHU fans are operating = 6 to 8 minutes
[Ref. Appendix A]

" The makeup air flow will act as a heat source initially and
later as a heat sink.

The average, rate of heat added to the Main Control Room Complex
due to both essential makeup trains before the control room
temperature equals the outside makeup air temperature is

N

1.08 x cfm x /\ T {Reference 1, Chépter 19,
’ 2 Page: 343, Eguation 5].

. - -
P

U

1.68 x (2 x 1608) x 161.3 - 75.5 BTU/HR i
. . ‘ 2 ‘
27,864 BTU/HR

Therefore, heat load added to the Main.Control Room Complex

= 27,864 x 8- minutes = 3715 BTU
60 minutes

- TAne v =
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Specific heat of steel = §.184 BTU/1b - °F [Ref. 12, table A-1]
Weight of steel required to.absorb the added heat 1load
- 3715 BTU _ 1385 1b

$.184 BTU/1b - °F x (181.3 -75.5) °F '

S{milarly, for the cases of one and no ESF AHU fans running,
the times at which the control room temperature eguals the
outside air temperature are approximately 15 minutes and 60
minutes respectively. The heat load added to the control room
are 6,966 and 27,864 BTU requiring approximately 2,668, and
10,400:1b of steel,wrespectively, to absorb that heat.

"

By inspection, it is obvious that the Main Control Room has a
large amount of steel consisting of panels, cabinets, beams,
reinforcements, etc. that is many times more than the required

weight of 16,468 1lb.

. o wm r as v ad-

Therefore, the heat source effect of the outside makeup air is
insignificant and does not need to be included.

1

LAO=390R ¢ Y/an
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In order to obtain slightly more accurate transient

temperatures for the main control room, the Bechtel Computer

Program NE-100 (COPPATTA—?).may be used instead of ME-204.

computer program NE-1488 bhas the following advantages over
ME-204:

l. Heat Sink Model:

The metal items (e.g. cabinets, cable trays, structural
steel and concrete) in the main control room can be modeled
with much more complexity and accuracy rather than

consideration as a lump sum mass.. This will lead to higherx

accuracy in predicting long term (e.g. 24 hours) room
temperatures.

2., Effect of Outside -Air:’

The effect of the outside air in terms of 'the fYow and

temperature is accounted for in NE-188 and, therefore,

represents a better temperature profile over the short term
{e.g. 90 minutes).

#
-

3. Air Handling Units On and Off Simulation:

AHU performance is used as an input in the computer program
NE-188. The temperature transient can be determined at any

-given time following the restoration of the chilled water

through the AHU.

The

VAA san s
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CALCULATION SHEET

prosscr___ANPP 08n0. 18601 = 200 carcivo. 13-MC-HJ-25:
susszct TRANSIENT TEMPERATURE. STUDY FOR MAIN ConNTROL ROOM  gueerno._ 3%

REV | ORIGINATOR DATE CHECKER DATE REV | ORIGINATOR DATE CHECKER DATE
/{}\ fz:ﬁs 5;L31£f 722£x471, 6%34?6‘//\\ 3é
/\ L. - l‘.'E
/\ 3

10
11
12

13

19
20
21
22
23
24
25
26
27
28
29
30

31

34
35
36

I MIN

>75.5

APPENDIX A

.
3

INITIAL INTERNAL ROOM AMBIENT TEMPERATURE, DEG. F=?
) INITTAL ADJACENT ROOM AMBIENT TEMPERATURE, DEG. F=?

>75.5

EQUIPMENT HEAT GENERATED IN THE INTERNAL ROON, BTU/HR=?

>1238275

NET INTERNAL ROOM SURFACE AREA, SQ. FT.=?

>23754 -

© 5159973

>l

NET INTERNAL ROOM VOLUME, CU.FT.=?
THICKNESS OF ROOM ENCLOSURE, FT.=?
DENSITY OF ROOM ENCLOSURE MATERIAL, LBS/CU.FT.=?

>144

THERMAL CONDUCTIVITY OF ROOM ENCLOSURE MATERIAL, BTU/HR-FT~ =7?

">.54

SPECIFIC HEAT OF ROOM ENCLOSURE MATERIAL, BTU/LB-F=?

>.2

>.01

>1

ONE PERIOD OF TIME INCREMENT FOR CALCULATION, MIN.=? L

IMAGINARY THICKNESS OF FIRST LAYER OF ROOM ENCLOSURE, FT.=?
MULTIPLICATION FACTOR OF IMAGINARY THICKNESS OF OTHER LAYERS=?

.41

-

*}********************************************************t*************

*

COPYRIGHT 1976, 1979 BECHTEL POWER CORPORATION. ALL RIGHTS RESERVED. *

************************************************************************
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M=NUMBER OF IMAGINARY LAYER= 11

DX1,DX2,DX3 , ~=mmmmmm—m— DX (M)
1.00000~02 1.41000~02 1.98810-02 2.80322-02 3.95254-02 5.57308=-02
7.85805-02 .11080 .15623 .22028 .26685
1 PERIOD QAT=  30146. QST= 11130. QOT= 0. HCI=1.4057 HCO= .0000
TAFa 86.07 .
T),T2,T3,~~=mmm—m—=—— T (M+1) :
76.073 75.889 75.729 75.612 75.542 75.512
75.502 75.500 - 75.500 75.500 75.500 75.500
2 PERIOD OQAT= 51331. QST= 31219. QOT= 0. HCI=1.50%9 HCO= .0000
TAF= 93.65
T1,T2,T3,=====" —m————— T(M+1)
76.845 76.484 76.135 75.845 75.648 75.547
75.510 75.501 75.500 75.500 75.500 75.500
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CALCULATION SHEET

