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February 15, 1985

Director of Nuclear Reactor Regulation
Attention: Ms. E. Adensam, Chief

Licensing Branch No. 4
Division of Licensing

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Ms. Adensam:

In the Matter of the Application of ) Docket Nos. 50-390
Tennessee Valley Authority 50-391

Enclosed are the results of the Watts Bar reduced ice weight analysis performed
by Westinghouse Electric Corporation (Enclosure 1). Also, enclosed are
corresponding FSAR revisions to be included in Amendment 55 (Enclosure 2).

Please note that proposed revisions to the unit 1 draft Technical Specifications
which reflect the results of the subject analysis were forwarded by TVA's letter
dated January 30, 1985.

We request that this matter be reviewed expeditiously in order to ensure that
the Technical Specifications will reflect the new values upon their issuance.

If you have any questions concerning this matter, please get in touch with
D. B. Ellis at FTS 858-2681.

Very truly yours,

TENNESSEE VALLEY AUTHORITY

Jn .Hu <,M Mager
censing nd R gulations
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ENCLOSURE 1

WATTS BAR NUCLEAR PLANT

RESULTS OF THE REDUCED ICE WEIGHT
ANALYSIS PERFORMED BY WESTINGHOUSE

d



The following are the major input assumptions used in the LOTIC analysis for
the pump suction pipe rupture case with the steam generators considered as an
active heat source for the Watts Bar Nuclear Station Containment:

1. Minimum safeguards are employed in all calculations, e.g., one of two
spray pumps and one of two spray heat exchangers; one of two RHR pumps and
one of two RHR heat exchangers providing flow to the core; one of two
safety injection pumps and one of two centrifugal charging pumps; and one
of two air return fans.

2. A sensitivity study was performed varying the ice mass to determine the
approximate minimum ice mass necessary. The study consisted of generating
a- pressure transient for five various ice masses.

A. 2.45 x 10 lbs.
6

B. 2.125 x 10 lbs.
x 106

C. 2.085 x 10 lbs.x16
D. 2.075 x1 lbs.
E. 2.062 x 106 lbs.

3. The blowdown, reflood, and post reflood mass and energy releases described
in Section 6.2.1.3.6 of Watts Bar's FSAR were used.

4. Blowdown and post-blowdown ice condenser drain temperatures of 1900F and
130°F are used.

5. Nitrogen from the accumulators in the amount of 2218 lbs. is included in
the calculations.

6. Nuclear service water temperature of 859F is used on the spray heat
exchanger and the component cooling heat exchanger.

7. The air return fan is effective, 10 minutes after the transient is
initiated.
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8. No maldistribution of steam flow to the ice bed is assumed.

9. No ice condenser bypass is assumed. (This assumption depletes the ice in
the shortest time and is thus conservative).

10. The initial conditions in the Containment are a temperature of 1000F In
the lower and dead-ended volumes and a temperature of 85'F in the upper
volume. All volumes are at a pressure of 0.3 psig and a 10% relative
humidity.

i1. A spray pump flow of 4000 gpm is used to the upper compartment.

12. A residual spray (2000 gpm) is used starting 1 hour after the transient is
initiated. The residual heat removal pump and spray pump take suction
from the sump during recirculation.

13. Containment structural heat sink data is found in Table 1.

IV4. The operation of one Containment spray heat exchanger (UA 2.446 x 106
Btu/hr-0F) for containment cooling and the operation of one RHR heat
exchanger (UA = 1.61 x 106Btu/hr-0F) for core cooling.

15. The air return fan returns air at a rate of 40,000 dfm from the upper to
lower-compartment.

16. An active sump volume of 51,000 ft is used.

17. The pump flowrates vs. time given in Table 2 were used.

18. A power rating of 102% of Licensed Power (3425 Mwt) was used. With these
assumptions, the heat removal capability of the Containment is sufficient
to absorb the energy releases and still keep the maximum calculated
pressure well below design.
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Resuts: . .

