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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 MATH CAD model for this application. This report has 
been written to stand alone and does not rely on previous calculations . 

; 
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The Intent of this calculation is to extend vendor calculations performed to evaluate 
Post-LOCA heatup as part of a licensing amendment currently under review by 
USNRC. During the review process it ha~ 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. ' 

1.0 Introduction 

PnntPCt :1/11 /A7 $·41 PU 
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2. Methodology/Model Description and Assumptions 

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

2.1 Analytical 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 phasej and· a long 
term heatup of the suppression pool during extended recirculation of the suppression 
pool w~ter through the vesseL The first period adds a· large amount of energy and 
mass to the suppression pool 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 LPCl/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: 

where: 

m =the pool mass (initial plus mass added during blowdown phase) 

cp= the specific heat of water (1.0 used) 

adecayc: decay energy (based on ANS 5.1 1979 table used by GE) 

Opump= pump motor horsepower converted to thermal energy (700 HP for LPCI, BOO 
HP for Core spray, and 2 CCSW pumps@ 500 ~peach) . 

Csensheat;;;; 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 LPCI and CCSW 
(BTU/sec-F). 

T svv= 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 
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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. ~nd then expressions for the drywell and supp.ression pool 
temperatures can be developed as follows: 

Note that the pressure in the volumes is 

p <i'tr "" P,,/r,c/il" + P.fcu.tJw 

pww "" po/1,Yt,. + J>."M•l.'/'WW 

and 

M0 .""' + Mu.ww = M,"'°' =constant · 

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

or 

rewriting based on the gas law 

[M0 ..... R(Tww +460)] [Mfl.dwR(Tdw +460)) 
( v + P.'UP.Tw ... ) • ( v + P.\fl/.?"l/lf ) = ~.,, 

WW dw 

now these equations can be solved for Maww, yielding: 

M ""' 144[ I' :tQl.,Tdw - p!tal.Tww + P.fJ ] + [ Ma,JoJfl(R ( T dw + 460) I v""] 
u,1r1r [R(Tdw +460) f Vc1.,] +[R(Tww +460) IV_] 

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 drywall. namely the recirculation from the break (equal to the core spray flow rate of 
4500 gpm) and the drywell spray flow rate m1peis{95% of total LPCI flow}. as follows: 

K [T - T ] . Q + Q + Q 
{(T ft_ hit pool ,,,,. ) + (T + dcc;y pump.c~~~) ,,. } 

p11al m,,,._.l, IXI"' mer 11 
Tdw=~~~~-cP_m_m_u_'~~~~~~~-·~-·-c~P_m_u~~~~~~ 

Where Tl is the fraction of the break recirculation fluid that is assumed to mix with the 
spray in the d~ell 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 . 
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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-lbf/lbm-R 

Cp :;:1,0. 

Fluid specific volume assumed constant .... 0164 ft3/lb 

Ma,tota1;19284 lbm for nominal initial conditions OW 135F/20%RH 

=16499 lbm for minimum non-condensible cases OW 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), 

. 5of16 
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• 

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 single LPCI flow of 5350 gpm 
and 3500 gpm single pump CCSW flow. In the updated calculations perfonned, 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 
pool airspace. The 1 LPCl/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 2A 1 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 CCSWFlow HXK 
Flowgpm gpm Btu/sec-F 

GE2A1 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 2A 1 model used above. with a 20% drywell mixing 
fraction assumed. The service water is ranged from the initial value of 95F down to 75F 
in SF 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 . 
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Several cases are run for this case to provide an estimate of the most likely 
containment pressure that would exist in a OBA 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 drywall temperature: The 
sprays would be manually secured upon pressure decreasing to 2 psig, and automatic 
isolation would occur at a drywall pressure of 1 psig. The cases that are run include 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 starting 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 2A 1 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 1 O 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 2A 1 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 environment will 
prevail in the drywell . 
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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 results 
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 drywall 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 MA THCAD 
model provides reasonable predictive capabilities, particularly at the long term peaks. 

CASE LPCI Flow ccsw OW Mixing Peak Pool Pressure 
gpm Flow Fraction Temp. F at Peak 

gpm psia 
GE2A1 5000 7000 20% 172.1 17.7 
MCAD 5000 7000 20% 172.6 17.58 

GE2A1 5000 7000 100% 171.9 19.5 
MCAD 5000 7000 100% 172.8 19.48 

Table 2 Results of Benchmark Calculations 
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Figure 2 Benchmark 1 Suppression Pool Temperature Comparison 20o/o Case 
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Figure 3 Benchmark 1 Suppression Pool Pressure Comparison 20o/o Case 
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Figure 4 Benchmark 2 Suppression Pool Temperature Comparison 100% case 
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The model configured for the limiting Case ~A1 scenario. ie. low non~condensibles, low 
drywall 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 SF 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: 

CASE ccsw Peak Pool Pressure Saturation aPsat/ I!!. 
Temperatu Temp. F at Peak Pressure Peak 

re F psi a at max T Pressure 
MCAD 95 172.6 17.58. 6.36 na 
Base2A1 
20% 
Sens-S3 90 170 17.23 5.9926 1.05 
Sens-S4 85 167.7 16.9 5.6829 .996 
Sens-85 80 165.5 16.6 5.3992 .98 
Sens-SS 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. · 
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These cases examined the effects of nominal initial conditions, best estimate drywell 
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 D/W OW Mixing Pressure 
Nom~on- Fraction at Peak 

densibles Pool Temp 
psi a 

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 cases, the actual con1ainment pressure, 
even under full spray flow assumptions, would be expected to be 2 to 3 psi higher than 
predicted by the limiting scenarios. The last case,· cov~ring a no spray scenario, would 
yield even higher pressures, and since these pressures would exceed the··EOP spray 
initiation point(' 9 psig). and the_refore the sprays can be expected to be initiated. The 
model indicated that pressures would ~e above 28. psia essentially from 600 ~econdf) 
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 carryover fraction of air 
from the dry\Nell 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 th~ spray will be initiated and 
maintained until well after the peak pool temperature is passed . 
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A simple mathematical model based on first principles physics has been created and 
demonstrated to produce results 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 limited, 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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DRESDEN SUPPRESSION POOL HEATUP CALCULATIONS 
Benchmark Case: 1/2 nominal CCSW GE Case 2al, 
4500 gpm CS flow, 20% mixing cflkhmcy 
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tvcm i• 1\Jju•l .. '1.1 t1> pn!vidc Q n;:asornihlc 111utllh l!I •crt11or b;•sc ~l.:ulnlio~. \•ilh 1hc cotal &at"ihl< h~:.r i'l••i1tf 1;rrr1>•11na1~ly HI" 
Ml Ht'· a"3U111in~ u_l'ructlo!'I r1.~t1llinirtg 1U (,{JfJ >'l'\!unds 

10
6

- 70 SENS HT • 
7200 

l·.lllL'f (hf.' dl)rl<tlliv.: ul' y I)~ n .•. _,-). (Nu11: 1h;t1 ~--1i1l'L'{~1...:on1b .tnJ y-.:Tempernaurc) Pool Vl'lurr.c b l'>a•L-d un li11<1I LOl111n~s prudJ.:.! !h 
tj I: m h;Ji...; ct1l~ol11lio11i; ( v3r>or :<f\<l\.~ .,r I ()l\0<111 .:vl>i.: Ji."\-:t.-~ i.:ldinp a ponl \·<Jlume 11f I :?419" IU) 

Tew 95 

,,. 

f(~.y) 

1000 7200 
Q(X)·2578· -3413-1.0 · PHT · SENSHT·e 

3600 
( 124194)-62.054 

(y TBW)·HXK 



FROM1 COMED NFS 

&tllr1X GOO enclJI 26000 

170 

!!;: 
~!!.. 
1~111160 
I-

150 

100 

FRX HO.I 630 663 7118 

n 50 

S"PPf'C$sion Poot Temperature 

'\•toem 
Time In &llQOl1118 

rriaic( y) c 172,554 

03-12-97 02t49P P.02 

1ntt1 146. 

