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e Modified the “injection phase” BHP associated with the Containment Fan based on
* the revised containment pressure — time profile (UFSAR Figure 6.2-4, Reference
4.4.9.4). In particular the containment fan BHP was decreased from 256 HP to
239.2- HP for the injection phase (Max containment pressure = 54 psig rather than

60 psig).

» Expanded the scope of the analysis to include an cvaluation and document the
effect of “off nominal™ frequency operation (i.c. monthly test acceptance criteria
range is 59.5 Hz to 60.5 Hz).

o Expand the scope of the analysis to include an evaluation and document the effect
of “off nominal” voltage operation (i.e. monthly test acceptance criteria range is
‘470 — 504 volts).

e Expanded the scope of the analysis to include a comparison of the maximum kW
demand on the EDG with the test requirements in the “Tech Spec™ This comparison
was made in order to verify that the maximum EDG demand is less than or equal to
the minimum requirements sct forth in the “Tech Spec” (i.e. "Verify each DG is
synchronized and loaded and operates for > =60 minutes and < 120 minutes at a
load >= 1950 kW and < 2250 kW.")

‘o Modified the ETAP computer model such that it runs on ETAP.5.5. ON Also
expanded the computer model to include the calculation of the continuous current
duties imposed on the equipment for informational purposes only.

20 CONCLUSIONS

A Summary of the loadmgs as well as the percent: safcty margms is- shown in the following
table for each of the three accident sccnanos

-

Ta’ble 3' - EDGA Steady State Loading Summary

2.1

Pmrginm(aatmg Duty) ! Ranng *100
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EEGI steady §tate Coading Summary (Off Nominal Frequency and Voﬁaga o
i , ' Conslderations fncluded) = R /{ L
_ P (kW) | Q (kVAR) S (kVA). [Tamps RWMS]|
DG Load - Injection 1977 947 | 2192 L-"2720- |
o EDMgtsng (2 hour) 2250 | 1500 2868~ | 3450
~Percent Margirﬁﬂ}gctlon Phase 12.1% | ,36&6/ -23.6% | 21.2%
EDG Load - HHR. \ 1807 |-839. | 1993 | 2472
EDG Rating - Continous . ~~] 19567 | 1500 | 2500 | . 3000
PercentMarginHHR | >%3% | 441% .| 203% | 17.6%
EDG Load (HR— | 1505 | ~695 | 1658 ' | " 2057
EDG Rating-Continous | 1950 | 1500-~}_ 2500 | 3000 |
_PercentMargin LHR | 22 8%. | 537% 331% 31 4%
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_Tmteady State Loadlng Summary
L - __Considerations Included)

ominal Frequency and vVoitage

Tamps AMS|

P (kW) [ Q(kVAR)| S (kVA)

EDG Load -'lhjection _ 2016- 965 2235 2773

EDG Rating (2 hour) 2250 1500 2868 | 3450
l‘. Percent Margin Injection Phase | 10:4% 35.7% | 221% | 19.6%

___EDG Load - HHR 1843 | - 855 2032 2521

EDG Rating - Continous 1950 | 1500 2500 | 3000

Percent Margin HHR' 55% | 430% | 187% | 16.0%

EDG Load LHR 1535 709 1691 2098

EDG Rating - Continous 1950 1500 2500 3000
Percent Margin LHR 21.3% | 52.7% | 32.4% 30.1%. -

Percéﬁt-Margln':(RatIng - Duty) / Rating *100
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As demonstrated in the table above, the most limiting case for the steady state loading on |
Emergency Diesel Generator A would be the injection phase. The injection phaseloading

. is limiting from an absolute magnitude (kW and kVAR) point of view however from a. -
kW percent margin” point of view, the high head recirculation phase has less margin .

between the anticipated duty and the capability of the emergency diesel generator. The
percent margin shown for the high head recirculation phase:is associated with the time
period two hours into a LOCA. As time progresses, the containment pressure will continue
to decrease and the corresponding loading on the containment fans will decrease and
therefore the percent margin will increase. The percent margin shown in.the above table is

-~z et within the Regulatory Guide 1.9 requirement of “not less than 5 percent (margin)”.
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~ the BHP loading by

~ and freqienc

As demonstrated in Section 7.5.12, the maximum generator loading, during the injection
phase with the generator at rated voltage and frequency, would be 1939 KW and 928 =
KVAR (0.90 pf). This loading is within the continuous rating of the-diesel generator set
(1950 KW and 1500 kVAR). It is also well within the emergency rating (2250 KW for 2
hour and 2300 KW for %2 hour). The injection phase duration, while varlable will be
completed within two hours for a large break LOCA. .