'A sensitivityV to ice nasf was performed base'd upon the above' outlined
assumptions, in conjunctidon -with-TVA's intent of determining the minimum
ice mass with ice melt-out occurring after containment spray realignment.

C ,,- ^ o. - t

A comprehensive plot'Figure 21, Illustrates 'the ice mass parameter study.

The following outline details the results of this study:

1;' Ice mass -2.45 x 1061lbs. (tech sp'ec wt. 2.722 x 106 lbs.)
Peak pressure - 9.51 psig occurring at 11850.6 seconds
Ice mas's meltout occurs approximately at 4650 seconds

The following plots areip rovided-:'

Figure 1- --conta-inment pressure transient
Figure 2 - upper and lower compartment temperature transients
Figure-3- active- and- inactive sump temperature,"transie-t ' -'

figure 4 - ice mas's :melt transie nit

2, Ice mass - 2.125 x 106 lbs. (tech spec. wt. 2.361 x 106 lbs)
Peak pressure - 11.21 psig occurring at 3600.9 seconds
Ice mass meltout occurs approximately 2990 seconds

The following plots are provided:

Figure 5 - containment pressure transient

Figure 6 - upper and lower compartment temperature transients
Figure 7 - active and inactive sump temperature transient
Figure 8 - ice mass melt transient
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0
3.* Ice mass - 2.0825 x 10 lbs. (tech spec.wt. x 106 lbs)

Peak pressure - 12.21 psig occurring at 2892.9 seconds
Ice mass meltout occurs approximately at 2815 seconds.

The following plots are provided:

Figure 9 - containment pressure transient

Figure 10 - upper and lower compartment temperature transients
Figure 11 - active and inactive sump temperature transient
Figure 12 - ice mass melt transient

4.* Ice mass - 2.075 x 10 lbs. (tech spec. wt. 2.305 x 106 lbs)
Peak pressure - 12.74 psig occurring at 2893 seconds
Ice mass meltout occurs approximately at 2765 seconds.

The following plots are provided:

Figure 13 - containment pressure transient

Figure 14 - upper and lower compartment temperature transient
Figure 15 - active and inactive sump temperature transient
Figure 16 - Ice mass melt transient

6 6
5.* Ice mass - 2.062 x 10 lbs. (tech spec.wt. 2.291 x 10 lbs)

Peak pressure - 13.45 psig occurring at 2893 seconds
Ice mass meltout occurs approximately at 2716 seconds

Figure 17, Containment pressure transients

Figure 18, Upper and lower compartment temperature transients
Figure 19, Active and inactive sump-temperature transient
Figure 20, Ice mass melt transient

*Case 3, 4 and 5 have double pressure peak.
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A. 1UpPer'mComepartment-

. .7 . . . .- . . I . . . .

--TABLEA I -

n:-STR.UCTURAL HEAT SINKS-.-

.,, , -I I. . .- :

I-Area

(ft ),

Thickness

. ft) -

.1. Operating Deck

Slab 1-

Slab 2.-

Slab 3

Slab 4

-. 4880

18280 -
2 .

760

3840

1 .1 .

.0005-

1.4..
.000125

1.5

.0208

1.5

2. Sell.& isc.

Slab 5 56331 .000625

0..O

B. Lower Compartment

1. Operating Deck, Crane Wall, and Interior Concrete

Slab 6 31963 1.43

Concrete

Paint

Concrete

Paint

C o c J

Stainless Steel

Concrete

Paint

Concrete

8280Q:1D/012885
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TABLE 1 (Continued)

STRUCTURAL HEAT SINKS

A. Upper Compartment

2. Operating Deck

Slab 7 2830

Slab 8 760

3. Interior Concrete & Stainless Steel

Slab 9 2270

.00125

1.0

.0005

1 .75

.021

2.0

Paint

Concrete

Paint

Concrete

Stainless Steel

Concrete

i 4. Floor*

Slab 10

5. Misc Steel

Slab 11

C. Ice Condenser

1. Ice Baskets

Slab 12

15921

28500

180,628

.0005

1.6

.000625

.066

0.00663

Paint

Concrete

Paint

Steel

Steel

8280Q:lD/012885
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TABLE 'l (Continued)

