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Abstract

The purpose of this report is to document a series of calculations performed to support
NPSH calculations for the Dresden ECCS pumps in Post-LOCA suppression pool
heatup scenarios. The base Post-LOCA calculations were performed by General
Electric. This calculation benchmarks a MATHCAD model to the vendor calculations
and then develops a series of sensitivity cases to investigate nominal containment
performance versus design limiting conditions and demonstrate the effect of service
water temperature variation on suppression pool temperature and pressure.

This calculation is based on models previously developed to perform similar
calculations, and extends the methodology developed to include the most recent
vendor assumptions applied to analyses of this type. New benchmarks are provided to
confirm the adequacy of the MATHCAD model for this application. This report has
been written to stand alone and does not rely on previous calculations. '
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1. Introduction

The intent of this calculation is to extend vendor calculations performed to evaluate
Post-LLOCA heatup as part of a licensing amendment currently under review by
USNRC. During the review process it has become apparent that a simple, fast running
model of suppression pool response is necessary to provide a valid technical basis for
engineering judgements to be made regarding the effects of postulated variances from
the design analysis assumptions, The questions that this report is directed towards
addressing are two-fold: 1) What is the nominal post-LOCA containment performance
anticipated, particularly with respect to operator actions supported by current operating
procedures?, and 2) What is the sensitivity of the limiting long term case to postulated
variations in service water temperature?

An analysis method has been developed that allows rapid and economic solution of a
first order differential equation describing the post-blowdown behavior of the Dresden
containment. This method uses the MATHCAD software package to perform Runge-
Kutta numerical solution of this equation. A quasi-static balance is then performed at
each solution step to obtain the drywell and wetwell airspace temperatures, determine
the air mass of each volume, and ultimately the wetwell pressures for use in NPSH
calculations. The analysis method developed has been benchmarked against the most
recent General Electric SHEX-04 long term analyses which form the basis of the
licensing amendment. ‘ ‘

P

1.0 : . Introduction
' Prmted 3/11/M7 541 PM

.87

1



FROM:

COMED NFS FAX NO.: 630 663 7118 93-12-97 ©2:126P

BSA-D-97-03
Revision 0

2. Methodology/Model Description and Assumptions

The following sections provide the theoretical basis for the MATHCAD modet.

21 AnalyticaJI Solution of Post-LOCA Suppression Pool Temperature

The post-LOCA behavior of the suppression pool can be characterized as consisting of
two distinct periods, the initial vessel blowdown and core reflood phase, and a long
term heatup of the suppression pool during extended recirculation of the suppression
pool water through the vessel. The first period adds a large amount of energy and
mass to the suppression pcol due to the inventory of the vessel as well as the
feedwater addition. The recirculation phase has three major contributors to the energy
addition to the pool, namely the decay heat, the sensible heat stored in the vessel thick
metal volumes, and the ECCS pump heat. The LPCI/CCSW containment cooling
subsystem acts as a sink, with heat removal dependent on the flows assumed and the

‘temperature difference between service water (CCSW) and the suppression pool. This

situation can be readily characterized by the following equation:

dT .. o
mcp E- = Qdocay (t) + Qrmmp + Q;unsll:ul = Khx * [T(,) = T;‘u]
where:
m = the pool mass (initial plus mass added during blowdown phase)

cp= the specific heat of water (1.0 used)

- Qqecay= decay energy (based on ANS 5.1 1979 table used by GE)

Q ump= Pump motor horsepower converted to thermal energy (700 HP for LPCI, 800
Hg for Core spray, and 2 CCSW pumps @ 500 HP each)

Qgensheat= vessel metal mass sensible heat addition rate (approximately 70 MBTU
added as an exponentially decreasing rate)

KHx= LPCI heat exchanger performance based on flow rates of LPCl and CCSW
(BTU/sec-F). -

Tgw= CCSW temperature constant at 95 F.

This equation readily lends itself to solution with fourth order Runge-Kutta numerical
methods. A solution of this type was developed utilizing the MATHCAD software

20of 16
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package. The routines developed were then exercised for the base cases provided by
GE as well as for the sensitivity studies requested.

2.2 Calculation of Suppression Pool Pressure

Once a model of the suppression pool temperature was developed, an expression for
the suppression pool pressure was needed in order to provide necessary input data to
the NPSH calculations. In the long term post-LOCA scenarios, the pressure of the
suppression pool is determined by the distribution of air between the wetwell airspace
and the drywell, and the partial pressures of water vapor in each region, which are
dependent on temperature. The methods described below are based on calculation of
quasi-static equilibrium conditions at the suppression pool temperatures already
calculated. The scenarios assume the containment spray is operating in order to

. minimize the pressure. A diagram of the containment regions is provided in Figure 1.

The wetwell airspace temperature is assumed to be equal to the spray temperature.
The spray temperature can be determined based on the LPCI flow rate and heat
exchanger K-value, and then expressions for the drywell and suppression pool
temperatures can be developed as follows:

va = Tpaol 'I-KH,\’ (waal = ]..‘\'IG' ) - Qp“lllp ] / cpmlpci
Note that the pressure in the volumes is

P(hv = Pulr.(l\f + I‘.,vill.'lil\r
P ww = P alr . ww + Rwl,’l\vw

and

Mgt M,,, =M, =constant

Where M is the mass of air in the voltjmes.
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By applying the ideal gas law to characterize the air partial pressure in the volumes the
following expressions result:

P, -b=F,
or |

Prwe * Posirwe - [P + Pz ]= P,
rewriting based on the gas law

[M, . R(Tww +460)] [M, . R(Tdw +460
(‘ : v + a1 .Tww ) '( o v )] + RW.?UW ) = R‘h

ww dw

now these equations can be solved for Mgy, , yielding:

M _ 144[Pm.1'dw - Pml.’l'ww + on ]+[Ma,lolalR(wa +46O) / de]

“aw [R(Tdw +460)/V,, 1+[R(Tww +460)/V, ]

Given this equation, the pressure in the wetwell can then be determined. The drywell
temperature is estimated by the use of a mass weighted balance of the fluids mixing in
the drywell, namely the recirculation from the break (equal to the core spray flow rate of
4500 gpm) and the drywell spray flow rate m;,.s(95% of total LPCI flow). as follows:

KT oot = T ] | Quecsr * Quunps + Qe
{(Tpg ~ -2 T Yy + (T gy + o AP Ssini

Tdw = otk

- m_ *n}
c,m,

mﬁpci.'v + mc.c *n

Where 1 is the fraction of the break recirculation fluid that is assumed to mix with the
spray in the drywell atmosphere. This is consistent with the GE analysis. This is done
to provide a conservatively low estimate of drywell temperature which minimizes the
containment pressure predicted.

Note: This relationship is specifically true in the long term post-LOCA situation in which
fluid exiting the vessel exhibits some degree of subcooling, it represents a constraint on
the applicability of the model to other more generalized problems.

4 of 16
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The saturation pressures are obtained by performing an interpolation of a parabolic
spline fit of ASME data in the range of temperatures anticipated for this problem. (120-
210 F) Data applied in the above equations is listed below:

R=53.34 (Gas Constant) ft-lbflbm-R

Cp:=1.0‘

Fluid specific volume assumed constant = .0164 t3/lb

Ma total=19284 Ibm for nominal initial conditions DW 135F/20%RH

=16499 Ibm for minimum non-condensible cases DW 150/100%RH

This reduction in initial air mass is consistent with the reductions applied by GE for use
in the NPSH analysis previously performed, and represents the changes in air mass
that would result from selection of model initial conditions minimizing the air volume.
(higher humidity and temperature),

. 50f16
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Figure 1 Containment Model
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3. Calculations/Acceptance Criteria/Basedeck Changes

3.1 Background

The original design points for the LPCI heat exchangers were at a two LPCI flow of
10,700 gpm with two CCSW pump flow of 7000 gpm, and singie LPCI flow of 5350 gpm
and 3500 gpm single pump CCSW flow. In the updated calculations performed, the
new “design” flow is at 5000 gpm LPCI / 7000 gpm CCSW for the limiting case. This
case yields the lowest containment pressures with the highest corresponding
suppression pool temperatures due to the injection of cold spray into the suppression
poot airspace. The 1 LPCI/2CCSW pump cases yield the coldest temperatures exiting
the LPCI HX, relative to a 1/1 or 2/2 case. Specific details of the cases performed are
described below. |

3.2 Benchmark cases

The first step in performing these calculations was to select benchmark cases and
perform comparisons. These comparisons establish the validity of the model for use in
subsequent sensitivity studies. The cases selected were GE cases 2A1 with assumed
drywell mixing fractions of 20% and 100%. Reference 1. The flow rates and heat
transfer capacities for these cases are provided in Table 1. '

CASE LPCI CCSW Flow HX K
Flow gpm __gpm Btu/sec-F
GE 2A1 5000 7000 307.4

Table 1 Heat Exchanger Parameters used in Benchmark Calculation

3.3 Sensitivity to service water temperature

These cases employ the base case 2A1 model used above, with a 20% drywell mixing
fraction assumed. The service water is ranged from the initial value of 85F down to 75F
in 5F increments. All other assumptions remain the same as the base case. The
suppression pool initial temperature is assumed to be at 95F for all cases.

7 of 16
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3.4 Nominal Containment Performance Calculation

Several cases are run for this case to provide an estimate of the most Jikely
containment pressure that would exist in a DBA LOCA event based on operator
response in accordance with existing Emergency Operating Procedures (EOPs). The
operator would initiate sprays, first to the suppression pool, followed by the drywell
spray upon reaching 9 psig containment pressure, or 281 F drywell temperature. The
sprays would be manually secured upon pressure decreasing to 2 psig, and automatic
isolation would occur at a drywell pressure of 1 psig. The cases that are run mclude the
following:

- 1) Base case 2A1 with containment non-condensibles set to nominal values. This

condition will then be used for the remaining nominal cases. This case provides the
pressure that would be expected assuming spray operates continuously, but startmg at
a more likely initial condition.

2) Case 1 above repeated but with the assumption of 40% mixing in the drywell. This
represents the situation of continuous spray, but with nominal initial conditions and
best-estimate mixing. This is anticipated to be the most likely condition that the

. operator would see.

3) Case 2A1 with no spray assumed for entire event. This case provides an upper
bound pressure that would be available if sprays were not utilized at all during the
event. This covers the case in which subcooled break flow depressurizes the
containment below the EOP spray initiation point prior to reaching the 10 minute time
point where the operator would be initiating spray and or torus cooling. It should be"

. noted that without spray or spillage of cold excess LPCI flow to the drywell, that
. repressurization will occur. This model calculates a quasi-static mass and pressure-
- balance and will tend to overpredict the pressure somewhat in the initial phase of the

event. Review of mass-release information for case 2A1 reveals that steam flow will be
expected out past 4000 seconds, which supports that non-condensible transfer will
continue at least through that time frame, and a saturated steam env:ronment will
prevail in the drywell.

8 of 16

P.

14



FROMS

COMED NFS FAX NO.: 6308 663 7118 93-12-97 ©2:28P

8SA-D-97-03
Revision 0

4. Results

4.1 Benchmark Calculation Resuits

The results of the benchmark calculations are shown in Table 4. As can be seen, the
MATHCAD model provides very good agreement with the GE base model. The resuits
of the benchmark cases are shown in Figures 2, 3, 4, and 5. As can be seen, the
temperature comparison is very good throughout the transient. The suppression pool
pressure shows some small differences early in the transient, particularly for the 100%
mixing case, which is believed to be a result of the quasi-static pressure calculation -
method employed. This model accounts for the effects of the spray flow and transfer of
non-condensibles between the wetwell and drywell in basically an instantaneous
fashion, which neglects the time element needed to accomplish the mass transfer.
However, at the principal point of interest, the long term pressure peak, the agreement
between the calculations is excellent. Therefore it is concluded that the MATHCAD
model provides reasonable predictive capabilities, particularly at the long term peaks.

