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Generator jacket water outlet gauge calibrations.
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The purpose of this Engineering Analysis is to establish the maximum outduor
ambient air temperature at which diesel generators DG-1 and DG-2 can be
expected to provide power to the Engineered Safety Features (ESF) loads to
assure safe reactor shutdown should a Design Basis Event requiring diesel
generator response occur. This maximum limit also assures that single
failure criteria are met.

2.0 3COPE

The scope of this Engineering Analysis is to:

2.1
2.2

2.3

2.4

2.5

Define the worst case load and load profile.

Establish the engine/generator outputs based on the cutdoor ambient
temperature, diesel generator operational effects on room ambient
temperature, results of radiator cleaning and results of engine
coolant changeout.

Establish the capability of the generator/exciter to operate in the
diesel generator room environment based on the exciter cooling
modification, MR-FC-90-073, as well as with the cabinet doors off
in the event of cooler failure.

Establish the margin available to allow operator restart of
equipment to enhance shutdown, i.e. an ai" compressor.

Determine maximum ambient temperatures for which the DG's are
operable. 110°F has been escablished as a goal for diesel ambient

-air operating limits, based on review of meteorological data for

this area predicts that 110°F will not be exceeded as an outdoor
ambient air temperature.

3.0 INPUTS TO THE ANALYSIS

3.1
3.2
3.3
3.4
3.5
3.6

Calrulation number FC03382 Rev. 3, Diesel Generator LOCA Loads
Power Systems Analysis of FCS Generator Capabilities

EMD Specification Sheet for the Generator

Diesel Generator Nameplate data

Tables from the “Standard Handbook for Electrical Engineers”

55-87-12, FCS Weather Tower Uncertainty Calculation #FC01381, Rev.
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3.7 MR-FC-80-073 DG Exciter Cooling
3.8 DG-1 Testing - Airflows Before Steam Cleaning, 3/8/91

Airflows After Steam Cleaning, 3/14/91 zﬁﬁ
Airflows Before Steam Cleaning, 2/27/91

3.9 DG-1 Testing

3.10 DG-2 Testing

3.11 DG-2 Testing - Airflows After Steam Cleaning, 3/25/91

3.12 Young Radiator Company Radiator Performnance Analysis
4.0 REFERENCES

4.1 Letter datec 7/2/90 from M. J. Fleckenstein of EMD to R. F.
Mehaffey OPPD Engine Loads Above the 2000 HR Rating

4.2 Letter dated 7/20/90 from Roland Royal of G.E. to G. P. Schwartz -
G. E Static Exciter

4.3 "Data Reduction and Error Analysis for the Physical Sciences",
SZ:Ti?;l.Bevington, McGraw-Hi11, 1969, p. 71-72 (See EA-FC-90-062,

4.4 DG-1 Testing Performed, 6/25/90 (See EA-FC-90-0f2, Rev. 1) Z£§

4.5 DG-1 Testing Performed, 6/26/90 (See EA-FC-90-062, Rev. 1)

4.6 DG-2 Testing Performed, 7/16/90 (See EA-FC-90-062, Rev. 1)

4.7 DG-2 Testing Performed, 7/17/90 (See EA-FC-90-062, Rev. 1)

4.8 DG-1 and DG-2 Jacket Water Outlet Gauge Calibrations (9/17/90 and
10/9/90) (See EA-FC-90-062, Rev. 1)

4.9 DGl Testing Performed 9/25/90 (See EA-FC-90-062, Rev. 1)

4.10 MR-FC-90-073, DG Exciter Cooling Post Modification Testing

4.11 EA-FC-90-091, Rev. 0 A

4.12 Letter from R. L. Phelps to R. L. Jaworski and T. L. Patterson,
dated 5/31/91 (Attachment 8.10)

5.0 ASSUMPT
5.1 The sequential loading of the diesel generator has only a secondary

effect on long term engine/generator performance because loading
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is complete within approximately 60 seconds and will not be
considered here.

5.2 Station Blackout analysis requires that the loss of offsite power
and diesel generator onsite power must be assumed. This Design
Bas1s Event (DBE) is outside the bounds of this EA.

5.3 Limitorque motor operated valves are not considered long term
loads. Cycling time is insignificant compared to long term loads.

5.4 For radiatcr performance analysis, a design jacket water flow of
1100 gpm (minimum) is assumed for all cases. This flow rate is the
discharge capacity of the en%ine water pumps per EMD and has been
confirmed by test during full coolant flow operation.

5.5 For radiator performance analysis, Young Radiator Company utilizes
uniform air velocities measured immediately downstream of radiator
core to determine required SCFM for heat removal at various
temperatures. All air velocities (converted to flows) obtained
during FCS diesel tests were measured at the closest convenient
point downstream of the radiator core. Due to flow restrictions
present in system, the actual core face velocities would not be
uniform, but the overall radiator capability would not be
significantly degraded.