-STRUCTURAL HEAT 'SINKS

A. tipper-Compartment

-2. Lattice Frames

Slab 13 76,650

3. Lower Support Structure

Slab 14 28,670

4. Ice Condenser Floor

Slab 15 3336

5. Containment Wall Panels & Containment

Slab 16 19,100

6. Crane Wall Panels and Crane Wall

Slab 17 13,055

0.0217

0.0267

'0.000833
0.333

Shell

1.0

0.0625

1.0

1.0

Steel .

i. .: . ... -. .:

Steel

'Paint -

Concrete

Steel & Insulation

Steel Shell

Steel & Insulation

Concrete

*In contact with sump

8280Q:lD/012885
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TABLE 1 (Continued)

MATERIAL PROPERTY DATA

Thermal Conductivity

Btu/hr-ft-°F -Material

Paint on Steel

Paint on Concrete

Concrete

Stainless Steel

Carbon Steel

Volumetric

Heat Capacity

BtU/ft 3 -eF

0.21

0.083

.8

9.4

26.0

14.0

28.4

28.8

56.4

56.4

d
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; TABLE 2

PUMP FLOWRATES VS TIME

Time After Safeguards

Initiation (Sec.)

0

15

20

- f -25

135

1768

1788

1938

2754

2774

2894

3600

END OF TRANSIENT

SIS Flow To Spray Flow

Core (GPMY (GPM)

0 0
460 0

1065 0

4853 0

4853 4000

4853 4000

4853* 4000

3788^ 4000

3788 4000

3788 0

3788 4000

1078 4000

1078 4000

* RHR Spray Flow

.- : (GPM)

0

-0

- . - 0.

i ... .. -

. 0

0

0

0

0

0

0

2000

2000

*3788 gpm from sump

**All flow from sump from this point until end of-transient

8280Q: D/012885



30.000

a.

, 11.500

I&

?0.000

8
9
40
on

C o

. e P. .

8

03
eV

8 8 8888
... <

i °oB
C!

8
0u

o04 404c~co f

04

8
on

f
A'

. e" or--w

TIME (SEC)

FIGURE 1

- - -- TVA LOTIC ICE MASS - - - - - -

POESSUREIPSIAI

.--1111111'ik '- - - ' - - 11

A 1 01'+C9
1?.500

IO.00

8
0
4o

fu *;. e ;-



4.
"S.0

-a#

?5.000

0.0

B 888asr o0400ccc=.
fQ f NW-;

T1INE ISECI)'

FIGURE 2

C;

C.1

..ft Nr v'e VsP

0i

0

0

§ § MM �
i i .04 � d --� do I



I
§
a C2

fu X

8
i"..-.. W'S%

8 888:3'9 . .... <I

i R 8gg
9
eV

Cs a a0 aoaa?

To IS onC)
TIM e e Cj

FIGURE 3

10.00

&I

L.

z
-A

o

I60.0

10.00

1?0.00

100.00 0

i f se A 4.

I

f MM wit



8 8 8 88890.
R ... t -C- l

o C C ooze~i

,, 0 D4 , CK H

TIME ISEC)

FIGURE 4

Z.0014K

a

-J
-

z 1.50[401

4.,

5.00['05

0.0

8
0~

8
0
0u

8 o8 I 089B~
O) O3 CDPOD. ... 9oc
01 * o o CD# o
" - IW

8

0

f. .Mm...
§ -g e r-of f ffA

; .; . ...
v



34.-0

8
09 8

8 88888WI
Jo dO°

0

.f U -WN
Al

oq 9 o3 qonb

i F1 . ... W.