"174 



FROM: COMED HFS FAX HO.: 630 663 7118 03-12-97 02:49P P.03 

Pressure Calculatio~ 

R 63.34 

Vttw 168236 

Vww 108000 

Pvtl 0.5 

Tnt'"k 

• 

LPCI 
5000 

7.4805..0164-60 

Ma 19284 

4500 
C$ 7.4805·-0164·80 

11 0.2 mix mg cOkicnc~ 

Qpmp poo .. 70696 2.soo .. 10~ •800 .70696 

apmp ·LPCl·.g5. Q >ti. ·2578·1000·- 3413 . y •. Qpmpc 
3600·CS • CS 

,.., 
~ENSHT·e 7200 

cs .cs-11 

HXK· yk Tsw 

LPCI 

Qpmp 

.LPCI· .95 - CS·'l'I 



FROM: COMED NFS FRX HO.: 630 663 7118 03-12-97 02:49P P.04 

• 

Thi~ Fili: ~1im;l~'1> l''illt hll:'0.i 1m lc.'tll~..i111f\:! i111111t 11 ls a tUl"\·C tit lnt~lnlfQn "t"t\H'Qll 1 ~l,l unJ :ZOO 1.kgr•'C• 1•l"<Jat~1 fm111 th~ I '167 
A!'ME1al11~ 

120 1.6927 
130 2.223 

140 2.8892 
160 3.7184 
160 4.7414 

9 
170 5.9926 

180 7.511 

.100 9.34 

200 11.526 

210 14.123 

0 .. 9 

15 

10 
PB1 

5 

O,oo 150 200 250 
Tt.. 

I 

144· 
lain\ . 460 

P~~ Psetw~ • Pvb · ~·R- VOW • 

.. Tatmk • 460 Twain\ . 460 
~. . A· 

Vdw ll¥M 

TW8ln\ '460 
Ma\W ·R· · Psatw 

k vw.-144 k 



FROM• COMED HFS FAX HO.I 630 663 7118 03-12-97 02:49P P.05 

22 ·:· 

'! Pwwk 

~ PwwGE'" 20 

£ 

18 
I o•-•o ~· 
~- ..... ·· . . . . . . . . . ' 

:, ... :....:..; 

' 
16'--~~~~~~~~~~~~~~~~~~~~~~~~~~~...J 

100 M03 

1.50 . '. 

Tavnk 

140 .. 
Twain\, 

.. - ... -.... -

130 . . . ;· . 
-' 

~ -,. -
; ' 

120 
100 1-103 1'104 1·105 

"II 



FROM: COMED NFS FAX HO. I 630 663 7118 03-12-97 02:49P P.06 

'l'iol'I~ WW Pre.'~ wW.iirr DWTcmr W"l.VPvul'I 

sec ~la J-.-g ~ d~~ .kgF 

Ile "-k Tatrnk y~ 

145.888 148 

,• 

Z745Z 17.4:53 148.!lea 171.193 

• 



FROM: COMED NFS 
<it: t>-.iiu 

PwwGEm 
24 

1BB.1 
17.4 188.3 

FAX HO.: 630 663 7118 

toe,"'. 501 

8243 
84!rl 

03-12-97 02:50P P.07 

1\1.WGel m . 50) 



FROM: COMED NFS FAX H0.1 630 663 7118 03-12-97 02150P P.08 

• 

• 

DRESDEN SUPPRESSION POOL H .. :ATlJP CALCULATIONS 
Benchmark Case: 112 nominal CCSW GE Case 2itl, 
4500 gpm CS flow, 100°/o mixing efficiency 

'I hi~ 1."Uh.:ulu1lo11 i~ 11:~11111 t~I.' u~\" 111\1 l~Ulllf'·l'.l1tw ll<llutiun mt>thm.I lo numcricnllv U"uluut.: the llr>I order Jm<:n•n1lal l-.1u:uion 
J.;,..;tll-l11i11h11 b.:hiJ~iOf of lh~ WPV"\'~'l>ion p1111l f11ll1rn ini; thu .,;omplr:ti1>n ,,f tfi.: hlo'l'\ll>''"' fr•>rn lhC' »c:<~cl h 11,c~ be>un1far~· 
<:\'lndilions tukm from new \.R 1;;1lculntio11~. Thc!'C ,,~ 11~ dt"Ca~· hcu.l pn1>I tcmr•:•itturc ~I t\flO «:l:cm1ls cti.: i.; "1111,: for 1h1• h,:111 
·1:~d1un~,;t,a11d 11lctm111 ~ounl for ~,1:iihJ<.1 hc~I of 1hc ~·c.'ISCI mc:-tal. 

Thi: loll•>Wins v~'C\<IT~ l'l:f't('~Cr'lt the dc..:11~· hcul input to tht' problc-m. These •re br.,ccl on the< ii: ~upphccJ 1hl:u 1mJ rc1•rc~.:nt ~ 
/IN~:! 1·1"7"'~1mJ.hird Y;JIU~ 

I 1 .. 9 

600 
1000 
:2000 
4000 
7600 
10200 

.02212 
,01956 
.01599 

.01273 

.01033 

.01012 
008491 
.00706 

.008308 

0( X) lintllp( t, p, X) 

1>1 r)' i3the1n11np he-.it inpul with CC~W anJ LPCI '"'n~iJ,·n"d to be SllO and 7<i0 HP and lhl' Cur1: ~r-r~·~ ,11 llii!I J IP. o;l••l• l'rli;d t" 
1 nu:; t:<.' 

PHT (1·700. 1-800'. 2.so_0)-.70698. 

li}(I< 307.4 

Sl~~l IT I~~ ~~1$lll\a: hiwl ~torct.f in 1h~· thid, 1ni;1al ~trvi;l\lre:i. nllJ.:d to th~ 111>(11 in exponential fo.•hirn1 :.~ lll"U!-Cc, m•t.: tha1 thi< 
•~rm Is :11.ijUSlcd to pro.-idl" a rl-ason:1blc match u, ,· ... 11..ior b'1-~ ~~,ll.:ulati1n1~, wi\h iii~ tcotul ~"°'lliiblc lic:it t.1."ing ;;prrn'l1mu\cly J IJl,1 
MIHU. o~sumh19- o.fl'llCtlCln remail'linQ Cll filJIJ ~""ond$. 

