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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 evaluation and document the
effect of "off nominal" frequency operation (i.e. monthly test acceptance criteria
range is 59.5 Hz to 60.5 Hz).

* Expand the scope of the analysis to include an evaluationand document the effect
of "off nominal" voltage operation (i.e. monthly test acceptance criteria range is
470 - 504 volts).

o 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 set 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.")

* 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 equi pment for informational purposes only.

2.0 CONCLUSIONS

2.1 A Summary of the loadings as well as the percent safety margins is shownin the following
table for each of the-three accident scenarios:

Table 3 -. EDGB Steady State Loading ,Sunmary.

EEDOB Steady State Loading Summary (Off Nominal Frequency and Voltage
.... .• ,,• .......... .... . Considerations Included . __... __....... __.._.,, ... . .. • ..

P (kW), .Q(kVAR)[.:S,(kVA)ý s RMS.

EDG too, - Injection 1968 941 21 2707
".EDGRatin our .2250 1500 [2868 3450

Percent Mar in InJectio-ase 12.5%"., 372•.a 23.9% 21.5%

EDGLoad - HHR 80 835 1984 2462
EDG Rating - Continous • 1500 2500 3000_
Percent Margin HHR / 7.7% 44.3% 20.6% 17.9%

EDG.Load•-LHR- 1498 692 1650 2048
EDG Ratify- Continous 1950; 1500 00 3000

Foroent Margin LHR 23 2% 53.9%. 340 31..7%-:

Per•-o'tMargin=(Rating - Duty) I Rating *100

/-3LE,
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EDGB Steady, State Loading Summary (Off Nominal Frequency andVoltage,
Considerations Included)

.... _ P(kW) 0Q(kVAR) S(kVA) IampsRMS
EDG Load - Injection 2007 960 2225 2760:
EDG Rating (2 hour) 2250. 1500 2868 3450..

Percent Margin Inlection Phase 10.8%:- 36.0% 224%6 20.0%

EDG Load,- HHR 1836 851 2023 2511
EDG Rating - Continous 1950 1500 2500 3000
Percent Margin HHR. 5.9% 43.2% 19.1% 16.3%

EDG Load LHR 1528 706 1683. 2088
EDG Rating - Continous 1950 1500 2500 3000

Percent Margin LHR 21.7% 5310% 32.7% .. 30.4%.

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



2.2 As demonstrated in the table above, the most limiting case for the steady state loading on
Emergency Diesel Generator B would be the injection phase. The injection phase loading
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
*,off within the Regulatory Guide 1.9 requirement of "not less than: 5 percent (margin)".

2.3 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 1930 KW and 923
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 1/2 hour). The injection phase duration, while variable, will be
completed within two hours for a large break LOCA.

2.4 The impact of "off no inal" voltage and/or frequency operation ha been evaluated in
section 7.6 of this analysis. Operating the EDG at a'frequency of 6i z would increase
the BHP loading-byfA Operating at a reduced frequency would reduce the BHP
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 combining the worst
case frequency J§OA1I and worst case voltage (465.3 volt) scenarios results in a,
maximum loadidgof !9>&W(Injection Phase). The additional loading due to off-
nominal voltagp and frequency is already included in Table 3 above.

2.4.1 The "Tech Spec - SR 3.8.1.3" states: "Vcrify each DG is synchronized and loaded and
operates for >= 60; minutes and < 120 minutes at a load >= 1.950 kW and < 2250 kW." It is
important that:the minimum Tech Spec test: limit (1950 kW) be greaterthan the maximum
duty imposed on the EDG. After including the effect of "off nominal" voltageand
frequency, this criteria is no longer met and a "Tech Spec.Change" will be required
(Reference CR-2006-004 1 36).

2.4.2 The Main Control Board kW meters that are used during the "Tech Spec" test, have a
nominal accuracy of +I- 1% however the most recent calibration of these, meters
(Reference 4..17) shows an accuracy better than 0. 1 kW in the 1950 kW - 2000 kW region
of the meter. Therefore the negative margin between the maximum loading on the EDG
and the minimum "Tech Spec" testlimit is 18.lkW. A)Tech Spec:Change" will be
required because the total worst case loading W exceeds the minimum Tech Spec
test limit (1950kW). Itis important to recognize that tetwo hour rating of the EDG is
not exceeded, only the testing limit in the Tech Spec. • 7,A

2.5 This analysis demonstrates that Emergency Diesel Generator B is adequately sized for the
worst casesteady state accident loading requirements. The following table summarizes the
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0 Sec. 59.99