TIM l}SEC)}

FIGURE 5

TVA LOTIC IC[ MASS

FIESSURE'PSIAO

-I - -

I a , 11 1 111111.. .MC LT , .AL

z

t
, ..

a.
?u.O

13.-0

It.500

0.000

8

.e

§ § 8. --. -s
c; 5 i o
-w % Dw



rn.oo

tw.- "5.00

10.00

nmoo

n.ooo

0.0

TINE (SEC)

FIGURE 6

I

I

I



a.
z
I-

-2
%a 0@

20.00

c;

TWA LOTIC IC( NAS' - -- --

su"P 71(PS.O(C F

8 888EP. a To ao oox= .3 C2 ^ cm

iggg.
f W ff e 8 -m-

TIME (SEC)

FIGURE 7

i 88
A.

CD f
4%

fHi...
c; .4

i'



8

ft'*M - VW .8

8 8 B8889. aIC

TIM[ 4SECO

FIGURE 8

lp0mo

Z.00&406

V .SM40,

0.0

8
0

0

8

f%O
4%d

f MM

0

e'" ' va

i

I



- - - IV~TA LOTIC ICE.MASS-------

PRE SSURCIPSIAl

S 88S8r

TINE1 IS(C)

FIGURE 9

ai if O' MM~

z

,A

I 7.5m

1? .000

Io.5m

8
C2
oft

C;
1%d

S
i

S
i
Om

§ §88m9..
C; � C, C;-C�_-s



I I I I I

1500 -- o - 8 E-,

M.'0

"O2.00

.. Or

; . . ' . a'1 v -
F 10

71HE MO

FIGUE (S(C

i



4

TWA LOTIC IC( MASS - 1 - l

SUM4P TIMPS.DECC F

a
0m

8, o o ooocf

i ggo
4 lo

M

0;0% .; mi .--

TIME ISECc

FIGURE 11

-.

"so.w

§
0;

98ft
.; V;-

0; . . -io
8 8889r!
-li d



-J

S-

-

V.W4

1Iu(44

'-'I

5.0G(.O5

0.0

8 8 o° §80Rcmb
O c o Ccc

u . * a . o--

8
"a

8 8888&
i iW i* -

IC! o2 Co cb oClc

8
:f fffm

t .0 4
i , TIME (ScE

; a . FIGURE 12'

f :If qff
|- .g -
", ^ so 4p on3 °

.. i. . . . .



.Onm

8 888SP.
8 igg0
4wI 44--

a!

- n e o 2 > D

TINE fSEC)

fffm+8w Mm A
o; 8 8 f

M
H oo'om

FIGURE 13

TWA LOTIC ICE MASS-

PRESSUREIPS1A)

4

a.

:3.
W

15.000

t?.50

10.w

8

0To

0
0
0
0
cV

g
0

0 - "O

8
so

8
c;



-
.a -i . . TV .OI .C .MA11 SSila~

I~~~~~~ Jl W 1<X SL

- 1, -2 -11 - L ll l.. .4
l-X:LL1. . -- -- < E 111 11W~ 'ul

8 888.... 8SEP

I8 Ca
C i!

I
o0 0 oo=>J

i ggo4p -

I 'i

f 8
w' ; .- w-

TIW[ MCI(

FIGURE 14

I

I-

.- tfl.oo

J

'A

?5.000

0.0

S9 8 8 8°°8 MM o
° 2 Si C.; i E I

I

1!

f f ff
g sr

4w ... ....m



?0O.OO

I9G.OO

a.
m

-P

a8 8888W8. .

i I.° d .
0% ....

TIME ($EC)

FIGURE 15

LTVA LOTIC IC "ASS,

SUMP 7[MPS.ID[G F

Izotoo

100.00

I,-.

- a

8
fffm P

oU
d; ;, P

H°UMo.....
°0 I&



8 8°o

TIME (SEC)

4 - . w; .0-aw;-

FIGURE 16

I .

Z.50(06

-J

t E.5E40
a

9-

-'

0.0

8
0,1

a . A -cl,

888g.8 88. .