5.6 At elevated ambient temperatures (>95°F), it is assumed that inlet
air to the radiator fan is the same temperature as outdoor ambient.
This assumption based on test data taken 7/17/90, per Reference
4.11, Attachment 8.11, page 9 and 10 of 15.

5.7 Instrument uncertainties from past data collection will be utilized
in the turbo charger inlet air and JW analyses and heat-up rate
projections and are considered conservative. See Reference 4.3 and
4.8.

6.0 ANALYSIS

This analysis will estabiish the temperature 1limits at which the
engine/generator can operate the worst case safety-related loads in response
to a Design Basis Accident with a loss of offsite power. To accomplish
this, accident loading will be compared to elevated ambient air temperature
engine performance determined by analysis of the expected DG cooling system
performance and tesi data to project DG room temperature rise above outside
ambient air. The analysis also demonstrates that the static exciter and
generator can operate at the analyzed higher temperatures.
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The analysis is organized to:

6.1

6.1.1

6.1.1.1

1. Determine the Worst Case accident load and peak load on the
diese] generator.

2. Define the Test Data Reduction Criteria for use in the
analysis.

3. Define the Engine/Generator Power Qutput criteria.
4. Define the engine, exciter and Generator Derating Methodology.

5. Define Test Data Instrument uncertainty for use in this
analysis.

6. Perform an Engine Derating Analysis and establish Operating
Temperature Limits based on Jacket Water and Turbocharger
inlet air temperature.

7. Establish Operating Temperature limits for Generator and
exciter.

8. Determine margin for additional loads.

Wor n Profil

The Fort Calhoun Station is required to have sufficient onsite
electrical generation capacity to safely shutdown the reactor and
maintain it in a safe shutdown condition under all Design Basis
Events (DBE) which could result in a loss of offsite power or
require the assumption of a loss of offsite powcr (except station
blackout). In addition, single failure criteria must be met. The
following discussions review the expected electrical/DG system
requirements under specific DBEs to define the worst case load and
load profile.

Worst Case Load

A process of elimination is used to determine the worst case load
by looking at the equipment required to respond to a DBE. This is
discussed below. '

Reactor Trip and Coincident Loss of Offsite Power

A reactor trip and coincident loss of offsite power where the
Reactor Coolant System (RCS) and the Steam Generator secondary
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system remain intact require a minimal amount of equipment for safe
shutdown. The basic systems required are raw water, component
cooling water, auxiliary feedwater, charging, containment cooling,
and low pressure safety injection (shutdown conling). In addition
the operators would be expected to have the instrument air system
in operation.

Uncontrolled Heat Extraction

The most limiting Uncontrolled Heat Extraction case would be a main
steam line break in containment which would require automatic
initiation of Engineered Safety Features. In this case the Raw
Water (RW), Component Cooling (CCW), Charging (CH), Auxiliary
Feedwater (AFW) sequential start of FW-6, Containment Filtering and
Cooling (VA) Containment Spray (CS), High Pressure Safety Injection
(HPSI), and Low Pressure Safety Injection (LPSI) systems will be
automatically aligned and sequentially loaded on the diesel
generator. The initial loading is expected to be near', the same
as a large break LOCA, however, once the RCS inventr y has been
restored, the HPSI and LPSI pumps will operate on minimum
recirculation resulting in a reduced load to the diesel generators.

LOCA

The ESF response to a LOCA automatically aligns and loads the ESF
and auxiliary systems on the diesel generator. In the small break
LOCA case, the LPSI pumps are expected to be on minimum
recirculation and not running at full load. In the case of a tube
rupture, containment spray is not required resulting in a smaller
load on the diesel generator. In the large break LOCA scenario,
the LPSI and HPSI pumps are expected to run at full flow until the
SIRW Tank is emptied. This represents the largest load for the
longest time. The large break LOCA loads will be used in all
further discussions.

Peak n Profil

The expected load is based on a large break LOCA for DG-1 2551 KW
and for DG-2 is 2421 KW (calculation #FC03382 Rev. 3, Attachment
8.1). The peak loads are expected to occur after the final loads
havedautomatically sequenced on the diesel and accelerated to full
speed.

Wor il
The large break LOCA load profile is based on loads which either

reduce over time as a result of accident mitigation or receive
automatic trip signals some time into the event.
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Load Reduction Due to Containment Depressurization

Load reduction over time occurs on the containment filtering and
coolin? fans (VA-7C, VA-7D, VA-3A and VA-3B). These fans are
initially loaded to 100% power when the containment air/steam
mixture is near 60 PSIG. As the steam in containment is condensed
by the containment spray system and containment filtering and
cooling units, the containment atmospheric density is reduced
causing the fans to unload.

Automatic Trip

The LPSI pumps meet the automatic trip criteria (no operator action
required). These pumps are tripped on RAS at which minimum safety
injec;ion occurs at approximately 3740 seconds (USAR Section
6.2.5).

Load Profile

The load profile is graphed in Attachment 8.8 for each diesel.
This load profile is based on the large break LOCA, as defined in
Calculation FC03382 Rev. 3, Attachment 8.1 (Figure 1 and 2).