108 .. 10 
SENSMT 

7200 

\·'.n\l'r lhl." <l1:riv11ti•·11 •>I'>· as f(;I(,~'): (Note 1hal X"'limc(SC\.'Oll<l' 11nd y-T~np.:t~tl•(tel Pi>,)I 'v\1ll•m.: i~ hit~~\! on li11,1I V•Jlumcs flrll\ iJ,\l.ti~ 
(.iH in buM: c-ukululiuns ( ,·ap...•r ~pa.:t Qf ICJ!lll\"l ~uhi~ l~l ~i.;:Jdi11~ a root •·11\um.:; 111' 12~ 194 t\j,l 

Tew 95 

f(~.y) 

x 

Q(lrl·257B· 1000 .3413.1.o. PMT. 6ENsH-r·a 1200 
3600 

( 124194)·62.054 



FROM: COMED HFS 

;t;ntx 600 encix 28000 

170 

100 

100 

• 

FRX HO.: 630 663 7118 

n 50 irJtcrvuls 

Suppression Pool Temperatute 

"1r:'ll8m 
TllTlll in &eeanda 

'"8~( y) " 17') 846 

03-12-97 02:50P P.09 

inity 148.6 

..... - v = 174 



FROM: COMED HFS FAX HO.I 630 663 7118 03-12-97 02•50P P.10 

Pressure Cakulation 

• R 53.34 

"~ 158236 

VWN 108000 

Pvb 0.5 

• 

LPCI 
5000 

7.4805 .. 016460 

Ma 19264 

ca. 4500 
7.4805 .. 0164·60 

11 1 

Qpmp 1·700 .. 70696 . 2·500·.708!Hmpc ·800-.70696 

\ 

Qpmp J413 Qpmpc SliNSHT·e 7200 
·LPCl-.95 · Q "k ·2578·1000·JsOO·CS · y~ CS CS ·CS·'l 

LPCJ·.95 · CS·Tf ' 

Qpmp 



FROM• COMED HFS FRX HO.: 630 663 7118 03-12-97 02:50P P.11 

• 

• 

Thi~ Fil.: ll'il•mllt~ l'sa1 l'e»eJ 011 IC/111pll'ftl11ll't' inr>uc le •S * curv~ tit •n1cr11•)lilt111n l'lclwt;~l'! J l() 11t1,1 400 dl/P,1'.:tl~ ••( dat<t fr11m the l'l(.7 
.t\SM"l~\'ll~ 

s 

120 1.6927 

130 2.223 
140 2.8892 

150 3.7184 

180 4.7414 

170 5.9926 
180 7.511 
100 D.34 

200 11.526 

210 14.123 

0.,9 

15 

10 
Ps1 

5 

o,oo 150 200 250 
Tl . . I 

. T..tmk • 460 
144· Pliillli P&atwk · Pvb · Ma-R· 

M.Mwk 
. VIN/ 

Tallnk · 460 Twalmk · 460 
R· Vdw. . R· V-

Twain\, 460 
MBww · R· ' · Putw 

k VWw-144 k 



FROM: COMED HFS 

• 

• 

FAX H0.1 630 663 7118 03-12-97 02:50P P.12 

.;· ... ·· ..... 
19 

: 
.' 
.' 

18.5 . ·.· . . . ·· . .. 
18'--~~~~~~~--~~~~~---'~~~~~~~~~~~~~~~--' 

100 1'103 1'104 1 ·105 

160 

140 ~ 

p 4 - -
---" . 

'\·'9"m 
rime seconds 

...... ~-.-··-··-­,. -. 
' . -__ ... --:--

120'--~~~~~~.......,..~~~~~~~~~~~~~~~.......,..~~~--' 

100 1•103 1'104 1·105 . 

.,,,; 



FROM• COMED HFS 

Time 
!k.'C 

• ~ 
BOO 

• 

• 

FRX 

WWl'r.n<~ 

P~l!l 

111.166 

H0.1 630 

YlW11irT 
deg f· 

T'*almk 

12tl.11:S 

139.388 

139.382 
1::19.388 

1'9.3111 
139.365 
139.339 
139.308 

663 7118 

DWTem~' .,,..-, ... 1'11(111 

deg~ J~g F 

l'etmk 

187.642 

t'l'0.1;1;6 

y~ 

148.8 

tSS.361 
188.873 
1&9.349 

169.793 

03-12-97 02•51P P.13 



FROM: COMED NFS 
<11: l>atu 

• 

8309 
8803.7 

19.5 
19.4 16e.8 

FAX Mo.: 630 663 7118 03-12-97 02151P P.14 

tge 
. (m. 50) 

171-4 



FROM: COMED NFS FRX NO.: 630 663 7118 03-12-97 02151P P.15 

• 

• 

• 

DRESDEN SUPPRESSION POOL HF,ATlJP CALCULATIONS 
Sensitivity Case: 1/2 nominal CCSW GE Case 2a1, 
4500 ~pm CS Ouw, 20% mixing efficiency, Service water ternp=90 

Tl11~ colculalion 1s 1ta...Cd on thc- U!le' of u Jhingr-"ullu wl111i<n1111e-ihod to 11umeric11lly c\'al1111tc th~ llr~I mdc-r d1ff~1ren1ial e4uali\•n 
dcsurihin~ theo beh;iv111r \11'1,ho: ~11ppr.::s~lo11 J'\'ul fvllC\wing the ..:omplclie>n 1>rthc hlowdo"'" fmrn lhc vu~~cl h u~e~ bovni.l11r~ 
c1mdi\lon.• ••kcn from 11cw tm cnlcuM1011~. These lll'C Iha dtL'BY ht'lll po11I t.:m11.ira1uro al 60(1 ~CflmJs. 1hc I.:. 'ul\1c for lhE> he;Jt · 
CXCMnl!lll',~nd lt lcrm l(l i.lCCOUllt for !K'll~lblc hL"al <>f lhL• 'iC~'il:\ mclal. . 

11'.~ fc1llowing v.-ctr>rs represent thv dc.:ay hcul inrut lu lhc- pr,•blcn1 1'ht'sc urc bt~~ •11' the <~F. ~uppti .. "d <li1a •ll'ld ri:t'rel'.:nl u 
l\N!i-S. I· I '179 :JUlhdlll'd »WuC$ 

1 .. 9 

P; 

.02212 

.01956 

.01.599 

.01273 

.01033 
:01012 
008491 
.00706 
006306 

, Q(l<) litltOfP(t,p,11) 

NIT is the J1l1m11 ht;it inruL \»i\h CC~W nnll t.r<.:I c1111~id.:r11d t<• tic soo end 700 HP and thl' ('or~ ~Pr:\Y m 80<>.HI'. con~cned •<1 
IHI )/SE<" . . . . . 

PHT ( 1-700 · 1-800 · 2·5001-.70696 

. ' . 