. . e %g -

8
aIC;

o

a"V::
-. e -

I



- - - ~~TWA LOTIC IC[ MASS---- --

0PEE SUOC IPS3A)

- - 111 -I 1 1 1

- -.. . U

S 8 8 m -

so .0 Uo
80S%

TINE ISEC)

FIGURE 17

2z.^

', 2.50"
It.0O

M.=

Is.ooo

iz1.5o

8
Cso
fu

8
9
on

SmC,8~
* 0cl

a o0 Cbcookh
'c. ...

v I 8 ee

f -"

9 388
....

'a Mm

Ot -



a 8.gS83.

IIi ti
�i IIIiI --1
II -
I! %

i

- i

4 ;
1,

i ;e-

?00.00

I M.oo

'a 100

-. 1

50.WxO

0.0

2

CK
QU

S
a §
- 'Uo

a?

TIME (S(C)

4%

: I.rvowl%� �4ffw
� 999M
4 ; 44 a.: , 'I

EVd

FIGURE 18

vV'.V m,

, I

§ MM �
5i ; i d:iio 8.0 ^6



TWA LOTIC ICE 1AS--

lUIMP TlNPSoODrC r

a - -

° § I MM 8Sa 8889 9
0;^c~ Q8Q0 c ;ie x o d

8 Cl CDc

o 40 v
. 9 %90k !

Mo9 . . ..
*0 e% %a-a-

oMm-9 . ....la 'I %&--i

TlN (SEC)

FIGURE 19

130.00

b-
I

100.00



8 88,88~
El9 83[°o f

a0 a Ca aC2,001

.I S
tIEn (SEC)X

.1

f f M
o Wo9oWPO . an ....

FIGURE .20

Z;

-JI-a
K" I.5waO
'a

0.0

8
0

5!

8
0
0~

8

i0

-

I fdf f vv
'' o°' % o° a l

a; . 04. ls~r"alM
°o 8 88&

9 o9 ooz ..
CD o3 2 Co
f" w &-;



o 0 0 0 0

o 0, 0, -

c~Cu cv~i
c~ Cl CCuC)C

ICE MASS * 10+6 LBS

FIGURE 21

17.000

16.000

15.000

14.000

13.000

12.000

12.000

10.000

L,)

CL
I,)

Ca-
0-w

cL
k^

w

-J

CL

I.-

-j
D

-i

(-

, I

9.0000
CD

(\i

Cu
aH



ENCLOSURE 2

WATTS BAR NUCLEAR PLANT

FSAR REVISIONS TO REFLECT THE RESULTS OF THE
REDUCED ICE WEIGHT ANALYSIS



1. Minimum safeguards are employed in all calculations. e.g.,one of two spray pumps and one of two spray heat exchangers; Kone of two RHR pumps and one of two RER heat exchangersproviding flow to the core; one of two safety injection pumpsand one of two centrifugal charging pumps; and one of two airreturn fans.
2.125

2 . 24r x 106lbs. of ice initially in the Ice condenser which j 7is at 150F. (Technical Specification limit).

3. The blowdown, reflood, and post reflood mass and energyreleases described in Section 6.2.1.3.6 were used.

4. Blowdown and post-blowdown ice condenser drain temperaturesof 190OF and 130OF are used. (These numbers are based onReference [21]).

22l 1S. Nitrogen from the accumulators in the amount of-454.4 lbs. isincluded in the calculations.

6. Nuclear service water temperature of 85F is used on thespray heat exchanger and the component cooling heat ex-changer.

7. The air return fan is effective, 10 minutes after the tran-sient is initiated.

8. No maldistribution of steam flow to the ice bed is assumed.

9. No ice condenser bypass is assumed. (This assumption
depletes the ice in the shortest time and is thus conser-vative)

10. The initial conditions in the Containment are a temperature
of 100OF in the lower and dead-ended volumes and a tempera-ture of 850F in the upper volume.' All volumes are at apressure of 0.3 psig and a 10% relative humidity.