H.o7 60, -
The impact of “off nominak” voltage and/or frequency operation hasBeen evaluated in
section 7.6 of this aﬁgy) Operating the EDG at a frequency ojﬁdﬁ’ﬁi would increase
Operatmg at-a reduced frequency would reduce the BHP A
loading. Voltage variations in the range anticipated have been shown to have-a very small

- impact on the kW or kVAR operating margins although the current (amps) margin was

reduced a few percentage points. Section 7.6 demonstrates that by. combmmg the worst

case frequency {60.4-H7)and worst case voltage (465.3 volts) scenarios, the EDG loading .
increases ,Q?W (Injection Phase). The additional loading due to off-nommal voltage. _

already included in Table 3 above.

72X 2816~

- The “Tech Spec — SR 3.8.1.3” states: "Venfy cach DG is synchromzed and loaded and.
_operates for>= 60 minutes and'< 120 minutes ata load >= 1950 kW and < 2250 kW." Itis .
‘important | that the minimum Tech Spec test limit (1950 kW) be greater than the maximum
- duty imposed on the EDG. After including the effect of “off nominal” voltage and-
~frequency, this criteria is no longer met and a “Tech. Spec Change” will be required.

(Reference CR-2006-004136).

The Main Control Board kW meters that are used during the “Tech Spec” test ha\}e'é .

~ nominal accuracy of +/- 1% however the most recent calibration of these meters:

(Reference 4.1.7) shows an accuracy better than 0.1 kW in the 1950 kW — 2000 kW regnon v
of the meter. Therefore the negative margin between the maximum loading on the EDG '

- . and the minimum *“Tech Spec” test limit is 27.1kW. A “Tech Spec Change” will be )

required because the total worst case loading (1977 kW) exceeds the minimum Tech Spcc
test limit (1950 kW), It is important to recognize that the-two hour rating of the EDG is’

- not exceeded, only the testing limit in the Tech Spec.:

_»Th'is analysis demonstmteS' that Emergency Diesel Generator A is adequately Siz‘ed .fq'r the
- worst case steady state accident loading requirements. The following table summarizes the -

DA-EE-92-098-01 o : " Page6of 200 ‘ ‘ Revision5
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The above figure demonstrates that the final frequency was 60. 01 Hz whlch 1s w:thm the
setting acceptance criteria identified in PT-12.1 (60.0 to 60.1 Hz). As prewously RNt
mentioned, the final kW load on the EDG during the above test was 1230 kW. W}nle thxs
loadmg is below the anticipated injection phase loading of 1939 kW, the above test does

give a good indication of the EDGs frequency management capability during loaded
conditions. The above curve also demonstrates that this capability is not diminished as

‘more load is added during the sequence.  The most recent RSSP2.2 test (10/11/06) . . o
recorded a steady state frequency of 60.1 Hz after the loads had been sequenced on, Based e

on the above results and discussions, it is concluded that a reasonable estimate of the EDGs
frequency management capability during accident conditions, according to the MCB meter,

‘ would be a frequency range between 59.5Hz and 60 1 Hz (Notg_thaﬂhe-upper—&equeney

e accuracy of the meters on the main. control board are +/- 0 3 Hz.so the - ,
actual steady state EDG frequency during accident conditions can be: expected: to be thhm
- the following range: Fmax = $04Hz. , F min = 59.2 Hz.
Insew& ‘ _ (50 8

However p FREQUWENCY RANGE zgrweenf 595 yzvfn_\/‘/‘)
0.5 HZ  witt BE U SED.
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7.6.3

1

The mechanical BHP loading of fans and pumps tend to go'up as the cube of the speed and
since the majority of the load on the:EDG is this type of load, it is reasonable to-assume
that the kW load on the EDG would be L.0Z times greater at M Hz, as compared tothe -
60Hz kW loading value. j-o4 -0

Determining maximum loading for off Nommal
The effect of the stated voltage variations has begn shawn to be neghglble and could
therefore reasonably be ignored. Applying the W mulltiplying factor to all of the'loads
(small static loads as well as the motor loads) will tend-o'compensate for ignoring the
small effect associated with voltage variations. Therefote the effect of both voltage: ~
variation and frequency variation can.be incorporated into the results by sxmply o
multiplying each of the loads kW and kVAR values by )«62/ The power- factor can be-
assumed to be unaffected by the small variations in voltage and/or frequency. The
following tables summarize the individual loads that are expected if the diesel generator is

© operating at its worst case voltage and frequency. (465 3 volts and 604 Hz)

