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PURPOSE

IO

I2

I3
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24

25

26

27

25

30

The design basis for cooling the Auxiliary Feedwater (AFW) B
Pump Room, when the pump is in operation, uses an. Essential Air
Cooling Unit (ACU) and the Essential Chilled Water System
(ECWS) for cooling. In the event that either the ACU or ECWS
fails when the pump runs, the room temperature will rise
rapidly. The purpose of this study is to determine the
transient air temperature for 24 hours in the motor driven AFW
B pump room for the following two cases:

A) AFW B pump'perates at a design flow of 1010 gpm for 2
hours, and then operates at 500 gpm for 22 hours. Normal
HVAC and essential HVAC are not available in this case.

B) AFW B pump operates at design flow of 1010 gpm for 2 hours,
and then operates at 500 gpm for 22 hours. Essential HVAC
is not available. Normal HVAC is available in this case.

Standard room heat-up (RMHTUP) computer program, ME 204,
version Al, is used to study the room ambient air heat-up by
the equipment and other heat loads in the AFW B pump room.

The heat generated in the room is transferred to the room air,
stored in the room enclosure concrete (heat sink)

and'ransferredto the air outside the room. Initially, the
transient temperature for. the AFW B room air is studied for a
time period of 24 hours without any HVAC. Secondly, the
transient temperature for this room is studied for a time
period of 24 hours, when normal HVAC is available.

0
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2 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 input to
a probabilistic risk assessment evaluation done by others.

10

12

13

The system involved in this study are the Auxiliary Feedwater,
Auxiliary Building HVAC (Normal and Essential), and Essential
Chilled Water. Their design criteria are references 25, 26
and 27.
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III. STUDY ASSUMPTIONS:

1. AFW pump B operates at a design flow for 2 hours, and then
operates at 500 gpm for 22 hours. For details, refer to
Section I. of this study.

10

12

2. The initial temperature inside the AFW B pump room is 75 F.
This is based on the assumption that normal HVAC is
available before the time period of this study.'
Temperature of 75 F is the typical normal temperature in
the AFW pump rooms and is based on the operating
experience.

17

18

19

20

21

22

24

25

l

3. The initial temperature outside the AFW B pump room is
75 F. This is based on the assumption that normal HVAC is
available before the time period of this study. The
initial temperature of 75 F is the typical normal
temperature in the close vicinity of the AFW pump rooms and
is based on the operating experience.

4. Essential HVAC is not available during the time period of
this study. In addition, normal HVAC is not available for

. Case A. These are the principal failures assumed at the
onset of this study as discussed in Section I.

27

2a

29

30

5. Initially, steady state temperature conditions exist in the
AFW B pump room and outside the pump room.

0
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6. The room is simplified as an enclosed space bounded by the
same thickness of walls, ceiling and floor. All of the
room walls .actually are 3'-6" thick. In case of floor, no
credit is taken for the thickness being more than the wall
thickness of 3'-6". Due to the low heat load generated in
24 hours compared to the thermal capacity of the existing
walls to absorb the heat, the additional floor thickness
will not make any difference to the room ambient air
temperature.

I2

e
I7

18

I9

20

7. The walls, ceiling and floor are used as a heat sink. For
details, refer to Section VI.C of this study.

8. The heat generated within the room is considered as being
constant. This is due to the fact that more than 95< of
the heat load, as shown in figure 1, is from the electric
motors. For details refer to Sections VI.D and VII.A.1.c
of this study.

22

23

24

25

26

9. No heat transfer is assumed to the room air from the AFW

fluid piping or the AFW pump. This is due to the fact that
when the AFW B pump is running, the room temperature and
the AFW fluid temperature are approximately the same; the
amount of the heat transferred is insignificant.
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10. When a wall is shared by two rooms, which may be heated at
the same time, half of the wall surface area will be
considered as a heat transmission pathway for each room.
AFW A and B pump rooms share a wall. Operation of only one
AFW B or AFW A pump is required. This study uses a worst
case scenario and assumes half of the wall as a heat sink
for each room.

10

12

13

16

17

18

19

20

21

22

23

25

26

27

28

29

30

:

11. The dimensions of the AFW B pump rooms for all three units
are essentially identical. In addition, the electric
motors and pumps, equipment, lighting and piping sizes and
lengths are virtually the same for all of these rooms.
This study is performed for AFW B pump room for Unit 1 and
is applicable to AFW B pump rooms for all three units.

12. Per assumption 4 above, the essential HVAC is not available
during the time period of this study. For a conservative
approach, ACU fan will be assumed running, without chilled
water through the essential coils. The heat load due to
this motor is minor as compared to the heat load from the
AFW B pump motor. An efficiency of 82$ for the ACU fan
motor is assumed for calculation of room heat load. This
is a typical motor efficiency for 5 hp motors as shown in
reference 1, chapter 22, table 30, page 417.

13. The lighting load in the AFW B pump room is assumed to be
Watts/FT . This is a typical lighting load for industrial
buildings as shown in the national electrical code 1987
handbook, reference 7.
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14. This study is performed for a time period of 24 hours. The
computer model can provide details for a maximum of 720
steps (Refer Section VI.D) . Therefore, each step or time
increment is 2 minutes.

10

12

13

e
16

17

18

19

20

21

22

23

25

26

27

28

29

30

33

15. The room walls are required to be divided into a number of
layers for computation of temperature distribution in the
concrete walls by the computer model. The required input
for the thickness of the first layer and the multiplication
factor for thickness of other layers are selected as 0.01ft (approx. 1/8") and 1.41 respectively. For details, see
sections VI.A and B.

16. For'alculation of heat removed from the pump room for the
case of normal HVAC, the supply air temperature is assumed
to be 62 F. Refer to references 23 and 4 for support of0

this temperature.

17. For calculation of heat removed from the pump room for the
case of normal HVAC, the room average ambient temperature
is assumed to be 125 F. For support of this average
ambient temperature, see section VII.C, verification of
average room ambient temperature.

18. Concrete has the following properties:

A. Density 144 lbs/f t (Ref 6)3

B. Thermal conductivity 0.54 (Ref 6)
C. Specific hear 0.2 btu/lb- F (Ref 6)
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19. The net pump room volume is required as input to the
computer model. For calculation of net room volume, the
volume of the HVAC equipment in the AFW B pump room is
insignificant and is neglected.

!0

12

13

16

'I 7

18

'I 9

20

20. Comparing references 9 and 10, the Auxiliary Feedwater
fluid piping is virtually the same for the AFW A&B pump
rooms. Therefore, for calculation of net room volume, the
AFW B piping volume used is the same as that of fluid
piping volume for AFW A pump given in Reference 28.
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10. M. S. S. S. Isometric Turbine Driven Pump, Drawing Number
13-P-AFF-132, Sheet 1, Rev. 20.

11. Main Steam Support Structure, Floor Inserts and
Penetrations, Drawing Number 13-C-ZCS-705, Rev. 19.

12. Main Steam Support Structure, Concrete Sections and
Details, Drawing Number 13-C-ZCS-703, Rev. 7.

13. Equipment Location Containment Bldg. Drawing Number 13-
P-ZCL-106, Rev. 4 .

14. Auxiliary Feedwater Pump Outline, Log M021-3-10

35

36



\ i



PROJECT

REV

TRANSIENT

ORIGINATOR

g

jets
DATE CHECKER DATE

4'-f-8
REV ORIGINATOR

CALCULATIONSHEET
18601-183

TEMPERATURE STUDY FOR AFW B PUMP ROOM

DATE

CALC. NO
13-MC-HA-A03

SHEET NO.

CHECKER DATE
. I

>o
Wz
12

10

12

13

16

IB

19

20

21

15. Motor Outline, Auxiliary Feedwater Pump AFB-P01, Log
M021-58-6.

16. Auxiliary Feedwater Pump data sheet, log M021-102-1
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26. Detailed Design Criteria, Part III, System
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V SUMMARY OF RESULTS:

The transient temperature summary for the AFW B pump room air
is shown below. For case A, the temperature values can be used
directly.

IO

~ For cases B and C, having normal HVAC lowers the temperature
profile for the room air. It is apparent that the maximum
difference between corresponding temperatures in Cases B and C
is < 1.5 F. As explained in Section VII.D, the average of the
results for cases B and C is felt to better estimate the
transient temperature profile when normal HVAC is operating.

17

IB

19

Time Period

No HVAC with only Normal HVAC

CASE A CASE B CASE C AVG BEcc
0 0 0 0

20

21

25

27

2B

29

30

0 min
2 min
4 min

12 min
36 min

2 hr
4 hr

8 hr
12 hr
24 hr

75

88.92
96.91

106.83
111.85
114.67
119.70
126.72
132.08
136.60
144.16
161.25

85.98
92.35

75

85.74
91.99

100.52 100.01
104.58 103.99
106.82 106.18
110.80 110.08
116.35 115.51
120.58 119.65
124.14 123.14
130.11 128.97
143.58 142.15

85.86
92.17

100.27
104.29
106.50
110.44
115.93
120.12
123.64
129.54
142.87
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VI. ROOM HEAT-UP COMPUTER MODEL

A. Model Description: (Ref 18)
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 sources
in the room.

10

12

13

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.

17

I8

19

20

21

22

23

25

26

27

28

30

0;

The room walls are divided into a number of layers 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
0.01 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 0. 01 ft (approx.
1/8"), the second layer thickness is 0. 0141 ft (approx.
3/16"), third layer 0.01 X (1.41) ft, etc.