3

» '.‘ . ]
PROJECT ANPP JOBNO.leOl - 200 CALaNo.lg"MC‘HJ‘253
usJecT IRANSTENT TEMPERATURE STuDY FOR MAIN ConTROL RooM SHEETNO. 35
EV | ORIGINATOR DATE CHECKER DATE [ REV| ORIGINATOR DATE CHECKER DATE e
30
/)3 L
//% 35 613882 et Sh3be /\ e nok
1 f
2
3 3 PERIOD' QAT= 66090. QST= 57736. QOT= ' 0. HCI=1.5694 HCO= .0000
TAF= 99.00
4 T1,T2,T3, T(M+1) ‘
77.659 77.158 76.639 76.169 75.817 75.612
5 75.527 75.504 75.500 75.500 75.500 75.500 ,
) -
6 PERIOD QAT= 89025. QST= 158627. QOT= 0. HCI=1.6490 HCO= .9473
7 TAF= 107.43
T1,T2,T3, ~~—m———————— T (M+1) 4
el 79.875 79.138 78.287 77.394 76.583 75.984
75.654 75.531 75.504 75.500 75.500 75.500
9
10 12 PERIOD OQAT= 103455. QST= 391850, QOT= 0. HCI=1.6893 HCO= .9538
TAF= 112.81 . o .
1" T1,T2,T3, T (M+1)
‘83.033 82.172 ©81.091 79.817 78.450 77.182
12 76.237 75.72% . 75.540 75.504 75.500 75.500
13
18 PERIOD OQAT= 109848. QST= 633106. QOT= 2. HCI=1.7039 HCO= .9621
TAF= 115.21
. T1,T2,T3, —-— T (M+1)
85.286 84.396 83.246 81.827 80.195 78.516
‘6 77.063 76.091 75.643 75.519 75.501 75.501
A 3
17
24 PERIOD QAT= 114581. QST= 876017. QOT= 9. HCI=1.7141 HCO= .9718
18 TAF= 116.99
T1,T2,T3, ——m=m———————— T(M+1) .
19 87.117 86.214 85.031 83.535 81.751 79.808
77.973 76.582 75.818 75.555 75.504 75.502
20 .
21] /HR 30 PERIOD QAT= 118574. QST= 1119654. QOT= 30. HCI=1.7226 HCO= .9823
TAF= 118.50
22 T1,T2,T3,~=—=—=———===uT (M+1)
88.702 87.792 86.587 85.042 83.156 81.027 .
23 78.900 . 77.145 76.058 75.616 75.510 75.507
24
36 PERIOD QAT= 122103. QST= 1363727. QOT= 80. HCI=1.7301 HCO= .9930
25 TAF= 119.84 .
T1,T2,T3,—==———e—————— T (M+1)
26 90.121 89.205 87.985 86.405 84.446 82.176
2y 79.818 77.750 76.349 75.704 75.521 75.514
28 42 PERIOD QAT= 125301. QST= 1608083. QOT= 177. HCI=1.7370 HCO=1.0039
29 TAF= 121.05
T1,T2,T3, =~=m————————— T(M+1)
3o 91.417 90.497 89.266 87.659 85.643 83.263
80.716 78.377 76.680 75.817 75.538 75.526
3t
. 48 PERIOD QAT= 128247. QST= 1852622. QOT= 345, HCI=1.7433 HCO=1.0147
TAF= 122.18 ()
T1,T2,T3,=——=m———————- !
92,617 . 91.694 90.454 88.826 86.764 84.295
34 81.590 79.015 77.043 75.956 75.564 75.542
33
5 R HR g9 PERIOD QAT= 133569. QST= 2341939. QOT= 1007. HCI=1.7548 HCO=1.0358
6 A
‘ TAF= 124.21
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PROJECT

CALCULATION SHEET

so8 0..18601 - 200

sussect JRANSTENT TEMPERATURE STupy For MaIn ConTRoL RoOM

care no. 13-MC-HJ-25

SHEET NO. 36

REV | ORIGINATOR DATE CHECKER DATE | REV| ORIGINATOR | DATE CHECKER DATE
/—-/3" W g /\ ‘e
ANWES el ) /384 3
/\ /\ X
T1,T2,T3,re=—=—em—————~ T(M+1) . .
94.801° 93.873 92.619 90.959 88.828 86.221
83.266 80.298 77.832 76.295 75.641 75.593
72 PERIOD QAT= 138328, QST= 2831166. QOT= 2323, HCI=1.7652 HCO=1l.0559 ¥
TAF= 126.03 -
T1,T72,73, T (M+1)
96.766 95,835 94.571 92.888 80.705 87.995 .
84.849 81.568 78.675 76.702 75.757 75.669
84 PERIOD QAT= 142670. QST= 3319877. QOT= 4572, HCI=1.7747 HCO=1.0749
. TAF= 127.69
T1,7T2,T3, T (M+1)
9g8.568 97.634 96.363 94.661 g2.440 89.650
86.351 82.811 79.548 77.161 75.914 ... 75.770
96 PERIOD QAT= 146687. QST= 3807692. QOT= 8043, HCI=1.7836 HCO=1.0928
TAF= 129.24 .
T1,T2,T3, ———mmmmmmmm—— T (M+1) .
100.24 99,305 98.028 96.312 94,059 91.204
87.781 84.024 80.435 77.661 76.110 75.896
108 PERIOD QAT= 150441, QST= 4294262. QOT= 13019. HCI=1.7919 HC0=1.1097
TAF= 130.69
T1,T2,T3,==—==—mnm———- T (M+1)
101.81 100.87 99,591 97.863 95,584 92.675
89.147 85.204 81.326 78.193 76.344 76.045
z{}JR. 120 PERIOD QAT= 153876. QST= 4779273. QOT=" 19773. HCI=1.7999 HCO=1.1256
TAF= 132.05 .
T1,T2,T3, ——mmmemmmm = T(M+1)
103.29 102.35 . 101.07 99.330 97.029 94.074
90.456 - 86.351 82.215 .78.749 76.612 76.215
- ™ v
132 PERIOD. QAT= 157325. QST="5262439.  QOT= 28557, "HCI=1.8075 HCO0=1.1406
TAF= 133.35
T1,T2,T3, =mm—m—mmmmmm— T(M#L)
104.70 103.76° 102.47 100.73 98.405 95.410
91.715 87.466 83.099 79.326 76.912 76.403
144 PERIOD OQAT= 160514. QST= 5743502. QOT= 39605. HCI=1.8147 HCO=1.1547
TAF= 134.59
T1,T2,T3,~===m=mm————= T(M+1)
106.05 105.11 103.81 102.06 99.721 . 96.692
92.927 88.552 83.976 79.920 77.239 76.607
156 PERIOD QAT= 163563. QST= .6222226. QOT= 53131, }CI=1.8217 HCO=1.1681
TAF= 135.78
T1,T2,T3,====wowm—m==- T(M+1)
107.34 106.39 105.10 103.34 100.98 97.924
94.099 89.610 84.844 80.526 77.592 76.826
168 PERIOD OQAT= 166488. QST= 6698404. QOT= 69327. HCI=1.8284 HCO=1.1808
TAF= 136.92
T1,T2,T3, ==—m———————— T (M+1)
108.57 107.63 10633 104.57 102.20 99.113
95,233 90.642 85.704 81.144 77.966 77.057
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PROJECT

CALCULATION SHEET

susJecT IRANSTENT TEMPERATURE STuDY FOrR MAaIn ConTrROL Room

Joeno. 18601 -~ 200

caLc no, 13-MC-HJ-25:

_37

SHEET NO.