I ti

Due to the room specific configuration for each engine, testing was
used to establish the relation between outdoor ambient air and the
room air temperature dependant functions of the diesel generators,
e.g., turbo charger iniet air temperature.

The test data from Rev. 0 of this analysis (used in this analysis
(See References 4.4 - 4.7)) was compiled using a thermocouple
datalogger. The test data used in this analysis concerning the
exciters was obtained in the test procedures of MR-FC-90-073
discussed in the next section. The critical parameters used in
this analysis are outside ambient air temperature, combustion inlet
air temperature (turbocharger intake air temperature), generator
inlet temperature and jacket water temperature. The analysis is
based on the following:

a. Thermocouple average temperature for ambient air temperature.

b. Thermocouple average temperature for turbocharger inlet
temperature.

c. Thermocouple for generator inlet air temperature.

Data reduction was accomplished in two steps. First, it was
determined that the data required could be compiled at 15 minute
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intervals versus the datalogger 5 minute interval printout. This
was done due to the relatively slow rate of change of the observed
temperatures. Second, averages were taken at each time interval
where more than one thermocouple was used to measure the same
temperature area.

The test data used for the exciter temperature discussion is based
on MR-FC-90-073 and was obtained with RTD temperature detectors
with £ 1°F accuracy. The following temperatures were measured:

a. Average of 3 center mounted exciter cabinet RTDs.

b. Single hand-held RTD temperature detector for room ambient
temperature.

C. Weather tower or the hand-held probe was used for outdoor
ambient temperatures.

in nerator Pow riteri
Engine Capability

The deration of engine capability limit based on temperature is to
ensure that the ESF Toads do not result in unacceptable engine wear
and potential decreased reliability of the engine. This is
interpreted as the engine 2000 Hr/Yr capability rating. To
quantify the engine reliability, Electro-Motive Division, General
Motors Corporation (EMD) has established output ratings for its
engines based on potential engine degradation over a specified
period of time. The time intervals specified are 30 minutes, 4
hours, and 2000 hours. The time ratings rrovide a measure of
stress on the engine. Operation at the 30 minutes and 4 hour
ratings should be minimized, however, the engines are expected to
provide reliable performance even with brief excursions into the
30 minute and four hour rating range. EMD has developed these
ratings based on detailed knowledge of the temperature related
engine stress caused by operation at elevated loads, and operating
experience with the engines (refer to Attachment 8.7). Following
an engine run that exceeds one of the interval ratings it should
be inspected for abnormal wear and refurbished if required to
achieve the highest possible reliability for future use.

The 2000 hour rating is & guide to schedule maintenance frequency.
Operation at the 2000 hour rating for 2000 hours would indicate
that an inspection be performed at the end of the run.

The acceptance criterion is based on the 2000 hour rating, the goal
bein? not to exceed this rating which is consistent with Technical
Specification 3.7.

| A
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The published engine ratings are based on turbo charger intake

temperatures of 90°F. For intake temperatures above 90°F, EMD has
provided de-rating curves (Attachment B8.2). These are straight
line curves showing intake air temperatures versus percent of full
load rating. The curve used is based on jacket water outlet
temperature (JWOT) of either 190°F or less, or 200°F to 210°F. For
the purposes of this analysis where test data shows JWOT above
190°F, the 200°F to 210°F curve will be used.

When jacket water outlet temperature and turbocharger inlet
temperatures are known while the engine is heating up during the
initial stages of operation, a time versus engine/generator output
limit can be plotted for the 2000 hour engine rating. Past test
data (used in Rev. 0 of this analysis) gathered during the initia)
stages of engine operation allow a heat-up rate to be determined.
From this, jacket water temperatures vs. time can be predicted for
other outdoor ambient temperature.

In the highly unlikely event that a large break LOCA were to occur
shortly after the engine has completed its monthly surveillance,
the 30 minute rating curve would be applied to the initial LOCA
loads in excess of the 2000 hour rating. This would assure
operation of the ESF loads based on EMD's expectations for engine
performance.

Derating Methodology
Engine Derating

The limiting parameters for engine/generator power output (in
kilowatts) are jacket water temperature and turbo charger air inlet
temperature. The jacket water outlet temperature (JWOT) determines
what turbocharger air intake temperature de-rating curve is
applicable. The percent of standard rating versus elevated inlet
temperature curves (based on jacket water temperatures) are shown
in Attachment 8.2. The graph shows two deratings, the upper right
curve is based on a JWOT of 190°F, the lower curve on a JWOT in the
range of 200°F to 210°F. In this analysis, engine/generator power
output is based on the 190°F curve when JWOT is 190°F or less, and
the curve of 200°F to 210°F when JWOT is above 190°F. For purposes
of this analysis, 208°F will be used as the maximum JWOT, based on
cylinder head life (refer to Attachment 8.2).

Generator and Exciter Derating
The temperature 1imit for the generator is determined by taking the

known upper limit of the generator and reducing it by the rise
between ambient outside and the generator inlet temperature.