CASE LPCI Flow CCSW DW Mixing | Peak Pool | Pressure
e gpm Flow Fraction Temp. F at Peak
_gpm psia
GE 2A1 5000 7000 20% 172.1 - 17.7
MCAD 5000 7000 20% 172,68 17.58
GE 2A1 5000 7000 100% 171.9 19.5
MCAD 5000 7000 100% 172.8 19.48

Table 2 Results of Benchmark Calculations '

9 of 16

P.

15



FROM: COMED NFS FRX NO.: 630 663 7118 93-12-97 92:28P
BSA-D-97-03
Revision 0
v Suppression Pool Temperatyre
170
€
oY)
g
&TwwGE 160
5.'
[t
150
L
100 1'103 1-10% 1-10°
startx %, Wep, endx

Time In Eeconds

Figure 2 Benchmark 1 Suppression Pool Temperature Comparison 20% Case

284 . ] Suppresasion Poo) Pressure
[ ]
.
L]
'
*
L]
2 ‘
'
L]
& o :
2 — e
[ PWWG%“ZO . Y
cﬁ. -s :
18 .
v sy
[} ..
. Team
-
166
18
100 1-10° 1-10* ' 1-10°
100 - g€, ) 28174 3
Time seconds

Figure 3 Benchmark 1 Suppression Pool Pressure Comparison 20% Case

10 of 18

P.

16



FROM:

100
startx

X 190,
Time in secongs

COMED NFS FAX NO.: 630 663 7118 93-12-97 ©2:28P
BSA.D-97-03
Revision 0
u Suppression Poo) Temperature
ir0
Y«
g—’ Emgo
E
150

Figure 4 Benchmark 2 Suppression Pool Temperature Comparison 100% case

20.466%0.5
20

EPwwy, 195
mMGﬁn

19

18.5

18.3
18

Suppression Pool Pressure
100 110° 1+10%
100 X tee
Time seconds

Figure 5 Benchmark 2 Suppression Pool Pressure Comparison 100% case

11 0f 16

P.

17



FROM ¢

COMED NFS

FAX NO.: 630 663 7118 83-12-97 ©02:28P

BSA-D-97-03
Revision 0

4.2 Sensitivity to Service Water Temperature Reduction

The model configured for the limiting Case 2A1 scenario, ie. low non-condensibles, low
drywell mixing was applied for this sensitivity study. The initial pool temperature was
assumed to be at the maximum allowable value of 95F. The service water temperature
was reduced in a series of runs, covering a reduction to 75F in 5F increments. The
effect of the reduction in service water temperature is to cause a reduction in both the
maximum pool temperature and the available containment: overpressure. There.is a .
tendency to shift the time of maximum temperature earlier, since the LPCI HX heat
removal rate is improved as the differential temperature between the CCSW and LPCI

streams increases. The results are presented in the following table:

Peak Pool

CASE cecsw Pressure | Saturation | APsat/ A
Temperatu | Temp. F at Peak Pressure Peak
re F psia atmax T Pressure
MCAD 95 172.6 17.58 6.36 na
Base 2A1 '
20%
Sens-S3 90 . 170 17.23. 5.9926 1.05
Sens-S4 85 167.7 16.9 5.6829 .996
Sens-S5 80 165.5 16.6 5.3992 .98
Sens-S6 75 163.5 16.33 5.1517 967

Table 3 Results of Service Water Temperature Reduction

The change in saturation-pressure-and the relative.change in-saturation pressure vs ,
peak pressure are provided to.facilitate the assessment of the:reduced temperatures on
the NPSH calculations. As can be seen, the reduction in peak pressure is almost equal
to the change in vapor pressure of the fluid. Therefore it can be concluded that there
would be little or no effect on the NPSH calculations, since the net change between the
two pressures is the primary input.

120t 16
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4.3 Nominal Containment Performance Cases

These cases examined the effects of nominal initial conditions, best estimate dryweil
mixing, and finally the effect of not using spray at all. The results of these cases are
presented in the following table, along with the base case 2A1 results for comparison:

CASE DIW DW Mixing | Pressure
Noncon- Fraction at Peak
densibles Pool Temp
psia
MCAD min 20 17.58 -
Base 2A1
20%
Sens-S1 . nominal .20 19.93
Sens-S2 - nominal 40 20.54
Sens-S7 nominal 1.0/no 28.6
: spray ’

Table 4 Nominal Containment Performance Results

As can be seen from the results of the first two casés the actual containment pressure,

even under full spray flow assumptions, would be expected to be 2 to 3 psi hngher than
predicted by the limiting scenarios. The last case, covering a no spray scenario, would
yield even higher pressures, and since these pressures would exceed the-EOP spray
initiation point ( 9 psig). and therefore the sprays can be expected to be initiated. The
model indicated that pressures would be above 28 psia essentially from 600 seconds
on. Note that this is an equilibrium based model, and that some re-pressurization time
would be expected to occur once operators secure LPCI flow to the vessel and shift to
pool cooling mode. The conclusion that high pressures would be expected is true
however, and the time to reach it would be determined by the carryaver fraction of air

a from the drywell to the suppression pool. Since the low pressure predicted by the first

two “nominal” cases would exceed the 2 psig point at which the operator would act to
terminate sprays, it can further be concluded that the spray will be initiated and

- maintained until well after the peak pool temperature is passed.

13 of 16
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5. Conclusions/Discussion

A simple mathematical model based on first principles physics has been created and
demonstrated to produce resuits consistent with vendor calculations. Sensitivity
calculations performed using this model have provided several insights into post-LOCA
containment performance. The effect of postulated service water temperature
reductions has been demonstrated to be fimited, with minimal impact on the ECCS
pump NPSH calculations expected. The nominal containment performance predictions
support that the operators would be expected to initiate and maintain spray flow
throughout the post-LOCA period. Finally, the nominal cases run provide a reasonable
basis for estimating the actual margin embedded due to conservative input
assumptions in the design basis calculations performed by the vendor that comprise the
analytical basis for the currently proposed license amendment.
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’é_:wm 160
-
80| -
L= 47
000 1 o 1-10% . 1-10°
: xdoe .
Time In seconds

. max(y) = 172,654

Note: GIE Temperatures plotted trom utput dete supplied by GE



FROM: COMED NFS . FAX NO.: 630 663 7118 83-12-97 82:49P

Pressure Calculation

R 63,24 el 5000 cs 4600
. 7.4805..0164-60 7.4805-.0184.80
vdw 188238 Ms 19284
My 16499  reduced alr mass n 0.2 mixming ciiicicncy
Vww 108000 Qpmp 1.700..70606 2.500..70886nsc : 800 .70686
Pvo 0.5
. } *
HXK- y, Tsw . 7200
K 3413 Qpmpc  SENSHT-e
R -LRCI- .98 . -2678-1000.- © . . . .CS-
o Lpal M 300cs Tk cs cs e
"k LPCI-.85 - CB1 '

HXK- y, Tsw  Qpmp

Twatmy LPCI



FROM: COMED NFS FAX NO.: 630 663 7118 83-12-97 ©82:49P P.04

Fhis Filg estimates Psac hased on wmperature input 1¢is a gurve tit interpolation hetween 120 und 209 degrees oF data from the 1967
ARML tables

120 1,8927
130 2.223
140 2.8602
150 2.7184
160 4.7414
170 5.8926
180 7.511
100 0.34
200 11.526
210 14.123

i 0.9 v pspline(Ts,Ps)

Pzal,  interp vs,Ts.Ps, Tatm,

Psatw,

. Interp vs, Ta_Ps, Twaim,

0100 150 200 250

T: . 480
gt Pvb - MR L
) vaw
X ‘
P.ka . 460 . R"rwwnk . 460
Vdw Vww

144. #aatk Psgtw
Moww



FROM:

COMED NFS FAX NO.: 630 663 7118 93-12-97
8 i P
24 . uppression Poal Pressure
22 3
§ PwwGE,, 20 N
g - :
a- ) ]
:
18 :
16 3
100 1410 1-10* 1-10°
Ky,
Time seconds
160
150
Tmmk
— 140 i
Twatmk P
130 Caeen
120 .......
100 1-10° 1+10°

1-10

02:49P

P.

85



FROM: COMED NFS

Varjahle

Time

1148

1696

2244

2792
3340

3888

4984

5532

8628

7176

7724

6272

8368
9918

BB20 |

104684

11012

11560

12108

12656

13204

13752

14300

14848

15386

15944

16492

17040

17588

18138

18684

19232

19780

20028

20876

‘27924

21972
127570 ]

23068
23616

24164

24712

25260

25808

26358

26904

27452| .

FAX NO.:

WW Pross
psia
]

16.758

16.841

16,801

16,857

17.023

17.077

17.118

17.168

17.216

17,288

17.294

17.325

17.38

17.37

17.396

17.423

17.447

17.47

17.A91

17.508

17.524

17,538

17.58

17.561

17.669

17.977

17.582

7386

17.588

17.59

17.59

17.589

17.586

17.682

17.5717

17.571

17,584

17.558

17.331

17.544

17.537

17.529 [

{17.821

17.512

17.503

17,484

17,474

17.464

1749

WW
deg F

Tage| .

630 663 7118
air T DW Temp WW Puol )
deg t deg ¥
Twmmk Tetmk Yy
125,785 145,888 148
127.48 145.669 151,086
128.89 145,86 153.672
130.07 146.105 155.820
131107 146.574 157,723
132.019 146.91) 158.387
132.808 147.119 [180.83
133.457 147.498 162.088
134.122 147,884 163.229
134,688 148.209 164,259
135.192 148 476 165 183
135.642 148.6885 166.006
136.039 148.839 166 73
136.384 148.941 167.36
136.60 149167 167.919
136.975 1494 168.44
137.241 149.616 169.926
137.489 149.816 169.38
137.72 149,988 169.601
137.8 150,127 170.187}
138.123 150.249 170.538
138.297 150,353 170.856
138,454 150.44 171.143
138,504} 160.511 171.399
138.719 150,587 171.826
138,620 150.607 171826
138.923 150.633 $71.889
139.004 150.646 172147
139.071 150.644 17227 |-
139,126 150.63 172.37
139.169 150,604 172.448
139,199 150,585 172.504]
139.218 150,515 172.539
139.227 150.454 ‘172554
139,224 150.382 172.55
139.212 150.299 172,527
139.19 150.206 172.487
129.16 150.131 172.432
139123 150,050 172.268
139.086 149.976 172.296
139.042 149,892 172 217
138.954 149,803 172128
138.942 149.711 177,033
138.887 149.615 171,933
138.828 149.516 171,825
138,765 ‘[149.413 171.71
138.699 149.306 171.59
138,63 149,197 171.462
138,557 145,084 171.334
130.352] [1a0.00a 171.183

03-12-97

02:49P

P.8é6



FROM :

COMED NFS
G Datg
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149.3

145.8

149.7
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150.1

150.2

150.3] ..