1996 with new sw,

!ma >>> Max = 62.35 at time =2.71 Min = 0.00 at time =0.02

0.00 20.00 Tim (sec): 4000

Figutre 3. EDGS Frequency (Hz) during ,1996 R8sO2.2

The above figure demonstrates that the final frequency was 59.99 Hz which can be
* considered to. be within the setting acceptance criteri aidentified in PT-1212 (60.0 to 60.1
Hz) when the value is rounded to one significant digit. As previously mentioned, the final
kW load on the EDG during the above test was 1150 kW. While this loading is below the
anticipated injection phase loading of 1930 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) recorded a steady state frequency of
60 Hz after the loads had been sequenced on. Based on the above results and discussions,
it can be 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 59.5 Hz and 60.1 Hz (N.tc that t- A 'y limit w- s ... u.d f... ""
-Ulu,•c VVI.V5 ~ sIve no'ted i~n PTI 2.2 be.4' o-n the 1996 f•ie• wasttrenwat4The 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 within the following. range:,

•1Fmax, =fi0• .•Hz" F min =.59.2 Hz'.:

The mechanical BHP loading of fans and pumps tend to go up as the cube of the speed and
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since the majority of the load on the EDG is this type of load, it is reasonabieto assume
that the kW load on the EDG would bekO.' times greater atf6i,4 Hz, as compared. to the
60Htz kW loading value.

7.6.3 Determining maximum loading for off Nominal oge and Frequency
The effect of the statedvoltage variations has bee sh 'n to be negligible and could
therefore reasonably be ignored. Applying the JA,0 mu iplying factor to all of the loads
(small static loads as well as the motor loads) Will tend t compensate for ignoring the
small effect associated with voltage variations. Therefor the effect of both voltage
variation and frequency variation can be incorporated int th results by simply
multiplying each of theloads kW and kVAR values by . 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 ýW.A Hz).

Table 15 - Load Summary - Injection Phase
(when EDG is operating at 465.3 volts and 60gHz)f

N Electrical Input to Load
(ETAP CallculatLed)

Load P (kW) Q (kVAR) S (kVA)
"'-., Safet Injection Pump B 296.12 134.91 325.4,

• "Safety Injection Pump C 296.12 134.91 n.41
Residuaeat Removal Pump B 122.94 56.37T; 135.25

Con ment Fan B 196.75 8S76 216.26
Contain..It Fan C 196.75 _" 89.76 216.26

Service Water mp B 0.0 0.00 0U00
Service Water Pump DV are) -271.22 124.37 289.3.1!

Auxiliary Feedwater Pump"B• 225.76 96.17 245.39
'ContainmentSpray Pump B . 187.68 8941,' 207.89

Component Cooling Water PunW ", 0.00 0.00 0.00
MCC. Loading (total),, 16.58 81.17 158.88

EDG Excit &Crankcase Exhaust Motor 16. 1.03 16.32
Cable Loss ETAP alculatedl. 32.20, 43.43 54.07

Total Load Su ied by EDG Sum). 1968.42 941. 2181.91

/EDG Rating (2 hour) 2250.00 1500.00 2868.00
Percem(Margin=(Rtirng . Duty)/ Rating *100 12.51% 37.25% 23.92%R

716 6-
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Electrical Input to Load
(ETAP Calculated•

Load P (kW) QO(kAR S (kvA)
Safety Injection Pump B 301.93 137.55 331.79
Safety Injection Pump C 301.93 137.55 331.79

Residual Heat Removal Pump B 125.35 57.48 137.90
Conta'iment Fan B 200.61 91.52 220.50
Containment Fan C 200.61 91.52. 220.50

Service Water Pump .B 0.00 0.00 0.00
Service Water Pump D (spare) 266.34 126.81 294.99

Auxiliary. Feedwater Pump B 230.18 98.06 250.20
Containment Spray Pump B 191.36 91.17 211.97

Component Cooling Water Pump B 0.00 0.00 0.00
MCC Loading (total) 139.26 . 82.76 162.00

EDG Excit &Crankcase Exhaust Motor 16.61 1.05 16.64
Cable Loss (ETAP Calculated) 32.84 44.28 55.13

Total Load Supplied by EDG (Sum) 2007.02 959.75 2224.69

EDG Rating.(2 hour) 2250.00 1500.00 2868;00z
Percent Margin=(Rating - Duty) Rating 100 10.80% 36.02% 22M43%