A
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Instrument uncertainty will be included in a conservative manner.
Modification MR-FC-90-073 installed cooling in the exciter housing.

The testing done by ihe modification will be analyzed to determine
the adequacy of the newly installed A/C units (VA-759A, VA-7598B)
at outdoor ambient temperatures of 110°F.

Instrument Uncertainty

This section discusses the expected uncertainties of the
instrumentation used to measure the critical parameters of ambient
air into the diesel generator rooms, turbocharger inlet
temperatures, generator a'» cooling temperatures, and exciter
cabinet air temperatures.

Outside Ambient Air Temperature Test Data Uncertainty

Ambient Air entering the room was measured using 6 thermocouples
mounted at the room air intake and recorded on a data logger (this
information was not used for the exciter discussion in this
revision). Each of these type J thermocouples has an uncertainty
of 2.2°C or 3.96°F. The data logger has a .72°F uncertainty,
however, post calibration testing indicated an uncertainty of
.22°F. Using the square root of the sum of the squares method, the
loop uncertainty for each thermocouple is = 3.97°F.

The use of six thermocouples to measure the ambient air temperature
will result in a more accurate reading. Using the error analysis
method for multiple inputs of equal uncertainty as defined in
Chapter 5 of "Data Reduction and Error Analysis for the Physical
sciences", reference 4.3, the overall uncertainty of the average
temperature is reduced to the individual loop uncertainty divided
by the square root of the total number of channels. For the
ambient air case, the uncertainty would be = 3.97°F/V6 = = 1.62°F.
The actual outdoor ambient air temperature will be the average
reading minus 1.62°F, which is conservative. The outdoor ambient
air temperature calculated in this manner is conservative because
this temperature is used to calculate delta Ts between the outdoor
ambient and other temperatures greater than ambient (jacket water
outlet, turbo intake air, and generator intake air temperatures)
which produces larger delta Ts. A larger delta T will give a
larger temperature rise above ambient for the system being analyzed
yielding a conservatively lower upper temperature limit for that
system.

| A
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Turbocharger Intake Air Temperature Uncertainty

The turbocharger intake air (combustion air) temperature
uncertainty was determined using the same method and equipment as
the outside ambient air temperature. In the case of the
turbocharger air intake, nine thermocouples were used. The
expected uncertainty is = 3.97°F//9 = 2 1.32°F. For the purposes
of engine derating due to turbocharger intake temperature, any
temperature rise of the turbocharger intake over ambient will be
increased by 1.32°F, resulting in a conservative derating.

Exciter Cabinet Internal Air Temperature Uncertainty

MR-FC-90-073 installed air conditioning units on each exciter
panel. Testing was performed by the modification to determine the
effects of a failed A/C unit on the ambient temperature limits of
the exciters. The test used 9 platinum RTDs which were mounted
inside the exciter cabinet and connected to a datalogger. The
above measuring devices have a * 1°F uncertainty for each RTD.
Only the center 3 RTDs will be used for determining the enclosure
temperature with the door open because these are located in the
area of the most heat sensitive components. This provides an
uncertainty of + 1°F/V3 = 0.58°F,

Generator Cooling Air Inlet Temperature Uncertainty

The generator cooling air inlet temperature was me.sured using one
thermocouple and the same datalogger as outside ambient air. The
expected uncertainty is = 3.97°F. The 3.97°F uncertainty will be
subtracted from the upper generator operating temperature limit,
which is a conservative application.

Weather Tower Outside Ambient Temperature Uncertainty

The weather tower 10 meter air temperature can be used to determine
the margin available to manually load additional equipment on the
diese] jenerators. ES-87-12, Weather Tower Instrument Uncertainty
Calculation FC01381 (Input 3.6), established a temperature
uncertainty for the ERF computer rcadout of * .71°F. This
uncertainty is not considered significant, the reading alone
without correction can be applied. Data taken during the 6/25/90
testing confirms the adequacy of the weather tower as shown below:

Time Jower Thermocouples Qg]%g T
14:38 87°F 86°F 1°r
15:30 90°F 89°F 1°F
17:40 B9°F 88°F °F
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Basic Engine Limit and Rating Calculation Including Uncertainty
with a Jacket Water Qutlet Temperature Based Operating Limit

The basis for the foliowing equations is that the limits of concern
vary linearly with outside ambient temperature.

A. DG-1 Turbo Derating Temp. = DG-1 Operating Limit + ((T,, +
1.32) = (T - 1.62?)

B. DG-2 Turbo Derating Temp. = DG-2 Operating Limit + ((T, +
1.32) = (Ty, - 1.62?)

C. Generator Qutdoor Ambient Temperature Limit DG-1 = Ty - ((T,
+ 3.97) - (T, -1.62))

D. Generator Qutdoor Ambient Temperature Limit DG-2 = Ty - ((T,
+3.97) - (Ty =1.62))

E. Exciter Outdoor Ambient Temperature Limit DG-1 = Ty = (Tp, +
0.58 - Tp) (Door open, A/C off)

F. Exciter Qutdoor Ambient Temperature Limi% DG-2 = Ty = (T, +
0.58 - Tug) (Door open, A/C off)

A1l variables are in °F.