I IXK is Ilk: heal f1)11)1)~·11l 111tc <•I' the Ll'<.'.H IX in llTlliSc•-l', tiascd on <iE Cilk.ulaliuns o.trcvisoo.11;'( t:•lpatity 

HXK 307.4 

Sl:NSHT is the "'--nsiblc heal sl.oml in lhc thick metal struowlurn, oddcd to the pout in ~xponc111ial 1;~,lii1m a~ IHI!/~"· 111•11; 1h.,1 thh 
term i~ nd.iir.dcd lo p;,wid~ u rw."lmubl.: rnutd1 to •·c!IJ11r ba"<C c:uli.;ulalions, lkilh th~· wtal M.:o~iblil Jic:it l•ci111: ar-r111~im;)li;Jy 1()0 
MIHU: ilSsuming a lraclion reomainin11al6()1) ~~mds. · · 

bll\>r" lhc i,lcrh·~livi.: '1f~ a.~ Qi..,y)' (Nore lh:U i..-tim~sc~nnd~ t1nd }""TCnl[>CritlUr.i) p,)()f Volume l~ 1111.<M:d nn t'm<ll ,·olumcs prn,•1dc<1 b~· 
OJ: i11 1><1$1; culculutk\lls (Vil/JOT ~pace t'1' llJl!Oll\l cul>idL-.il. )'i~ldi11s » N<>I vol um.: of 124J114 ll~) 

TBW 90 

x 

0,)1) 

1000 7200 
Q(x)-2578· -·3413·1.D · PMT • SENSHT·o 

3600 
( 124194)-62.054 

( y Tsw)-HXJ< 



FROM: COMED HFS 

~tbc 600 

170 

160 

100 

• 

FAX H0,1 630 663 7118 

l!llCIX Z6000 n 60 intervals 

. ' . I. I. 

I .. •• 

•I• I 

mSxt y) - 170.043 

03-12-97 02•51P P.16 

lnlly 148. 

u • 171 

L ,..147 

1'105 



FROM: COMED NFS FAX HO.: 630 663 7118 03-12-97 02:51P P.17 

Pressure CaJculatluo 

R 63.34 

Vdw 168236 

v- 108000 

Pvb 0.5 

HKI<· 'k TIW 

LPCI 

LrCI 5000 
7.4805·.0164-60 

cs' 4500 
7.4805· .0164·60 

., 0.2 

QpMp 1.100 .. 70696 2.soo .. 1osss Qpmpe . 800·. 70696 

Qpmp ·LPCl·.95 · Q 25781000 3413 Qpmpc 
~ · · · 3600.cs · Yk • cs 

"" SENSHT·e 7200 · 
·CS·ll cs 

LPCI· .95- CS·TJ 

Qpmp 



FROM• COMED HFS FAX H0.1 630 663 7118 03-12-97 02•51P P.18 

Thi~ l'llo: lt:illmlll~ P:)ll! ha'\Cd on lnnpimllun: 111p111 IJ i~ a C11r~o: fll lnttl'f)Oletioo he1w1t11n 121) tmJ :WO dru.rce~ ,,f dall\ lrn111 tl1~· 1%7 
ASMcl.lll"llC$. 

:120 1.6927 i 

130 2.223 : 
140 2.8892 

150 3.7184 

s 180 4.7414 
170 5.9926 
180 7.511 : 

190 9.3' 

: 200 11.526 : 

1210 14.123: 

I 0 .. 9 

. TAlmk. 4SO 
144· ~ Paatw11 • Pvb : Ma-R· VdW • · 

Tmk ' 460 ~ . 460 
R· · · R· 

VOW VWW 

., 

p~ 'Int.ff:' V8,T8,P,,Tl!lmk 

PaalW~ . interp ve. Te. Ps. Twatrnk 



FROM• COMED NFS FRX HO.: 630 663 7118 03-12-97 

~ Pooi Preuure 
24..-~~~~~~~~.~~~~...;..;..~~~~~~~~~~~~~~~~~~ 

22 

. ,, 
.. .. .. ,,. . 

I 

. , . i .. 

Pv.wc:IE: 20 
•• m 

.. ... . . 

-······~ • .i .. 1-··:····"'········ 
~ .. · ···-··-~ : . ~ . . ~ 

18 
" 

• 
16"'-~~~~~~~~~~~~~~~~~~~~~~~~~~~~.......J 

100 M03 1"104 Mo5 
Xit·IUem 

Tmc: &CQllla& 

140 1 ..... ,, ,., 

130 

i 

. i .... 

. ·I" . . . 

i 
j • 

·~ , • !'" 
•• : i 

:, : j_. 

..... - -- -

,. 4 ~ 
.. -

: ' 
120'--~~~....;.._~~~~~~~~~~~~_;_~~~~~~~~~ 

100 1-103 1'104 1·10
5 

... 

02:52P P.19 



FROM• COM ED HFS FAX HO. I 630 663 7118 03-12-97 02:52P P.20 

Time wwrr~"S~ WWairT l>W T1:111r YiW rool T 
~ rr.si;i <Jes F deg f· Ll~J! F 

Vor11t-l1: 

' T~ Te!Mk yk 

18.609 143.984 148 

134.42 145.03 



FROM• COMED HFS FAX H0.1 630 663 7118 

DRESDEN SUPPRESSION POOL HEATUP CALCULATIONS 
Sensitivity Case: 112 nominal CCSW GE Case 2a1, 
4500 gpm CS flow, 200/o mixing efficiency~ Service water temp=85 

03-12-97 02:52P P.21 

Thi~ cukulation is i-1 on lhc: use: of u Run11c:-Ku1lu solutio111ne1h1>d ti) t1u1'Mrieully ev11h.111\~ \ll.e 11r~I 1ir11er <.I lf1'crr:n11al l"quatmn 
Jo51:rihin11 lhl• bohltvi11r ul'lh.: lillfll'l~~sio1\ rc1ul f11Jh1win11 lhe complc1ioo orthe blowdo\1.11 !'rum lh•• vci..~cl II u~ h11undar~· 
c•mLllLiotL~ lnken frum new <Iii calcul111ion~ ·nu:~ ivi: 1hc: decay litill conl 1.:mp.:ta1urc at ~l .'ll:~'tm~ls. lhc? I\ 'alu.c for lhl' hL'Ul 
cxchongcr,aod u lcrm ro uccount fOI' M'11Silllc heat oftll(' vt!!Sel tn~(I) 

Thi: 101lov.1nu \l'ClOl'S r<:f!l'C.'ll:nl tha de<!J\V hC!Ul inl'Ut h> thv pro\:olcnn. These drc: b~ 1m lhc: 01' ~upplied dal:\ uml rcrrC'.l<:nt 11 
AN~!S.l-1Y79,.wnJurJ ~ulua 

I 1 .. 9 

2000 
4000 

.02212 

.01956 

.01599 

.01273 

.01033 

.01012 
.008491 
.00706 
006306 

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

r1 rr is th<: Pl"N' l1c11l inl'•)I_ wilh ('.(.'SW nnd I, PCI c;0nsiJctL'<1 to ti.: SiJIJ ilW 7110 HP ~nd tli~ ('(11'1! Srm·~· Ill K<v.1 I II'. .:nn~.:ned tc• 
IHIJ/~H(," 

PH1' , 1.100 . 1.eoo . ;z.soo, .. 70696 

HXK 307.4 

S~NSHT i~ tho Slln~iblc h1ru1 Mor~-d in llie lhkL. 11'\ctul Slt1~wr,'S, i\dded to tht p<ieol In cs.pon(nti~I fa.'>hion h' l\Tt;t!\Cc, m•ti: lhur lhi~ 
term i~ uJjU1o!1.-d lo p:u•idc a lc:\l:S()fll\bli:; m1ru:h lo .-t!Jhl()f base c:iJ~ulotions, wilh the total sensible heat N:inp arrrc•i1 imull:ly JIJ!I 
Mll'll 1. ll!iSUITliRJ! II rnu:tion r'mainins Ul lj(}I) .sc:c:crnb. 