(OB

Table 15 - Load Summary - Injection Phase & .
(when EDG is operating at 465.3 volts and 60 ﬂ’ Hz)

lnjec,tion Phase Loading - Off NOminal Frequency and Voltage .-
\\\ . Considerations Included" _ oA
\\ : Electrical Input to Load /
____(ETAP Calculated). <]
. Load _ 1 P(kW) TQ(kVAR)[S(kVA) | -
Safety Injéction Pump A - 296.12] - 134.911 -325.41}]
. Safety Injection.Pump C -1 20612 134.91)7. 325.41}

Residual Heat Removal Pump A 122.94].  56437] 135.25}- - . -
Containment Fan'A. - . . 196.75] . 89.76] 21826} - - - .- 7.
Containment FanD N\, - ~196.75 89.76| ~ 216.26] -

Service Water Pump A (Spare)\, 261, 124.37] 28931 -

Service Water PumpC___ -~ N\ .00 0.00f 000 . . -
Auxiliary Feedwater Pump A ] ~225.76] ~ 96.17] = 24539} .
Containment Spray Pump A~ '\ 187.68] . 89.41]  207.89] -
) Compbrient Cooling Water Pump A 1 \X0:00) - . 0.00F - . 0.00]
. 'MCC Loading (total) i 1434]. 8459  166.87) - . -
" EDG Excit &Crankcase ExhaustMétor | 1629 - 1.03] - 1632} -
" Cable Loss (ETAP Calculated) . —_ 3301 \ 4535]  5663]
Total Load Supplied by EDG (Sum) 1977—.39 946\@4 321:92.31 R
EDQ Rating ( 2 hour)_ | 2250.00]  1500.00] 2868.08] .
P'effc’:Qn't'Mar,qtﬁ:(Raﬂﬂ'g”-Duvty')v/'Raﬂ_h'g 100 | 12 12% 36 89% 23 56% | L

««'gg | AT}M(H’:?’/) "779/%’66 "

DA-EE-92-008-01 * ‘ Paga 30 of 200 s .0 Revision5. |




fnjebt!onPhase Loading - Off ﬂOminal Frequency and Voltage Considerations -

2868.00] .

Included . ]
Electrical Input to Load - I
(ETAP Calculated).
Load P (kW) | Q(kVAR) |S (kVA).
Safety Injection Pump. A 301.93],  137.55] -
Safety Injection Pump C 301.93}  137.55 - 331.791
Residual Hea! Removal Pump A 125.35} 57.48 137.90]
Containment Fan A 200.61} 91.52 220.50
Containment Fan D 200.61 91.52 220.50)
Service Water Pump A (Spars) 266.34 126.81 294.991
Service Water PumpC 000  000]  0.00] .
Auxiliary Feedwater Pump A 23018} 98.06 250.20
Containment Spray Pump A 191.36] 91.17 211.97
Component Cooling Water Pump A - 0.00} 0.00 - 0.00
MCC Loading (total) 146.66] 86.25 _170.14}]
EDG Excit &Crankcase Exhaust: Motor 16.61 1.051 16.64
Cable Loss (ETAP Calculated) 34.58 ~ 46.24(. 57.74] .
Total Load Supplied by EDG (Sum). 2016.16 965.20 2235.291
EDG Rating (2 hour) . 2250.001 1500.00 T
Pe’rce’nt}Margih:(Rating- Duty) / Hatingﬂoof 10.39% | 35.65% | 22.06% C

33179



Table 16 - Load Summary - High Head Recirculation Phase
(when EDG is operating at 465.3 volts and 60/4’ Hz )