Ty - outside ambient air measured during the test

Ty; - turbocharger inlet temperature measured during the test
Te, = exciter temperature limit (maximum rated temperature)

Tpe - €xciter temperature measured in the testing of MR-FC-90-073
Toug - Outside ambient temperature measured in the testing of

MR-FC-90-073
Te = generator temperature limit (maximum rated temperature)
Tg; - generator inlet temperature measured in the test

ngin ratin 1ys 1

DG-1 Ambient Air Temperature Limit Based on Jacket Water Cooling
System Improvements

As a result of temperature limitations on the diesel generators
imposed in 1990, steps were taken during the first quarter of 1991
to improve the heat removal capabilities of the diesel generator
radiators. Access doors installed in the exhaust duct above the
radiator core allowed for steam cleaning and maintenance of the
radiator cooling fins. Post maintenance testing confirmed a
significant improvement in air flow across/the radiator cores. See
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Table 1, Attachment 8.9d and Attachments 8.11 through 8.14 for
actual before/after air flow data.

According to literature (documented in EA-90-062 Rev. 1 and EA-90-
091 Rev. 0) received from MK Power Systems, OPPD's representative
for EMD stationary diesel generating units, a net horsepower
savings of 180 bhp can be assumed if the Ethylene Glycol engine
coolant is replaced by treated water. This can be converted to an
additional 130 K\ to be applied to offset the diesel generator
deration curve. The addition of 130 KW to the rated capacity of
2654 yields 2784 KW available. The diesels will satisfy the post-
LOCA loads if this 2784 KW power available is applied to the 2000
hr. deration curve.

The combined benefits of a “near new" cleaned condition of the
radiator in conjunction with efficiency savings associated with
changing coolant from Ethylene Glycol to treated water result in
higher output capacity such that the temperature limit could be
raised. Limiting JW temperature per MFG, is 208°F., Test results
shown on Attachment 8.8 show that with ambient temperature of 110°F

the JW temperature is expected to be 208°F, after 20 minutes 28 ~wee

Therefore: FAFTomE ot 1o Tiae!  AFTEe 4 Coid

SlrRT,

- rating Limit = °F
Based on JW temperature

See Attachment 8.8 for expected engine/generator performance at
llo;F and Attachments 8.9 and 8.10 (Attachment A) for supporting
analysis.

Derating Description of DG-1 Based on Test for Turbo Charger Inlet
Temperature and Revised DG-1 Capacity Rating

The test data on DG-1 taken on 6/25/90 was used to determine room
specific temperatures. The test was conducted using water as the
engine coolant. Readings were taken every five minutes from
thermocouples and every 10 minutes of the engine jacket water
outlet panel temperature indicator. For this analysis, turbo-
charger inlet air temperatures, at 10 minute intervals, were used
to establish a correlation to outside ambient temperatures as well
as to derive a heat-up rate profile for use in projecting
turbocharger inlet temperatures at an outdoor ambient temperature
of 110°F. From these projected inlet temperatures, deration
factors (from Attachment 8.2) were applied to gross available
output power and compared to ESF power requirements as shown in
?ttachment 8.8. Operation at 110°F was considered an acceptable
imit.

Y
|

A
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DG-1 Derating Based on a Hot Engine

There is expected to be a period of some three hours per month when
DG-1 would be at elevated temperatures after a monthly surveillance
test. In the event of a LOCA under these conditions, the engine
would still be expected to perform its safety function, based on
the 30 minute capability rating.

-2 Engin ratin 1ys i

DG-2 Ambient Air Temperature Limit Based on Jacket Water Cooling
System Improvements

See discussion in Section 6.9.1.

- rati imit = oF
Based on JW temperature

See attachment 8.8 for expected engine/generator performance at
110°F and Attachments 8.9 and 8.10 (Attachment A) for supporting
analysis.

Derating Description of DG-2 Based on Test for Turbo Charger Inlet
Temperature and Revised DG-2 Capacity Rating

DG-2 was tested on 7/16/90 and 7/17/90 to determine room specific
temperatures. The test on 7/16/90 was conducted using ethylene-
glycol as the engine coolant and the test on 7/17/90 used water as
the engine coolant. Readings were taken every five minutes of the
thermocouples and every 15 minutes of the engine JWO panel
temperature indicator for the test on 7/16/90 and every 10 minutes
of the engine JWO panel temperature indicator for the test on
7/17/90. For this analysis, turbo-charger inlet air temperatures
from the 7/17/90 test, taken every 10 minutes, were used to
establish a correlation to outside ambient temperatures as well as
to derive a heat-up rate profile for use in projecting turbocharger
inlet temperatures at an outdoor ambient temperature of 110°F.
From these projected inlet temperatures, deration factors (from
Attachment 8.2) were applied to gross available output power and
compared to ESF power requirements as shown in Attachment B8.8.
Operation at 110°F was considered an acceptable limit.