6 
SENSHt 10 -.70 

7200 

~11u:1· th<· <1crl•Ullvc ory os rcx.~') (Note: Ut'\l x=timc(sc.mnJ~ unJ y=TcmpcmluruJ l'ool Vulume i~ bl!llcd 011 lin;1I •11lv111..:~ pr11dd.;,t n~· 

(;f; in h;ii:c cuJ.:uluUQt\'i (\'apor!lpw:e of IOW\lO cutil.: fC\!l., ~i.:lJinJI a l'OOI vlllum~ of l:?~l 94 03) 

T&W 86 

l(X,Y) 

~. 

Q(x)-2576 .. 
1 ~·3413·1.0. PWT. SENSHT·e 7200 
3600 

1124194,.62.054 

()o' TIW)·HXK 



FROM• COMED HFS FAX H0,1 630 663 7118 

1-int.ur •t1111lntt 11nd ~>dl11s vlllucs ofi.. lhc nun1lwrofln1CTV.,IJ for the Jn1cgrat1011. u.nJ the i11i1.1ul valve ufy 

atal1X 600 ~ 28QOO n ·50 intcl"'il\IS 

Suppn:s&on Pool Temperature 

165 

150 

100 

maxi y) -167.693 

• 

03-12-97 02•52P P.22 

mlly 148. 

u = 169 

L c 147 

1·~05 



FROM1 COMED HFS FAX H0.1 630 663 7118 03-12-97 02152P P.23 

Pressure Calculation 

• R 63.34 5000 
LPCI· .. --· .. --

7 .4805· .016460 
cs 4500 

7.4805 .. 016460 

V<tW 158236 Ma 19284 11<1minal air m:1.~ 

Ma 16499 l'\.'11111;~ 1•ir n1"""'' 
11 0.2 

v- 108000 Qpmp 1.100 .. 70696 - 2.500 .. 70898 Qpmpc 800-.70696 

Pvb 0.5 

"k 
Qpmp 3413 0-~ T 7200 

·l.PCl·.95. · Q 'it -2578.1000· 3600-CS · yk · ~;- $E!N$H c: ·CS·l1 

LPCl·.95 · CS-11 

Qpmp 

• 



FROM• COMED HFS FRX H0.1 630 663 7118 03-12-97 02:52P P.24 

Thll' Filo t~imiil\lll I~ t-11:-c:J un l\'mJ'\"1\1\111'1: ir'lp"I h i.10 CUT'tol Ill intorpohllie>n helwC'Cll 121> un,I 200 Uc;'gT'W!I 11f uai~ fr(>m 1)lc I CJ(·? 

ASMn latilca. 

120 1,6927 
130 2.223 
140 2.8892 

160 3.7184 
160 4.7414 

8 I 
i 170 5.9926: 
180 7.511 
190 9.34 

200 11.526 
210 14.123 

I 0 .. 9 

10 

Pei 
5 

YI p&plfie( Ta. P&) 

150 200 250 

Tatmk · 460 
144· Psat PUIW • Pvl> · Ma-R· 

II. k vow 
Tllllnk · 460 Twall!\ · 460 

R · R· 
'Ww "-



FROM• COMED HFS 

18 

140 

Tallnk 

Twain\ 
130 

120 
100 

• 

FAX H0.1 630 663 7118 

•:•I . . , . 
.. .. 
:: 

• •! . . 
! . . . . i. 

·~ ... ···········-·· .. ·~·~····" ............... . 
__:·-::....· ---~~----

... I T • •• : '7-····· 

' 
. ---.... 

' ~ . -i".". .. ' 

, -· 
-.. .. 

Ma3 M!f' 
l'tc 

03-12-97 02:53P P.25 

1•105 



FROMI COMED HFS FAX HO ,_: __ .§J>~ 663 7118 03-12-97 02:53p P.26 

1'1mc WW l'r~-s-s WW a.lrT DWTcmp WWl'm>IT 
sec psi~ deg I' deg~ J.:g I' 

Voroahlc Mic Pwwk T~ 
600 18.427 

• 
27452 18.1165 130.356 141.091 184.62 

• 



FROM• COMED HFS FAX H0.1 630 663 7118 

DRESDEN SUPPRESSION POOL H'tATlJP CAl.CULATJONS 
Sem~itivity Case: 1/2 nominal CCSW GE Case 2a1, 
4500 gpm CS flow, 20% JDi.."tiog efflci~ncy, Service: water temp""'8S :Xt/l-

03-12-97 02153P P.27 

Tlll~ cnlC'11la1io11 i~ h;i.'ll;d un lhl' U!Se' ol' o Rungl'-1..:utro snluliQn mcthOll to 11\Hntrically <:valual.: lh~ first 1mkr d 1l)i:~ntlal l'\IU:ltlnn 
1lc$.:rlti1n11 thL' behu~ior 11f the ~l11)1)1\:~i1,11 111">1 !ollcn ... ·in~ the .:cimplC"til'ln of\hc hlowdov.-n li'utr1 '"" vi:~<l'I I 1 u~c:• t-n111•Jurv 

(l)ndilions \ijkt11 fWm l'ltW l~E crucuinlion~ Thl!Sl' lll'C the dtc11y hl!Dt. pooJ \4,)l'!J)Cl'Oll.lrC UI l)(J() sc.:11111)~ the )\ "Ihle 1(.r th(' h~m 
cx,h:mg.ir ,and n rcrm kl 11CC11Unt for sc11sililc fiual of the v~I mclal. 

TI1.: lhllowinJ:! H'Oll)l'li r11rircs.inl the dc.:e,· h~ut ln1111l to rhc prob!""' fhrw me bus~ on the CiE ~urirll~ dat:\ ~nJ r.:pr1111<:m 11 
AN!'-S 1-1 Y'N ~ltlnd111J ~oluc:s 

1 .. 9 

600 
1000 
2000 
4000 
7800 

.02212 

.01956 

.01599 

.01273 

.01033 

.01012 
.008491 
.00706 

.006306 

Pl fl' i~ the p11mr l\c-;11 ir111ul wi1h C:C~W MJ Ll'CI l~•n~iJered lo me 500 and 700 HJ' ond 111¢ ('ol"C' ~p1oy t\t 1100 I IP. i;M' i...Ttl.'d tn 
1rn;1.st:l.· 

PHT ( 1 700 · 1·800 · 2-500)-.70696 

HX.K ls U..., hei11. rcmornl rul<" ufthv LPCI I tX in llTl!tS.:c-~". '1ll..;cd 011 ClF. cak:1.1l11til>iu :it rcvi~ llX c~pa(:it}' 

11XK 307.4 

Sl.:N~I rr is tho !«!nsihlc heat ston.'d in the thick m~1al 11n1~wrc~. ~Jd((I \O ll'lt" pt>t1I in exponential ld..<hi1>n a~ IHt;:~i:. note that lht~ 
ll-nn i~ aJ,iustcd lo pru"idl.' ll rL'llSOnublo m11l.i:l1 lo \'cndnr ha..c cakul11tion~. with 1h11 t1>1al ~'tlsilili: h~al ti~iny 11rrrnxim111cly I 00 
MUTt:. msuminp a fracllon re11111inln11ui171.10 :wc(lnd~ 

8 
SENSHT 10 .. 70 

7200 

1'nt.:t lh(' <ICll\;Jtlv~ ,,ry !tli Jlx,y): I Nute- ilml ~=lim~'(sr.:onds and y=Tctnl"-"fmun:) l'1•Jl Vol11mi: i~ h;t~ll on lirntJ ,·11h1m.;.~ pro•klu.1 hy 
GF.. in rnii.c c;1l.;ul;1tions ,.,..~ •Plll.~ t1f ll)i«JI~! cuhi~ f~l. ylclJlny a p<>0I ViJlum.: of 1241941\J} 

Tsw 80 

.. ':!... 

l(X,)I) 

Q(x)-2578- 1000.3413-1.0 · PHT • SENSHT·e 
7200 

(y T&w)•MXI< 
3600 

( 124194)·62.oS4 . . .. . ..... 