The transient room temperature is determined from the heat
balance equation, which balances the heat generated within
the room and the heat transferred to the ambient room air,
stored in the room enclosure and transferred to the outside
air, as shown below:

36





I

PROJECT

CALCULATIONSHEET
18601-183

gQ 13 C 1 A A03

SUBgcCT TRANSIENT TE."P RATURE STUDY FOR AFV B PPP ROOi> SH"-I MQ I5
RCV ORIGINATOR DATE

V-i-SI
CHCCKCR DATE RCV ORIGINATOR DATE CHECKER DATC

E@u(R
8 Ahu ourztoE AIg

QAMS Atg

10

12
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16

EQUIP = AMB AIR + WALL + OUTSIDE AIR

17

18

19

20

21

22

N 3

24

25

26

27

26

WHERE EQUIP

ANB AIR

QWALL =

QOUTSIDE AIR

Heat generated from equipment or any
other source in the room, BTU/HR

Heat transferred to the ambient room
air, BTU/HR

Heat stored in the room walls, ceiling
and floor, BTU/HR

Heat transferred to the outside air,
<BTU/HR

29

30

34

The room ambient temperature and the wall temperature
distribution are calculated at f ixed t'me intervals. In
addition, total heat stored in the ambient air and in the
concrete walls and heat transferred to the outside air are
provided for each time interval.
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B. Input Required for Computer Model:

The following information is required as input for
transient temperature study in the AFW B pump room:

10

12

13

16

2.
3.
4 ~

5.
6.
7.
8.

Initial room ambient temperature, degrees F

Initial outside ambient temperature, degrees F

Equipment and other heat generated in the room, BTU/HR

Net room surf ace area, ft,2

Net room volume, ft3

Thickness of room enclosure, ft
Density of room enclosure material, lbs/ft3

Thermal conductivity of room enclosure material,
BTU/HR-ft-F

17

18

19

20

21

22

23

9. Specific heat of room enclosure material, BTU/lb-F
10. One period of time increment for calculation, min
11. Imaginary thickness of first layer of room enclosure,

12. Multiplication factor of imaginary thickness of other
layers

25

26

27

28

29

30

35
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C. Assumptions for the Computer Model

10

12

2.

3 ~

4 ~

The room is simplified as an enclosed space bounded by
the same thickness of walls, ceiling, and floors.
The gross room volume is corrected for the volume
occupied by piping and equipment.
The gross room surface area of the room enclosure is
corrected for the area occupied by equipment.
The enclosure walls, ceiling and floor are taken as a
heat sink.

!3

e'6
17

I8

I9

20

21

22

23

D. Computer Model Limitations

1.. The room enclosure walls, ceiling and floor must be
considered as having the same thickness and of the
homogenous material.

2. The air temperatures outside the room must be
considered as being the same and remaining constant.

3. The heat generated within the room must be considered
as being constant. 'No heat generated outside the room
can be considered.

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

26
E. Computer Model Output

27

28
The following information is provided in the computer model
output:

30

31 TAF

QAT

QST

QOT

Final room air temperature at each period, F

Heat stored in the ambient air, BTU

Total heat stored in the concrete, BTU

Heat transferred to the outside air, BTU
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VII STUDY

This s tudy 'is per formed for the fol lowing two cases:

10

12

A. AFW pump B operates at the design flow
then operates at 500 gpm for 22 hours.
not available.

B. AFW pump B operates at the design flow
then operates at 500 gpm for 22 hours.
available.

for 2 hours, and
Normal HVAC is

for 2 hours,. and
Normal HVAC is

13 Essential HVAC is not available for either of the above
cases.

16

17

VII.A CASE A

18

19

20

21

22

24

25

AFW PUMP B OPERATES AT THE DESIGN FLOW FOR 2 HOURS, AND THEN
OPERATES AT 500 gpm FOR 22 HOURS. NORMAL HVAC IS NOT

AVAILABLE'.

Heat Loads:
a. Electric Motors Heat Load:

This heat load consists of the heat generated by the
AFW B pump motor and ACU fan motor.

27

28

29

30

31

1. AFW B Pump Electrical Motor Heat Load:

AFW B Pump design flow = 1010 gpm (REF 16)
Pump design flow BHP = 1066 hp (REF 16)
Motor efficiency at full load = 95.0$ (REF 20)

BHP for flow of 500 gpm = 750 hp (REF 21)
Motor efficiency at 3/4 load = 95.1 (REF 20)
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AFW pump B operates at design flow for 2 hours and
at 500 gpm for 22 hours. (Refer Section I) .

Therefore, average BHP = (2 x 1066) + (22 x 750) hp
24

= 776.33 hp

IO
Average motor
efficiency,

=(2 x 95) + (22 x95.1)

95. 098
12

I3
The pump and the motor are inside the AFW B pump
room. The fluid is pumped to outside of the room.

l6

17

I8

l9

20

2I

22

23

24

25

26

27

28

Motor lleat load = BHB X 2545 X (1-71 )

yj

(REF 1, note C, table 30, chap 22, page 417)
=776.33 X 2545 X (1 — 0.9509) BTU/HR

0.9509
102,019 BTU/HR

ii. ACU Fan Motor Heat Load:

The essential ACU fan may be running without
essential chilled water thru the essential
cooling coils (See Assumption 12)
ACU nameplate fan h.p. = 5 h.p. (REF 17)
Motor efficiency = 82% (See Assumption 12)

30

;
35

36

The motor and the driver are both in the AFW B

room and the air stays inside the room (i.e.
all the fan motor energy stays inside the
room).
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From ref 1, chap 22, table 30, page 417,

Heat gain from fan motor

10

12

:
'I 6

17

18

19

20

21

22

23

25

26

27

28

29

30

:
31

5 X 2545

0.82

15,518 BTU/HR

Total motor heat load = 102,019 + 15,518
117,537 BTU/HR

b. Lighting Heat Loads:
The heat load is due to the lighting in the AFW B pump
room.

AFW B pump room area = (35'-0") X (18'-3")
(Ref 11)

35.0 X 18.25 FT
2638.75 FT

Typical lighting load for industrial buildings =

2 watts/FT [Refer Assumption 13]2

Room lighting load = (Room area, ft ) X (2 watts/ft ) X

3.41 BTU/HR-watt
638.75 X 2 X 3.41 BTU/HR

4356 BTU/HR
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c ~ Total Heat Loads:

No heat transfer is assumed to the room air from the AFW fluid
piping or the AFW B pump casing (Refer Assumption. 9).

The following is the sum of the heat loads in the AFW B pump
room:

IO

I2

l3

AFW B pump and ACU fan
electric motors heat load = 117,537 BTU/HR [See Sec. VII.A.1.a]
Lighting heat load 4,356 BTU/HR [See Sec. VII.A.1.bl

l6

Total AFW B pump room
Heat Load 121,893 BTU/HR

I8

'I 9
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25

27

28

29

30

e
35



Ir



C'ALCULATIONSHEET
PROJECT JOB NO.

18601-183

SUBJEcy TRANSIENT TEHPERATURE STUDY FOR APW B PUMP ROOM

LC NO
13-MC-HA-A03

SHEET NO.
REV ORICINATOR'ATE'2'HECKER DATE REV ORIGINATOR DATE CHECKER DATE

J,O
0 Dl-
4IZ<
C V

2 ~ AFW B Pump Room Surface Area & Volume:

a. AFW B Pump Room Surf ace Area:

10

12

AFW-B pump room dimensions are, L X W X H
35'-Q" X 18'-3" X 15'-6" (REF 11 & 12)
AFW A pump room has a common wall with AFW B pump room
(REF 13)
The surface area of the shared wall will be considered
50$ for AFW B pump room, resulting in half of the wall
as a heat sink for this room (Refer to Assumption 10) .
The dimension of the common wall are

(35'-0") x (15'-6") (REF 11 and 12)

16

17

IS

19

20

21

22

23

25

27

26

29

30

'Therefore, the surface area for heat transfer is as
follows:
Wall surface area
2 X(18'-3" X 15'-6") + (35'-0" X 15'-6") +
(35'-0" X 15'-6") = 1379.5 ft2

Ceiling surface area = 35 '-0" X 18 '-3" = 638.75 ft
Floor surface area = 35 '0" X 18 '3" = 638.75 ft
Total surface area

1379.5 + 638.75 + 638.75 = 2657 ft
Floor area occupied by the AFW B pump and motor set

166 X 47 ft = 54.18 ft
12 12

[For dimensions, see REF 14]

33 Net surface area for heat transmission
2657-54. 18 = 2602. 82 ft, say 26Q3 f t2
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b. AWF B Pump Room Volume: (Ref 14 and 15)
Pump volume = ~l X 28) ' 60 + Wi X 10 X 10

4 12/ 12 4 12 12
21.83 ft

Coupling volume = 'll X 10 X 25 = 1.14 ft
4 12 12

10 Base plate volume = 166 X 6 X 47 = 27. 09 ft
12 12 12

12

13

16

17

I8

'I 9

20

21

22

25

27

Motor volume = 1T X 36 X 60 + 2 X 34 X 60
4 12 12 12 12 12

37.70 ft

Estimated pump and motor set volume =

21.83 + 1.14 + 27.09 + 37.70 ft = 87.76 ft

Piping Volume in the pump room = 132.45 ft
(From REF 28 per Assumption 20)

AFW B pump room volume = (35'-0") X (18'-3") X (15 -6 )

9901 ft3 (Ref 11 s 12)

Volume for the HVAC equipment and the EBS piping is
insignificant and is neglected. [Assumption 19]

29

30

Net AFW B pump room volume = 9901 — 87.76 — 132.45
39680.79 ft say 9681 ft
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3. Input Data: CASE A

10

12

The following input data for the computer model is used:
1. Initial room ambient temp. = 75 F [Assumption 2]
2. Initial outside ambient temp. = 75 F [Assumption 3]
3. Equipment and other heat generated in the room = 121,893

BTU/HR [See Section VII.A.1.c]
4. Net room surface area = 2603 FT [See Section VII.A.2]2

5. Net room volume = 9681 FT [See Section VII.A.2]2

6. Thickness of room enclosure = 3.5 FT [Ref 11 and 12]
7. Density of'room enclosure material = 144 LBS/FT

[Ref 6]

:
16

8.