Table 16- Load Summary - High Head Recirculationr Phase
(when EDG. is operating at 465.3 volts and 60o.,Hz.)-

EtActrh~aI Innut to Load
Load P (kW): Q(WAR) S (kVA)

Safety Injection Pump B 0.00 0.00 0.00
"$afet Iniection Pump C 296.12 134.91 32 f

Residu eat Removal Pump B "142.62 65.39 61A569
Cont jmentFanB 142.78 69.65,,- 158.86
CGontainmbm t Fan C 142.78 69.65 158.86

Service Water m B 262,10 04.41 282.14
Service Water Pump EDf, are) 261•2L 124.37 289.31

Auxiliary Feedwater Purrmp . . 2?876 96.17 245.39
Containment Spray Pump, B 70.00 .. 0.00 0.00

Component Cooling Water Pump B 124.30 58.43 137.34
MCCOLoading (total) 7 163.26 81.24, 18235

EDG Excit &Crankcase Exhaust tor 9 .. 1.03 16,32
Cable Loss (ETAP Calcuhl)6d) 23.0 29.75 37.61

Total Load Supplied byEDG (Sum) 1800;22' 83 .0 1984.45

EDG'ating ( 2 hour) . 1950.00. 1500.00 2500.0
Percent MargK=(Ratlng§-Duty) IRating *1i001 [.7.68%:-11 44.33% 20.62%.

I

;5-6- L /+T T/+C 14 /i) r43ARLL
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Electrical Inout to Load
Load'. P (kW):, .Q(kVAR). S(kVA)

Safety Injection Pump B 0.00 . 0.00 0.00
Safety Injection Pump C 301.93 137255' -_331179

Residual HeatRemoval P umpB 145.41 66.67 159.97--
Containment Fan B 145.57 71'.02 161.97
Containment FanC 145.57 71.02 161.97

Service Water Pump B 267.24,. 106.46 287.67
Service Water Pump D (spare) 266.34 126.81 294.99

Auxiliary Feedwater Pump B 230.18 98.06 250.20
Containment Spray PumpB 0.00 0.00 0.00

Component Cooling Water Pump B 126.73 59.57 140.04
MCC Loadinig (total) , 16646 82.83 185.93

EDG .Excit &Crankcase Exhaust Motor 16.61 1.05 16.64
.,,,Cable Loss (ETAP Calculated), 23.47 30.33 38.35

Total Load Supplied by EDG (Sum) 1835.52 851.37 2023.36

EDG Rating (Cont.) 1950.00 E 1500.00 . 2500.00
Percent Margn=(Rating Duty) / Rating100 5.e87%, 1 43.24% 19.07%,



Table 17 - Load Summaary - Low Head Recirculation: Phase
(when EDG is operating at 465.3 volts and 60 z)

K .... ... Electrica Input to Load
Load P (kW)" Q (kVAR) S (kVA),

Safety Injection Pump B 0,00 .01001 0-W
Safety Injection Pump C 0.00 0.00 0 00

R ýdual Hea6tRemoval Pump B 142.627 65 156.89.
o"•0ntainmnent Fan B 142.78 .9 65 158&86

Cotainment Fan C 1427 " 6965 158a86
Service"Water Pump B 2.0 104.41 282.14

Service Water D spare) 61.22 124.37 289.31
Auxilia Feedwat umr B 225.76 96.17 245.39,y ,, p, ...a ...
Containment Spray Pbo B 000.00 u00 0.00

Component Cooling Water P* B . 124.30 58.43 137.34
MCC Loadin to 163.5-3 81.29 182.62

EDG Excit &Crankcas•Exhaust Motor 16.29 1.03 16.32
Cable Lossw(EAP Calculated) 17.08 21.57 27.51

Total LogWSupplied by EDG (Sum) 1498.4 691.97 1650.49

EDG Rating(2hour) 11950.001 1500.00 2500.00
;/Percent Margln=(Rating - Duty) i Rating *100:: 23.16%, 11.'53.87% 33.98%

8.0 Results •t~ +rw,9~m'6')
(~

8.1 The most limiting case for the steady state kW loading on Emergency Diesel Generator B
would be the injection phase during a large break LOCA event. Frequency and voltage
deviations, from nominal, can increase the EDG loading with the worst case being high:
frequency and low voltage. The following table demonstrates that under worst case'..
conditions, the injection phase loading on the EDGB will slightly exceed the continuous
rating of the EDG. The table also compares the injection phase loading duty with the 2
hour capability of the EDO since the injection phase will be complete within 2 hours.,