FROM• COMED NFS FRX H0.1 630 663 7118 

Hnlar ,;1artin~ Rnd ..,Jin11 ""'""" uf ·'· Uw nun1h~• uflnlf'l"-lllJ r,., ~ lnu:ll'\\110n .• u1d lhci mltl~I ,·wua ,11') 

&lar1X 600 end• 28000 

165 

ft 160 
!? 
:> yk 

l-
! 165 

150 

100 

ma.xi y) "'· 165.511 

• 

03-12-97 02:53p P.28 

llllly 148. 

... 

l = 147 

1'105 



FROM• COMED HFS FRX H0.1 630 663 7118 03-12-97 02:53P P.29 

Pressure Calculation 

• R 63.34 

WM· 158236 

VwM 108000 

Pvb 0.5 

Ta'"'ic 

• 

5000 
LPCI 7.4805·.0164-60 

Ma 19284 nominal airm11.'I.~ 

MJI 16499 r..-duc;~ ulr m.i.'l' 

Qpmp 1·700·.70696 . 2.500 .. 70696 

cs 4500 
7.4805-.0164·60 

" 0.2 

Qpmpc; 800·.70096 

... 
Qpmp ·LPCl·.95 · Q x -2578·1000· J4lJ . y . ~mpc 

k 3600·CS k CS 
SENSHT ·e noo 

CS ·CS·'1 

lPCI· .95 · CS·'l 

Opmp 



FROM: COMED HFS FAX HO.: 630 663 7118 03-12-97 02:53P P.30 

• 

• 

• 

Tb1~ Flh; u:.lllJl'110 l'1a1 b3!1Cd on IC"1111~n11un; inrml hi,,;~ ~ul'llit (It ln11:rP\)lrule>n t>clwccn I :W 11nd 2()0 d~gr.:~~ nf J1•\li frum 1h~ 19(,7 
.'\SML: lllhh:s . 

120 1.6927' 
, 130 2223: 
! 140 2.8892 : 

.150 3.7184 

9 
160 4.741'4 

170 5.9926 
180 7.511 : 
190 9.34 

200 11.526 

: 210 14.123 

0 .. 9 VS pspline(TS,PI) 

150 200 250 

Tatmk · 460 
144. pam.c Psatwk I Pvb . Ma·R· Vltw 

Tllln\ · 460 TW~ · 480 
R· · · R· 

VdW V-



FROM: COMED HFS FRX HO.: 630 663 7118 03-12-97 02:53P P.31 

• 

• 

22 

. 
!: 
I• .. .. 

PwwG6 20 m 

. 
•' . . •' 

T~ 

18 
. 
"' ! • . . . . . . . . ........... · .. . 

• • • • • .. .. 4 ""' ...... 

~. ,. . ...... 
"' 

16'--~~~~'--~~~~~~~~~~~~~~~~~~~~~~~~~ 

100 1•103 1-104 1°105 

140 

130 

120 .·.,, -.. 

.. ~-
~. i 

,. . ,. ~ .. 
. . . 

. : . : . ' ........... _ ....... 

110'--~~~~~~~~~~~~~~~~~~~~~~~~~~-' 

100 Ma3 Mo" 1-105 



FROl'l 1 COl'IED HFS FAX HO.: 630 
"'"' 1/1> A A 1/1> 

663 7118 03-12-97 02154P P.32 

rime WW Pr.is.~ WWuirT OW Temp \\'\\! P<1<•I T 
Sl.'C ll5•l Jell F 11.:g I' .ki; JI 

• V1mah,k ... Pwwk Twalmi. Tlllm .. )'k 

600 140.181 148 

• 

• 



FROM• COMED HFS FAX HO.: 630 663 7118 03-12-97 02:5BP P.01 

• 

• 

DRESDEN SUPPRESSION POOL HEATUP CALCULATIONS 
Sensitivity Case: 112 nomlnal CCSW GE Case 2a 1, 
4500 gpm CS flow, 20% muing efficiency, Service water temp~5 

Thi.q calt'Ulu1iun i~ 00.'ll:d cm 11!0 \1511 of 11 Runsc-Kuu~ ~oluuon mcthod to num.:ric:ally i.:vahu1l~ lh~ litsi Mc;kr dini:rcnllal cqu:lli11n 
u.i~cril:ii!l111l11? beltll\ ll)r oflhi: 'LIPl"'l!9!<-lcm Jl<>ol 11>1 luwin:,: 1he cumple1ioll 111" 1)1.: lllowdown fl\lm lh<" \'Css.:1 It u.'c~ boundary 
tl)ndition~ lak~ fr1Jl't\ "¢w I.ii~ c:ilcukuln11~. Th;:.~c •'In' lhL' dc.:uv hc:aL pool 1c111pcnuufC at bOO >ecc•nd~. the I\ ~ului: for lhc heat 
C>1~hun11a.11nd R l(."fm tr,o ~f)\Jftl r(ll' l;l:Uslhk h.:al 11fthL• \'CS);OJ m~taJ. 

Tl'<\~ fhlbn-.ine. vcc\Cll'll f•"fllci;.J/ll lhe dec:iy heal i11put to lht P">lllflll'l. Thfll'l! ure bt1...._od vn U1c (iE ~upplil"cl dala i1nJ l'l:T'r~nt a 
1\NS-S. l·l'l7Y 31Dndnrd valu • .,. 

1 .. 9 

600 .02212 
.01956 
.01599 
.01273 
.01033 
.01012 

.008491 
.00706 

006306 

Q<:o 11Pllnl'I' 11 lhl\•nr in1.:rpolatin11 nfll1<" ••hovc vcctnT'll fnr u.e ir11hc co.leuh1ti1J11 

Q(•) ~lt.p ... ) 

l'I n' i~ tho pum11 h~\ inruL "ilh C'CS Wand 1.rCI 1:1111~i,krt'd IU Ix Srnl a"<.I 70(i !iJ> ;)fld lh4' ('(1rc Spri:: ,11 !l!)il 111'. c<>m cried U' 
IHI.IS!;(" 