9.

Thermal conductivity of room enclosure material
0.54 BTU/HR-FT- F [Ref 6]
Specific heat of room enclosure material = 0.2 BTU/LB- F

[Ref 6]
18

19

20

21

22

23

24

25

10. One period of increment for calculation = 2 min
[Assumption 14]

11 Imaginary thickness of first layer of concrete enclosure
0.01 FT [Assumption 15]

12. Multiplication factor of imaginary thickness of other
layers = 1.41 [Assumption 15]

26

27
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30

33
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4. Results: CASE A

The transient temperature for the AFW B pump room air
obtained from the computer output, is shown in Figure 2.
The transient temperature output, Appendix A, shows that
without any HVAC, the calculated .temperature in the pump

. room will be as follows:

10

12

13

16

18

19

20

21

22

23

Time Period
0 min
2 min:
4 min

12 min
36 min

1 hr
2 hr
4 hr
6 hr
8 hr

12 hr
24 hr

Tem erature F

75

88.92
96.91

106.83
111.85
114.67
119.70
126.72
132.08
136. 60

144.16
161.25
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31
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VII.B CASE B

AFW PUMP B OPERATES AT DESIGN FLOW FOR 2 HOURS, AND THEN

OPERATES AT 500 gpm FOR 22 HOURS. NORMAL HVAC IS AVAILABLE.

10

12

13

16

17

l8

1. Net Heat Load: CASE B

Normal HVAC design supply flow in AFW B pump room = 400 cfm
[Ref 23 R 24].
Normal HVAC air balance supply flow in AFW B pump'room =

396 cfm [Ref 24, Page 15]
Supply air temperature = 62 F [Refer Assumption 16]0

Assume average room ambient temperature = 125 F (See0

assumption 17)

20

21

22

23

24

25

26

27

28

Using normal HVAC air balance supply flow,
Heat removed, qs 1.08 X 396 X (125-62)BTU/HR

26,944 BTU/HR

Total Heat Load in AFW B pump room = 121,893 BTU [Refer
Sec. VII.A.1.c]

Net heat load in AFW B pump room = 121,893 — 26,944
94,949 BTU/HR

30

0
2. Input Data: CASE B

All input is the same as CASE A except item N3, Room heat
load, which is 94,949 BTU/HR.
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3. RESULTS: CASE B

The transient temperature for the AFW B room air, obtained
from the computer output, is shown in Figure 3. The
transient temperature output, Appendix B, shows that with
only normal HVAC, the calculated temperatures in the pump
room will be's follows:

lO

12

I3

'I 8

I9

20

2I

22

Time Period
0 min
2 min
4 min

12 min
36 min

1 hr
2 hr
4 hr
6 hr
8 hr

12 hr
24 hr

~Tem . F0

75

85.98
92.35

100.52
104.58
106.82
110.80
116.35
120.58
124.14
130.11
143.58
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VII.C CASE C: VERIFICATION OF THE AFW B PUMP ROOM TEMPERATURE:

AFW PUMP B OPERATES AT THE DESIGN FLOW FOR 2 HOURS, AND THEN
OPERATES AT 500 gpm FOR 22 HOURS. NORMAL HVAC IS AVAILABLE.

10

12

13
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I8

19
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29

30

Average room temperature was assumed. to be 125 F for Case B.
The computer output for the CASE B (Appendix B) shows that the
room temperature is 130 F after 12 hours. It is apparent that0

the average heat removed by the Normal HVAC is slightly under
estimated and that the final temperature may be slightly over
estimated. To establish a lower limit, the Normal HVAC effect
was recalculated for 130 F.

1. Net Heat Load: CASE C

Using the methodology used in Case B, the heat removed by
Normal HVAC and the net heat load in the pump room are
recalculated, due to the temperature difference, with room
temperature 130 F and supply air temperature 62 F (same as

0 ~ 0

before) .

Using normal HVAC air balance supply flow,

Heat removed, qs = 1.08 X 396 X (130 — 62) BTU/HR = 29,082
BTU/HR

Total Heat Load in AFW B pump room = 121,893 BTU/HR [Refer
Sec. VII.A.1.c]

e: Net heat load in AFW B pump room = 121,893 — 29,082
92, 811 BTU/HR

35
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Input Data: CASE C

All input data for CASE C is the same as for CASE A except .

for item N3, Room heat load, which is 92, 811 BTU/HR.

10

3. Results: CASE C

Using this heat load, computer model is again run. The
result of this computer'un, Appendix C, is plotted on
Figure 3. Xt indicates that the temperature after 12 hours
is 129 F and the 24 hour temperature is 142 F

0

12

13

16

'I 7

18

The transient temperature for the AFW B pump room air,
obtained from the computer output, is shown in Figure 3.
The transient temperature output, Appendix C, shows that,
with Normal HVAC, the calculated temperature in the pump
room will be as follows.
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Time Period
0 min
2 min
4 min

12 min
36 min

1 hr
2 hr
4 hr
6 hr
8 hr

12 hr
24 hr

~Tem . F0

85.74
91.99

100.01
103.99
106.18
110.08
115.51
119.65
123.14
128.97
142.15
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VIIeD CONCLUSIONS: Room cooling with only Normal HVAC:

IZ

13

16

Reviewing the results for CASE B, it is concluded that the
temperature at each step beyond eight to twelve hours is
slightly overestimated because the heat removed by the normal
HVAC is slightly overestimated. Similarly for CASE C, the
temperature in this time interval is slightly underestimated
due to the slight overestimation of the heat removed by the
normal HVAC. The effect is small as is apparent from the small
differences between corresponding temperatures.

In evaluating these results, it is concluded that the average
of the calculated transient room temperatures for CASES B and C

is a better approximation of the expected results. The average
of the results of CASES B and C follows:

18

19

20
With only Normal HVAC

21

22

23

CASE B CASE C

Time Period ~Tem . F ~Tem . F

AVG B&C

~Tem . F
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0 min
2 min
4 min

12 min
36 min

1 hr
2 hr
4 hr
6 hr
8 hr

12 hr
24 hr

85.98
92.35

100.52
104.58
106.82
110.80
116.35
120.58
124.14
130.11
143.58

75

85.74
91. 99

100.01
103.99
106.18
110.08
115.51
119.65
123.14
128.97
142.15
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110.44
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123.64
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142. 87
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DXI,DX2,DX3,------------DX(H)
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7.85805.02 .11080 .15623 .22028 .31059 .43794
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2 gpl
75.152
75.000
75.000

1 PER IG) OAT= 2405. OST"-1658. OOT=

TAF= 88.92
T1 T2 T3 ---------"--T(H+1)
75.779 75.530 ?5.312
75.003 75.000 ?5.000
75.000 75.000 75.000

0. HCI=1.4538 HCO= .0000

75.057 75.016
75.000 75.000

30

75,443 75 . 192 75.061

2 PERICO aAT= 3749. 0SI= 4377. 001= 0. HCI=1.5511 HCO= .0000
TAF= 96. 91
11 T2 T3 .---------"-T(II+I)
76.700 76.251 75.812
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M.C44 87.615,86.510
79.051 77.132 75.816
75.000 75.000 75.000

0 86.191
75.303
75.000

42 PERICO CAT= 7016. QST= 163625. QOI=

TAF= 116.91
Tl T2 T3 .-.----.-.-"T(H+1)
89.593 &&.761 87.6C7
79.859 77.702 76. 122

75.000 75.000 75.000

84.360
75.045

82.192
75.003

0. HC1=1.7027 HCO= .0000

35





C

CALCULATIONSHEET
AiIPP

NO
18601 183

PROJECT

( SUBJECT TRAilSIE iT T~ERATURE STUDY FOR AR B PUMP ROOM

CALC. NO
13-ifC-HA-A03

SHEET NO. 8
REV ORIGINATOR DATE CHECKER DATE REV ORIGINATOR DATE CNECKER DATE

I

FADE

3

85.360
75.073

48 PER I CO QAT= 7175. QST= 1S7843. COT= 0. HCI =1.7081 HCO= .0000
TAF= 117.90
T1,T2 T3 "----------.T(H+1)
90.659 89.825 88.703 83.115
80.645 78.281 76.453 75.006
75.000 75.000 75.000

10

89.131
75.744
75.000

60 PER I CO QAT= 7464. QST= 236309. COT=
TAF= 119.70
T1 T2 T3 -------------T(H+1)
92.602 91.764 90.632
82.150 79.440 77.172
75.001 75.000 75.000

87.202
75.152

84.838
?5.016

0. HCI-"1.7182 KCO= .0000

12

0:
16

17

18

0. HCI=1.7272 HCO= .000072 PER ICO QAT-" 7722. QST= 284804. DOT=
TAF= 121.33
T1 T2 T3 -------------T(H+1)
94.354 93.514 92.373
83.572 80.584 77.936
75.002 75.000 75.000

90.853 88.880
76.119 75.266
75.000

86 426
75.033

92 '3S
76.542
75.000

0. HCI=1.7356 HCO= .0000

90.431
75.413

87.907
75.060

84 PER ICO OAT= 7959. QST= 333321. COT=
TAF= 122.82
T1 T2 T3 -.-.---------T(H+1)
95.963 95.120 93.974
84.919 81.703 78.726
75.004 ?5.000 75.000