REV | ORIGINATOR | DATE CHECKER DATE | REV| ORIGINATOR | DATE CHECKER DATE
=S §~13-; /\ =2
ANIE 8\ Vet e 5
/\ ¥
éi*ﬁl 180 PERIOD QAT= 169303. QST= 7171850. QOT= 88365, HCI=1.8350 HCO=1.1929
TAF= 138.02
] T1,T2,T3, T (M+1) -
109.77 108.82 107.52 105.75 103.38 100.26
. 96.333 91.649 86.554 81.770 78.359 77.299
192 PERIOD QAT= 172017. QST= 7642399. QOT= 110400. HCI=1.8413 HCO=1.2043 !
TAF= 139.08 .
T1,T2,T3, , T (M+1)
110.92 109.98 108.68 106.90 104.51 - 101.38
97.402 92.634 87.395 82.403 78.769 77.549
204 PERIOD QAT= 174642. QST= 8109906. QOT= 135567. HCI=1.8474 HCO=1.2153°
TAF= 140.11
T1,T2,T3, e (M+1)
112.04 111.09 109.79 108.01 105.61 102.46 .
98.443 93.598 88.227 83.042 79.193 77.807
216 PERIOD QAT= 177186. QST= 8574241. QOT= -.163986. HCI=1.8534 HCO=1.2257
TAF= 141.11
T1,T2, T3, =mmmmm—————— T (M+1)
113.13 112.18 110.87 109.09 12106.68 103.51
99.458 . 94.543 89.049 83.684 79.628 78.071
228 PERIOD . QAT= 179655. QST= 9035290. QOT= . 195762. HCI=1.8593 HCO=1.2356
TAF= 142.08 .
T1,T2,T3, ==——=———————— T (M+1)
114.18 113.23 - 111.93 110.14 .107.72 104.53
100.45 95.469 89.864 84.330 80.074 78.340
9 HR 240 PERIOD QAT= 182056. QST= 9492960. QOT=  230985. HCI=1.8650 HCO=1.2451
TAF= 143.03
T1,T2,T3, ~===————————— T (M+1) .
115.21 < . 114.26 112.95 . 111.16 108.74 105.53
101.42 96.379 90.669 84.977 80.528 78.613
264 PERIOD OQAT= 186678. QST=10397839. QOT=  312073. HCI=1.8761 HCO=1,2630
TAF= 144.85
T1,T2,T3,-~====== —====T (M+1) . .
117.19 116.24 114.93 113.13 110:70 1107.47 -
- 103.30 98.151 92.255 86.274 81.455 79.167
288 PERIOD OQAT= 191087. QST=11288342. QOT=  407749. HCI=1.8868 HCO=1.2795
TAF= 146.60
T1,T2,T3, ~=—==========T(M+1)
119.09 118.14 116.83 115.02 112.58 109.32
105.10 99.868 93.809 87.570 82.400 79.727
312 PERIOD QAT= 195315. QST=12164094. QOT= 518358, HCI=1.8971 HCO=1.2947
TAF= 148.27 (1)
T1,T2,T3, ==m==———————
120.91 119.96 118.65 116.84 114.39 111.11
106.85 101.54 . 95.332 88.858 83.354 " 80.290
214 DEDTAN AAM= 100186, O0ST=13024844. QOT= 644126. HCT=1.9072 HCO=1.3089
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ANPP

CALCULATION SHEET

JOB NO. 18601 - 200

CALC. NO. 13-MC-HJ-2¢

( sussecT IRANSTENT TEMPERATURE STubDY FOR MAIN ConTrROL ROOM  gyeerno. 38
‘ REV ORIGINATOR DATE CHECKER DATE REV QORIGINATOR DATE CHECKER DATE
CE (2 2R £ VA '

t §-125F /34 >
[ /\ -
M
2 b .
TAF= 149,89 .
5 T1,T2,T3, T(M+1)
122.67 121,72 120.41 118.59 116.13 112.84
4 108.54 103.16 96.825 90.137 84.311 80.850
5 ,
/2 HR 360 PERIOD OAT= 203316. QST=13870448. QOT= 785179. HCI=1.9169 HCO=1,3221
6 TAF= 151.46 .
T1,T2,T3, T(M+1)
) 124.38 123.43 122.11 120.29 117.82 114.51 ‘
110.19 104.74 98,290 91,402 - 85.265 81.406
8 .
9 432 PERIOD OAT= 214410. OQST=16316066. QOT= 1300238, HCI=1.9450 HCO=1.3570
TAF= 155.91
10 T1,T2,T3, T (M+1)
129.21 128.25 126.93 125.11 122.62 ... 119.27
11 114.87 109.26 102.52 95.099 88,083 83.032
12
504 PERIOD QAT= 224648. QST=18626323. QOT= 1951468, HCI=1.9714 HCO=1.3863
13 TAF= 160.05
T1,T2,T3, T (M+1)
' . 133.69 132.74 131.42 129.59 127.08 123.70
< 119.23 113.50 106.50 98,624 90.790 84.574
16 576 PERIOD OQAT= 234181. QST=20805265. QOT= 2734703. HCI=1.9966 HCO=1.4113
{7 TAF= 163.92
T1,72,T3, - T(M+1)
'8 137.89 136.94 135.61 133.78 131.26 127.86
123.33 117.48 110.27 101.97 93,361 86.022
19 l '
20 648 PERIOD OAT= 243095. QST=22858263. QOT= 3644503. HCI=2.0206 HCO=1.4331
TAF= 167.56
21 T1,T2,T3, ~wwmm—mm———— T(M+1)
141.84 .140.89 ° 139.56 , 137.72 135.19, 131.76
22 127.18 121.24 113.82 105.12 95.787 87.376
23 i e
QY HR 720 PERIOD = QAT= 251449. QST=24791227. QOT= 4674899. HCI=2.0435 HCO=1.4522
24 TAF= 171.00
T1,T2,T3, —m=mm——m—m——— T (M+1)
25 145.56 144.60 143.27 141.43 . 138.89 135.44
ac 130.81 124.77 117.16 108.10 98.070 88.640
27 !
28
29
30 >
31 .
‘z
33
34
35
36
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CALCULATION SHEET

prouecT . ANPP . wop0L860L = 200 . cac o, L3-HCHI-2:

sussecT TRANSIENT TEMPERATURE STUDY For.MAIN CoNTROL RooM

SHEET NO. ._3?_._

REV | ORIGINATOR DATE CHECKER DATE REV | ORIGINATOR DATE . CHECKER DATE

RFV

/a\ 7>.S.$ 513§ 7/’W 5//}“[\ _ ‘
/\ AN .