150.5

1508

150.8

150.9

1511

461.2

1514

151.6

151.7

151.8

151.9

152

1521

1522

1523

1523

1524

1529

1553

156.3

157.7

158.7

159.7

160,58

181.4] "

1621

162.9

1635]

164. ¢

164.6

165.1

185.8

168.1

1668.8

167

187.3|"

167.6

167.9

168.1

168.3

FRAX NO.: 630 663 7118

10489.8
10740.3
10993.5
11244.9
11485.2
11743.5
11993.5
12242.3
12492
12742
12992.5
13247.8
13500.4
13755.2
14009.9
14259.4
14511.9
147652
15019.8
15275.5
16531.3
15784.5
16036.3
18292.8
16543.9
168794.7
17045.2
172954
17646,41 -
177971.7| -
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168.7

68 o

169.1

1692

169.4

169.9

169.8

170

170.2

1704

170.8

170.7

170.8

170.9

174

1711

1712

173

1714

171.4

1715

171.6

171.7

17117

1718

171.8

171.9

171.9

172

172

172

172

172.1

1721

1721

172.1]

172.1

1721

1721

17211

1721

1721

1721

1721

1721

11721

1721

172
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(m . 50)

93-12-97

92:50P
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FROM: COMED NFS FAX NO.: 630 663 7118 93-12-97 ©82:56P P.08

DRESDEN SUPPRESSION POOL HEATUP CALCULATIONS

Benchmark Case: 1/2 nominal CCSW GE Casc 211,

4500 gpm CS tlow, 100% mixing efficiency
‘I hix culculotion iy busid e the use of w Runge-Kutt sulution method o numerically ovafunte the first order difterential cquution
dewsribing the behuvior of the suppression pool Inllowing the vorapletion of the blowdown from the vessel 11 uses boundary

conditions taken lrom new GH caleulations, These are the decay heat, pont tempuratyre 31 800 seconds  the K viahiss for the host
‘exchangerand un leem 10 account for sensible heat of the vessel metal.

The following veetors represemt the decay beat input ta the problem. These ure brved or the Gl: supplicd daca and represent a
ANSK-S 1+1979 slandand vatues

1 1.9
§ i
600 02212
1000 ,01956
2000 01599
4000 01273
7800 01033
10200 01012
20400 1008491
(38600 00708
1200 008308

Qix) delines a Jinear interpolation of the ahuve vectors for use in the coteulation

Q(x) Enterp(t.p,x)

PHEY i3 the pump brat input with CCSW and LPCI considered 10 be 500 and 760 HP and the Cure Spray o &30 HP, ¢unseried 1o
BrLSsEC ) :

PHT (1-700 - 1-800'- 2-500)-.70696

XK is the heat removal rate of'the LPCH X in B UiSecsF. hased on GF ealeulations at rovised HX copucity

HXK 307.4

SENSIIT is the sensible hegt stored in the thick imctal stroctures. added to the pool in exponentiat Fashion s ITUsec; note that this
term is adjusted to provide a reasonable mateh to vendaor base caleulations, with tie wtal sensible heat being spproximstely 100
MIETLL ossuming a.traction semaining w 600) yeconds,

'108-.70

SENSHT

7200
Unter the derivetive o'y as f{x,v): (Note that x=time(sceonds and y=Temperatuwee) Poal Valume is hassed on finul yolumes provided by
GE in buse calculations (vaper space oF HORXI cubiy fevt siclding a pool volume of 124194 13)

Tsw 95

X

7200

81990 3413.4.0 . puT - sENSHT-c ly Tow)-HXK

-a57
Qix) 3600

(x.¥) (124194).62.054



FROM: COMED NFS FAX NO.: 630 663 7118 83-12-97 ©82:50P

hter starting avd end g values ot <. tho pumber oF titersuls fur the integration anst the initial o o)

sterx 600 -enax 28000 n 50 intervals wity 148.6
Suppresafon Pool Temperature
: T TU=n74
170 o
Q 1 -~
8%
g —
%_‘f"’ﬁem 160
-
150 L& 148
100 o - 10105
X+ 108
Time in seconds

. : max(y) = 172 346

Note: GF Temperatuies Elnugd from outpul data supplied by GF.



FROM:

COMED NFS - FAX NO.: 630 663 7118 83-12-97 ©2:58P

Pressure Calculation

R 53.34 wrei 5000 s, 4500
7.4805..0164-60 7.4805-.0164.60,
vaw 156236 Ma 19284
Ma 16499  roduced air mua nt mixing efieieney
vww 108000 Qpmp 1.700-.70696 - 2.500-.70696mpc - 800-.70696
Pvo 0.5
*
HXK- y,  Tow Qpmp 3413 qQ 7200
LPCI-.95 . 26781000 pmpe  SENSHT-e
Y LPel LPcI-85. a x 2578 1000.3‘5 . . c8m

B/
. k

T'utmk 00-cs cs GS

. LPC)-.85 - ¢S :

HXK- y. Tsw Qpmp

Twatmy % Pl



FROM

COMED NFS

FAX NO.: 630 663 7118

Tns File esumatey Psag bosed on wmperatare inpat 1S 3 carve fit nterpotation Between 120 and 200 deprees of daw from the 1067

ANSMIE tyhes

120
130
140
180
160
170
180
100
200
210

1.6927
2223
2.8802
3.7184
4.7414
5.9926
751
0.34
11.526
14.123

T 50

Ps sd»

ve pspline( 7. Ps)

Pwk

. :  Psatw,
15 T T

200 250

Ts.

Tatm, - 480
‘ Vaw
Twstm, - 460
- R
ww

144: Psat,  Psatw, - Pvb - MeR.
Mawwk :
Tetm, - 460

R Vdw

vww.144 K

interp vA,Tn.Ps,TmK

imerp vs. Ts. Ps,‘Natmk
" o



FROM:

COMED NFS FAX NO.: 630 663 7118 93-12-97
Suppreasion Pool Pressure ‘
20.5
l
20| i
ghw% 19.5 ¢
n'—
éPﬂMGEm
g .
a 19
18.5 : Ef'
18 ' A —
100 1010° 1010 : 1-10%
. %5 19%m
Tine seconds
200
80 ©
: !
Tslmk
— 160 co
Twa!mk .
40| -
120 ;
100 1:10° 10t : 1-10° -

02:50P

P.12



FROM! COMED NFS FAX NO.: 639 663 7118 03-12-97 ©2:51P  P.13

Time WW Prgss WWair T DW Temp WW Paol T
“we psia deg | deg ¥ Jeg )
Varable X wal Tws‘lmk Talmk v

600 20.466 126.113 187.642 148.6
1148 20.049 127.804 183,481 151,683
1696 19.846 129.204 181,16 154.246
2244 14.71 130.378 179.473 158,30
2762 19.676 131.408 178.7685 158.272
3340 19.622 132,313 177.912 159.925
3888 19.551 133.098 176.917 161.358
4438 19.551 133.779| . 176.653 162.603
4884 19.664 134,397 176.64 163.732
5832 19.569 134.955 176,366 164,752
6080 ’ 19.565 135.458 176.931 © [165.668
6628 19.554 1359 176.838 166.478
717 19534} 138,291 175,487 167.192
7724 19.508 136.631 176.084 167.812
08272 19.525 138.931 176,125 168.361
8820 19.549 137.214 175.254 1688.873
9368 19.57 137.472 175,26 169,340
9916 19.59 137.716 175.454 169.793
10464 1. 19.603 137.541 175.497 170.206
11012 18.611 138.148 175.484 170.583
11660 19.615] 138,335 175.454 170.926
12108 19.618 138.505 175.407 171.235
12658 19.618 138,857 175.345 171.514
13204 19618~ 138.793 475.268 . [171.7262

- {13752 19.612 138.913 175.175 171.981
14300 16,608 139.018 175.069 172,173
14848 19.598 139.109 174.948 172,339
153590 119588 139.186 174.813 172478
15944 19,578 139.25 174,865 172.595
16492 19,562 139.3 174.505 172.689
17040 19.547 139.339 174.331 172.759
17588| - 19 529 139.388 174.146 172,808
18136 ) 19.511 139.382 173,948 172.837

[18884 19.491] 139,386 172,738 172.846
19232 R 19.489] - 139.381 173.518 172,835
19760 . 19,446 139.365] 173,287 172.806
20328 - :[19,424 139,339 173.044] 172.78
20878 19,403 139,308 172,873 172.699
21424 190,286 130,268 172.700 172.63
21872 [18.368 138.228 172.541 172.852|
22520 19.35 139.179 172.969 172.467
23068 19,3 139,128 172.194{ 172 374
23616 19.312 139.074 172.014 172.274
24164 19,202 o [130.035 171.832 172.167
24712 19.272 138 953 171,646 172,054
25260 19.251 138.888 171.456 471.935
26608 . 19.23 |. 138.819 171.263 171,809
26356 19 209 138 747 171.067 171 878
26904 ) 19.187 138.872 170.868 171,541
27452 19.165 138.504 170,666 171,300




FROM: COM(EHD'I?EJS FAX NO.: 6308 663 7118 ’ 83-12-97 82:51P P.14

ge,, PWWGE,, - TwwGE, 9 n . 50 PWWGE  50)  TWWGE . sp)
808.8 [ 20 ] 140.8 __
8191 6.7 149 8899.1 19.4] 169.1
650,1 16.4] 1492 9201.2 19.4] 1693
6447 [15.1] 149.5 . 9493.6 [19.4] 169.4
658.7 [15.5] 149.7 5787.8 19.4] 169.6
6744 [18.7] 139.9 10094.9 [19.5] 169.8
6317 185 150 | 10350 765} 1689
7054 18.4 150.2 10887.7 19.5/ 1701
7204 18.4) 1503 10991.7 16.5] 170.2
738.7 (18.3] 150.5 11262.2 79.5] 170.3
757.4 [18.3] 1506 11554,7 8.5 1705
7749 18.3] 150.8 11882,8] - [19.5] 170.6
706.2 [18.4] 150.9 121801 /5 1707
K [18.4) 154 124794 [195] 1758
820.1 165 1511 12772 15,5] 170.9
#47.1 18.5 154.2 13072.5 19.6] 171
865.9 [18.5] 513 123855 126] 714
BB4.4 76,51 1514 ‘ 13664.8 195] 1712
9024 [18.7] 7515 13969 1 9.6 171.3
5195 18.7] 15156 142606 196 1714
9374 [19.8] 81,7 : 14551.1 [15.6] 1714
853.9 18.6] 151.8 14844.5 19.6] 1715
o711 [18.5)] 151.9 15140.8 55} 78
8904 |° [189] 152.1 15436.6 19 5] 1716
11524 [19.1] 153 18740.9 19.5] 7.7
14256 (193] 154.3 16037.4 [18.5) 1717
1719.1 119,4] 1656 16342.4 19.6] 1718
20222 [19.4] 156.6 16650.1 19.8] 1718
23 16.3] 157.9 16946.3 195 1718
2647.5 193] 158.9 17243.8 ﬁ 174.8
25637 153 158.9 17536.8 [19.5] 719
3314 9.2 160.7 17840.1 [19.5] 171.9
3626.4 [19.2] 161.5 18144.9 19.5] 718
3977.5 [19.3] 1623 18451.9 193] 719
Y] TR 163 18755.1 195 1719
4559.6 19.2] 163.5 19050.5 193] 719
4838 1 [16.2] 164 o |ee2 19.5| 1719
51219 [19.3] . [1545 19640 19.5) 1718
5404.9 [19.3] 165 . 18932.4 [19.5 ] 171.8
5688.7 193] 1654 - 202274 19.5] 1718
5976.6 193] 1658 205313 194 7
6265.9 19.3] 166.2 208255 [19.4] 718
[essas| . [93 1666 21129.8 [19.2] 7.7
.[68559 19.3] 166.9 » 21419.9 194} 77
71865 10.4) 167.2 217264} [15.4] e
743 19.5] 167.5 220186 [19.4] 1716
77177 [19.4] 167.9 - 22317.9 [19.4 171.6
8012 [19.4] 1683 L |22623.9 194} 1715
8309 Tias] 166.6 : 229259 19.4] 1715
B603.7 [19.4] 168.8 232311 119.4 ] 1714
' — 73534.3|. 194 4




FROM: COMED NFS . FAX NO.: 630 663 7118 83-12-97 ©02:51P

DRESDEN SUPPRESSION POOL HEATUP CALCULATIONS
Sensitivity Case: 1/2 nominal CCSW GE Case 2al,
" 4500 gpm CS flow, 20% mixing efficiency, Service water temp=90

This caleulation s hased on the use of o Runge-Kuts sulution method to tumerically evaluate the First arder diftrential eyution
desurihing the behuvior of the suppression poul Jollowing the completion ol the hlowdown from the vexse! 1t uses boumdary
conditions taken from new GE colewtations. These are the decay heat pool temperature at 600 scconds. the K valug for the hegt -
exchangur,and 4 lcrm 10 account for sensible heat of the vessel mictal.