19

20

21

22

0. HC1=1.7434 KCO= .0000

93.914 91.880 89.299
77.002, 75.590 75.098
75.000

96 PER ICO QAT«- 8179. QST-" 381856. COT=
TAF= 124.20
T1,T2,T3,-------------T(H+1)
97.458 96.614 95.462
86.201 82.?93 ?9.527
75.008 75.000 75.000

23

26

95.301
77.490
75.000

108" PER ICO QAT= 8384. QST~ 430405. COT=
TAF= 125.50
T1,T2,T3,-------------T(H+1)
98.861 98.016 96.860
87.426 83.854 80.333
75.013 75.000 75.000

0. HCI=1.7508 HCO= .0000

93.244 90.617
?5.795 75.147

27

28

29

30

0. HCI=1.7577 KCO= .9447

96.614 94.538 91.8?0
77.999 76.024 75.208
75.000

120 PER ICO OAT= 8577. QST= 478965. QOT=

TAF= 126.72
T1 T2 T3 --"---------T(H+1)
100.19 99.340 98.181
88.601 84.885 81.137
75.021 75.001 75.000

3 1

97.863
78.524

132 PER ICO QAT= 8761. QST= 52?536. QOI=
'IAF= 127.89
'I1 T2 T3 "----------.T(H+1)
101.45 100.60 99.437
89.730 S5.889 81.936
75.032 75.001 ?5.000

0. HCI=1.7644 HCO= .9458

95.770 93.068
76.2?5 75.281
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P ROJECT

CALCULATIONSH EET

JOB NO
18601-183

CALC. NO.

SUBJECT TRANSIEVZ T~ERATURE STUDY FOR AFW B PIMP ROOM-
SHEET NO.

0 RE V ORIGINATOR CHECKER DATE REV ORIGINATOR DATE CHECKER DATE
. I (

>D)"z'

99.057
79.062
75.000

144 PER ICO QAT= 8936. QST= 576115. QOT=

TAF= 129.00
Tl T2,T3, ------------T(H+1)
102.65 101.80 100.64
90.819 86.866 82.729
75.045 75.002 75.000

0. HCI=1.7708 HCO= .9C78

96.950 94.217
76.545 75.365

0. HCI=1.7769 HCO= .9495

100.20 98.082 95.322
79.608 76.832 75.462
75.000

156 PER ICO OAT= 9103. QST= 624701. QOT=

TAF= 130.07
Tl T2 T3 ----- - -.--.T(H+1)
103.81 102.96 101.79
91.871 87.818 83.514
75.062 75.004 75.000

10

12
101.30
80.161
75. Ma

168 PER ICO QAT= 9264. QST= 673294. CDT"-

TAF-" 131.10
Tl T2 T3 -------------T(H+1)
104.92 104.07 102.90
92.890 88.747 84.289
75.082 75.005 75.000

99.173
77.134

96.389
75.569

0. HCI-"1.7829 HCO= .9512

16

180 PER ICO QAT"- 9419. QST= 72189C.
TAF= 132.08
Tl T2 T3 ----" "" -T(~1)
105.99 . 105.14 103.96
93.879 89.654 85.055
75.106 75.008 75.000

102.37
80.719
75.000

0. HCI=1.7886 HCO= .9529

100.23 97.421
77.449 75.687

'I 8

19

20

21

22

23

25

26

27

28

29

192 PER I(X) OAT= 9568. QST= 770498. QOT=

TAF= 133.04
Tl T2 T3 -------------T(H+1)
107.02 106.17 105.00
94.839 90.540 85.811
75.134 75.010 75.000

103.40
81.279
75 ~ 000

104.39
81.841
75.000

216 PER I CO QAT= 9853. QST= 867721. GOT=

TAF= 134.87
Tl T2 T3 --.----- --- T(H+1)
1¹00 108.15 106.97
96.686 92.255 87.294
75.203 75.018 75.001

105.36
82.C04
75.001

204 PER ICO QAT"-9713. QST= 819107. QOT-"

TAF= 133.97
Tl,T2,T3,-----------"T(H+1)
108.02 107.17 106.00
95.775 91.407 86.557
75.166 75.014 75.001

101.25 98.422
77.775 75.816

1. HCI=1.7996 HCO= .9564

102.24
78.111

99.393
75.954

1. HCI=1.8049 HCO= .9582

103.20 100.34
78.455 76.101

0. HCI=1.7942 HCO= .9546

30
2. HCI"-1.8101 HCO= .9600

106.3l 104.13 101.26
82.966 78.808 76.257
75.001

228 PER I CO QAT= 9989. QST= 916339. QOI=

TAP= 135.74
Tl T2 T3 ------------AT(H+1)
1¹94 109.09 107.92
97.576 93.086 88.020
75.2C3 75.023 75.001

35

36

P E(g 240 PER I CO QAT= 10121, QST~ 96C960. QOI=

TAF= 136.60
3. HCI=1.8151 HCO= .9619





PROJECT

CALCULATIONSHEET
601-183

TRANSIENT TE.IPERATURE STUDY FOR AFW B PEiP ROOM

CALC. NO
13-MC-HA-A03

SHEET NO.

REV ORIGINATOR DATE CHECKER DATE REV ORIGINATOR DATE CHECKER DATE

T1,T2, T3,---"".-----T(H+1)
110.87 110.01 10S.84
98.4CS 93.901 88.737
75.288 75.029 75.002

107.22
83.527
75.001

105.0C 102.15
79.166 76.421

108.99
84.646
75.002

264 PER ICO OAT= 10376. QST= 1062211. QOT=
TAF= 138.24
Tl T2 T3 ------.--"--T(H+1)
112.64 111.79 110.61
100.13 95.484 90.142
75.389 75.043 75.003

5. KCI"-1.8249 KCO= .9657

106.80 103.89
79.901 76.771

10

12

110.68
85.755
75.003

288 PER ICO QAT= 10618. QST= 1159470. QOT=
TAF= 139.81
Tl,T2,T3,------.---.--T(H+1)
114.34 113.49 112.31
101.74 97.012 91.511
75.508 75.061 75.005

108 48
80.652

105.55
77.149

9. HCI='1.8343 KCO= .9697

13

0
17

18

19

20

21

22

23

16. HCI=1.8433 HCO= .9738

112.30 110.09 107.1C
86.854 81.417 77.550
75.004

26. HCI=1.8521 HCO= .9779336 PER ICO QAT= 11073. QST= 1354012. QOT-"

TAF= 142.76
Tl T2 T3 --------.----T(H+1)
117.54 116.68 115 '0
104.80 99.920 94.150
75.793 75.112 75.0'I l

113.87 111.65 108.68
87.940 82.191 77.973
75.006

40. HC1=1.8606 HCO= .9822360 PER ICO OAT= 11288, QST= 1C51290. QOT=

TAF= 144.16
Tl T2 T3 --------"---T(H+1)
119.05 118.19 117.01
106.25 101.31 95.423
75.959 75.145 75.016

115.37 113.15 110.16
89.014 82.972 78.413
75.008

312 PER ICO QAT= 10850. QST= 1256738. QOT=
TAF= 141.31
Tl T2 T3 -------".---T(H+1)
115.97 115.12 113.93
103.30 98.489 92.847
75.6C3 75.084 75.008

25

26

27

ze

29

30

34

119. HC1=1.8848 HCO= .9951432 PER ICO QAT-" 11889. QST= 1743131. COT=
TAF= 148.10
Tl,T2,T3,-------------T(H+1)
123.30 122.44 121.25
110.35 105.26 99.076
76.540 75.276 75.036

119.61 117.37 114.34
92.155 85.334 79.824
75.018

285. HCI =1.9073 HCO=1.0082504 PER ICO OAT= 12C3S. QST= 2034935. QOT=

TAF= 151.72
Tl T2 T3 ---".-"----T(H+1)
127.21 126.35 125.16
114.15 108.93 102.51
77.231 75.C58 75.071

123.51 121.25 118.20
95.175 87.697 81.333
75.036

576 PER ICO OAT= 129C7. QST= 2326636. QOI= 590. HCI =1.9286 HCO=1.0213
TAF= 155.(9
Tl,T2,T3 - - -" - ~ - T(H+1)
130.85 129.99 12S.79 127.14 12C.87 121.79

36
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PROJECT

CALCULATIONSH EET
18601 183

CaLC. NO

SUBJECT TRANSIENT T~ERATURE STUDY FOR AFW B PUMP ROOM
SHEET NO.