: . APPENDIX B -

INITTIAL INTERNAL ROOM AMBIENT TEMPERATURE, DEG. F=? .
>75‘SINITIAL ADJACENT ROOM AMBIENT TEMPERATURE, DEG. F=? - )
>75.53QUIPMENT HEAT GENERATED IN THE INTERNAL ROOM, BTU/HR=2 ) t
>?643§ZT INTERNAL ROOM SURFACE AREA, SQ. FT.=?
>2375§BT INTERNAL ROOM VOLUME, CU.FT.=7?
>159973 ‘

THICKNESS OF ROOM ENCLOSURE, FT.=? .. . ‘

. > DENSITY OF ROOM ENCLOSURE MATERIAL, LBS/CU.FT.=? -
>4 THERMAL CONDUCTIVITY OF ROOM ENCLOSURE MA?ERIAL, BTU/HB~FT-F=?
>+ SPECIFIC HEAT OF ROOM ENCLOSURE MATERIAL, BTU/LB-F=?

_>.2 ONE PERIOD OF TIME INCREMENT %OR CALqUiATION, MIN.=?
>2 IMAGINARY THICKNESS OF FIRST LAYER OF ROOM ENCLOSURE, FT.=?
>-0% MULTIPLICATION FACTOR OF IMAGINARY THICKNESS OF OTHER LAYERS=?

>1'4l’, :

- . * < .

************************************************************************

**COPYRIGHT 1976, 1979 BECHTEL-POWER CORPORATION. ALL RIGHTS RESERVED. *
e e e L T L bt S R LT L SR LA AL E L E bt bhobababdaiobe el

bl

s
i .

M=NUMBER OF IMAGINARY LAYER= 11

DX1,DX2,DX3, ====m=m————— DX (M)

1.00000-02 1.41000-02 1.98810-02 2.80322-02 3.95254-02 5.57308-02
7.85805-02 .11080 .15623 .22028 .26685

2MIN 1 PERIOD QAT= 23648. QST= 8495. QOT= 0. HCI=1.3656 HCO= .0000
TAF= 83.79
T1,T2,T3,—====——=—==== T (M+1) .
75.937 75.797 75.675 75.585 75.532 75.509
75.502 75.500 75.500 75.500 75.500 75.500
2 PERIOD QAT= 40472. QST= 23816. QOT= 0. HCI=1.4593 HCO= .0000
TAF= 89.78
T1,T2,T3, —————m———= ~e=T (M+1) - .
76.526 76.251 75.984 75.763 75.613 75.536
75.507 75,501 75.500 75.500 75.500 75.500
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PROJECT

CALCULATION SHEET

sussecT IRANSTENT TEMPERATURE STubY For Marn ConTROL RooM

JOB NO. 18601 . 200

Lo, 13-MC-HJ-2t

suEeTNO.__ 40

REV ORKHT;TOR (PATZ CHECKER DATE | REV| ORIGINATOR DATE CHECKER DATE
S. -/3-4£1: 7 .
£ NP tran2 \9 3/ 5
0 &
1
2
3 3 PERIOD OQAT= 52355, QST= . 44076. QOT= 0. HCI=1.5129 HCO= .0000
TAFa 94.06
& T,T2,T3, T (M+1)
77.149 - 76.766 76.370 76.011 75.742 75.585
5 75.520 75.503 75.500 75.500 75.500 75.500
s G =
6 PERIOD QAT= 71261. QST= 121600. QOT= 0. HCI=1.5848 HCO= .9468,
7 TAF= 100.95 . .
T1,T2,T3,~~==========T(M+l)
8 78.859 78.292 77.637 76.951 76.329 75.871
75.618 75.524 75.503 75.500 75.500 75.500
9
10 12 PERIOD QAT= 83423. QST= 302301. QOT= 0. HCI=1.6211 HCO= ,9530
TAF= 105.43 e
11 T1,T2, T3, ======m= —————D(M+1)
' 8l.327 80.658 79.820 78.832 77.775 76.795
12 76.066 75.670 75.531 75.503 75.500 75.500
13
. . 18 PERIOD OQAT= 88687. QST= 489897. QOT= 1. HCI=1.6331 HCO= .9607
TAF= 107.38 - - "
< x T1,T2,T3,~—=—====—====T (M+1) .
83.089 82.397 81.503 80.400 79.133 77.832
16 76.707 75.956 75.610 75.518 75.501 75.500
‘ ] - LS . -
7 24 PERIOD QAT= 92522. QST= 678918. QOT= 7. HCI=1.6412 HCO= .9696
18 TAF= 108.80
T1,T2,T3, ~——=m=m=————- T (M+1) .
19 84.520 83.817 82.896 81.733 80.346 . 78.837
77.414 76.336 75.746 75.542 *75.503 75.502
20 : . oo
21 //451 30 PERIOD OQAT= 95742. QST= 868542. QOT= 23. HCI=1.6479 HCO= .9791
TAF= 110.00
22 T1,T2,T3, ~==—m=me————— T(M+1) -
85.757 85.048 84.111 82.909 ,81.442 79.787
23 78.136~ 76.774 75.931 N 75.589 *75.507 75.505
24 .
5 36 PERIOD OQAT= 98585. QST= 1058523. QOT= 61. HCI=1.6538 HCO= .9890
2 TAF= 111.07 e
26 T1,T2,T3, ==——==mmmm——— T (M+1)
86.863 ©86.150 * | 85.201 83.972 82.447 80.683
27 78.850 - ©77.244 76.157 75.657 75.516 75.511
2 42 PERIOD QAT= 101160. QST= 1248735. QOT= 136. HCI=1.6591 HCO= .9990
29 " TAF= 112.03
T1,T2,T3,======== mmem e (M) ,
30 ' 87.874 87.158 86.199 84.949 83.380 81.529
79.549 77.732 76.415 75.746 75.530 75.520
31
48 PERIOD QAT= 103530. QST= 1439096, QOT= 265. HCI=1.6640 HCO=1.0090
TAF= 112.92
33 ’ T1,T2,T3,======== —====T(M+1)
88.810 88.091 87.126 85.859 84.254 82.333
34 80.230 78.228 76.696 75.853 75.549 75.533
as .
XHR. 60 PERIOD QAT= 107814. QST= 1820025. QOT= 776. HCI=1l.6729 HCO=1.0284
36
A TAF=a 114.52