DG-2 Derating Based on a Hot Engine

There is expected to be a period of some three hours per month when
DG-2 would be at elevated temperatures after a monthly surveillance
test. In the event of a LOCA under these conditions, the engine
would still be expected to perform its safety function, based on
the 30 minute rating.

&
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DG-1 and DG-2 Generator Temgerature Limits
Generator Peaking Duty Temperature Rating

The generators' upper temperature limits can be derived from the
nameplate data of the generators which specify the rotor and stator
insulation temperature rise limits. See Attachment 8.3 and the EMD
Generator Characteristic Data, Attachment 8.4. The peaking stator
rise limit rating is 105°C and the rotor rise limit is 70°C ahcve
40°C (a common design numberz. From the generator data sheet, the
load based rise at 2500 KW (which represents the peak DG loading
by OPPD) is 56°C for the stator and 50°C for the rotor above 40°C.
The rotor is limiting which equates to a limit of 60°C maximum
temperature (40°C ambient, plus a 20°C margin in the rotor between
the 706°C limit and the 50°C load induced temperature rise).

The operating temperature limits would be 60°C (140°F) minus the
room inlet to the generator inlet temperature rise and correcting
for uncertainty as shown in Equation 6.8 C and D. Attachments 8.19
through 8.22 provide plots of the generator inlet temperature rise.
Using the data in Attachment 8.22-1 to determine generator air
inlet temperature rise, a limit of 120°F can be calculated for DG-1
(140 - ((102.6 + 3.97) - (88.8 - 1.62))). Using the data from
Attachment 8.21-1 to determine generator inlet air temperature
rise, a 1imit of 114°F can be calculated for DG-2 (140 - ((110 +
3.97) - (90 - 1.62))).

Please note that when using the data, or graphs in Attachments 8.19
through 8.21 the data taken when the room fan is off should be
used, since fans VA-52A and VA-52B are not to be in operation,

This judgement is supported by the ratings of the Class H insulated
stator and Class F insulated rotor. Looking at motor insulation
ratings (which can provide information on the insulation systems),
Class F insulation is capable of 105°C rise above a 40°C ambient
and Class H insulation is capable of 125°C rise above a 40°C
ambient. Refer to the tables in Attachment 8.5 taken from the
"Standard Handbook for Electrical Engineers”.

iter T rature Limit

Each Emergency Diesel Generator (EDG) receives field excitation via
a General Electric Model 357930SA212A11 Static Exciter. These
exciters were part of the original EDG installation and are
approximately 20 years old. G.E. (Letter dated July 20, 1990,
Attachment 8.6) has stated that the open exciter panel will have
no problem operating at 50°C (122°F).

| A
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Exciter Limit with Left Door Open, Air Conditioner Off

Modification MR-FC-90-073 instalied an air conditioning unit on
each diesel generator exciter cabinet to provide cooling for the
components inside the cabinet. The temperature ratings for this
configuration will be analyzed and discussed later. This section
will develop temperature limits for each exciter with the A/C unit
off and the left door open.

Exciter Test Data

EDG test data obtained in MR-FC-90-073 will be used to develop
exciter ambient temperature limits with the A/C unit off and the
left door open. This will establish a set of limits for the
exciter if the A/C units were to fail.

Testing Procedure T-1 for DG-1 from MR-FC-90-073 (5/30/91)

This test ran the diesel at approximately 2500 KW throughout the
test. RTDs (9) were mounted inside the exciter cabinet to measure
the internal cabinet temperature. The average of the center 3
temperatures will be used as the ambient air temperature which will
be used to calculate the delta T between outside ambient and
cabinet temperature. Attachment 8.15 shows that at 15:46:05 the
cabinet temperature stabilized with the left door open and the A/C
unit (VA-759A) off. The average of the 3 center cabinet readings
is:

Tave = 99.9 + 100.1 + 100.2 = 100.1°F
3

The outside ambient temperature at this time was 80°F (T3 from page
9 of T-1 from MR-FC-90-073 is the weather tower thermistorg
Therefore, the delta T between the outside ambient and the cabinet
temperature is calculated with instrument uncertainty as follows
(refer to equation € from Section 6.8):

AT = Tug + L5F - Tug = 100.1 + .58 - 80 = 20.68°F

The outdoor ambient could reach 101°F (122°F - 20.68°F) and the
exciter would still be expected to function with no A/C and the
left door open.

Testing Procedure T-2 for DG-2 from MR-FC-90-073 (5/15/91)

This test was performed identical to the test for DG-1. Attachment
8.16 shows that at 14:57:27 the exciter cabinet temperature




6.12.3

6.12.3.1

EA-FC-90-062
Rev. 2

Page No. 27
oS, .

stabilized with the left door open and the A/C unit (VA-7598) off. |
The average of the 3 center cabinet readings is:

Tave = 91.3 + Q%fQ + 93.6 = 92.3°F

The outside ambient temperature at this time was 76.9°F which was
measured using MT-00014 which was post-mod tested at bet‘er than
t 1°F uncertainty (per Attachment 8.17) and therefore will be used
with no uncertainty. The delita T between the outside ambient and
the cabinet temperature is calculated with instrument uncertainty
for the cabinet temperature as follows (refer to equation F from
Section 6.8):

AT = Tag + L°F - Tug = 92.3°F + .58 - 76.9°F = 16°F

The outdoor ambient could reach 106°F (122°F - 16°F) and the
exciter would still be expected to function with no A/C and the
left door open.