REV ORIGINATOR DATE CHECKER DATE

P-r-8
REV ORIGINATOR DATE CHECKER DATE

117.69
78.013

112.37
75.692

105.77
75.123

98.081
75.061

90.039 82.908

1094. KC I=1.9488 HC0=1.0342

130 ~ 55 128.27 125.17
100.88 92.349 84.526
75.096

64S PERICQ QAT= 13423. QST= 2618169. QOT"-

TAF= 158.25
T1 T2 T3 -------------T<II+1)
134.26 133 40 132.21
121.03 115.63 108.86
78.S70 75.978 75.194

10

13

133.78
103.58
75.141

+ I H'g 720 PER100 QAT= 13871. QST= 2909462. QOT=

TAF= 161.25
T1 T2 T3 -"---"----T(H+1)
137.49 136.63 135.44
124.20 118.73 111.82
79.789 76.312 75.287

1863. KCI=1.9682 HC0=1.0468

131.49 128.37
94. &?1 86.170

16

18

I9

20

22

23

25

26

27

28

30

e
31

35
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PROJECT

CALCULATIONSHEET
JOB NO

TRMS TENT T&tFERATURE STUDY FOR AFW B F PiiP ROON

CALC, NO
i3-NC-HA-A03

SHEET NO. 44
REV ORIGINATK3R DATE CHECKER DATE REV ORIGINATOR DATE CHECKER DATE

/L /7/-//-8/

10

2

INITIAL INttaXAL ROOI ueltat TON»KRATURE~ DEC, fil
»75

INITIAL JD/ACKNT ROOI NQIENT T~RAIURE~ DEC. S07
»75

EtarltlCNT NEAT CENERATED IN TNE latERNAL tOCK, ~ TU/Nail
»94949

NET INIERNAL ROOI SINSACE AREA, $0, ft il
»2605

Ntt INTERNAL ROOI VQLU%, Klr.fl.il
»9bb1

TNICRNESS OS ROOI ENCLOSURE, Sf.il
~ 545

DENSIlt Of ROOI ENCLO5lat NAIKRIAL, LRS/CU.fT.il
»'144

Tata»ILL COOUCTIVITY Of ROCK ENCLOSURE IIATERIAL, RTU/Na St Sil
».54

SSECIS IC NKAt Of ROOI ENCLOSURE IlAIKRIAL~ ~ IU/L~ ~ Sit

ONE SERICO Of TIIC INCkDCNT foa CALKLAATIOI,NIN.il

:
INACINART TNICCNESS Of fla$ 1 LA'TER Or kCOI ENCLOSURE, St il

».01
IRATISLICATIOI SACTOR Of INACINART TNICKNESS Or DINER LATERSil

»1.41

17

18

19

~ 0 ~ 0 ~ 0 ~ 0 ~ 0 ~ 0 ~ ~ 0 ~ 0 ~ 0 ~ 0 ~ 0 ~ 0 ~ ~ 0 ~ 000000000000 ~ 0 ~ 0 ~ 00 ~ 0 ~ 0 ~ ~ 0 ~ 00 ~ 0 ~ 0 ~ 000000 ~ 0 ~

~ Ccr VRICNI 19lb, 1979 SECNIEL JOKER Cta»ORAT IOI. ALL aICNIS RESERVED. ~

~ 0 ~ 00 ~ 0 ~ 0 ~ 0 ~ 0 ~ 0 ~ 0 ~ 0 ~ 0 ~ 0 ~ 0 ~ 0 ~ 0000 ~ 0000 ~ 00 ~ 000000 ~ 0 ~ 0 ~ 0 ~ 0 ~ 0 ~ 0 ~ ~ 0 ~ 0 ~ 0 ~ 0 ~ 0 ~ ~

20

21

22

23 N KJOER Of IIILCINART LATER~ 19

25

26

27

DXI DI2 DNS ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ DXINI

2. 1696

1.00000 02 1.41000 02 1.96610 02 2.60522 02 5.95254 ~ 02 5.S7306 02

7, 65605 '02 ~ 11060,15625 220th . 51059 . 4 5 794

.61749 .67066 1.2276 1.7510 2.4407 5.4415

28

29

30

a/ib/J

75. I lb
7S.OOO

I 7 Ka ICO DAT~ 16960 011 ~ 1769. 00th 0. NCI ~ 1.4095 NCO .0000
IAS ~ 65 96

ll 12,15, ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ TIII01)
7S ~ 596 75.405 75.259 75. 044 75. 012

75.007 75.OOO h.OOO h.000 h.OOO

h.ooo h.ooo h.ooo lS. OOO 75. 000

75.000 75.000

35

36
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PROJECTt SUBJECT

REV ORIGINATOR

p~

CALCULATIONSHEET
18601-183

DATE CHECKER DATE REV ORIGINATOR

TEMPERATURE STUDY FOR AFW B PUMP ROOM

DATE
SHEET NO. 4/
CHECKER DATE

CALC. NO
13-MC-HA-A03

, IS
)o'g

2 PIN ICO QAT~ 297$ ~ QCI ~ 3353. QOI ~

'IAS ~ 92.3$
11 ~ 12 13 ~ ~ ~ ~ ~ ~ ~ ~ ~ T(N>l)
lb.303 7$ .959 7S.622 75.
rs.ol o rs.ool n.ooo n.
rs.ooo n.ooo rs.ooo rs.
rs.ooo n.ooo

n.Ter

rs.ooo

7S.OC7

rs.ooo
7S.OOO

0. HCI ~ 1.4971 NCO .0000

10

3 P(RICO QAI~ 3S93. QSI~ 5699. OOT ~

IAf~ 96.0$
11,12 13 ~ ~ ~ T(N>1)
76.971 lb.$26 lb.059 75.
7$ .02d 7S.004 7S.OOO 7S.
7$ .000 7$ .000 7S.OOO 7S.
75.000 75.000

0. HCI ~ I.S391 HCO .0000

7$ .301 7S.107
7S. 000 7S. 000
7S.000 75.000

12

13

e:
76.596

e PTRICO OAT~ 433$ . Qsl. I(649. Ool.
IAfi Ioo.st
ll Tt 13 " ~ ' T(N>l)
ls.ss6 77.966 77.3)7
7$ .136 7S.026 75.003
n.ooo n.ooo n.ooo
rs.ooo n.ooo

0. HCI ~ I.SSI7 HCO .0000

7$ .930 7S.C24
7$ .000 75.000
75.000 7S.OOO

16

17

18

19

20

12 PIRICO QAI~ C7S9. QST ~ 33210.
IAS~ lbs.10
11>12>13 " "~" T(N>l)
60.641 60.023 79.241
7$ .S94 7S. 163 75.034
7$ .000 75.000 7S.000
7$ .000 7$ .000

001 ~

7S.003
n.ooo

0. HCI ~ I ~ S991 HCO .0000

rd.329

75. 000

21

22

23

2>I

7$ .016

16 PI RICO QAI~ Sobs. OST S1951. 001 ~

TAf~ 10C.SS

11,12 13 ~ ------------T(N>1)
62.150 61.5'19 60.700
lb.200 7S.C62 7$ .114
rs.ooo n.ooo n.ooo
7$ .000 7$ .000

0. HCI ~ I.6073 NCO .0000

lb.S0b 77.279

25
24 PIN ICO QAI~ 5199. Qsf~ 70741. 001 ~ 0. HCI ~ ).6136 NCO .0000

26

27

28

29

IAS ~ lbs.7S
Il,lt 13 "~ ~ -----""1(N>1)
63.396 62.7S9 61.920
r6.649 n.st( rs.tcb
7S. 000 7$ . 000 7S. 000
7$ .000 7$ .000

60.6$ 6
7$ .043

79.563 lb. 164

n. ooo

30

e
( Hg30 P(RICO QAT ~ 5366. QST 69556.

IAS ~ Iob. 62

11,12,13, ~ ~ "~ ~ ~ . ~ . T(N>l)
SC.C64 63.642 62.991
77.$ 0C lb.22d 75.C23
7$ .000 7$ .000 7S.000
7$ .000 7$ .000

001 ~

61.697
rs.ops

0. NCI ~ 1.6194 NCQ .0000

60.5$ l
7$ .010
rs.ooo

35

36

36 P(RICO CAID S$ 19. OSIS 106390. 001
'CE107.7$

11,12,13, ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ 1(N>1)

0. HCI ~ 1.62C4 NCO> .0000



P
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PROJECT

CALCULATIONSH EET
18601-183

CALC. NQ. -.1C-HA-A03

CHECKER REVORIGINATOR ORIGINATOR

fss

SUBJECT TRAhSIFYT TEMPERATURE STUDY FOR AH< B PE'P ROON

REV DATE'ATE
44m

DATE
SHEET NO.

CHECKER DATE
, I (

>C)I.
IIiZ
(C 1.

65.461
16. 149

1$ .000
1$ . 000

5C.bib
76.6$ 7

7$ .000
15. 000

5).956
1$ .6 Jc

52.8)9
7$ .1$ J

7$ . 000

51.4$ 1

7$ .020
7$ .000

79.531
75. 001

TS.000

~ 7

42 pfatco OAI sesr. Osl ~ Izrz)e.
IAI ~ 108.59
'I I ~ 12, I3, ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1(Hi I )
66. 351 55. 109 54.541
75. 779 11.101 7$ .571
7$ . 000 7$ . 000 75. 000
1$ . 000 7$ . 000

OOII

6). 708

75.23$
75. 000

0. HCI ~ 1.6290 HCOI .0000

62.252 60.594
7$ .035 TS.002
TS.000 75.000

'I 0

13

54.517
TS.)35
7$ . 000

45 Pf RICO OAII $ 18$ . OSI ~ 'IC609C. Oot ~

IAI~ 109.35
ll 12 13 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ l(H'I)
57.188 86.5)d 5S.bbS
79.391 TT.SSI lb.lJo

h.ooo rs.ooo rs.ooo
15.000 75.000

d3.061
Ts.osd
TS. 000

51.313
7S. 00$
TS. 000

0. HCI ~ 1.6332 HCOI .0000

i,'6

17

)8

H R 60 Pf RICO OAI ~ 6016. OSI ~ 153833.
IAI4 110.60
tl, lz,t), ~ ~ ~ ~ ~ ~ ~ - ~ "-~ t(Hil)
M.roz 85.050 57.165
80.564 lb.C5C lb.6b9
75.001 75.000 75.000
75.000 75.000

5$ . 999
7$ .518
7S.000

0. HCI ~ 1.6410 HCoi .0000

5C.C97 d2.65d
75.115 75.012
75. 000 75. 000

19

20

21

22

23

81. 341

7$ . dlo
7$ . 000

12 P(RICO OAI ~ 6224. 0$ 1 ~ 221593. Oofy

IAI~ 112.09
I'1,12,IJ, ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ t(Hil)
90.0M 59.CIJ M.525
51.611 19.345 77.25C

rs.ooz h.ooo rs.ooo
7$ .000 15.000

55. 504

75. 207
75.000

8).89C
75.026
75.000

0. HCI ~ 1.6C79 HCOI .0000

24

25

26

27

28

M.5ls
16. 199

75. 000

8'fRICO OAI ~ 6414. O) t ~ 259372. 001 ~

tAI~ I'I) 26

11,12,1), ~ ~ ~ ~ ~ "" ~ l(Hot)
91.321 90.M5 59.712
82. 721 60. 216 77.699
15.00) 75.000 7$ .000
ls.ooo rs.ooo