T S A
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CALCULATION SHEET

oo, 18601 - 200

GALC. NO. 13“"1C“HJ_-25

sueeTNo.___

REV °R"<;'—:AT°R (D"'”} CHECKER DATE {REV | ORIGINATOR DATE CHECKER DATE
/0\ /3~ erlfwa Z\ ;
A 7 f° 2 (/f/fgfz\ ;
3
T1,T2,T3 pmm=emmm=————— T (M+1) .
90.512° 89.789 88.813 87.521 85.862 83.834
81.535 79.227 77.310 76.116 75.609 75.572
72 PERIOD QAT= 111645. QST= 2200903. QOT= 1789. HCI=1.6809 HCO=1.0469 4
TAF= 115.97 -
T1,7T2,T3, T (M+1)
92.043 91.318 :90.334 89.024 87.325 85.216 '
82.768 80.215 77.966 76.433 75.699 75.631
84 PERIOD QAT= 115140. QST= 2581397. QOT= 3522. HCI=1.6882 HCO=1l.0644
TAF= 117.28
T, T2,T3, === T (M+1)
93,447 92.720 . 91.731 90.406 88.677 86.505 :
83.938 81.184 78.646 76.790 75.821 amnens 75.710 )
96 PERIOD OQAT= 118374. QST= 2961211, QOT= 6196. HCI=1.6950 HCO=1.0808
TAF= 118.51
T1,T2,T3, T (M+1)
94,751 94.022 93.028 91.692 89.938 87.716
85,052 82.128 79.336 77.179 75.973 75.809
108 PERIOD QAT='121397. QST= 3340078. QOT= . 10028. HCI=1.7014 HCO=1.0963
TAF= 119.65
T1,T2,T3 === T (M+1)
95.974 95.244, 94,246 92.901 91.126 88.861
86.116 - , 83.047 80.030 77.593 76.155 7§.925
Lf HR 120 PERIOD QAT= 124245. QST= 3717751. QOT= 15228. HCI=1.7075 HCO=1.1109
TAF= 120.73 .
T1,72,T3,~=———=——m———- T(M+1)
L .974129 96.398 95.396 94.043 . 92.252. 89.951
87.135 83.940 80.722 . 78.026 76.364 76.058
132 PERIOB QAT= 126944. QST= 4094013. QOT= 21991. HCI=1.7133 HCO0=1.1247
TAF= 121.76
TL,T2,T3, === mmmmm——- T (M+1)
98.227 97.494 96.490 95.130 93.324 > 90.992
*88.115 84.809 81.410 78.475 76.597 76.205
144 PERIOD QAT= 129514. QST= 4468658. QOT= ' 30494. HCI=1.7188 HCO=1.,1377
TAF= 122.74
T1,T2,T3, === —————— T (M+1)
99.274 98.541 97.534 96.169 94.349- 91.990
89.060 85.655 82.093 78.937 76.851 76.365 .
156 PERIOD QAT= 131972. QST= 4841512. QOT= 40902. HCI=1.7241 HCO=1.1500
.TAF= 123.68
T1,T2,T3,====—===————= T(M+1)
100.28 99.544 98.535 97.164 95,333 92,950
89.972 86.478 82.769 79.409 77.126 76.536
168 PERIOD OQAT= 134331. QST= 5212414. QOT= 53363, HCI=1.7292 HCO=1.1617
TAF= 124.58 :
T1,T2,T3,==——======="" T(M+1),
101.24 100.51 99.497 98.122 96.281 93.876
90.856 87.282 83.438 70.890 77 417 76.71R
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CALCULATION SHEET

J03N0.18601 - 200

CALC. NO. 13"MC‘HJ.-25

L AR et esra b alal

Avm_ YIENOOQKR ﬁ<m5!01ﬁ400ﬂ ~Am

LR oK ol Mo B} (XX ]

SHEETNO. 72
REV | ORIGINATOR 4DATTF CHECKER PATE | REV| ORIGINATOR DATE CHECKER DATE
35 ~13-4; .
/NP 3| D 2rve | 340 ;
: - ~
h
6HR 180 PERIOD OAT= 136601. QST= 5581218. QOT= 68007. HCI=1.7342 HCO=1.1727
TAF= 125.45
T1,T2,T3 ==mmmmwm———e T(M+1)
102.17 101.44 . 100.42 99,045 97.195 94.772
91.712 88.066 84.100 80.377 77.723 76,907
]
192 PERIOD QAT= 138791. QST= 594780l1. QOT= 84954. HCI=1.7390 HCO=1.1832
TAF= 126.29 .
T1,T2,T3 ,==mem—ee—m—ens T (M+1)
103.07 202.34 101.32 99.938 98.080 95.639
92.545 88.834 84.755 80.870 78.042 77.104
204 PERIOD QAT= 140909. QST= 6312049. QOT=  104308. HCI=1.7437 HCO=1.1932
TAF= 127.10
T1,T2,T3,=====——m————- T (M+1) )
103.94 103.21 102.19 100.80 98.938 96.481
93.356 89.584 85.403 81.367 78.372 77.307
216 PERIOD QAT= 142961. QST= 6673865. QOT=  126159. HCI=1.7482 HCO=1.2028
TAF= 127.89
T1,T2,T3, ==mmm——————— T(M+1) ,
104.79 104.05 103.03 101.64 99,771 97.300
94.146 90.320 86.043 81.867 78.712 77.514
228 PERIOD QAT= 144955. QST= 7033162. QOT= 150589. HCI=1.7526 HCO=1.2119
TAF= 128.65 .
T1,T2,T3,====mm==——===T(M+1) . .
. < 105.61 < 104.87 103.85 «  102.46 : 100.58 98.099
94.918 91,041 86.677 82.370 79.059 77.726
¢ HR 240 PERIOD OQAT= 146893. QST= 7389865. QOT= ..177666. HCI=1.7570 HCO=1.2206
TAF= 129.40 .
T1,T2,T3,—======—————= T (M+1) :
h . 106,41 105.67 . 104.65 « 103.26 101.37 98.877
95.672 91.750 87.305 82.874 79.413 77.941
264 PERIOD OAT= 150626. QST= 8095242. QOT= 239995. HCI=1.7653 HCO=1.2370
TAF= 130.84
Tl,TZ,TS,--—-----—7—--T(M+1) .
107.95 107.22 106.19 104.80 102,90 100.38
97.135 93.130 88.540 83.884 80.137 78.378 .
288 PERIOD OQAT= 154188. QST= 8789580. QOT= 313526. HCI=1.7734 HCO=1.2520
TAF= 132.22
T1,T2,T3,======—====== T (M+1)
109.43 108.69 107.67 106.27 104.36 101.83
98.543 94.467 89.750 84.893 80.874 78.820
312 PERIOD QAT= 157605. QST= 9472593. QOT= 398527. HCI=1.7812 HCO=1,2660
TAF= 133.54
T1,T2,T3,=====—==="="" T (M+1)
110.85 110.11 109.09 107.68 105.77 103.22
99.903 95,765 90.936 85.897 81.619 79.264
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REV | ORIGINATOR DA'I;E{J’ CHECKER DATE REV | ORIGINATOR DATE CHECKER DATE
SS ¢-13 77 :
@Q P Pgres? | 3or ;\\ 2
. 4
TAF= 134.85
T1,T2,T3, T(M+1) ’
112.22 111.48 110.46 109.05 107.13 104.57
101,22 . 97.028 92.099 86.893 82.367 79.708
}
IQ.HRL, 360 PERIOD QAT= 164075. QST=10803951. QOT= 603557. HCI=1.7960 HCO=1.2910