Tha: following veotors nepresent the decay heat input W the problem  These are bused on the GE supplicd data and fiopresent o
ANS-5.1-1979 swndurd valucs .

i 1.9
4 B
600 ‘ 02212
1000 01956
12000 ", |.01509
4000 01273
7600 01033
10200 01012
20400/ - 008491
39600 00706
1200 606306

Qix) Jetings a Hincar interpolition of the above vectars for use in the eoleylation

Q(x) Enterp(4, p,x)

PHT is the pump heat input, with (,(.\W and L PCl uvnstdcrcd ta be SHrend 700 HP and the ( ore ‘spm- a 800 HP, comv.ned fo
S BNSEC

PHT (1-700 - 1-800 - 2-500)-.70696

NIXK is the heat removal mate of the LPCLIX in BTUSec-¥, based on GE calculations at revised HX capacity

MXK 3074

SENSHT is the wnsnblc heai stored in the thick et struuurc's added to the poul in exponential fishion ax T, note thit this
term is adjusted to provide o reasonuble match w vendor ba:«, wh.uloumls with e 1ot seogible heut being appn mmal'.l\ 166
MI3TLY assuming a traction remaining al 600 seconds.

8 .

sensur 19 70
- 7200

Vinter the derivalive o'y ax l'(x,v) (Norc thaat x~time(secands and y=Tempensture) Pool Volume 1s based on final volumes provided by

G in hase culculytions (vepor space of 108000 cubje feet. yielding 8 pool volume of 124)94 13)

Tew 90

X
o(x,.zsm.;:g.aua-tu. PHT . SENSHT-0 7200 (y Tow)MXK
ﬂx'y) . e . e me —



FROM

COMED NFS FAX NO.: 630 663 7118

fimter startmg and wnding vidues of x. the number ot intervals for the integration, and the mitind value uf'y.

83-12-97 ©02:51P

starx 600 endx 28000 . n 80 intervals inny 148,
' Suppression Pogl Temperature
170 N R [ i v=17
€ §
%vL 160 : o
g
180 . P ,
! L~ 147
100° 1103 L 1010* 1-10°
4 k

Time in accands

max(y) - 170.043



FROM: COMED NFS FAX NO.: 630 663 7118 83-12-9?7 ©82:51P P.17

Pressure Calculation

5000 - 4500
. LrCH [o4:3
. R 83.34 7.4805..0184-60 7.4805..0164-60
vdw 168236 Ma 19284  nominal nir moss
Ma 16489  reduoed air mas n 0.2 mrang cfliciency
vww 108000 Qprmp 1.700..706896 2.500..70698 Qpmpe - 800..70696
pvb 0.5
*x
UK. Tew  Qpmp 7200
v ok PSS . Q x 26781000, 2013 . GBmec  SENSHT.e e
Tatm . LPGI 3600.cs * CS cS

LPCI-.95- C&n

HXK: Y Tsw Qpmp

Twmtty ¥y Lpei



FROM !

COMED NFS

630 663 7118 83-12-97 ©02:51P P.18

This File extimates Psat based on femperature mput 11 i8 2 curve L interpolation hewwesn 120 und 200 degrees of data from the 1967

ASME ables.

: 120
130
140
‘160
160
170
180
190
' 200
1210

16827 i
2223
28802
3.7184
4.7414
5.9928
7.811
9234
11.526
14,423

vs  psplina( Ts, Ps)

N

‘Pest,  mierp ve,Te,P3, Taim,

PaaMk _interp vs.’T‘a.Ps.Twaunk

Tam, - 480
vaw
R"l_'umk : 460 ' .Mmk . 460
Vdw Vww

- 144, Paat, pmk-m . Ma-R-

coe >‘va=!mk-480.'v.
V- 144 K



FROM:

COHED NFS
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FAX NO.: 630 663 7118

83-12-97
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FROM: COMED NFS

Vonahe

Time

1148

4436

FAX NO.:
“WW Presy WW air T
msia deg I
P'"'k Twatm,
10.609 123.522
16.645 125.158
16.696 126.51
10.745 127.634
16.802 128.615
16.849 129.472
16.883 130.209
16.925 130,848
18,968 131.42
17.001 131.934
17.03 132.392
17.055 132.794
17.074 133,144
17.088 130.444
17.108 133.705
17.129 133.947
17.148 13417
17.165 134.377
1718 134,587
17.193 134.738
17.203]. 134891
17.212 135.027
17.22 135,148
17.225 135.25
17,13 135.339
12203 125.413
17.234 135.474
17.234 135.521
17.233 135.556
17.231 135.578
17.227 135.589
17.222 135.589
17.217 135.579
170 "1135.857
17 202 135,528
17193 . |135.488
17183 135.4%6
17175 135.379
17.166 135.318
17.158 135.253
17.147 135,184
17.137 135111
17.126 135.035
17.416 134.956
17,105 134.874
17.003 124.788
17.082 134.7
17.07 134,609
17.058 134.516
17.048 134.42

630 663 7118

DW Temp WW Pool T

deg b deg F
Tatmk Y
143.986 148
143.699 150.988
143.826 153.453
144.006 155.511
144.412 167.304
144.688 158 87
144.836 160.215
145.157 161.379
143.485 162,427
145.754 183,366
145.668 164.202
148.121 184.937
148.222 165.577
148272 166.124
146.448 166.601
148,632 167,043
148.8 187.451
148.952 167,828
147.078 168.175
147.472 168.488
147,25 168.768
147.311 169.016
147.355 189.234
147.385 169.423
1474 , 1169.585
147 401 160.721
147.388 169.832
147,382 1689.918
147,324 169,982
147.274 170.023
147.212 170.043
147.138 170.043
147.054 170.023
146,86 160.084
148.855 169.928
148,74 169.854
146.617 169.763
148.511 189.859
148.400 1169.547
148.297 169.428
146.184 169.302
148.088 169.17
145.948 169.031
145.825 165.88€
145.7 168,736
145.571 168.58
14544 163.419
145.306 188.253
143.189 188.0872
145.03 167.007

83-12-97 0©2:52P

P.20



FROM:

COMED NFS FAX NO.: 630 663 7118 83-12-97

DRESDEN SUPPRESSION POOL HEATUP CALCULATIONS
Scnsitivity Case: 1/2 nominal CCSW GE Case 2al,
4500 gpm CS flow, 20% wmixing cfiiciency, Service water temp=85

“Fhis calculation is hased on the use of u Runge-Rutlu sulution method o numerically evalung the first order difterennal equation
dusiribing the behavior ot the suppression poul foflowing the completion of the blowdown frum the vessel [t uses boundary
conditions taken from new GE calculations ‘These we the decay heat ponl wmperature 8t 400 reconds. the K value for the hemt
exchanger,and a ferm to uccount for sensible heat of the vessel metal

The following vectors repressnt the decay heyl input W the problem. These are bused on the GF supplied data and represent o
ANK-5.1-1979 standurd vuslues

i 1.9
Y ]
600 02212
1000 ,01956
2000 .01599 _
4000 01273 ’
7800 01033
10200 01012
0400 008491
36600 .00706
51200 006306

(X x) defines A linewr intetpalation of the above vixtors for use m the calylation
Q(x) Ubnterp(t,p,x)

PHT is the pumps heat inpmt, with CCSW and |, PCT eonsidered to be St g 700 HP and the Care Sprav m BOD $HE, convened to
RTUNHC

PHY (1-700 . 1.800 . 2.800)..70696

HXK is the heat remaval raie of'the £RCT HX in 5TUMNCeSF, based on GF, calenlations a revised HX capacine

HXK 3074

SENSH'T is the sensible heat stored in the thich mcial stewgiures, added to the pool in exponentizl fashion as T L/see, note that this
term iy wdjusted to provide a reusomable motch (o vendor hase caleulations, with the total scnxible heat heing approximately 1004
MITI, ussuming ¢ fraction remaining @ 600 secends.

.
SENSHT 10°-.70
7200

Unter the gerivative of y 88 TIX.Y) (Rote that x=time(scovnds amd y=Temperatuie) Pool Yolume is based on 1wl valumes provided by
Gk in buse caleulutions (vapor space of JOR0OU cubic fet, yivlding & pool volyme ol (24194 1t3)
Tow 86

x

o(x)-zs7e--;:?'.6-3413-1.o.nm.ssnsur-e 7200\ Taw)hxx

v (124194).62.054

92:52pP

P

.21



FROHt COMED NFS FAX NO.: 638 663 7118 93-12-97 ©02:52P

Hinter starting wd ending values of x. the number of intervals for the integration. und the inita) valye uf y

startx 600 encx 28000 n 50 intervals mity 148.

Suppression Pool Tempersture

; U =169
165
HE ‘
: ;
= 155 :
150 e Co ey
=147
100 1410° . 1-10* 1-10°
Time in seconds
max(y) - 167.693



FROM:

COMED NFS FAX NO.: 630 663 7118 03-12-97 ©2:52P

Pressure Calculation
6000 4500
83. . b
R 6324 POl 7 4805, 516460 7.4805..0164-60
vaw 168236 Ma 19284 nomimal air mass
. n 0.2 mixinyg efficicncy

Ma 16498  roduced wir mine
vwaw 108000 apmp 1-700..70688 - 2.500..70698 Qpmpe  800..70696
Pw 0.5

*

HXK: y, Tew Qpmp

7200
3413 Qpmpc  SENSHT.&
PG1-.96 . 'O x -2578-1000- .y . B . .cS
LPCY . L 3600-cs | "

k¢S c$
LPCI-.86 . ¢S

HXK y, Tesw  Qpmp

Twatm, v, eI



FROM: COMED NFS FAX NO.: 630 663 7118 83-12-97 ©02:52P P.24

This Filo estimotes Pyat bascd un temperuture input 31 s a curve fit intorpolation between 120 und 200 deprees of datg from the 1967
ASME 1ahles.