57. 013

7$ . 321

75. 000

65.047
7$ . 047
75. 000

0. HCI ~ 1.65CC HCoa .0000

29

30

0;

96 P(RICO CAI ~ 6590.

IAIDO

114.)d
11 ~ 12, I 3, ' '
92.CM 91.629
8 3. 119 81. 066
ls. 006 7$ . 000
1$ . 000 75 . 000

1(H ~ I)
90.9)1
16. 52)
T5.000

69.726
lb. 55 1

7$ . 000

OSI ~ 291166. OOI ~

M. ICI
TS.C59

75. 000

66. 132

h.ore
7$ . 000

0. HCI ~ 1.660C HCOI .0000

34

35

145 P(RICO CA I ~ 6hs.
IAI~ 115,)5
Il~ 12, I) ~ ~ ~ ~

''').519

92.921
8'.61C bl.d92
15.010 h,ooo

I(Ht1)
92.020
79. 150

75. 000

90. 606

lb.9)l
h. 000

est ~ J)4911.

001'9.20$
h.bib
15.000

57. 156

h. I IC

h. 000

0. HCI ~ 1.6660 HCO .0000
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CALCULATIONSHEET
PROJECT JOB VO

TRANSIENT TEMPERATURE STUDY FOR AFW B PUMP ROOM

REV DATE DATE ORIGINATORCHECKERORIGINATOR REV

p-/-zp
DATE CHECKER DATE

CALC. NO
3-MC-HA-AO3

SHEET NO.

l Q>of-
ILIg g
L ()

75.000 7$ .000

(IIII'Q120 PEHICO OAT~ 6911. Osf 372766.
TAT~ 116.3$
II,T2,13 . ~ - ~ ~ --------T(Ni))
9C.d12 93.9$ 3 93.050
6$ . 569 62. d9$ 79. 777
7$ .017 7$ .001 7$ .000
75.000 7$ .000

aof ~

91.629
77.334

90.212
rs.r9r
7$ .000

65. 134

7S.162
7$ . 000

0. NCI ~ 1.6713 NCO .0000

IO

12

132 PEAICO OAfi TOSS. OST ~ 410606.
TAf~ 117.27
Tl 12 13 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ f(N>I)
9S.S94 94.93C 94.029
66.465 53.477 60.399
rs.ors rs.ool rs.ooo
7S.OOO 7S.000

92. 602

77. 743

91.172
7S.992

69.065
7$ .216

0. NCI~ 1.6764 HCO .0000

13

16

ICC PEAICO OAT~ 7199. OS'C6437.
TAI~ 116.1$
11 12 13 """""f(N+I)
96.S)2 95.671 9C.964
67.316 SC.235 61.017
rs.o)s rs.oo2 - rs.ooo
)s.ooo rs.ooo

OOI ~

93. 732

75. 162

7S.000

92.091
76.202
75.000

69.963
7$ .264
rs.ooo

0. HCI ~ 1.6613 HCO .0000

17

18

19

20

21

94. 625
75.557
7S.OOO

lsb PEAICO aAT 7333. Osf ~ 466273. Oof.
TAT~ 116.99
11,12 13 -- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ T(Nif)
97.431 96.769 9$ .860
65. 1)b 64.960 61. 626
7S.OCS 7$ .003 7$ .000
7$ .000 7$ .000

92.974
re.crb

90.62C
75. 359
7S.OOO

0. HC( ~ 1.6860 HCO .0000

22

23

24

25

26

27

29

30

lbb PEAICO aAT> 7C63. Osf~ 524114.
TAT~ '119.60

11 12 13 ~ ~ ~ ~ ~ -----.--T(N~T)
~ ~ ~

96.295 97.634 96.723
65.930 6$ ~ 70C 62.232
7$ .064 7$ .004 75.000
rs.ooo 75.000

P HQ 160 PEA ICO OAI~ 7567. OST ~ S61959.

IAt~ 120.$ 5

11 12 13 ~ ~ ~ ~ ~ --- ~ -- ~ AT(N~I)

99.130 96.Cdr 97.5SS

69. 700 56.C I0 62. 529

rs.obs rs.oob rs.ooo
75.OOO 75.OOO

aof o

95.463
79.016
7S.OOO

aof ~

96.312
79.CS2

75.000

93.623
lb.bb I
7S.OOO

91.655
7$ .CCS

0. HCI ~ 1.69C9 N~ .0000

94.64C

rd.9M
92.4$ 9

7S.S)$
7$ .000

0. NCI ~ 1.690$ HCO .0000

e
33

35

97.1'I3

rs. ooo

192 PEA ICO OAT~ rror. asl ~ S99605. OOT ~

TAf~ 121.3C

11,12,13, ~ ~ ~ ~ ~ --- ~ -- ~ ~ T(Nif)
99.9)b 99.273 96.360
90.449 67.100 SS.Clr
rs. Ios 75.006 rs.ooo
rs.ooo rs.ooo

9$ . 435

rl. 'I do

7$ . ooo

93.235
75.6)$

0. NCI ~ 1.6992 HCO .0000
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PROJECT

CALCULATIONSHEET
18601-183

CALC. NO
-. -HA-Ao

ORIGINATORREVCHECKEROR I GIN ATOR

SUBJECT TRAh'SIENT TEHPERATURE STUDY FOR AFM B PE'P ROON

1 REV DATE DATE

n 44 rV
DATE

SHEET NO.

CHECKER DATE
f

('Ol.

IifZ

97. 690
80. 32b
75. 000

204 P(RICO OAT ~ 7824. OS I ~ b37bbl. Oof ~

IAS ~ 122.01
ll,12,'l)

~
~ ~ ~ ~ ~ ~ ~ ~ AT(Hill

100.72 100.0S 99. ICO

91. Itr 67.77$ M.999
tS.129 7$ .011 7S.OOO

75.000 7$ .000

9e.209
71.C21
75. 000

93. 995
7$ . 742
7S.OOO

0. NCI ~ 'I.to)3 NCOi .0000

IO

98.6CS

60. 764

7$ .000

2lb P(RIOO OAf~ 7937. Osl ~ btS517. Oof ~

TAT~ 122.76
Tl ~ 12 ~ I)~

. ~ ~ f(Nil)
101.C6 100.61 99.697
91.M1 M.C)b 6C.572
75.156 7$ .01C 75.001
7$ . 000 75. 000

0.

Nolan

1.7073 NCOi .0000

96.956 94.731
77.690 75.657
7S.OOO 7S.OOO

12

13

:
16

17

'I 8

19

20

(7H4.

226 Pf RICO OAT ~ 60Cb. Osl ~ 713)tb. Oof
TAf~ 12).47
11,12,1), ~ ~ ~ ~ ~ - ~ ~ -- ~ "l(Nil)
102.21 101.$ $ Ioo.b)
92.560 69.083 65.1)d
75.16'9 75.016 7$ .001
15.000 75.000

61. 202

75. 000

100.09
61.639
7S. 000

240 P(R I CO OAI ~ 6153. OS I ~ 7S1231. OOI ~

IAI~ 12C. IC

I I, 12, I), ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ( Ni I )
102.93 102.27 10'1.35

93.257 69.716 65.896
1$ .22C 7$ .022 75.001
7S.000 7S.OOO

0. NCI ~ 1.7112 NCOR .0000

97. bdb
77.984
tS. 000

95.CC8
7$ .976
75.000

96.396
76.24C

7S.OOO

96.1C7
tb. lob
tS.OOO

0. NCI ~ 1.7150 NCoi .0000

21

22

23

24

25

26

27

28

29

101.47
62.510
75. 000

266 P(R I(0 OAI ~ 655). OS I~ 902115 ~ OOI ~

TAT ~ 12b.bd
II,I2,13, ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I(Hill
10$ .8C IOC.91 IOC.OS

95.625 92.141 67.656
15.395 15.0'd 75.003
75.000 15.000

102. 79

63. 375

7$ .000

244 P(RICO OAT Msd. Os 1 d26911. OOI ~

IAI~ 125.C4

11,12,13, ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ I(Ni1I
IOC.)2 10).bs 102.73
9C.5br 90.951 66.791

7$ .303 7$ .034 7S.002
15.000 7$ .000

99.res
76. 615

75. 000

97.496
76.379
7C.999

0. NCI ~ 1.7295 NCOi .0000

101.07 96.789
79.COI tb,er)
75.000 74.999

0. NCI ~ 1.722C NCOi .0000

30

;
34

104. 05

64.2)0
7$ . 000

)12 P(RICO CAT ~ 61CO. Osl ~ 976466. OOI ~

TAT ~ 121. db

11,12.1). ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1(Hill
106.91 106.2C 10$ .32
91.0)b 93.292 M.896
rs.soo rs.oer 7$ .004
1$ .000 75.000

102.33
19.99b
1S.OOO

100.0)
lb.9M
14. 999

0. NCI ~ 1.7)bC NCOi .0000

35

36

Ifb P(RICO CAT ~

129.01fl,f2,1),'920.
OSI ~ 105422)

~ ~ I (N ~ I I

0. NCI ~ 1.14)O N(0~ .0000
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REV REV ORIGINATOR

4'-/4P
4-)-A'I

CALCULATIONSHEET,
18601-183'ROJECTJOB NO.