PHT (1·700 · 1-800 · 2·500)-.70696 

I IXK. Is Uh: "'-'Bt removal rule (>flhll l.PCI llX in HTlliS.:c-F. ~on Gt': cakululitJns 1ll n:\is..'\11 IX rnpat·il~ 

l-IXK 307A 

SI .N~l J'(' i• thi; ~cn~iblt: hCUI MOJ'l.'1.J In th•· lliiL'I. 111<.'t!ll Mf\1Ch1fc:'$, a..!dc:J to the J'l>l.ll in CXPQnrnli~I fa.<hi<>ll 11~ llTl;i~"C. nntc that this 
li:rrn is (tdj1.1:>'1o:d l•l prm·idL• a rc-.1.~1ma.hlll m.ilch 111 wndor ha.<e L'lllo:ul11tio111. with d1l' Intel scnsihlc heat hc•n~ arrirn,irouwly I CJI) 
MBTl I. o:m11r1i11~ & 1°rl)Clln11 remaining ;it 6/JlJ sacond.• 

linter thl' dcrl\'UU\'\l or y us flx,y}: (J'llolc: lhm >...,.lltni:(>='n•1!< an.:I r ·Temp.:rmur~) l\)Ol Volum..: 1~ h;1<;<.'\l 11n lini!I wlumcs pr(l\'iU.:d hy 
{jli In~ cukuilltlo115 (\11p0f 5pa~ of 10~(1\J\J rul'lii.: IC:cl. yi<ll<Jing. a root ~oh.11n.; or 1241941U) 

Tsw 75 

x 

f(x.v) 

1000 1200 Q(x)·2578· . ·3413·1.0, PHT • SENSHl'·e 
3600 

( 124194)-62.054 

I y Tu.w)-l-00< 



FROM• COMED NFS 

!l1altlC 600 endJ( Z8000 

160 

160 

100 

• 

FRX H0.1 630 663 7118 

n 60 

"k 
Trine in seconds 

max( y) ., 163.508 

03-12-97 02:58P P.02 

rnity 148. 

L."' 147 

1·105 



FROMI COMED NFS FAX HO.: 630 663 7118 03-12-97 02:58P P.03 

Pres11ure Calculation 

• I\ 53.34 

vow 158236 

Vww 108000 

Pvtl o.s 

• 

5000 
LPOI 7.4805:.0164-SO 

4500 
08

' 7.4805·.0164·60 

ua 19264 •1omh•1l nit""'-~~ 
Tl 0.2 

Qpinp 1·700·.70696. 2·600·.70696 QPl'\PQ 800.,70696 

,... 
Qpmp. 3413 Qpmpc 

.. ·LPCl·.96 · Q ... ·2678.1000· · Y• · .. cs .. -· 
SENSHT·e ?200 

CS ·CS·"I 

TSW 

LPCI 

" 3600·CS ~ 

1.PCI· .95 · CS·TJ 



FROM: COMED NFS FAX N0.1 630 663 7118 03-12-97 02:58P P.04 

• 
Thi~ File t:.1imulllll P!l:lt ha.\C:U on l~ml>C'MIJr~ mpul )l i$ ~ ~Ill'\'" ftt 1111~r))l,lmlo11 h..>l\\~cn 1::10 an.;1200 ckj?rC~'); cit' d~l:\ fn•m 1h~ I% 7 
ASMli t1~ln 

;120 1.6927: 

'130 2.223 : 
: 140 2.8892 i 

i 150 
I 

3.7184. 

! 160 4.7414 
6 

: 170 5-9926 
.180 7.511 

190 9.34 

200 11.526 

i 210 14.123 . 

I 0 .. 0 VG pGplino{ To, Pa 1 

~ ~ YD, Ta, Pa' T811'1\ 

15 

10 

P$1 

6 

0
100 150 200 250 

TR; 

Tlllmk · 460 
144· Psstii Psstwk ! Pvb · M&R· VIN/ 

TGtmk. · 460° .. Twain!~ • 460 
A· Vdw .. 'R· V-



FROM1 COMED HFS 

• 
i Pwwk 

I '"'-GE,n 
a.. 

24 

22 

20 

18 

16 

FRX H0.1 630 663 7118 

:: .. 

. :· ., . 
• : . ... 
~. . . . . . . ... . . . ............... · .. . 
~ •',,. ·r· ..... :.-·~ : . 
~. 

14...._~~~~~~~~~~~~~~~~-

100 1·103 

130 

120 ..... -
I 

' . . . 
...... ~ --

' ... ,,_ .. 

03-12-97 02:58P P.05 

110 ..... ~--~~~~......;-..1...;.._~~~~~~~ ....... ~~~~~~~~~~ 

100 1'103 1•104 M05 



FROl't 1 COl'IED HFS 

Time 
sec 

Vonai'IC" ~ 
GOO 

FAX 

wv..-rn:.'Ct 
~la 

Pwwk 
16.081 

HO ,_1 ..... 630 

WWlliri 
dc11 ~ 

124.1162 
12A.78 

1~4.&59 

124.1>49 

663 7118 03-12-97 02:59p P.06 

llWTcmp W\V Pc1nl T 

deg i: '1~s i: 

TBlrnk y~ 

138.279 148 

1'3.214 



FROM• COMED HFS FAX H0.1 630 663 7118 03-12-97 02158P P.07 

• 
DRESDEN SUPPRESSION POOL HEATUP CALCULATIONS 
Sensitivity Case: 112 nominal CCSW GF. Case 2al, 
4500 gprn CS flow, 20% mixing efficiency, nominal I Cs 

Thi~ calc:ul111ion b l>:!SO.l •lll lh<' v~ cir u 1(11111.1l'-r.:.uui1 s<ih1\ion nil'lhod to "''"'~ri.colly c1::Ju:1\~ th.i fir.1 .ud<'r .S1ff~rcm1i4I c:q1.ea1n•n 
di:si:d"hl~ 11!(- beliuvior of the suppr.;~siun p1>nl full1>win:;. the cnrnplt'!il"' 11flh~ blowdown li'l)l'll tlw •o::i:v.:1 II 11:1\."lo b11undar~· 
C1>11dilicms lal.:cn fro!'l'l new 01-: c:1lc11lat1t,<ll~ Thlll<Cl' ~re lhl• d1.:ay hl'!ll pool l~mpo:ra.luro OI '>l)C) !'0<!<•1kh. the I' 'VGiu;; tor thi; '1cal 
cxch\\ngcr.and 111urm 111 account f11r :wnsibll; hl-nt 1>f1hc v~I me~. 

Thu f11llo~ins •·cotor.c r.:nrcscin1 thr dcci1y hcut mpul l<> tha problrill Ttl~ urt' bnscll on lhc CiE "llpplii:d l.la1~ ,,,,,1 rl'J'rc~nl u 
AN:S•5.1-1979 SllindllTll VSlllC:I 

t· 1 .. 9 

600 
1000 
2000 

.02212 

.01956 

.01599 

. 01273 

.01033 

.01012 
.00&491 
.00700 
006308 

Q( XI llnterP( t, p. ~) 

....... 

l'lff is the p11mp h('".tl inpul wilh CC:;;W and l,l'Cl ..:onsiJeml lo Iii: 5(11) and 7()(1 HP an<l thf (ur~ $pray Jl !!CUI HI' . .::nnv.:rlt:'d 111 
B'l1;/SHC:' . 