TAF= 136.06

108.19

.
Y

' 648 PERIOD QAT= 196333.

102.58

QST=17831216.

111.12

QY IR 720 PERIOD QAT= 203133.

QST=19346347.

QOT= 2801153. HCI=1.8733 HCO=1.3921

QO’f~= 3593460. HCI=1.8903 HCO=1.4095

999325. HCI=1.8170 HCO=1.3229

1499768. HCI=1.8368 HCO=1.3495

- T.,72,T3, T(M+1)
113.55 112.81 111.78 110.37 108.45
102.50 98.259 93.240 87.880 83.113
432 PERIOD OQAT= 173055, QST=12713487. QOT=
TAF= 139.57
T1,T2,T3,~===—w———mme T (M+1)
117.31 116.57 115.54 114.12 112.19 aten
106.15 101.78 96.533 90.763 85.319
504 PERIOD QAT= 181352. QST=14519037. QOT=
TAF= 142.83
! T™,T2,7T3, T(M+1)
120.81 120.07 119,03 117.61 115.66
‘ 109.55 105.09 99.643 83.516 87.441
576 PERIOD OQAT= 189088. QST=16223610. QOT= 2101749. HCI=1.8555 HCO=1.3723
TAF= 145.89
T1,T2,T3 ,=~——mo=mmme=- T(M+1)
124.08 123.34 . 122.31. 120.88 118.92
112.74 96.128 89.458

TAF= 148.77

T1;7T2,T3, T{M+1)

127.16 126.42 125.38 223.95 121.98
115.75 105.35 98.597 91.366

TAF= 151.48

: T1,T2,T3, === ——————— T (M+1)
130.06 129.32 128.28 126.85 124.87
118.58 107.97 100.93 93.163

105.87
80.148

109.58
81.437

113.03
82.664

.. "1l6.27
-83.818

. 119.31
84.899

122.18
85.911







CALCULATION SHEET

PROJECT ANPP_ : Joe No. 18601 - 200 caLe. no. 13-MC-HJ-25
. susJsEcT IRANSTENT TEMPERATURE STUDY FOR MAIN CoNTROL ROOM  eueerno.  4Y
REV ORIGINATOR DATE CHECKER DATE REV QORIGINATOR DATE CHECKER. DATE

/N

P35 6B I dmnee 1o i /\

/N

REV.

A,

- PELR

10
11
12

13

(4] -
-

16
17
18

19

20 * .COPYRIGHT 1976, 1979 BECHTEL POWER CORPORATION. 'ALL RIGHTS RESERVED. *
************************************************************************

24 "h » " .

22 . R "

23 . - .

24 " ) tr

25 =NUMBER OF IMAGINARY LAYER= 11

26 DX1,DX2,DX3 , =======——m=- DX (M) ,
1.00000-02  1.41000-02  1.98810-02  2.80322-02 1.95254-02 5,57308-02 -

27 7.85805-02 .11080 .15623 .22028 .26685

28 .

29

2Ahr) 1 PERIOD QAT= 17078. QST= 5934. QOT= 0. HCI=1.3185 HCO= .0000

30 TAF= 81.49 .
T1,T2,T3,~====—==—==== T (M+2)

3ty 75.805 75.708 75.622 75.560 75.523 75.506

‘ 75.501 75.500 75.500 75.500 75.500 75.500

33 2 PERIOD OQAT= 29400. QST= 16624. QOT= 0. HCI=1.4002 HCO= .0000

34 TAF= 85.86 ,
T1,T2,T3,=~~="= —————— T(15+1) .

35 76.216 76,024 75.838 75.684 75.579 75.525
75.505 75.501 75.500 75.500 75.500 75.500

36

. APPENDIX C

INITIAL INTERNAL ROOM AMBIENT TEMPERATURE, DEG. F=?
>75.5 N
INITIAL ADJACENT ROOM AMBIENT TEMPERATURE, DEG. F=?
>75.5

EQUIPMENT HEAT GENERATED IN THE INTERNAL ROOM, BTU/HR=? !
>690375 .

- NET INTERNAL ROOM SURFACE AREA, SQ. FT.=? . )
>23754

NET INTERNAL ROOM VOLUME, CU.FT.=?
>159973 ;

THICKNESS OF ROOM ENCLOSURE, FT.=?
>1 L TN

DENSITY OF ROOM ENCLOSURE MATERIAL, LBS/CU.FT.=?
>144 }

THERMAL CONDUCTIVITY'OF ROOM ENCLOSURE MATERIAL, BTU/HR-FT-F=?
>.54 -

SPECIFIC HEAT OF RQOM ENCLOSURE MATERIAL, BTU/LB-F=?

ONE PERIOD OF TIME INCREMENT FOR CALCULATION, MIN.=?"
>2 ’
IMAGINARY THICKNESS OF FIRST LAYER OF ROOM ENCLOSURE, FT.=?