Exciter Test Data (A/C On, Door Closed)

This section will demonstrate that the VA-759A and VA-759B exciter
air conditioners will maintain the internal exciter cabinet air
temperature below the 122°F limit.

The exciter A/C unit on each diese] generator was tested by MR-FC-
90-073. The testing obtained A/C duty cycles at known temperature
differentials (between cabinet interior and exterior).

DG-1 Exciter A/C Test

The diesel generator was run at approximately 2520 KW for 1 hour
with the A/C unit (VA-759A) cooling the exciter cabinet. At the
beginning of the test, the A/C unit duty cycle was approximately
56% while removing primarily the heat generated internal to the
exciter cabinet. The average internal cabinet temperature averaged
around B0°F. The room ambient temperature rose from 81°F to 100°F
within 1 hour. At the end of this part of the test, the A/C unit
duty cycle increased to approximately 64% to maintain a 20°F delta
T between the room ambient and the internal cabinet temperature.

Predicting the A/C unit duty cycle at 110°F outside ambient is
accomplished as follows:

For a 20°F increase in delta T between internal cabinet and room
ambient, the A/C unit duty cycle increased 8% based on a 100% duty
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cycle. Therefore, there is a 8%/20°F = 0.40 percent increase in
duty cycle per °F increase in delta T between room ambient and
internal cabinet air temperature. At the time of the test, the
outdoor ambient temperature will be assumed to be 74°F which is*®
conservative (actual temperature went from 74°F to 78°F during the
test). An outside ambient of 110°F is an increase of 36°F over
74°F. At 0.40% per °F this gives a 14.4% increase in duty cycle
which when added to 64% duty cycle gives a duty cycle of
approximately 78%. The above does not account for the increased
A/C unit efficiency from approximately 70% to 92% at higher
operating temperatures as discussed in Attachment 8.18. Since the
above discussion is based on maintaining the cabinet internal
temperature at 80°F with a 110°F outdoor ambient at a 78% duty
cycle at reduced efficiency, it is judged that there is enough
margin to assure an internal cabinet temperature of less than the
required 122°F upper limit with an outdoor ambient of 110°F.

DG-2 Exciter A/C Test

The analysis for the A/C unit (VA-759B) for DG-2 will be discussed
different from that of DG-1 since the room ambient at the start of
the A/C unit test was approximately 7°F higher than the internal
cabinet temperature. The A/C unit test ran for about 1 hour with
the A/C unit cooling the exciter cabinet at a diesel generator load
of 2540 KW. At the end of the test the A/C unit duty cycle was
approximately 50%. The average internal cabinet temperature was
80°F and the room ambient was 89°F. Therefore, the A/C unit
maintained a 9°F differential between the room ambient and the
internal cabinet temperature with a 50% duty cycle. From
Attachment 8.18, the A/C unit efficiency was approximately 60%.
Therefore, it is judged that the A/C unit would be able to maintain
a 9°F differential or better between room ambient and the cabinet
internal temperature due to the available margin in the A/C unit
by the increase in duty cycle and efficiency as temperatures rise.
From Revision 1 of this analysis, it was found that there was a
17°F delta T between the outdoor ambient and the room temperature.
Therefore, the room ambient could reach 127°F with a 110°F outdoor
ambient temperature.

It is judged that the A/C unit would be able to maintain an
enclosure temperature of less than 122°F at an outdoor ambient of
110°F.
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REV. 3

7.0 RESULTS AND CONCLUSIONS

7.1

7.2

Results $
Generator  Room
Engine/Radiator Exciter Max. Qut. Temperature
Max. Out. Cooling Max. Out. Ambient Based On
Amb. Limit Liguid Amb. Limit Limit Fan Sta
DG-1 110°F Water 101°F No A/C 120°F VA-52A off
Door Open
110°F A/C On
Door Closed
DG-2 110°F Water 106°F No A/C 114°F VA-52B off
Doer Open
110°F A/C On
Door Closed
Conclusions

Based on the results of this analysis, the maximum outdoor ambient
air temperature for each diesel generator to carry the loads as
stated in the purpose are as follows:

Maximum Outdoor Ambient Temperature

DG-1 110°F
DG-2 110°F

These limits are based on the diesel generator's anticipated
Jjacket water outlet and turbocharger air intake temperatures based
on test data, and therefore are the limiting parameters. These
temperatures allow each diesel generator to operate within its
2000 hour rating for the LOCA analyzed here. Additionally, the
generator and exciter cabinet (with A/C running) are not expected
to see temperatures which would exceed their limits at an outdoor
ambient temperature of 110°F. The VA-52A and B fans shall be
“OFF" when the respective diesel is run,

Through the course of the accident (LOCA) the diesel generator
will unload such that the load will always be below the 2000 hour
ratingogf the engine. The KW margin between the actual load and
the 2 hour rating is available for addition equipment starts,
for the large break LOCA analyzed here. Actual margin is
dependant on the pump loads and ambient air temperature.