Table 18 - EDGB Loading and 9% Margin - Worst. Case,

. worist-Case EDGB Loading;- Injection Phase, Off nominal Voltage and Fiejq:
-EDG

Voltage
..... f'- W • ,• (Hz) (Volts) P (kW) S (kVA), I ,amps RMSEDG Load 60. 465.30 196 941.29 2182 2707,

EDG Rating- Continous .__.__1950 1500 .2500 3000
% Margin (Continuous.Rating) •0.___. -0.9 37.2%, 12.7%: 9.8%
EDG Rating - 2 Hour. ..... __ 2250 1 2868 3450

% Margin (2 hour Rating) -: 12.5% 372% 23;. 215%

Percent Margln Duty) I Rating 100
•~~Ei 7 rrrThE
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9 --

FEl~trhcnI Innput tn. Lni•d
Load P (kW) 0 (kVAR): S (kVA)

Safety Injection Pump B 0.00 0,00 0.00
Satety Injection Purmp C 0.00 0.00 0.00

Residual Heat Removal Pump B 145,41 66.67 159.97
Containment Fan B 145.57 71.02 161.97
Containment Fan C 145.57 71.02 161.97

Service Water POmp B 267.24 106.46 28767
Service Water Pump D (spare): 266.34. 126.81 294.99

Auxiliary Feedwater Pump B 230.18 98.06 250.20
Containment Spray Pump B ...... 0.00 0.00 0.00

Component Cooling Water Pump B 1.26.73 59.57 140.04
MCC Loading (total)' 166.73' 82.88 186.20

EDG Excit &Crankcase Exhaust Motor 16.61 1.05 16.64
Cable•Loss, (ETAP Calculated) 17.41.. 21.99 28.05

Total Load Supplied by EDG (Sum) 1527.81 705.54 1682.85

EDG Rating (Cont.): 1950m00 1500.0 2500.00
PercentMargin=(Ratlng- Duto) I Rating *100 21.65% 52.96% 32.69%:,



Worst Case EDGB:Loading 'Injection Phase, Offnominal Voltage and Fre ,
EDG

Voltage
Freq (Hz) (Volts), P(kW) Q (kWAR) S (kVA) l amps RMS

EDG Load .60.8 465-30 2007.02 959.75 2225 2760
EDG Rating - Continous ____.... 1950 1500 2500 3000
% Margin (Continuous Rating) -2.9% 36.0% 11.0% . 8.0%
EDG Rating - 2 Hour 2250 1500 2868 3450
%;Margin (2 hour Rating) -. - 10.8% 3600% 22.4%. 20.0%

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



8.1, 1 Even though the worst case kW loading (+9t6kW) Sl4ghtly exceeds the continuous rating
of the EDG (1950 kW), this is not a violation of the actual EDG capability or rating since it
does not exceed the two hour rating (2250 kW) and the injection phase will be completed
within two hours

8. 1.2 The worst case loading (i%6& kW) 4oe4- weier slightly exceeds the minimum "Tech
Spec" test limit (1950kW) and therefore a "Tech Spec" change will be required."

8.2 The results of this analysis. (see Table 3) indicate that there is significant margin between
the loading duty that will be imposed on EDGB during accident conditions and the
inherent capability of the diesel generator set. It is felt that the overall effect of any data
uncertainties (motorcharacteristics, actual flows, pump characteristics, etc.) would be
relatively small; recognizing that some of data uncertainties would increase EDG loading

while others would decrease the loading.

8.3 The following is a list of conservatisms, inherenit in this calculation, that provide additional.
margin from what has been tabulated above:

I. The service water pump was assumed to be oprating at 326 BHP even though the
maximum value on the pump curve was 312 2HP. Assuming 312 BHP would reduce
the total loading by 11 kW which would inceease the margin by another 0.5%.

2. The worst case injection phase loadingJ.1968-+WV)Was determined by assuming'that
both the voltage and frequency deviations from nominal were in the direction: to
maximize the'kW loading'. In addition, the associated meters- (V and Hz) Were also
assumed to have errors in a direction that maximized the kW loading. It is unlikely that
.these four independent issues would simultaneously hit their worst case positions.

3.. The exciter load was assumed to be 14.5 kW even though it would probablybe a few
kW less'.

8.4 This analysis demonstrates Diesel Generator B is adequately sized for the worst case
steady state. accident loading requirements.
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