- DA-EE~_92-0§8~01

Page 31 of 200

High Head Recirculation Loading - OFf Nominal Frequency and Voltaga
N Considerations lnc!uded L
N . Electrical Input to Toad
N Load P (kW) |Q (kVAR)|S: (kV,A), _
Safety Injection Pump A 000l  0.00 - A.00]
Safety Injection Pump C 296,121 134.91| . 32541
Residual Heat Removal Pump A 142.62 65.39] " 156.89
Contalament Fan A 142.78]  6985] 158.86]
L Containment Fan D ;142,78 69.65] ©  158.86}
_ Service Water Pump A (Spare) - 261.22] ~124.37] . 289.31
_ Service Water PUH\Q C 262,101 104.41] 28214
Auxiliary Feedwater Pump A 22876} . 96.17 245.39]
_ Containment Spray Pump A\ / 0.00 0.00] - 0.00]
_Component Cooling Water Pump A\~ |~ 124.30} 58.43] 137.34
) MCC Loading (total) X 170.43 84.66 190:30]
EDG Excit &Crankcase Exhaust Motor” N 16.29 . 1.031 16.32]
Cable Loss (ETAP Calculated)” ™\ 23.08] 2985 . - 37.74}
Total Load Supplied by EDG (Sum) 1807. " 838.53] 1992.50
A N
4 N
N i oON L)
_ EDG Rath)é( 2 hour) 1950.00] 1 500.0\& " 2500.00] . -
Percent Marginf-s(Rg"ﬁng - Duty) / Rating*100_| 7.31% |~ 44*1 0% 20 30%:. ; S
< 7 ﬂrrmmb THRCKE
i
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—'_mgmecirculation Toading - Gﬂmrmage
Considerations Included
’ Electrlcal Input to Load
Load - , P(kW) | Q(kVAR) [S(kVA) -
Safety Injection Pump A 0.00] - 0:00]. - - 0.00
Salety Injection Pump C- 301.93] - 137.55]. . 331.79]
~ Residual Heat Removal Pump. A_ 145.41 - 66.67] 0 159.97}
Containment FanA 145.57 71.02] = 161.97
Containment Fan D 145.57} 71021 161.97]
Service Water Pump A (Spare) 1266.34 126.81] ~ 294.99]
Service Water Pump C 267.24] 10646} - 287.67
Auxiliary Feedwater Pump A 230.18] .98.06] 250.20]-
Containment Spray Pump A - 0.00 0.00].. 0.00}
Component Cooling Water Pump A 126.73]  59.57} . 140.04
MCC Loading (total) 173.77 86.324 194.03fF
_ EDG Excit &Crankcase Exhaust:Motor 16.61 1.05) 16.64] -
Cable Loss (ETAP Calculated) 23.54 ~ 30.44} 38.48)
Total Load Supplied by EDG (Sum) 1842.01 854.97 2031.57)
__.__EDG Rating ( Cont.) __1950.00]  1500.00f  2500.00] .
" Percent Margin-(Rating Duty)lﬂating *100 | - 5.49% N .

33.00% | _
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Table 17 - Load Summary - Low Héad Recirculation- Phase
(when EDG is operating at 465.3 volts and 60. }%ﬁﬂz): '

Low Head Recirculation Loading - Off Nominal Frequency and Voltage :
~Considerations Included:

6373

8.0. Results

8.1

AT

rﬂ ¢ /fé"é

\ Electrical lnput to Load
N Load' TP (kW) ] Q (KVAR)]S (KVA)
N Safety Injection Pump A 0.00] - 0.00] . 0.00]
., Safety Injection Pump C 0.00] . 0.00f 0.00
Residual Heat Removal Pump A 142.62] . 6539 156.89]
Captainment Fan A 142,78} _69.65] 158.86|
Contaiament Fan D . 142.781 69.65] ~ 158.86]"
Service Water Pump A (Spare) 261221 12437 289.31]
Service Water Putap C _262.10}  104.41]  282.14}
Auxiliary Feedwater Pulmp A X 22576]  96.17] '245.39
Containment Spray Pump AN~ 0.00] 0.00 - 0.00]
Component Caoling Water Pump A 124.30] 58.43] 137.34]
MCC Loading (total) pd . 170,70} 84.71 190.57
EDG Excit &Crankcase Exhauét Motor. \16.29 1.03
Cable Loss (ETAP Cajeulated) 1674 | 21 26] - 27.05]
Total Load Supplied by EDG (Sum) 1505.27 ‘695 07] 1658.00
EDG Rating ( 2 hour) 1950.00] 1500.00] 2500.00%
~ PercentrMérgiM(Ratlng.- Duty) / Rating *100: | 22.81% 53 66% - 33 68%
' ' ' ¢ £

“TELEC

The most limiting case for the steady state kW ioading on Ekﬁé’rgchcy Diesel Generator A

would be the injection phase durmg a large break LOCA event.

Frequency and voltage

deviations, from nominal, can increase the EDG loading with the worst.case bemg hlgh '
frequency and low voltage. The following table demonstrates that under worst case
conditions, the injection phase loading on the EDGA: will'slightly exceed the continuous
rating of the EDG. The table-also compares the injection phase loading duty with the 2 -
hour capablhty of the EDG since the mjecuon phase will be complete wzthm 2 hours

'rable 18 - EDGA - Loading and % Margin - Worst Case

.

Worst Case EDGA Loading ~Injection Phase, Off nominal Voltaga amu-'req L

N

T~

EDG Voltage

Freq (Hz) {Volts)

" P (kW)

s

(KVA)

A i amps RMS.