’ 120 1.6927

130 2223
140 2.8892
160 3.7184
160 4.7414
1170 6.9926 .
180 7.511

190 0.34

200 11.526
210 14.123

y 0.9 ve pspline( Ts.Ps)

Px:d“ nterp va,Ts,Ps.Tm‘

Pshw, intorp va, T8, Ps, Twaim,

15 T T

0r =

100 150 200 250

Tetm, - 460
144. Psal, Psatw, - Pvd - Mg-R- v
Maum't ow
.Ta!mk-460 . .Twa!mk- 460
Viw Vww
v 460

Pww, M ‘R + Psatw,
] ¥ Vww-144 x



FRORM

COMED NFS FAX NO.: 638 663 7118 83-12-97
Suppression Poo) Pressure
24 v
22 -E. »
2 { :
g 2 i '
E Ao, 20 !
a " :
4
18 e
Lt Tedee gt
“’ m
16
100 1010° 1-10° 1010
8%
Time teconds
150 T
!
140
o

i

130

120
100

110

82:53P

P.2S



FROM: COMED NFS FAX NO,:_ _630 663 7118 83-12-97 B2:53P P.26

Time WW Pregs WW air T DW Temp WAV Poot T
8¢ psia deg ¥ deg b deg
Voriablc X Pww, Twatm, Tam, %
600 16.427 121.258 142.083 148
1148 16.455 122.938 144,73 150.88
1696 16.499 124.13 141.791 153.244
2244 16.54 125.197 141907 165.492
2792 16.50 126.123 142.251 156.885
3340 16.629 126.928 142.485 158.352
3888 16.857 127.61 142.553 169.601
jas3e 16.692 128.185 142816 160.6869
4884 16.726 128.718 143.036 161.624
5832 16.765 129.183 143,298 162,473
|SOBO 168.778 126.591 143.455 163.22
6628 16.796 120.947 143.556 163.889
7178 16.81 130.25 143.608) 164,423
7724 16.819 130.504 143.604 184,887
8272 16.834 130.721 149,729 165.283
8820 16.849 130.919 143,864 165,645
9368 16.862 131.1 143.983 165.970
9916 18.875 131.264 144,089 168.276
10484 18,885 131.414 144.168 1656.548
11012 16.892 131.545 144.217 168.788
115680 16,898 131.659 144.25 166.897
12108 18.903 131,757 144,268 167.175
12658 18.906 131.839 144.271 167.325
13204 16.908 131.908 144.259 187.448
13752 16.908 131.959 144.233 167.544
14300 16.907 131.898 144.104 167.816
14848 18.905 132.024 144.143 167.664
15396 16.901 132.038 144.079 187.689
15044 16.897 132.04 144.004 167.693
16462 16.891 132.001 143.917 167.678
17040 18,885 132.01 143.82 187.638
17588 16,877 131.979 143.792 167.682
18138 18.869 131,939 143.593 1687.507
18684 16,859 131.888 143465 167.415
19232 16.849 131.828 143.328 187.306
16780 16.837 131.759 142.182 167.18
20328 16.825 131.882 143.027 167.039
20876 16.814 131.588 142.8991 166.886
21424 16.803 131.911 142.756 186.726
1972 16,792 131.42 142,617 166.56
22520 16.18 131.326 142.476 166.388
23068 16.768 131.229 142.332 166.21
23616 16.756 131.128 142.185 166.028
24164 16.744 131.026 142.038 185.84
24712 16.731 130.82 141.684 165.647
25280 18.718 130.812 141.729 165.45
25808 16.708 130.702 141.573 165.248
26356 16.692 130.588 141415 165.043
26604 16.679 130.474 141.254 164.833
27452 16.6685 130.358 141,091 164.62




FROM

'

COMED WFS FAX NO.: 630 663 7118 03-12-97

DRESDEN SUPPRESSION POOL HEATUP CAI.CULATIONS
Sensitivity Case: 1/2 nominal CCSW GE Case 2al,
4500 gpm CS flow, 20% mixing efficiency, Service water temp=88 x4

“This caleulation is based on the use of'a Runge-Kutta sotution method to numerically ¢valuste the first order difterential equittion
deseribing the behavior of the suppression poo) following the completion of the hlowdown (rom the voxsel 1 uses bogodory
conditiong wken Itam new G caleulations  These ure the decay heot. poo) temperature o1 A0 scemdn  the K vahue Yor sthe hem
exchanger,and a term 10 aeenunt for seasible heat of the vexsol metal.

The following veolors represant the decey heot inpot 10 1he problem  These are bused un the GE supplied data and represent o
ANSK-S 1-1¢79 standurd valucs

1 1.9
Y P
600 02212
1000 01956
2000 01588
4000 01273
7800 .01033
10200 .01012
120400 008491
39600 00706
1200 006306

Quxy defines g lingur interpalation of the ahnve vectars for use in the caleulation

Q(x) Enterp(L,p.X)

PITT ig the pump heat input. with CCSW and LPCI considered Lo he 500 and 700 HP and the Core Sproy at 810 HP. converted to
BIUsEC

PHT (1700 - 1.800 - 2.500)..70696

HXK is the heat removal rate or the LPCIHX in ITUrSec-F, based on GF, calculations at revised HX capacity

HXK 3074

SLENSHI is the sensible heat stored in the thich mual structures, added 1o the peol in exponential fashion as BT e, note that ths
torm is adjusted 1o provide a rensonablo match  vendor hase caleulatigns, with tie total sensible heat being approximately 1)
MBI, nssuming o fraciion remaining ut 60 seconds .

108- 70

SENSHT
7200

Vinter the desivative ul y as x.y): (Note that a=time{scconds and y="Temperaturc) Puol Yolume is hived on inal volumes provided hy
GE in hase calsulations (vapor space ob H)ROM! cubic Feel. yielding a paol volume of 124194 113)

Tsw 80

X
o(x)-zsvs-gg-wa-m. PHT - SENSHT-@ 7200 (0 Tew)HxK

xy (124194).62.054

02:53P

P.27



FROM3 COMED NFS FRAX NO.: 630 663 7118 03-12-97 ©2:53P

linter starting and ending value of x. the numiber of intervals fur the integrition. and the mitial vajue of'y

starix 600 endx 28000 n: 80 Intgrvals miy 148.

U~ 167

165 S :
@ 160 H
| 4
.§v
& 6o - :

150 SR

L=147
100 1-10° . 1410 1-10°
Time In seconds
max(y) = 165.511



FROM:

COMED NFS FAX NO.t 630 663 7118 93-12-97 ©2:53P P.29

Pressure Calculation

5000 4500
R 63.34 LPCI O cs .
7.4805..0164.60 7.4805..0164.60
vdw- 158236 Ma 19284  uominal air mass
Ma 16498  reduced air muss n 0.2 mxing chiciencs
Vaww 108000 Qpmp 1-700-.70686 . 2.500..70896 Gpmpc  800-.70696
P 0.6
X
XK. Y Tsw Qpmp 3413 Qpm SENSHT. 7200
. .85 . . .1000- Ly . L e .CS-
Loy LpCI-.85 .Q x, ‘2678 600.C5 Y cs cs csn
LPC)-.85 . cS1

HXK: y, Tesw Qpmp

Twotr ™ Yk LPCY



FROM: COMED NFS FAX NO.: 638 663 7118 83-12-97 ©92:53P P.308

This File estimates Py based on temperuturs input 3t is 8 ¢urve fit interpolation between 120 und 200 degrows oF data from the 1967
ASMI tables.

120 16927
130 2223 |
{140 2.8892 :
.150 3.7184
160 4.7414
170 5.9926
180 7.511 .
190 934 °
200 11.526
-210 14,123

e s0*

<1>
i 0.9 v$  pspine(Ts,Pa)

Peat, interp va.Ts.Ps. Tatm,

Psule imerp ve, T4, Ps,Twmmk

15 T T

Tatm, - 460
Vdw
Tatm, - 460 Twatm, - 460
Roovow % ww

144. Psat,  Psatw, Pvb - MaR

thumk .« 480

. - Paatw,
Vww- 144



FROM

COMED NFS FAX NO.: 630 663 7118 83-12-97
2 Suppression Poo) Pressure
v ’
"
22 Con
; :
g P - :
E PuwwGE,, 20 :
g v v
Q. .
18 - A : ‘
——
16
100 110° 1-10% 1.10°
*+'5%m
Time taconds
150
i
140 b .
ka i .i .l. : H
- 130 v , i .
Twatm, o ! Pt ...
120 FPTEA ;
110
100

1-10%

82:53P

P.31



FROM

COMED NFS

Varahic

lime
SeC

1148

1686

2244

3340

4984

5632
|soao

7178

7124

8272
8820

9916

11012

13752

FAX NO.:

WW Press
P31l

Pww,

18.251

106.272

18,309

16.343

16.388

16.418

16.44

16.468

16,496

16.519

16.528

16,548

168,558

16.561

16,572

16,582

16.59

16.688

16,603

16.807

16.600

16.608

16.608

16.608

16.603

16,599

16.593
16.587
16,579
16.571
18,561
16,5851

16.684

168,528
16.518

16,502

16.488

16,476

16.462

16.449

16.426

16.422

16.409

16.395

16.381

16,300
16.362
16.338

16.323

16.309

A

ww
deg F

. 630 663 7118
wir T DW Temp WW Pool T

deg ¥ Jeg I
Nmu T‘nmu Y
118.996 140,181 148
120,514 138.761 150.772
121.78 138.756 153,03
122.764 139,808 154.876
123.832 140.089 156.487
124.38 140.242 157.834
125011 140.269 158.988
125,544 14D.473 150.96
126.016 140.687 180.822
126,431 140,843 161,58
126.761 140.844 162.238
127.099 140.652 182.8
127,358 140,888 189.27
127.564 140,935 163.65
127,737 141.01 183.985
127,89% 141,005 184,247
128.029 141.167 164.5
128,152 141.225 164,724
128.261 141.258 184.922
128352 141.262 65089
128.427 141.251 185.226
128,486 141,226 185.335
128.581 141,188 165.416
128,562 141.132 165.472
128.579 141,088 165.503
128.583 140,888 165.511
12B.575 140.898 185.496
128.555 140.766 165.46
128.524 140,684 185.404
128.483 140.561 165.328
128.43 140,427 165234
12B.369 14D.285 165.121
128,299 140,122 164.992
128.219 139.971 1684.848
128,13 139.801 1684.684
128.033 139.623 184.507
177.528 139,437 184.315
137.818 .|189.271 184,113
127.704 139.106 163.905
127.587 138.938 163.692
127.488 134.76a 163,474
127.346 138.596 163.254
127.221 138.422 163.024
127.095 138.246 162.793
126.966 138.069 162.558
126,830 137.888 162.92
126.703 137.706 162.078
126.569 137.523 161.832
126.43) 137.339 161.584
126.296 137.153 164.333

93-12-97

82:54P



FROM: COMED NFS FAX NO.: 630 663 7118 83-12-97 082:58P P.01l

DRESDEN SUPPRESSION POOL HEATUP CALCULATIONS
Sensitivity Case: 1/2 nominal CCSW GE Case 2al,
4500 gpm CS flow, 20% mixing efficiency, Service water temp=F5 gz

“This caleulation is based on the use of 9 Runge-Kutta solution method to numericolly evalugte the fiss order difterential equation
doseribing tw behaylor of the suppression poal following the completion ol the blowdown frum the vesse! 1t uses boundary
conditions taken from new GE calewlainns. These are the decuy heat pool temperature at 600 seconds. the K value for the heay
exchanger.and o (Grm tn account for sensible heat of the vessel metal.