11. A spray pump flow of 4000 gpm is used to the upper com-partment. It should be noted that &zneo thu :nzlyei: hDD heen
Ve-;pm ed-the diesel loading sequence for the containment sprays-ha While the atatir 'ina c romain thO N--- \a iin'-p. ehas been modified such that the sprays willengage in seconds -ese ,f IS a eod. This modificationwas made to ensure that a frequency transient did not occur fora simultaneous LOCA and station blackout as desired by NRCRegulatory Guide 1.9, section C4. "he aoa' ot-ip-s-t at..-,
a-I- n t e - AP00
a a a6` -m " se-vn flant .qldfog p++eo-opreoo i Jwhlze--Sae is. :el it the ioez~og-h. Thue, 'ho prgsmnta a aYr i r. .-rsmON a ir3 6 -ldf t tV46 gap :zza6.2.S ts IF t

6 .2 .1-6
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f. capability of the ECC system is given in Section 6.3.1 for thismode of operation.

13. Containment structural heat sink data is found in Table6.2.1-1.

-14. The operat on of one Containment spray heat exchanger (UAt = 3+ x 10 Btu/hr--F) for containment cooling and he
Z .4 operation of one RHR heat exchanger (UA = B644. x 10Btu/hr-0 F) for core cooling. l4,

15. The air return fan returns air at a rate of 40,000 cfmfrom the upper to lower compartment.

16. An active sump volume of 51000 ft3 is used.

17. The pump flowrates vs. time given in Table 6.2.1-2 wereused. .
18. A powyer (a#neg a± 102'7* ot lce-iseJ pow ee (3425 MwT) was zwk.With these assumptions, the heat removal capability of the Con-tainment is sufficient to absorb the energy releases and stillkeep the maximum calculated pressure well below design.

The following plots are provided:

Figure 6.2.1-1, Containment pressure transient

Figure 6.2.1-2, Upper and lower compartment temperature
transients

mtac jejc,_cf-, ve-
Figure 6.2.1-3, ActiveAsump temperature transient

Figure 6.2.1-4, I transienI

Tables 6.2.1-3 and 6.2.1-4 give energy accountings at variouspoints in the transient.

As can be seen from Figure 6.2.1-1 the maximum calculated.3 60a9 Containment pressure is i.i' psig, occurring at approximatelyseconds. /I-z.
. 4lso, a. e*. eers-vJ.sj o4 -te oce mess' *.s pereor.9&. Thest resv +sStructural Heat Removal a.re. Prese%4e+d 'F, FVAfc -'Z - I

Provision is made in the Containment pressure analysis for heatstorage in interior and exterior walls. Each wall is dividedinto a number of nodes. For each node, a conservation of energyequation expressed in finite difference forms accounts for tran-sient conduction into and out of the node and temperature riseof the node. Table 6.2.1-1 is a summary of the Containment

c -. ,.



0

TABLE 6.2.1-1

STRUCTURAL HEAT SINKS

A. Unoer Compartment

Area
(ft 2 )

Thickness
(ft)

1. Operating Deck

Slab 1

Slab 2

Slab 3

Slab 4

2. Shell & Misc

Slab 5

B. Lower ComDartment

4880

18280

760

3840

56331

1.1

.0005

1.4

.00125

1.5

.0208

1.5

.000625

.08

Concrete

Paint

Concrete

Paint

Stainless Steel

Concrete

Paint

Steel

1. Operating Deck, Crane Wall,
Slab 6 31963

2. Operating Deck

Slab 7 2830

Slab 8. 760

and Interior

1.43

.00125

1.0

.0005

1.75
3. Interior Concrete & Stainless Steel

Slab 9 2270 .021

2.0

Concrete

Concrete

Paint

Concrete

Paint

Concrete

Stainless Steel

Concrete

I



Time After Safeguard;
Initiation (Sec

0

-4- 135

*-085 1738

: 29&8E 2754

6k Z1.74

360-0-

END OF TRANlSIENT

TABLE 6.2.1-2
PUM-P FLOWRATES -VS -TIME

s SIS Flow To Spray Flow
.) Core (GPM) (GPM)

0 0

460 0

1065 0

-_4853 0

4853 4000

1065 4000

4853* 4000

3788** 4ooo

3788 4000

-37-88 0

3788 404000*

1078 4000

1078 4000

RHR Spray Flow
(GPM)

0

0

0

0

0

0

0

0

0

0

200X

2000

*3788 gpm from sump

**All flow from sump from this point until end of transient

. .