SUBJECT TRANSIENT TEMPERATURE STUDY FOR AFW B PUMP ROOMt ORIGINATOR DATE CHECKER DATE

pm C~ 6'e
DATE

CALC. NO
13-Mc-HA-A03

SHEET NO.

CHECKER DATE 0
Ig>oi

bl + c

105.13 107.Cb 106.S4 10$ .27 lbs.SC 101.23
95.20S 9C.Col 59.913 6$ .077 60.S99 77.31$
7$ . 617 7$ . 069 75. Oob 75. 000 7S . 000 74. 999
7$ .000 75.000

I+Hk 360 PCRICO OAT~ 9093 ~ OST ~ 112996$ .
TAT~ ISO.II
II,12,13, ~ ~ ~ ~ ~ ~ T(N>I)
109.30 105.64 107.71
99.336 9$ .469 90.904
7$ .74$ 75.11$ 7$ .005
7$ .000 7$ .000

aof ~

lob. CC

6$ .913
7S.000

IOC.71
61.207

102.35
77.6$ 5
74.999

0. HCI ~ 1.7C94 HCO .0000

10

12

13

109.74
65.360
rs.ooo

C32 PTHICO OAT~ 9575. OSI ~ lssn33. Oaf~
TAS ~ 133.2I
11 ~ lt T3 . "- ~""~ -IIN>I)
112.62 111.9$ 'll'I.ot
102.SS 95.$ 6$ 93.750
76.197 rs.tto rs.oto
7$ .000 7S.OOO

o. Hcf ~ I.rers Hco..oooo

105.00 10$ .64
63.047 75.7Sd
rs.ooo r4.999

14

15

16

17

18

I 'I2.75
90. 712

75.001

SOC PCAICO OAT~ 10022. Offi IS54729, aaf ~

TAT~ 1)b.al
1) 12 13 ~ ~ "~ ~" ~ "'.TINCT)
IIS.db IICo99 IIC.07
lbs.C9 101.42 96.427
7d.l34 7$ .3bd 7$ .039
7$ .000 7$ .000

0. HCI~ 1.7544 HCO .0000

111. 02 105. dC

5C.655 79.932
7$ .000 74.999

20

21

22

23

24

25

26

27

3rd Pfafco OATS 10434. OST ~ 16121$ d.
TAS ~ I36.72
Tl,lt 13 "" ~ ~ 'fIN>1)
Ilb.SO 117.63 'lid.90
105.2$ IOC. 11 96.961
rl.sCS 7$ .SS3 7S.obb
n.ooo n.ooo

bcb pfRico OAT 10519. OST ~ 2039602.
TAS ~ 141.22
I I 12 13 ~" ~ ~ ~ ~ ~ fIN>I )
Itl.Tb 120.49 119.Sd
110.6$ 106.64 101.3l
lb.010 7$ .751 7S.105
rs.ooo n.ooo

aof~

11$ .61
92.976
7$ .003

Coli

115.27
9S.TSl

113.64
66.712
rs.ooo

111.CC

61.1$ 5
74.999

0. HCI ~ 1.51S4 Hcavy,0000

Ild.49
65.SII
7S.000

I IC.05
52.417
74.999

0. HCI ~ 1.6003 H~ .0000

25

30

0
5U klP,wY't 'l20 PEHICO aAI ~ 11152. 0$ 1~ 22dlobo.

TAS ~ 14).S6
Tl,12,13 ~ - ~ ~ .------- ~ IINil)
It).dr 123.00 122.07
113.32 109.0b 10).bb
lb.l27 lb.0Cb 7$ . Ibl
7S.000 7$ .000

aof ~

120.75
97.2bt
7$ .011

I 'I'9.00

90. 261

115.57
63.697
74.999

0. HCI ~ 1.6295 H~ .0000

35



t

0



PROJECT

CALCULATIONSHEET
JOB NO

18601-183

TEMPERATURE STUDY FOR AFW B PUMP ROOM

CALC. NO

SHEET NO.
ORIGINATOR DATE

P )II
CHECKER DATE REV ORIGINATOR DATE CHECKER DATE

, I I
>o'U

Z»
CC

PcA'DlX

10

12

13

:
16

IS

INITIAL INTERNAL ROCH AHSIENT TEHPERAIURE, DEG. f>7
»7$

INITIAL AD/ACENT ROCPI AHSIENY TEHPERAIURE, DEG. f~f
in

EIXIIPHENI HEAT CENERATED IN THE INTERNAL ROCK, SIU/NRIT
i92611

Nfl INTERNAL ROCH SURfACE AREA, SO. ft.~f
~ 2603

NEf INTERNAL ROCH VOLINE, CU.ST.~T
i9661

IHICXNfSS Of ROCH ENCLOSURE, ff.IT
>3.$

DENSITY 0$ ROOH ENCLOSURf HATfRIAL, LSS/CU.TI. ~ 7

i144

TNERHAL CONDUCTIVITY Of ROCH ENCLOSURE HATERIAL, SIU/HR ff f 7

i.$4

SPECITIC HEAT Of lOCH ENCLOSURE HATERIAL~ STU/LS ~ I 7

ONE PERICO Of TTHE INCREHENf IOR CALCULATION, HIN~ if
IHACINARY THICKNESS 0f TIRST LAYER 0f ROCH ENCLOSURE, fl. 7

i.ol
WLTIPLICAIION TACIDR OF IHAGINARY 'tHICKNESS Of OTHER LAYERS~7

il~ 41

I9

20

21

~ i~ ~ ~ i~ ~ 0 ~ ~ i~ i~ 0 ~ ~ 0 ~ i~ i~ ~ 0 ~ i~ ~ ~ i~ i~ i~ ~ ~ 0 ~ 0 ~ 0 ~ i~ i~ i~ ~ ~ ~ I~ ~ i~ 0 ~ 0 ~ 0 ~ ~ 1 ~ ~ 0 ~ ~

COPYRICNT 1976, 1979 SECHTfL POJER CORPORA'I ION, ALL RIGNfS RESERVED.
~ ~ ~ ~ 0 ~ ~ ~ ~ 0 ~ 0 ~ ~ ~ ~ 0 ~ ~ 0 ~ ~ 0 ~ 0 ~ 1 ~ ~ ~ 0 ~ 0 ~ ~ 0 ~ ~ ~ 0 ~ 0 ~ ~ 0 ~ ~ 0 ~ ~ 0 ~ ~ 0 ~ ~ I~ 0 ~ 0 ~ ~ 0 ~ 0 ~ ~ 0 ~ OJ

22

23

24

25

26

27

H>NASSER Of IHAGINARY LAYER~ 1$

DX'I DX2 DX3 ". "~ "DXIH)
1.00000 02 1.41000 02 1.96610 02 2.60322 02 3.95254 02 S.S7306 02

7.65605 02 .11060 . IS623 .22026 .31059 .43794

.61749 .67066 .S3017

29

30

e 75. 113

n.ooo

'f')l/ I PERICO OAT ~ 165$ . OST ~ 1239. OOI ~

'IAI~ 6$ .74
11,12 13 "" " "" TIH>I)
7S.562 7$ .396 7S.233
n.oo2 75.ooo n.ooo
n.ooo n.ooo n.ooo

0. HCI ~ 1.4057 NCOI .0000

75.043 75.012
TS.000 75.000

35

2 PIRICO OAT ~ 2913. OST ~ 3274, OOI ~ 0. HCI ~ 1.492$ NCO .0000
IAI ~ 91.99
11,12, 'I 3,- ~ ~ - ~ ~ ~ - ~ ~ ~ ~ ~ I IHi I )
lb.272 7S.936 TS.607





PROJECT

CALCULATIONSHEET
1 601-183

CgLC NP 13-MC-HA-A03

ORIGINATOR

EJECT TRANSIENT~- DATE

g /zg
CHECKER DATE REV ORIGINATOR DATE

TEMPERATURE STUDY FOR AFW B PUMP ROOM
SHEET NO.

CHECKER DATE

>OI.
W+c

L'.olo

n.ool rs.ooo rs.ooo n.ooo n.ooo

7S.614

3 P(H ICO OAT~ 3520. OST ~ 5ldl. Oo'I ~

fAfi 95.dl
11 12 13 ""~ ~ . ~ ~ "T(N+I)
7d.924 ld.490 7d.033
rs.ors rs.oo4 rs.ooo
n.ooo n.ooo n.ooo

0. HCI ~ 1.5339 NCOI .0000

10

6 P(A ICO OAT~ 4250. OST ~ 14311.
TAfi 100.01
11,12 13 -----~ ~ - ~ ~ ~ --f(Nif)
lb.4ld 71.916 77.263
7$ . 13S 7$ . 02d 7$ . 003
n.ooo n.ooo rs.ooo

OOI ~

td. Sdf
rs.ooo

0. HCI ~ I ~ Stds NCO .0000

75.414

12

13
12 P(a ICO OAI~ 4ddd. OST 32(se.