T Mrllowing vestors represent the decay beat input to the prablem. Thesie wre based on the GIE supplivd data and represent o
ANS-S. 11979 standard valuey

i 1.9
Y G
600 02212
1000 01956
2000 01599
4000 01273
7800 01033
10200 01012
20400 .008491
39600 .00708
51200 006306

QUx) defines 1 linear intgrpolation of the ahove vectors lor yse in the caleulation
Q(x) fieterp(t,p,x)

PITY is the pump hicat inpul. with CCSW and LPCH considered to be S gnd 700 HP and the Care Spray ar 8 HP_ comverted to
ELSEC

PHT (1.700 - 1-800 - 2.500)..70686

XK is the heat removal rate of the LPCH HX in BTU/See-F, hused on GE calculations at nevised 11X cupacily

Hxk 307.4

SENSITE iy the xenible heat stored in the thick metyl steuctures, added to the ool in exponentiat tashion ss BT see, uote that this
term is wdjusted to provide a reasonable malch vy vendor base caleulations, with the tntal sensible heat bemg approxiroately 101)
MUBTUL ossuming g 1taction remaining wt 68 seconds

106- 70

SENSHT
7200

linter the dorivative ol ¥ a8 1X,y). (Note thitl x=time{stconds and y “Temperatuce) ol Volume is hysed on linal velumes provided by
Gl in buse caleulutions (vapor spiace of |0XO0U cubic feet. vielding a pool volume of {24) 94 1t3)

Tsw 76

Q(x)-2578- 3600'341 3-1.0 . PHT . SENSHT -0

fx.y) (124194).62.054

1000 7200 {y Tew)-HXK



FROM: COMED NFS FAX NO.: 630 663 7118 83-12-97 02:58P

Hoter starting and cnding vilues of x. tho number of inter uls fur the integration. und the initial value of y.

startx 600 endx 28000 n B0 intervals inty 148.
Supprassion Poo! Temperature
165 — v =165
i H
160 :
£ ;
évu )
d 165 ! .
K z
1
160 : :
. ' L =147
100 1-10° . 110 1-10°
Time in seconds

max(y) = 163.508



FROM:

COMED NFS FAX NO.: 630 663 7118 03-12-97 ©82:58P P.63

Pressure Calculation

6000 4500
63.24 LPO! LU . CB.
R ' 7.4805..0164-60 7.4805-,0164.60
vow 158238 Ma 19284 nmominal air mase
Me 16499  rcduced atr mass "mn 02 miviny ehiciency
Ve 108000 Qpmp 1.700-.70696 - 2.5600-.70696 Qpmpe B800.,70696
P 0.5
*
WXy, Tew Qpmp: 7200
\ 3413 Qpmpc  SENSHT-¢
. .95 - . . . Ly, . upm . .¢8.
o x LPE) LPe Q », -2678-1000 s600.cs k€8 cs €s-1
k LPCI-.95 - C5-n
XKy, Tew  Qomp
mk yk C

LPC)



FROM:

! .

COMED NFS FAX NO.:t

1120 16927
130 2223 -
;140 2.8892:
1150 3.7184 .
‘160 4.7414
170 65.9926
.180 7.611

180 9.34

200 11.526
1210 14123

rn g0

Ps s"‘I r

i 0.9 . v pgplinot Ts, Pa)

15 T T

100 150 200 250

Totm, - 480
144. Psstk Psa\wk » Pvb - MaR Vaw
Mmk . o e . ..
Tatm, - 480 Twam, 460
" ovaw TR v

Tuatm, . 480
Mk Mmk'R- Vo 144 -Putwk

638 663 7118

Pmk uiterp \m,Ts.li’a,Tmmk

Paatw

3

interp va, Ts,Pa, Twatm

83-12-97

Thix File estimates Psat based on temperutyre input 1L is u curye fit interpolation hetween 120 and 200 geprees of data frum the 1967
ASME tables

B2:58P

P.04



FROHM

COHMED NFS FAX NO.: 630 663 7118 83-12-97
Suppression Podl Pressure
24 : T
. 22 '_ .....
ﬁ P_wk 20 :; . . . CR B
g PanGEm ; :
o 18 : 5 : L
: Ve LgaremeeT e
1‘..’ ‘_F'-.,-:."" :
, 2 :
16 N ! . ' i *\
14
100 1-10° 1410° 1-10°
Xyt
Time seconaa
140 g ' —
130 t :
i

o -

120 LT -
110 L ' :
100 1103 110

1410°

02:58P

P.85



FROM: COHED NFS

Yanable

Time

1148

FAX NO.,: 630 663 7118

WW Proxy
Ps

Pww,

16.084

16.096

16.126

10.1%54

16.19

16.216
16.232
16.254
16.276

16.293

16.305

16.313

16.317

16.316

16.321

16.327

16,331

16.334

16.338

16.338

16.333

16.33

16.926

16.321

16.314

10.367

16.298

16.289

18.279

16.268
16,258
16,244
16.234
18.217
18.202

16.187

16,171
16,157

16,142

16.127

18.112

16.097

16,082

16.087

16,052

18.037

16.021

16,006

16.991
15.975

ww
deg F

alr T

ustm,

116.734

118.192

119.37

120,924

121.14

12184

122,442

132,659

123.314

123.879

123.991

124 251

124.462

124.624

126,782

124,883

124,858

125.04

125.107

125.159

126,195

125.216

125,223

125.217

125.199

125.168

125.126

125.072

125,009

124.935

124.852

124.78 |-

124,859

124.549

124.432

124307

124.178

124.037

123.897

123.754

123.809

123.483

123.314

123.164

123.012

122.859

122 705

122.849

122.392

12223

DW Temp WA Panl v
deg Jeg F
Tatmy Yi
138.279 148
137.762 150.684
137.721 152.816
137.709 154.559
137.928 156.048
138,019 157.317
137.988 158.371
138.11 158.251
138.287 180.02
138.387 160.687
138 434 181.267
138.428 161.734
138.374 162.116
138.287 162.413
138.291 162.647
138.327 162.849
138.35 163.024
138,361 163.172
138.348 163.286
138.307 163 39
138,252 163.456
138,183 183 494
138.101 163.508
138.008 163.498 )
137.9 163.482
137.782 163.406
137.863 183.329
137.513 163.232
137,383 183,118
137.204 162881
137.035 162,829
1368.858 1€2.66
138.672 182.476
138,477 182.278
138.275 182.082
138,085 161,833
135,047 161.592
135,85 16134
135,458 161,084
135.259 160.624
135.06 180.559
134.868 180.292
134.659] . 160.021
134.456 159.748
134.252 159.489
134,046 159,180
133.84 158.907
153,652 188 822
133.424 1568.335]
133.214 158,048

83-12-97

82:38P
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FROM®

COMED NFS FAX NO.? 630 663 7118 03-12-97

DRESDEN SUPPRESSION POOL HEATUP CALCULATIONS
Sensitivity Case: 1/2 nominal CCSW GFE Case 2al,
4500 gpm CS flow, 20% mixing efficiency, nominal 1Cs

"This caleulation is hased v the use ol u Runge-Rautta solution method to numericolly evalume thu first arder dilterential equation
deseribing the behuvior of the suppression pos) fullowing the completion it the blowdown trom the vl 1f uses boundury
conditions taken from new GE caleulatiens These ure the decay heat. pool temperature ot 400 soconds. the K valug for the heat
exchanger.and a term to account for sensiblc heat of the vessel metd), .

The following veotors represent.the decay hicut mput 1o the problem  Thesc are based on the GE supplicd dara and represent 2
ANS5.1-1979 stundard values -

1.9
Y P
600 02212
1000 01956
2000 01500 -
4000 01273 )
7800 01033
10200 01012
20400 008491
00 00708
1260 006306

Qix) defines a lincar interpolation of the above veetars for use in the ateulation

Q(x) Gnterp(t.p,x)

PHI is the pump heal input. with CCSW and LICH vonsidersd to be 500 and 700 HP and the Core Spray at 800 HP. converted 1o
BIISEC . )

PHT (1-700, 1.800 - 2-500)-.70896

© HXK is the heat removal rate of the LPCLHX in BTUSee-F, kased on GE culculations at revised 11X capscily

HXK 307.4

SENSIHIT is tho senyible heat stored in (he thick metal stroctores, added 10 the poel in exponential faghion 8 BT Ao, nule that Lhis
term is wljusted to provide a reasonable match Lo vendar base caleulations, with Gie total sensible heat heing gpproximately 100
MBTU. assuming 8 (ruction remaining ot 00 seconds

108.,70'

SENSHT
7200

l:mer the derivativo of ¥ as fix,y). (Note that x=time(seconds and y=Tempetatre) Pool Volume is hused on findd volumes provided by
GF in buse culculutions (vapor spave of 1N80ON cubic Fewt yielding a panl volime of 124104 113)

Tow 95
f X
0002578 19%0 341390 pur . sevsrme 7290 (y Taw)HX
LED .

(124184).62.054

02:58P



FROM: COMED NFS FAX NO.: 630 663 7118 83-12-97 ©82:59°P

Jinter starting and ending valuey of x, the aumber of intervals for the integratiun. und the intal vulug ot'y

startx 600 endx 28000 n.50 intervals nty 148.
Suppression Poo) Temperature
" _ : u-174
170 . . e e
™
Yk
= 160 : !
3 :
|
;
150 Y
: P ‘ . L~ 147
100 10108 . 1-10% B 1010°
Time in seconds
max(y) = 172.554



FROM: COMED NFS FAX NO.: 6308 663 7118 83-12-97 ©82:59P P.99

Pressure Calculation

R 63.34 LPGI 000 _ €s. 4500
7.4805-.0164-60 7.4805..0164.60
vdw 158236 Ma 16498 redyced air mans
Ma. 19284 nommal air mass n 02 mixing efiescncy
Vww 108000 Qpmp 1 700-.70698 - 2.500..7068fnpc - 600..70696
Pvo 0.5
%
HXK- y, Tew  Opmp 7200
k 3413 Qpmpe  SENSHT o
WPCI1-, 05 . -2578-1000- S . .cs-
. mk!'* LFC) JRons Ak 3600cs 'k cs cs csn
LPCI-.85 . C§n

HXK: Y, Tew  Qpmo

M Y LFCI



FROM: COMED NFS FAX NO.: 630 663 7118 83-12-97 62=59P P.10

This File etimutes Psat based yn temperuture input 14 is a gurve fit imerpolation between §20 and 200 degress of dati from the 1967
ASMC tableg. :

120 1.8927 -
130 2.223 .
140 2,8892
160 3.7104
160 4.7414 .
170 5.8926
180 7.511

180 9.34

200 11.628
210 14,123

Ps 8’1’
i 0.9 va  poplina(Ta,Pay
Pmk interp v:,Ts.Ps.Taxmk

Psatwk interp vs, Ts, Ps, Twatm,

15 T T

100 150 200 250
Ts, ’

Taim, - 480
Vdw
n.Tm"' 460 ' R.Tme‘ - 460
Vdw S Vew

144. Prat,  Psatw, .« Pvb . MaR
Mawk

Nﬂﬂ»‘éo

. P
wwldd T



FROHM:3

COHED NFS

18

16

160

150

Tetm

. o

130

140

24

FAX NO.: 630 663 7118

Supprezsion Poal Pressure

83-12-97
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10103
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1-10°
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FROKN s

COHMED NFS

Variable

Time

1148

1898

2244

2792

FAX NO.1_ 630 663 7118

WW Presa
nsia

Mk

19.114

19.1589

19.221

18,28

19.348

19.404

19.448
19,499

19.549

19.593

19.83

19.862

19,68%

19.709

19.737

19.7¢4

19.79

19.814

19.835

19.853

19.87

19.884

19.897

19.907

19.918

19.924

19.93

19.934

16,836

19.938

19.938

19.936

19,934

18,93

19.924

19.918

10.914

19.904

19.888

19.88

16.883

19,875

19.868

19.857

19.848

19,838]