IEDG Load

] 604 465.30

1977

947

2192

2720

EDG Rating - Continous
% Margin (Continuous Rating)

4950 -

1500 |

2500 1. -

3000

4% |

36.9% - |

12.3%

53% ]

EDG Rating - 2Hour ™ -
% Margin’ {2 hour Rating)_ L

2250

1500

2868

3450

C12.1%

. 36 9% .

T 236%. |

2% 2%-» ~

Percent Margin=(Rating - Duty) / Rating *100

DA-EE-92-088-01
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"~ Low Head: Recirculation Loading - Off ‘Nominal Frequency and Voltage

Considerations lncl_uded L

S Electrical input to Load
Load P (kW) Q (KVAR). |S (kVA)
Safety Iniection Pump A B 0.001 - 0.00] - 0.00
Safety Injection PumpC . 0.00] 000 .. 000}
- Residual Heat Removal Pump A o 145.41 66.67]° - 159.97}
' Containment Fan A - 14557 - 71.021 161.97]
Containment Fan D 145.57 71.02]  161.97]
Service Water Pump A (Spare) 266.34 126.81 294,991 -
Service Water Pump C 267.24 106.46 287.67
_Auxiliary Feedwater Pump A 230.18] . 98.06]. @ 250.20
Containment Spray Pump A 0.00} 0.00}. 0.00
Component Cooling Water Pump A 126.73 59.57]. 140.04}
__MCC Lloading (total) 174.05 86.37] 194,30
EDG Excit- &Crankcase Exhaust Motor 16.61] 1.051" 16.64
Cable Loss (ETAP Calculated) - 17.06 21671 27.58
_Total Load. Supplied by EDG (Sum) 1534.781 ~  708.70 1690.51
EDG Ratlng’(Cont) 1950.00)  1500.00]  2500.00] "
Percem Margin-(ﬂating Duty)l Ratlng *100__ < 21.29% | 52.75% 1 32.38%




~Worst Case EDGA Loading - Injection Phase, OF nominal Voltage and Freq

EDG Voltage | o ,

‘ Freq (Hz) {Voits) P (kW) |1 Q(KVAR)IS(KkVA) | 1ampsAMS
EDG Load . 60.8 466.30 2018 965 |- 2235 | 2774 f
IEDG Rating - Continous . 1950 - 1500 | 2500 § ;- . 3000
% Margin (Continuious Raling) -3.4% | 357%.1 108% | . . 75%
JEDG Rating - 2 Hour ) 2250 1500 - 2868 1 - 3450
1% Margin (2 hour Rating). - . 10.4% 35.7% | . 22.1% 19:6% .

Percent Margin=(Rating - Duty) / Rating *100.
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8.2

83

8.4

2ol R
Even though the worst case kW loading (4947 kW) skght-}y emeeds the cantmuous ratmg L
of the EDG (1950 kW), this is not a violation of the actual EDG- capabihty or rating since it

~ does not eéxceed the two hour rating (2250 kW) and the mjectmn phase will be completed

within two hours. .

2.0 '
Thc worst case loading (977 kW) dees»hewever shghﬂy excecds the minimum “chh
Spec’ test limit (1950 kW) and therefore a “Tech Spec” change will-be rcquxred

The results of this analysns (see Table 3) mdtcate that there'is sxgmhcant margm between
the loading duty that will be imposed on EDGA during accident conditions and the .
inherent capability of the diesel generator set. It is felt that the overall effect of any data.
uncertainties (motor characteristics, actual ﬂows pump charactensncs, etc.) would be -
relatively small; recognizing that some of data uncertamnes would increase EDG Ioadmg
Whlle others would decrease the loading. =

, .
The foilowmg is a list of conservatisms, inherent i in th:s calculanon that provxde additional .

.margin from what has bccn tabulated above:

1.. The service water pump was assumed to be operatmg at 326 BHP even though the .
maximum value on the pump.curve was 312 BHP. - 2 & g‘}{

2. Thi worst case injection phase loading. Lﬁl&kW“}“"as determmed by assummg that
both the voltage and frequency deviations from nominal were inthe; direction to

maximize the kW !oadmg In addxtlon, the. assocrated meters (V and Hz) werealso .

~ assumed-to have errors in a direction that maximized the kW laadmg It is unlikely that
- these four mdependent 1ssues would smultaneously hlt thexr worst case posmons

This analysxs demonstrates Dlesel Gcnerator Alis adequately sxzed for the worst case .

- steady state accadcnt loadmg reqmrements
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