MULTIPLICATION FACTOR OF IMAGINARY THICKNESS OF OTHER LAYERS=?
>1o41 . K | i

'
< ¥
o ’
.
““““ « « w e
v

************************************************************************

w
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1080 18601 = 200 il c o, 13-MC-HJ-25

sussecT IRANSTENT- TEMPERATURE _STUDY FOR MAIN ConTROL ROOM  sygerno. 7S
REV O?ZZZATOR DATE CHECKER DATE REV ORIGINATOR DATE CHECKER DATE
§-13-4 ‘%7‘4 ¢ >
R N e Yoo &
A
3 PERIOD OQAT= 38244. QST= 30792. QOT= 0. HCI=1.4468 HCO= .0000
TAF= 89.02
T1,T2,T3, === T(M+1)
76.652 76.385 ] 76.108 75.857 75.669 75.560
75.514 75.502 75.500 75.500 75.500 75.500
6 PERIOD OQAT= 52704. QST= 85368. QOT= 0. HCI=1.5099 HCO= ,9468 , )
TAF= 94.23 N N ’ .
T1,T2,T3,~===m=—= S T(M+1)
77.863 77.463 77.002 76.519 76.081 75.760
75.583 75.517 75.502 75.500 75.500 75.500
12 PERIOD OQAT= 62267. QST= 213877. QOT= 0. HCI=1.5417 HCO= .9520
TAF=s 97.71 PR i
T1,T2,T3, - T(M+1)
79.635 79.158 78.562 77.859 77.108 76.415
75.899 75.620 75.522 75.502 75.500 ¥ 75.500
18 PERIOD OQAT= 66301. QS"I‘-‘él 347915. .QOT= 1. HCI=1.5512 HCO= .9589. .
TAF= 99.19 " . . .
Ty,T2,7T3, T (M+1)
80.904 80.409 . 79.771 78.984 78.081 77.154
76.355 75.822 75.577 75.510 75.501 75.500
24 PERIOD QAT= 69175. QST= 483108. QOT= 5. HCI=1.5573 HCO= .9669
TAF= 100,24
T1,T2,T3, ~=mmm———————= T(M+1) .
81.933 81.430 80.772 79.941 78.950 77.874
76.860 76.093 75.674 . 75.530' * 7§.592 v 75.501
l’4ﬁL 30 PERIOD QAT= 71574. QST= 618769. QOT= 16. HCI=1.5622 HCO= .9754
TAF= 101.12
T1,T2,T3, ===~ o o e e e T(M+1)
82.821 82.314 81.643 80.784 .79.736 78.554
77.376~ 76,405 75.806 75.563 "75.505 75.504
36 PERIOD QAT= 73687. QST= 754700. QOT= 43. HCI=1.5664 HCO= .9843
TAF= 101.90
T1,72,T3, =mmmmm—————— T (M+1)
) 83.615 83.105" T "82.426 81.546 80.457 79.196
77.887 76.741 75.967 75.612 75.511 ° 75.508
42 PERIOD QAT= 75600. QST= 890807. QOT= 96, HCI=1.5703 HCO= ,9932
TAF= 102,60
T1,T2, T3, =~m=mmmm———ee T (M+1)
84.340 83.827 83.142 82.247 81.125 79.802
78.387 77.090 76.151 75.675 75.521 75.514
48 PERIOD QAT= 77360. QST= 1027027. QOT= 187. HCI=1.5738 HCO=1l.,0021
TAFs 103.25
T1,T2,T3,~===mmm—————— T (M+1)
85.011%1 84.496 83.806 82.899 81.752 80.378
78.875 77.445 76.352 75.751 75.535 75.523
& HR. 60 PERIOD QAT= 80540. OST= 1299630. QOT= 548. HCI=1.5801 HCO=1.0194