18,828

19.818

19,807

-j19.788

ww
dey b

wrT DW Temp WW Pool T
deg b Jug ¥
Twaimk Tmmk "
125.785 145.888 148
127.48 145.689 154.006
128.89 145.86 153.672
130.07 148.105 155.828
131.107 148.574 157,723
132.018 146.911 159.387
132.6808 147.119 160.83
133.497 147.498 162.088
134.122 147.884 183.229
124,688 148.209| 764 253
135.1682 148.476 165,183
135.642 148.685 166.008
138.039 148.839 168.73
136.384 148.841 167.38
136.69 149.187 167.919
136.975 149.4 168,44
137.241 149.618 168.926
137.489 148.816 169.38
137,72 149.888 168.801
137.831 150.127 170 187
138.123 150.249 170.538
138.297 150.353 170.856
138.454 115044 171.143
138.504 150,511 171.389
138.719 150.567 171.626
138.620 150.607 171.820
138.923 150.633 171.899
139.004 150.646 172.147
139.071 150.644 172.27
135.126 (150,63 | 172.37
139.169 150.604 172,448
138,169 150.565 172.504
139.218 150.515 172.539
139.227 150.454 172.554
139.224 150.382 172.55
139.212 150.299 172.527
139.16 150.200 172.487
129,16 150,131 172.432
139.125 130.056 172.3689
139.088 149.976| 172.298}-
139.042 149.892 172217
138.994 149.803 172.129
138.942 148.711 172.035
138.687 149.615 171,983
138.928 149.516 171.825
138.7¢5 149.413 174.71
138.699 149.308 171.59
138.63 149,197 171.483
138.557 149.084 171.331
38,482 148.968 171.183

83-12-97

82:59P

P.12



COMED NFS FRAX NO.: 630 663 7118 83-12-97

DRESDEN SUPPRESSION POOL HEATUP CALCULATIONS
Sensitivity Case: 1/2 nominal CCSW GE Case 2al,
4500 gpm CS flow, 40% mixing efficiency, nominal ICs

Thix cateulatiun is hased on the use ot'a Runge-Kutta sotution method to numerically evaluate the first order ditferential vyuation
describing the behavior of the suppression pool fullowing the cumpletion uf the blowdown frum (he vessel 1t uses boundary
conditions taken fram new G calenlations, These are the devay heat. pool temperature o1 00 seeonds. the K value for the heot
exclhiungorand 4 lerm (0 goeount for seasthle heat o' the vessel metal.

The following vectors represemt the decay licat inpu to the problem  These are bused on the GE supplied data and represent o
ANS5.1-1979 sondord values ’

RN
Y P
600 02212
1000 ,01856
2000 01559
4000] = [01273
7800 : .01033
10200 01012
{20400 . [o08agi
9600 .00706
1200 006306

Q) defines a lineyr interpalation of the above vectors or use in the caleylation

Ofx) lindarp{t,p,.x)

PHY' is the pump heat input, with CCSW and 1BC) considered to be 500 and 700 HP and the Care Spray at R0 HP. converted to
RTU/SEC . :

PHT (1.700 . 1.800 . 2.500)..70696

HXK is the hear removal roix o) the ELPCEHX in BTU/Sec-I, bazed on GE calcylayons at revised HX vapacily
HxK 307.4 -

SENSIT is the sensible heal stored in the thick mutal structures, added to Ihe pool in exponential Fashion as BT sec, note tha this
ter is wljusted to provide a reasonable mateh o vendor buse calculations, with the gl scasible-heat being approximately 106
MU, assuming a (raction remaining ot 600 sceonds

10%.70

SENSHT

7200
Enter thw derivative of y ay Ra¥): (NuIe that x=time(seconds and y~Temperature) Ponl Volume 18 ised un fimal volumes provided by
G1:in baoss culeulytions (vapor space of 1ORXH cubic fost. Yickding a pool volume of 123194 133)

tsw 95

. ..x
om-zm-;ggg.ws.a.o. ohr + sensre 7290 () Tawr e

Kxy) (124194).62.054

B2:59P



FROHMS: COMED NFS FAX ND.: 630 663 7118 03-12-97 ©83:00P

Fntwr slarting and ending vulues of x, the pumber of intervuls Jor the integration, und the initiul valye o'y,

‘ statx 600 endx 28000 n.80 intervals - nity 148.

Suppression Pool Temperature
T u=174
170
Y
év’u _
%"" 160
(=9
150 . D
L =147
100 1-10° - ' 1-10% | 1-10°

' , . %
. Time in seconda
. ‘ ) max( y) =172.954



FROHN 1

COMED NFS FAX NO.: 630 663 7118 83-12-97 83:80P

Pressure Calculation
R 63.34 01 5000 cs 4500
7.4§05-.0164-60 7.4805-.0184-60
vaw 158238 Ma 16499  reduced air masy
Mg 19284  anminal gir miy n 04 mixing cficicncy
vww 108000 Qpmp 1.700..70696 . 2.600..70696 Qpmpo  800..70686
Pvv 0.5
X
MK g Taw. . 3413 a SENSHT.¢ 7200
-LPCH-.96 - -2578-1000. .y, . Qpmpc  SENSHT-e cs-
Leei ) B . 380Dcs % cs cs csn
' LPCI-95 . G5
HXK- I Tsw  Qpmp
I " LPC)



FROM: COHED NFS FAX NO.: 630 663 7118 83~-12-97 ©83:00P P.16

'l‘l;i;’i‘ilc ;‘;’»‘i’“mﬂ Psac based on temperature input. 1t is a ourve it incerpolation between 120 and 200 degrees of dats from the 1967
ASME ablos

120 18827 °
{130 2223
:140 28892 °
150 2.7184
160 4.7414
170 6.9926
180 7.511
1190 9034 |
200 11.526
210 14.123

S

1 0.9 vs  pepine(Te,Ps)
Pnn(x imerp v:,To.Pe.Tatmk

Psatw, Interp va, Ts, P8, Twatm,

15 T ,
10| -
o
st ~
0= | |
100 150 200 250
Ts.

Tetm, - 460
- 144 Psat,  Peatw, . Pvb - MaR-
Maww, . Vaw
Tatm, - 480 Twaim, 460
R . R
Vdw Vww
Twaim| : 48D
Pww, Maww, R~ - Paate,

Vww- 144



FROH: COMED NFS

FAX NO.: 638 663 7118

03-12-97 ©83:80P P.17

24

Suppression Podl Pressure
P
22 . -:..]. - -
o 3
a . I
§ Pwec, 2 :
a :
p2 :
18 TR . ol
16
100 1+10°

110°

170

160 . '

Tatm, 150 ! ; . i
- - S : i
Twatm, . e - cod :
‘ - 140 i i e e e e H . . v ol
d ] N . * i l__-'
. i Co : H PURT R
i : PR -
130 . : D T ’4..' . . i -

120 ! "
w0 - 1410°




FROH: COHMHED NFS

Vurighio

FAX NO.:
WW Press WW pir T
psa deg I

P, Teatim,

20.182 126.785
20.098 127.4B

20,093 128.69

20.104 130.07

20.14 131,107
20378 [132.09]
20,19 132.808
20.229 133.497
20.27 [134.122
20.304 134,606 |
20.901 135.192
20.352 135.642
20.366 136.00%
20.375 136.384

20.4 136,69 |-

20.427 138.975
20.452 187,241

20.476 137.489
20.495 137.72

20511 137.931

20.525 138.123
20.528 138.297
20.545 138,454
20.553 138,554
20.559| 138.719
20.563] " 138.828
120.565 134.923
20,506 139.004
120.564 138.071
20.562 139.126
20557 139,189
20.551 139,199
20.544 139.218
120.5% 138.227
20.526 139.224
120.515 130.212
20,503 12019

20.493 120.16

20,483 139.125
20.473 139,088
20.462 139.042
20,451 138.994
20.439 138.042
20.427 138.887
20415 138.826
20,402 438.765
20.389 138.689
20.375 138,63

20.361 138.557
20.947 138.482

630 663 7118

DW Temp  WW ool T
deg F dee I

Taom, ¥
160,457 148
158859 151.008
156.167 153.672
157.793 155.628
157.79 157 723
157.71 158.387
157 496 160.83
167,652 62.088
157.885 163,229
156.017 164.258
158,100 165,183
158.143 168.008
158,122 166,73
158.047 167.36
156,215 167,918
158411 165.44
198,391 T
158.755 169.38
158,884 169.801
158.972 170.187
159.043 170.539
169.096 170.856
159.133 171.143
159,153 171.200
159.159 171.626
159.148 171.028
159,126 171,599
159.088 172.147
158,007 17227
158.973 17237
150,898 172 448

158808 172.504
158,707 172,538
158,556 172.554
158.473 172.65
158,339 172.527
158,196 172,487
158.088 172492
157.8a3 172,368
157.873 172.298
187,78 172.2%7
157.842 " 172,129
157,52 172.035
157.295 171.933
157.287 171,825
157.134 [XZKZ
156.999 471.59
156,86 171.462
156,718 171.331
156.573 171.193

83-12-97

83:80P



FROKN

COMED NFS FRX NO.t 630 663 7118 83-12-97

DRESDEN SUPPRESSION POOL HEATUP CALCULATIONS

Benchmark Case: 172 nominal CCSW GE Case 2at,

4500 gpm CS flow, no spray casc, nominal tCs
‘I his ealoulatinn is based on the use of's Runge-Kulta solution method to numerically evaluate the first order ditrsrental equaston
describing the behuvior of the suppression puo] futlowing the completion of the blowdewn frum the vessel [t uses boundary

conditions taken from new G calculations. These are the decay heal. pool tempernture at A0 seconds. the K value Jor the heat
exchanger,gnd 4 lerm 1o account for sensible heat of the vessel metal.

Thu following vectors tepresent the decay heat input Lo (he problem, These yre based ¢n the G supplivd dala and represenia
ANS-5.1.1979 standord valucs

1 1.9
L P;
600 02212
1000 | - 01958
2000 01598
4000 .01273
7800 .01033
10200 01012
20400 008491
(39600 .00708
1200 0063086

0tx) defines u lincar interpolation of the ahuve verior for use in the caleulption

Q(x) Brderp(t,p.x)

PHT is the pump hieat inpot. with CCSW and 1.PCI considered to be $1) und 700 1P and 1hv Core ﬁpmv at ROO HIP, conventied 1o
BTU/SEC

PHT (1-700 . §.800"- '2.500)..70696

HXK is the hent ramoval rate of the LPCL HX in BTU/Sec-F, hased on GE calCulgtions at revised 1IX cupucily

HXK 307.4

SENSHT is the scnsible heat stored in the thick metal stryctures, added W the pool in exponential fashion as BT sec, notu that this
term is adjusted W provide a reasonable matceh to vendor buse calculations, with the total sensible ht::u bemg approximately 100
ML, assuming 8 lrucnnn rcmumm; W A0 seconds

106- .70

Se|
' NSHT 7200

linter the dervative o'y 83 Rx.y) (Note that x=time{scennds-and y=1cmperature) Pool Yelume is based on fioul volumes provided by

GF in buse culeplations (vapor spuace oI JOEOUQ cublc foct, yielding 8 peol volume of 124194 15)
Tew 85

x
Q(x)-2578-;g:g-3413~1.0 - PHT . SENSHT-e 7200 (y Taw)-HXK .

ey (124194).62.054

93:00P

P.

19



FROM: COMED NFS FAX NO.: 630 663 7118 83-12-97 03:81P

Fintar slarting und ending valucs of x. the sumher of' intervls for the inteyration, und the initinl valuz of y.