PHT (HOO I 1.800. 2·500)·.70696 

MXI< 307.4 

SE'N$l IT;, tho s..•mlblc heal stor~'d In tho 1hi..-k mwil irtn11:Wr<'<, added 10 lh" l""'I in e.•ron~ntiAI 1$J,;,..,, •s 1n1.:1i..i,-, •1M.- 1ha1 lhi• 
t.:trn ~· l&Jju~lod tn pro•·illc a l"l.'3&()n:iblc m.:11.::11 lu \'CnJcrr h11-"11 co.lculotions, with tl11r 111181 fl<:tL,ibli: hll<ll hi; in!!- 11rpmx'•1"t1ld)' I 00 
M llTl•. IL'J'\&1rni119 ~ 1;uqtio11 r~nalninQ al Afh ...,.;vnJli 

8 
SENSHT 10 .. 70 

7200 

l!m'r the tlcrivalivo of y a.~ fl~.y): (NC11~' lh:•I >l"'tirn.:(sc:'\10oJs and pTcmp..>tt•ll>r.:I Po(}! Vohrm.: i.< l>u.•~-d on lin-JI Vlllum.:s pm~ id.:,1 h~· 
(;f; in buloCI cul.:ulu1iQl1$ (vtll)Or SJ);ll.'11 of IOS01~11:ulm; tec1 ~i·1t.lin1,1. A l""'I 1.ool:1mc of !l.i 194 1\3) 

Tsw 95 

( ~ 

1000 7200 
0(•)·2578· ·3413·1.D. PHT · 8l!NSHT·a 

3600 
( y Tl'N)-HXK 

( 124194)-62.054 



FROMI COMED HFS FRX HO.I 630 663 7118 03-12-97 02:59P P.08 

linlcr .rtGnlns and et1dlng "WW)) uf,., chc numh.-r of' int~ul~ ror 1"'" lmosretivn. dlld ~'" i1111.1ul •ului; 11t'y 

• Btanx 600 endx 28000 n-50 lm:ervols 1nnv 148. 

u ,.174 

170 

150 
L" 147 

100 

• 
. "k 

Time In seconds 

~( y) = 172.554 



FROM• COMED NFS FRX HO.I 630 663 7118 03-12-97 02:59P P.09 

PJ"C."-"ure Calculation 

• R 63.34 5000 4500 cs. 
7.4805·.016460 

LPOI 
7 .480S. .016460 

Vdw 158236 Ma 16499 raduct:d eir rn~i.s 

Ma. 19284 nomn\31 air mll!t\ 
,, 0.2 

Vww 108000 aPl'l'P 1 100 .. 10696 .. 2.soo .. 1oetpnpo · eoo .. 10696 

PVb 0.5 

~ . 

Tllln\ 

Optnp 341 J 7200 
·l.PCl·,95. Q x. .2579.1000. . r ' (lpmpc . SENSlfr·o ·CS·T) 

11 3600·CS ~ C$ CS 

LPCt·.95 . CS·~· 

T!NI 

LPCI 

HXK· y T&W 
)ilk ~ 

l.PCI 

• 



FROM• COMED HFS FAX H0,1 630 663 7118 03-12-97 02:59P P.10 

Thi~ Fii~ l"¥timuici. !'!lat l>a.'l<lll vn 1emrnuture inpu1 It i' a c1.1Tve fit 1mcmvlatiN• betw~-.:n J W IUJJ :;wo cJ~l!''-'•"i c•f c.l:lta lrom lht' 19(> 7 
,'\:)MI! 181'1«:$. 

s 

120 1.6927. 

130 2.223 . 
140 2,8892 
150 3.7194 

160 4.7414. 

170 5.9926 
180 7.511 
180 9.34 

200 11.526 

210 14.123: 

I 0 .. 9 

. 10 

P9i_ 

5 

150 200 250 

Tlllmk • 460 
144· Pila\ PAA!wk • Pvb · MJl·R• Ww 

Talmk · 460 Twlllrr\ · 460 
R· · R· 

Vdw · vi-

p""'\ lnterp vs, Ts, Ps, Tlllmk 



FROl'l 1 COl'IED NFS FRX HO. 1 630 663 7118 03-12-97 

. 
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t Pwwk 

I "-Ce 20 
• - m 
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!~ 
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140 

130 
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FRO"I CO"ED HFS FAX HO•.! .... !'!~~ 663 7118 03-12-97 02:59p p .12 

1'1m~ WWV~s.' \VWwrT l>WTcmp WWl'oolT 
sec ll~ia deg~ dca ~ ~llF 

Vari11tilc "IC Pwwk T-"'\, y~ 

600 19.1t'4 12S.7BS 145.BBB 148 

19.1'96 148.868 171.193 

• 



FROM• COMED HFS FAX H0.1 630 663 7118 03-12-97 02:59P P.13 

• 

DRESDEN SUPPRESSION POOL HEATUP CALCULATIONS 
Sensitivity Case: 112 nomjnal CCSW GE Case lat. 
450U gprn CS flow, 40% mlling efficiency, nominal JCs 

This colculatiun I. l•as,\1 on tht ~ 11f '' R1111gc-1'.uu11 ~olution mc.-thod to num~rically c\'aiuol.c th~ fir~t or(li.>r' <liff.:.rcnrial ~·111.1;1ti\>n 
\lcM;rihing the bchuvior orlhc sup11n:ssi-On 110,>I fuJlci,.ini; th\: ~"t•mplclit>n ul'thc hlowdo"'TI fnim lhc- •·cssd It use~ t>l\undal)' 
c1.111diU011:1 takcn fmm new nE ~alci.1ln\(MS. Tl\~~ nrt• the dc:.:a~· hcut pofll lcmp•mlllln: DI f,()Cj ~L'\:fllld!,. the 1' ~ahu: for llU• hcUI 
~.,.clr11n1111r ,;md a lurm 111 UOl.'f•unl for scn~11llc hL'lli of rlw vt!!."\d mcinl. 

1'hci fotlowmg vcoton; r.:rirascm thc do.:~ l1c·a1 lnru1 to the ~·robh:m ihr:ct ur'' bu.~cd on th~ <JI: 1;uppl111d data 1111J n:!'rcs.:nt 11. 
,\'ll!S-S. l-1Q'791JWndord value11 

1 .. 9 

' 600 
1000 
2000 
4000' 

.02212 

.01956 

.01599 

.01273 

.01033 

.01012 
.008491 
.00706 

.006306 

Q(xl dcllncs a llnc-..rr int.:rpnlolio11 oftl'ic ubo"t ve1:1Qrs iQr use in the cah:11h1tlo11 

Of x) llnlarp{t, p,11) 
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ATIACHMENT 2 
AVAILABLE AND CREDITED CONTAINMENT OVERPRESSURE 
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ATTACHMENT 3 
OPERA TOR 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: 

• Drywell Temperature above 160 degrees F 

• Torus Bulk Temperature above 95 degrees F 

• Drywall 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, LPCI pumps will be 
diverted to suppression pool cooling and Containment Cooling Service Water Pumps will be 
operated to begin containment an~ 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 drywall pressure can not be maintained below this value the 
operator will spray the suppression pool. The operator will initiate drywall sprays to control these 
parameters prior to drywall temperature reaching 281 degrees F or when drywall pressure exceeds 
9 psig. If the Suppression Poo.1 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 drywall sprays be terminated when torus pressure or drywell pressure decreases to 
the high drywall 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 conditions during a Loss of 
·coolant Accident: 

• Reactor Vessel Water Level below the low water level setpoint of 8 inches 

• Drywall 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). 
• 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. 

• 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. 

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

I 

• 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 transien~s presented on the Dresden Simulate~. 

Summary 

The EOPs are structured such that the operator need not diagnose the cause in order to dea(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 co,nditions 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 maintained for the duration of the 
accident scenario. 

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 (drywall pressure, temperature, reactor vessel water level) which must be brought 
back to within the normal operating band. · 