Sink

*Ice Heat Removal

*Structural Heat Sinks

?*RHR Heat Exchanger
Heat Removal

*Spray Heat Exchanger
Heat Removal

Energy Content of Sump 170

Ice M e/ed

TABLE 6.2.1-3

ENERGY BALANCES

Approx. End of
Blowdown (Btu)

I Io 48,' (106)

620 -'I.(

- O

0

'XG9 (106)

O. (aO, )

Approx. End of
Reflood (Btu)(t=216 sec)

298 (106)

6- _58 +.9 (lo ) 0

0o

0

2q6 -M 5-(10 6)

1.05 (10 )

e.Aerfites )5 r0



TABLE 6.2.1-4

ENERGY BALANCES

---S-i n4

XIce Heat Removal

)-Structural Heat Sinks

@RHR Heat Exchanger
Heat Remova'l

1rSpray Heat Exchanger
He-at Re'moval

Energy Content of Sumps

Xc em Aele)#e C

Approx. Time of
.,Ice.Bed Melt Out
----(Btu3----(-t -~257

55-7 (10°)
.. .. . -

5q7 /- 6 (10 )

9~~(lo6

3q. 7 -~ ~-(10)

60.5 '7 96. (10 )

614 -6 1;1-t (1i06)

12 - I a5( / 0

. Time

S67~~ 66(1

qg, 5 .- (106 )

(6il 4-6(106 )

2, 125(Ir6)

X xv+ee -fea emzew, 5Xems 3- BaTV

a

0 0

50.3 +e(lo6)



30.0

27.5

25.0

22.5

20. 0

17.5

15.0

12.5

10.0
I I I itit I 1 1 111111

I I I I I III1 I I I I IIII I I I l l l l l I f X X l X , * . -l X
I I lI l l l

105

I I I I1111

TIME (SEC)

FIGURE 6.2,1-1, PRESSURE VS. TIME

P4

U)

Pq

ICE BED MELTOUT

I I I itti
101 102 103

0

104 106

r

I



250

225

200 i

175

150 >

125

100 ',

75

I I' I I IlI, I I I I ,ii

104

PI I , |i l 1 AsH .r(I | if

1u05 1o6

TIME (SEC)

FIGURE 6.2.1-2. TEMPERATURE VS. TIME

w

UPPER COMPARTMENT

0

wPH

Inr

50
I I I |!| |||

l0 102

0

7-: -

t w * K K and &

it;



INACTIVE SUMP

ACTIVE SUMP

I. I I 1 ii il
102

I I 11111i

103

I I If il1
104

I I 1Illiii
105

I I 1111[hl
106

TIME (SEC)

FIGURE 6.2.1-3. ACTIVE AND INACTIVE SUMP TEMPERATURE TRANSIENTS

200

180

v

160

140

0

H4

f:

120

100

lo1

- |fI I a I I a1 I1 I I a I I I I1 11 I I a a I I §.e I * * * . . .-



2.5

2.0

, 1. 5

E-4

1.0

0.5* ..*t1

12 103 104 105 1 16

TIME (SEC)

FIGURE 6.2,1-L1, ICE MELT. TRANSIENT . , .



16

15

CD)u
co

14

Cl)
C/)

P4 13

EH

u 12

W 11-

10

9 -

o 2.0

ICE MASS (106 )LBS

ICE MASS VS. PRESSURE

17

2.1 2.2 2.3 2.4 2.5

I

I

I r

0. �!

c

i

i
I

I
i

i

I
I

i

i
i
t

I
0

I

F IGURE 6, 2,1-4A,