TAP= 1N4a 42

S TR
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PROJECT A ‘ Jos No. 18601 - 200
sussecT IRANSTENT TEMPERATURE STUDY FOR MAIn ConTROL RoOM sHEETNO. 46
REV | ORIGINATOR DATB CHECKER DATE [ REV| ORIGINATOR DATE CHECKER DATE
SS -/3- f;%égzn—uoaL .
NI ! T4 /\ 5
[
AN N ‘
T1,T2,T3, T(M+1) .
86.230 .85.713 85.015 84.091 82.904 81.453
79.809 78.160 76.791 75.939 75.578 75.552
72 PERIOD QAT= 83383. QST= 1572213. QOT= 1264. HCI=1.5858 HCO=1.0360
TAF= 105.47 ‘ -
T1,T2,T3,~==m=m——— e (M1 )
: 87.328 86.809 86.105 . 85.167 83.952 82.443
80.692 78.867 77.260 76.165 75.642 75.594 .
84 PERIOD QAT= 85978. QST= 1844538. QOT= 2488. HCI=1.5910 HCO=1,0516
TAF= 106.44
T1,T2,T3, T (M+1)
88.334 87.813 87.105 86.157 84.920 83.366 '
81.530 79.560 77.746 76.421 75.729 .  75.650 -
96 PERIOD QAT= 88379. QST= 2116390. QOT= 4377. HCI=1.5958 HCO=1.0663
TAF= 107.33 g
T1,T2,T3, T (M+1)
89.268 88.746 88.035 87.079° 85.824 84.233
82.328 80.236 78.240 76.699 75.837 75.721
108 PERIOD QAT= 90624. QST= 2387579. QOT= 7083. HCI=1.6004 HCO=1.0802
TAF= 108.16
T1,T2,T3, -— T(M+1) .
- 90.144 -  89.621 88.907 87.944 86.674 85.054
83.089. 80.894 78.736 76.995 75.967 75.804
4 HR. 120 PERIOD QAT=- 92740, QST= 2657934. QOT= 10755. HCI=1.6047 HCO=1.0933
TAF= 108.95 . '
T1,T2,T3, ~mmm————————— T(M+1)
904971 90.448 89.731 88,763 87.480 85.834 .
83.819 81.534 79.232 77.304 76.116 75.900
132 PERIOD QAT=' 94745. QST= 2927299. QOT= 15527 HCI=1.6087 HCO=1.1056
TAF= 109.70 .
T1,T2,T3, —m—mee T (M41)
.91.757 91.233 90.514 89.541 88.248 86.580
84.521 82.156 79.725 77.626 76.282 76.006
144 PERIOD OQAT= 96656. QST= 3195530. QOT= _ 21527. HCI=1.6126 HCO=1.1172
TAF= 110.41
T1,T2,T3,~===mm —————— T(M+1)
92.507 91.982 91.262 90.285 188,982 87.294
85.198 82.761 80.213 77.956 76.465 76.121
156 PERIOD QAT= 908483. QST= 3462504. QOT=  28869. HCI=1.6163 HCO=1.1282
TAF= 111.09 °
T1,T2,T3,~===—~ m==e===T (M+1) .
93.226 .92.701 91.979 90.998 89.687 87.982
85.831 83.351 80.697 78.294 76.661 76.245
168 PERIOD QAT= 100237. QST= 3728103. QOT= 37656. HCI=1.6199 HCO=1.1386
TAF= 111.75
T1,T2,T3,~~m=—========T(MH+1)
93.917 93.391 92.668 91.683 90.366 88.645
86.4R7 83.926 81.176 78.638 76.RA9 76.376
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sussecT IRANSTENT ‘TEMPERATURE STUDY -FOR MAIN ConNTROL ROOM  gueerno._ 47
REV ] ORIGINATOR DATE CHECKER DATE REV ORIGINATOR DATE CHECKER DATE
)3~ - .
ﬁ\ fss (3-8 Do 16500 I\ ... _ 5
| ANEE E
G HR 130 PERTIOD QAT= 101826. QST= 3992231. QOT= 47982. HCI=1.6234 HCO=1.1484
TAF= 112.38
T1,72,73, T (M+1) _ .
94.583 94,057 93.332 92.345 91.020 89,286
87.097 84.488 81.650 78.986 77.088 76.513
-
192 PERIOD QAT= 103555. QST= 4254796. QOT= 59929. HCI=1.6268 HCO=1.1578
TAF= 112.99 ]
T1,72,T3, T (M+1) , .
95.227 94,700 " 93,974 92.984 .91.654 . 89.907
87.693 85.037 82.119 79.339 77.317 76.656
204 PERIOD QAT= 105131. QST= 4515719. QOT= 73569, HCI=1.6300 HCO=1.1667
TAF= 113.58
T1,T2,T3, T (M+1)
95.850 95.323 94.596 93.604 92.268 90.510
88.273 85.574 82.582 79.695 77.553 76.802
216 PERIOD QAT= 106659. QST= 4774933. QOT= 88968. HCI=1.6332 HCO=1.1752
TAF= 114.15
T1,T2,T3, T (M+1)
96.455 95.928 95.200 94,206 92.865 91.097
88.839 86.101 83.041 80.053 77.796 76.953
228 PERIOD' QAT= 108143. QST= 5032375. QOT=  106180. HCI=1.6363 HCO=1.1833
TAF= 114.71- . S
T1,T2,T3, =mmmmm—————— T (M+1) . ..
: - 97.044 96.516 * 95.788 94.791 93.446 91.668
89.392 86.617 83.495 80.412 78.045 77.106
Q HR_ 240 PERIOD OAT= 109587. QST= 5287995. QOT= ' 125256. HCI=1.6393 HCO=1.1911
TAF= 115.26
T1,T2,T3,===m—m——————— T (M+1) . L y
97.617 = 97.089 - 96.360 95.361 94.012 92.226
89.932 87,125 183.944 80.773 78.299 77.262
264 PERIOD OAT= 112368. QST= 5793589. QOT= - 169160. HCI=1.6451 HCO=1.2057
TAF= 116.30
T1,T2,T3,—===m—————— —=T (M+1) . ) . .
98,723 98.194 97.464 96.462 95.105 93.304
90.979 88.113 84.828 81.496 78.818 77.579
288 PERIOD OAT= 115023. QST= 6291427. QOT=  220945. HCI=1.6507 HCO=1.2191
TAF= 117.30
T™,T2,T3,~===== me—m——— T(M+1)
99,781 99,252 98.520 97.515 96.153 94.338
91,987 89.070 85.694 82.219 79.348 77.901
412 PERIOD QAT= 117570. QST= 6781304. QOT=  280800. HCI=1.6561 HCC=1.2314
TAF= 118.27
T1,T2,T3,=—===" ——————— T(M+1)
100.80 100.27 99.535 98.528 97.161 95.335
92.961 89.999 86.543 82.938 79.883 78.225
ANeE mERTAn P I e Xa Ta e S OST= 7263080, OAT = dyr0onen WAYY ,AYA LIAALY D EHAQ
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~
TAF= 119.20 )
T1,T2, T3, === mm=—o T (M+1)
101.78 101.25 100.52 99.507 98.134 96.298
93.904 90.904 87.376 83.652 80.421 78.548
|2 HR 360 PERIOD QAT= 122397. QST= 7736676, QOT=  425159. HCI=1.6664 HCO=1.2537
TAF= 120.10
T1,T2,T3,===m————— -===T(M+1) :
102.73 102.20 101.46 100.45 99.077 97.233
94.821 91.785 88.193 84.359 80.958 78.870
. 432 PERIOD QAT= 129104. QST= 9108150. QOT= 703796. HCI=1.6808 HCO=1.2819
TAF= 122.65
T1,T2,T3, === mmm—m——— T (M+1) ‘ )
105.42 104.89 104.16 103.14 101.75m. 99.888
97.432 94.310 90.553 86.428 82.546 79.814
504 PERIOD QAT= 1356311. QST=10406394.' QOT= 1056153. HCI=1.6944" HCO=1.3056
TAF= 125.02
T1,T2,T3 ~==m==——————— T (M+1)
107.93 107.40 106.66 . 105.64 104.24 102.36
99.870 96.676 92.783 88.405 84.078 80.714
576 PERIOD QAT= 141107. QST=11633488. QOT= 1450075. HCI=1.7072 HCO=1.3257
TAF= 127.24
T1,T2,T3,~========———- T (M+1)
110.27 109.74 . 109,00 107.98 106.58 104.68
102.16 98. 94.891 90.283 85.537 * 81.564

648 PERIOD QAT= 146544.

TAF= 129.33
TY,T2,T3,~=====m—————-
112.48 111.95

' 104.32

101.01

QYHR_ 720 PERIOD QAT= 151656.
TAF= 131.31

T1,T2,T3,~—~=====—————
114.57 114.03

106.35 . 102.99

»

QST=12792212.
T(M+1)

o 11Y.21
96.882

QST=13885662.
T (M+1)

113.29
98.763

-

QOT= 2530963. HCI=1.7310 HCO=1.3586

QOT= 1972721. HCI=1.7194 HCO=1.3433

110.19
92.060

108.78,
86.918

106.87
82.363

112.26
93.741

110.85
88.222

.,108.93
83.111

=
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