. starix 600 enax 24000 n-50 intervals nty 148

; : u-174

170 P -
180 Lot Co

Co

P

P
150 NE

. L=147

100 1410°

max(y) ~ 172.556

Note: GE Temperatures plotted from oulput data sﬁppl ted by GE



FROM: COMED NFS

FAX NO.:
Pressure Calculation
. R 53.34 LPGH 5000
7.4805..0164-60
. Ma 16489 rcduccd air mass
1
vdw 156236 Ma. 19284 nominal air mass
Vs 108000
Pw 0.5

P TR

i 7200
Teim, |0 x 2578.9000. M3 ., Qomoc  SENGHT's
! 3600‘03 cB cs
HXK: y, Téw Qomp
Twatm, Y, - ire) Twam, -y,

630 663 7118

803-12-97

4500
7.4805-.0164.60

Qpmp 1.700..70688 — 2-500..708%€npc = 800..70696

Note chanye to account fur pu spray e devwell wnd
wetwell  Airzpace lemperoture then sel by
breakilow in drywell and poul 1emp mowenwecil,

83:01P



FROH

COHMED NFS

FRAX NO.:

630 663 7118

83-12-97

This File estimytes Psat based on tempersture inpw 1t s a curve fit interpolation haiween 120 and 200 degrees of datz from the 1967

ASME 1ubles.

120
130
140
160
160
170
180
180
200
210

T &

1.6927
2223
2.8892
3.7184
4.7414
5.9926
7.6M11
9.34
11.626
14,123

<0»

<i»

a.9

vs  pspline{ T8 . P§)

L |

0

|#

100 150 200

Ts,

Psatw,

144. Psat,
Taim, - 460
R vow

waim,

T
-R.

- Pvb - MaR-

250

Tatm, - 460
Vdw

- 460

P::lk

Paaiwk

interp va, T, Pe Tatm,

Wterp vs, Te,Ps, Twatm

93:01P

P.22



FROM

COMED NFS

FAX NO.: 630 663 7118
40
35 G s
20 ¢ P
LT P UTPTPR R APPSR IEL IR ETED
15 .
14103 1+10% 1410°
X 88,
max( Pww) = 36.188
300 T x
250 i
- |
Tatmy -
- 200 !
Twatm, ;
150
H
100 : :
100 1-10° 110%, 1-10°

63-12-97

83:01P

P.23



FROM: COMED NFS FRX NO.: 638 663 7118 03-12-97 ©83:01P P.24

Timy WW Prass WW uir T DW Temp WW I'onl T
see Pty deg IF deg ¥ deg ¥
Variphle * Pww, Twatm, Tatm, A
600 36.188 148 251.99 148
1088 150.684 242.547 150.684
1538 152.966 237.287 152 966
2004 154.929 231,794 164,920
2472 156.65 229.707 156.65
2940 188.199 1227.497 158.199
3408 159.583 225.165 159.583
3876 | 760,805 lm‘ 760.805
4344 161.89 221.538 181.89
4812 162.887 220.808 162.887
5280 163.803 220.027 163.803
8748 164.64 219.202 184,64
6218 165 401 218 331 165.401
6684 166.088 217414 166.088
7152 186,704 216.453 166.704
7620 167.251 215.448 187.251
2068 107.738 215.033 167.739
8556 168.198 216,001 168.196
9024 188 628 214.964 168.628
9482 189.034 214.921 160.004
9960 189,417 214872 - 169.447
10428 169.777 214,751 169.777
10896 170.11 214.551 : 170.11
11364 170.419 214.34 170.418 )
11832 170,702 214.118 170.702
12300 170.082 213.886 170.962
12768 174.199 213.643 171,199
13236 171,415 21338 171.415
13704| 171,609 213127 171.609
14172 171.784 212.853 171.784
14640 171,938 212.569 171.938] -
15108 172.074 212.275 172.074
15576 172.192 211.971 172.192
16044 172.292 291.657 172.202
18512 172.375 " j211,334 172.37%
16880 172442 291.001 172.442
17449 172,493 210,858 172.483
17916 172.629 210.307 172.529
18384 172.55 209.946 172.55
18852 172.558 209.575 172.556
19320] [172.549 209.196 172,549
RO - |191es| 172.528 203.808 172,528

-7 : i 20256 - [172.494 208.412 172.454
20724 172449 208,118 172.449
21192 172,308 207871 172,388
121680 172.34 ’ 207.62 172.34
22128 172.278 207.368 172,216
22598| - 172.206 207.112 172.208
230684 $72.131 206855 12240
23532 172.681 206.594 172.051




ATTACHMENT 2
AVAILABLE AND CREDITED CONTAINMENT OVERPRESSURE



Containment Pressure (psig)

(After 10 minutes: CS @ nominal flow, LPCI throttled to 5000 gpm/Hx)

i /
20
15 '
Pool Pressure Available
1'0 — — — Credited Pool Pressure
N
I
|
B 1&’_' __________ - —-—-——-=-
0
-5 .
10 100 1000 10000
ieg(';opg) - |10minutes  Time (sec)
= Reflood '
(< 300 sec) ,
‘ . DRESDEN STATION
UNITS 2& 3

100000

MINIMUM CONTAINMENT PRESSURE AVAILABLE AND
CREDITED CONTAINMENT PRESSURE FOR PUMP NPSH

FIGURE 1



Containment Pressure (psig)

25

n
o

-
[4,)

-—
o

[4,)

(After 10 minutes: CS @ nominal flow, LPCI thrdttled to 5000 gpm/Hx)

—&8— Pool Pressure Required -
Core Spray
—a&—Pool Pressure Required -

~LPCI .
— — = ‘Credited Pool Pressure

10 ' 100 11000 10000 ' 100000
‘ Peak PCT ~ | 10 minutes Time (sec)
(< 200 sec) Reflood ‘
‘ (< 300 sec)

DRESDEN STATION
UNITS 2& 3

CREDITED CONTAINMENT PRESSURE FOR PUMP NPSH

FIGURE 2



ATTACHMENT 3
OPERATOR ACTIONS



During the Design Basis LOCA, the operator is credited with actions at the ten minute mark into the
accident. The operator works through all applicable Dresden Emergency Operating Procedures
(DEOP) concurrently. During the following explanation, the operator is responding to the Design
Basis Loss of Coolant Accident where a reactor vessel water level of only two-thirds core height can
be achieved and the reactor vessel is depressurized. The purpose of the following is to outline what
containment parameters exist and the guidance provided to govern the control room operator
actions.

Primary Containment Control EOP

The operator would enter this procedure based on the following entry conditions during a Loss of
Coolant Accident:

e Drywell Temperature above 160 degrees F
‘e Torus Bulk Temperature above 95 degrees F
e Drywell Pressure above 2.0 psig

During conduct of this procedure, his responsibilities include addressing all conditions in order to
bring the above Drywell Temperature and Pressure and Torus Bulk Temperature parameters to
within normal operating values. To address these parameters, the operator will take the following
-actions:

Suppression Pool Bulk Temperature: The operator will use all available suppression pool cooling to
maintain the pool temperature below 95 degrees F. The operator will use only those LPCI pumps
which do not have to be run continually in the injection mode for core cooling. At ten minutes into
the accident scenario, the vessel will be reflooded to two-thirds core height, LPCl pumps will be
diverted to suppression pool cooling and Containment Cooling Service Water Pumps will be
operated to begin containment and suppression pool cooling.

Drywell Temperature and Pressure: The operator will first use the available drywell coolers to
maintain pressure below 2.0 psig and if drywell pressure can not be maintained below this value the
operator will spray the suppression pool. The operator will initiate drywell sprays to control these
. parameters prior to drywell temperature reaching 281 degrees F or when drywell pressure exceeds
9 psig. If the Suppressuon Pool bottom pressure can not be maintained within the containment
design limits, the primary containment is then vented to atmosphere. The EOPs direct the operation
of the torus and drywell sprays be terminated when torus pressure or drywell pressure decreases to
the high drywell pressure scram setpoint to assure that the primary containment pressure is not
reduced below atmospheric. Maintaining a positive suppression chamber pressure precludes air
from being drawn in through the vacuum breakers to de-inert the primary containment, assures that
a positive margin to the negative design pressure of the primary containment exists, and also
permits resetting the scram and primary containment isolation logic, thereby enabling the operator
to perform action specified in other parts of the EOPs without defeating the associated interlocks.

Reactor Control

The operator would enter this procedure based on the following entry condmons during a Loss of
‘Coolant Accident:

e Reactor Vessel Water Level below the low water level setpoint of 8 inches
e Drywell Pressure of 2.0 psig

‘The operator will try to restore and maintain reactor vessel level. Since only two-thirds core height
can be achieved during this accident, the operator will line up and inject with the available safety
and non safety related systems that can supply water in order to restore vessel level to the normal
operating band. Since reactor vessel water level can not be maintained above the top of the active
fuel, the operator is directed to Emergency Depressurize the reactor and then enter the Primary
Containment Flooding DEOP. This DEOP has the operator use the available safety and non-safety

. related systems to flood the containment to ensure core submergence.



Recognition of Pump Cavitation

Loss of pump NPSH may be detected through one or more indications of degraded system
performance. As available NPSH decreases, these indications may include:

« System flow rate less than expected for the backpressure to which the system is
discharging (i.e., Reactor Vessel, Suppression pool pressure). ‘
Decreased suction pressure (local indication only)

Decreased pump motor current indications (local ammeter, control room indication for
Emergency Diesel Generator power).

o Frequent unanticipated adjustment of system discharge valves. For example, given
steady state conditions is reached, the discharge valve must be periodically adjusted to
.increase flow.

¢ Inability to control and maintain parameters such as Reactor Vessel water level,
containment pressure, drywell temperature, suppression pool temperature and
suppression pool level within the bounds of the specified EOP action levels and limits.

e Abnormally low discharge pressure indication for a given flow: As available NPSH
decreases, suction pressure decreases which produces a lower than normal pump
discharge pressure for a given flow rate.

o Erratic and dramatic fluctuations in discharge pressure, flow, and pump motor current
indications

e Indications of the minimum flow valve cycling on low flow conditions.

¢ Annunciation and subsequent reset of ECCS pump at pressure alarms and ECCS pump
pressure low alarms.

The Licensed Operator training program includes approved training material on the indications to
recognize the loss of NPSH to the ECCS pumps. The training material is evaluated using operator
diagnostic capabilities during various plant transients presented on the Dresden Simulator.

Summary

The EOPs are structured such that the operator need not diagnose the.cause in order to deal with
the event properly. They are a symptom based. procedure, such that the operator takes actions on
symptoms. With a symptom based procedure, the entire spectrum of plausible events must be. '
covered by the procedure. As the conditions degrade, the operator would proceed through the
procedure taking steps on the severity of the symptoms. All the actions specified in the procedures
are within the system and operators capability. The EOPs cover a broad spectrum of events and
many events are well beyond the design based events that were assumed in the FSAR. Therefore,
the EOPs specify the best actions to be taken based on the symptoms available to the operator in
the control room. Based upon data from the containment sensitivity analysis (attachment 1): 1)

. plant parameters would lead the operators to initiate containment spray within the first 10 minutes
following a design basis LOCA and 2) the spray is expected to be malntamed for the duration of the
accident scenano

. The operator’s actions are governed by the plant parameter's which exist during the accident. The

operator may perform actions in two different EOP procedures concurrently in order to address
many parameters (drywell pressure, temperature, reactor vessel water level) whlch must be brought
back to within the normal operating band.