TAT~ 102.54
Tl,!2, 13,----- ~ ~ ~ -- ~ .-T(Nil)
60.S13 79.905 79.144
7$ .S60 7$ .179 7S.033
rs.ooo rs.ooo rs.ooo

001 ~

75.232

75. 000

0. NCI ~ 1.5935 HCO .0000

rd. 296
7$ . 000

16

17

18

I9

20

0. HCI ~ 1.601S HCO .0000

79.3rd lb.42d 77.227
7S . 015 7S. 001 7$ . 000

16 P(RICO OA'll 490S. OSfc Solrd. Oof ~

TATi lbs.99
Tl T2 13 ~ ~ T(Ntf)
61.966 61.371 60.S71
lb.172 7S.4$ 2 7$ .112
7$ .000 7$ .000 7S.000

21

22

23

24

25

26

27

24 P(RICO OAT~ $ 097. OSI~ 69141.
TAI~ lbs.1l
11,12,13 "".-~ - ~ . ~ . ~ T(Nil)
53.206, 62.$ 63 61.764
76.607 7$ .603 7S.241
tS.000 75.000 7$ .000

"4 30 P(HICO OAT ~ $ 263. OSI 57542.
IAI~ Iod. Id
I I 12 13 ----- ~ ~ ~ ~ ~ ~ ~ .T(Nil)
64.269 63.642 62.510
71. 447 76. 196 7$ . 4 13

rs.ooo rs.ooo rs.ooo

Oo1 ~

60. 725

7S. 042

51. 741

7S. 066

0. NCI ~ 1.6019 NCO .0000

76. 112

60. 431 lb. 944

tS. 000

0 ~ HCI ~ 1.6134 NCO,0000

29

30

sd Pf RICO OAT c 5411. OS I~ 105955.
IAf~ 101.09
11,12 13 ~ ""~ ~ ~ ~ T(N+I)
6$ .22$ 64.$ 94 ds.ns
lb.016 ld.d19 7$ .619
n.ooo rs.ooo rs.ooo

Ool ~

62.662
75. 149

bl. 30S

7S. 019
19.121
tS.001

0. HCI ~ 1.6163 N~ .0000

33

3$

36

42 P(AICO OAI~ 55(d. OSI ~ 124360.
IAI~ 101.92
11,12,13, ~ ~ . ~ ~ ~ ~ ~ ~ "T(N>1)
Ce. 100 65.467 6(.d19
76.69s 11.053 n.652
n.ooo n.ooo rs.ooo

Oof ~

63. 511

7$ .230
rs.ooo

52. I ll
rs.os4

60.445
7$ . 002

0. HCI ~ 1.6226 NCO .0000
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REVCHECKER ORIGINATOR

CALCULATIONSHEET
ANPP 18601-183

PROJECT

TRANSIENT TEMPERATURE STUDY FOR AFW B PUMP ROOM

REV ORIGINATOR DATE DATE

Pm
DATE CHECKER DATE

Cp,LC NQ
13-MC-M-A03

SHEET NO.

, I (
> (31
I»I Z «

(2 (

Cb PER ICO OAT~ S671 OST IC261d.
TAT ~ IM.69
11 12 13 ~ ~ ~ ~ T(Ntf)
66.913 66.276 6S.C2C

79.292 77.C93 7d. IOC

n.ooo 7s.ooo 7s.ooo

OOT ~

6C.302
7$ . 327

62.679
7$ .0SS

61.171
7$ .00$

0. HCI ~ 1.6269 HCO .0000

10

7)k 60 PERICO OAI~ 569d. OSI '179711.

TAS ~ 110.06
11 'I2 13 ~ ~ ~ ~ ~ ~ ~ I(Nt I)
M.393 67.75S 66.693
60.436 76.37$ 7d.bso
7$ .001 7$ .000 7S.000

aof»

65. 7S I
7S.56S

64. 262

7S. Ild
62. Cos

7$ .01t

0. HCI ~ 1.634$ HCO .0000

12

13

:
'I 7

18

72 PERICo aAI~ clot. 0$ 1 ~ 216629. Oof ~

TAT~ III.34
Tl ft 13 "~ " ~ ~ f(N»l)
69.726 . 69.066 M.tto
61.S20 79.247 77.232
7$ .001 7S.OOO 7$ .000

67.062
n.bso
7S,OOO

M.269
7d.172
75. 000

64 PERICO OAI» 6266. 'OSI ~ 253564. Oof»
IAS ~ 112.49
II, lt,13 " ~ ~ ~ I(N»1)
90.953 90.311 69.C36
62.SCd 60.099 77.M3
7$ .003 7S.OOO 7$ .000

0. HCI ~ 1.6CIS HCO» .0000

6S.S60 63.693
7S.202 7S.025

, 66.7CI
7S.SIC

6C.621
7S. OCd

0. HCI»1.6476 HCO» .0000

19

20

21

22

23

25

26

27

28

30

0
35

96 PERI CO aAT ~ 6C60. OST ~ 290513.
IAS~ 113.Sb
ll 12 13 ""~ "."~ "I(Ntf)
92.092 91.4C9 90.572
63.S23 60.929 lb.CC3
7$ .006 7$ .000 7$ .000

lod PER ICO OAT~ 6622. OST ~ 327472.
IAS~ I IC.Sb
11 12 13 ~ ~ 1(Ntf)
9).160 92.Sld 91.636
6C.CSS 61.736 79.0$ 7

7S.0 I0 7S.OOO 7S.000

~~<120 PER(CO OAI 67n. asl ~ 364441.
'IAS ~ 11$ .SI
II>ft 13 ' ~ """""T(H»1)
94.170 93.S2$ 92.643
6$ .350 62.522 79.669
7$ . 016 7$ . 001 7$ . 000

l)2 PERICO OAI» 6919. OSI ~ 401416.
f AS ~ 116, C I

I I, I2 ~ 13 ~ ~ ~ ~ ~ ~ - - - -- ~ - I(H»1)
95.130 9C.C64 93.599
66.210 63.266 bo.t77
75.otc 7$ .ool n.ooo

69.393
76.522
75.000

COT ~

90. C50

76.694

OOI ~

91.450
77.261

aol ~

92.401
77.661
n.ooo

67.645
7S.CC9

6$ .661
7$ . 074

0. HCI ~ 1.6569 HCO .0000

75. 112

0. HCI ~ 1.6641 HCO» .0000

69. 669
7$ . 779

67. 636
7$ .15d

0. HCI ~ 1.6691 HCO» .945d

75.970
bd. 750

75. 213

0. HCI ~ 1.6534 HCO» .0000





ORIGINATOR CHECKER ORIGINATOR

CALCULATIONSHEET
PROJECT

1 601-183

SUBJECT TRANSIENT TEMPERATURE STUDY FOR AFW B PUMP ROOM

REV DATE DATE REV

6 O'
DATE

CALC. NO
1 -MC«M-A03

SHEET NO.

CHECKER DATE
, I(

> (31
hf zL

144 PERIm OAT» lOST. OST ~ 435401.
TAf~ 'Ilr.tr
fl 'f2 0 - ~ - ~ -----~ - ~ AT(N»1)~ ~ ~

96.0(d 9S.400 94.S13
57.039 54.030 50.551
7$ .034 7$ .002 7$ .000

001»

93. 310

rs.ooo

91.706
rd.17$

59.62$
7$ .275

0. HCI ~ I.d739 HCO .9467

156 PERIm aAT ~ 7159. Ost. 475391.
IAT~ 115.09
ll,12 13 ~ ~ ~ ~ ~ ~ - ~ -- ~ ~ ~ 'l(H»1)
96.92$ 96.279 9$ .390
57.540 54.7$ $ 51.475
7$ .047 7$ .003 7S.OOO

Ool ~

94.152
lb.50d

92.S65
rd.394

90.467
7S.351

0. HCI ~ 1.6754 NCO .945$

10

12

:
16

17

IM PER I CO OAT~ 731d. OST ~ S lt)M~

TAf» 115.59
I'I 12 0 ~ ~ ~ ~ ~ AT(N»1)
97.770 97.123 96.233
M.did 5$ .462 52.069
7$ .063 7$ .004 7$ .000

a rg>eo p(Rtm aAT,7435. Ost 54935$ .
il

TAT~ II9.6$
tl,t2,T3, ~ ~ ~ -.---- ~ ~ ~ -T(N»1)
95.556 97.935 97.047
59.369 56.1S3 52.6S2
7$ .051 7S.006 7S.OOO

95.021
75.927
rs.ooo

aof ~

9$ . 531

79. 352

93.399
76.623

91. 250

7$ .433

0. HCI ~ 1.657'I NCO» .951d

94.201
76.563

92. 066
7$ .523

0. NCI ~ I.6529 NCO» .9500

18

I9

20

21

22

23

2$

26

27

30

192 PER lm OAT~ 7556. Osl» Sb6359.
TAT~ 120.39
ll lt 13 ~ """""T(N»l)~ ~ ~

99. 3rd 95.726 97. 533

90.100 56.527 M.225
7$ .102 7$ .005 75.000

204 PERI($ OAT» 7670. Osf» 623396.
TAf~ 121.11

11 12 0 ----------~ - ~ l(N»l)~ ~ ~

100.14 99.490 95.596
90.bit 57.457 53.796
rs.ltr n.olo n.ool

21d PER ICO OAT~ 7750. 1st ~ 660407.

TAT~ 121.50
I'I Tt 13 . ~ ~ ~ ~ ~ -------T(N»1)

~ ~ ~

100.M 100.23 99.336
91.507 M.133 54.356
n. 154 n.o14 n.ool

96. 61$

79.775,

Oot ~

97. 374

50. 206

Oaf »

95. 112

50.634

94.975
77.111

92. 527
7S. 621

1. HCI ~ 1.6953 NCO .9549

95. 731

77. 367

93.567
75.726

I. NCI ~ 1.6992 NCO .9566

96. 463

77.629

0. HCI ~ 1.6913 HCO .9533

33

225 PERICO OATS rbeb. OST ~ 697420.
IAE~ 122.45
11 12 13 ~ " "" " T(N»1)
101.60 100.95100.06
92.154 M.rdd 54.909
7S.15575.017 7$ .001

95.529
51.062
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36

77 240 PI RICO aAI 7992 0$ T ~ 044M,
IAI~ 123.14

aof ~ 2. NCI ~ 1.7065 NCO» .9600
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