The conclusions of this EA have been superseded by calculation FC5916 Rev 3. Some of the I
information provided in this EA were used as input for the new calculation.

A
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Attachment Description

A Calc. No. FC03382 Rev. 3, Diesel Generator LOCA Loads

a. Derating Curves For EMD Diesels

b. Letter From Ted Fryar of M-K to Randy Mueller, Dated
2/21/80

Diesel Generator Nameplate Data

EMD Specification Sheet for the Generator

Tables From The "Standard Handbook For Electrical

Engineers"

G. E. Letter, Dated 7/20/90

Letter From GM-EMD and R. F. Mehaffey, Dated 8/16/90

a. Data Sheets, Projected Performance and Deratings at

110°F Ambient, DG-1 and DG-2

b. Revised Diese]l Generator Available KW/Required KW
vs. Time Plots Utilizing Calc. FC03382, Rev. 3, DG-1
and DG-2

. Young Radiator Company Radiator Performance Analysis

Telecon Between M-K Power Systems and D. G. Borcyk,

Dated 4/19/91

c. Calculated Heat Inputs to Engine Coolant

d. Delivered Air vs. Required Air Analysis

e oo

0o 0o 0o oo
oo~ v W

oo

8.10 Letter from R. L. Phelps to R. L. Jaworski and T. L.
Patterson, Dated 5/31/91

8.11 DG-1 Testing - Airflows Before Steam Cleaning, 3/8/91

8.12 DG-1 Testing - Airflows After Steam Cleaning, 3/14/91

8.13 DG-2 Testing - Airflows Before Steam Cleaning, 2/27/91

8.14 DG-2 Testing - Airflows After Steam Cleaning, 3/25/91

8.15 DG-1 Datalogger Points at 15:46:05

8.16 DG-2 Datalogger Points at 14:57:27

8.17 Telecon with Ken Beach

8.18 A/C Efficiency Data

8.19 Graph or Air Temperatures for DG-1 on 6/26/90 (2 pages)

8.20 Graph of Air Temperatures for DG-2 on 7/16/90 (2 pages)

8.21 Graph of Air Temperatures for DG-2 on 7/17/90 (2 pages)

8.22 Graph of Air Temperatures for DG-1 on 6/25/90 (2 pages)
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Reviewer's Checklist-Calculations
FCP338L v 3

YES NO NA
Is Calculation Cover Sheet attached and V/,/
completed, as required,to the calculation?
Qs Is the calculation objective stated? Was s
this achieved? P
3. Are inputs correctly selected and incor-
porated into the analysis? V
4. Have inputs and/or assumptions which require
confirmation at a later data, been identified
on the Calculation Cover Sheet and in the Ve
calculatien body?
8 Are the applicable codes, standards,
regulatery requirements, and other references
including issue and addenda identified such y,/
that they are traceable to source document?
6. Was an approp-iate calculation iethod used? v,
Was the basic theory appropriate?
s, Have assumptions been noted and justified? L
8. Are the calculations free of arithmetic
errors? v
9. Is the calculation consistent with the »
design basis requirements?
10.  Is the conclusion stated? °//
i1. Is the calculation legible and suitable for
microfiiming? i
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12. Are all blocks on the Calculation Cover
Sheet addressed correctly? L
o

13. Have Forms PED-QP-3.2, 3, 4 and 5 been used
and correctly completed?

14, If the calculation has been prepared to
supersede another calculation, has all the
valid information been transferred in the
new calculation? e

REVIEWER COMMENTS:

4‘7{&»&/ , B/ /91

Reviewer Date

PED-QP-3.37

Nase 1




_edam®

en-90-062 PRIEV.3 . .

Caic Preparation, Review and Approval
PED-QP-3,7 Page 1 of 1
Independent Reviewer's Checklist - Calculations

2

CALCULATION NUMBER
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10.

Are the calculation methods accurate
and appropriate?

Are input data sufficiently detailed?
Are the calculetion assumptions reasonable?

Has the basis for engineering judgement
bccnfincluded in the calculation, when
used

Is the calculation documented sufficiently
such that the analysis is understandable to
someone competent in the discipline
without recourse to the Preparer?

Have the design interface requirements
been satisfied?

Are the results reasonable and do they
resolve the calculation objective?

If an alternate calculation was used to
verify the adequacy of the analysis, is it
attached to the calculation?

If qualification testin? was used to verify
the adequacy of the analysis, has it been
documented using a retrievable source, or
attached to the calculation?

Are calculations involving Technical
Specification values and associated margins
of safety identified?
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PRODUCTION ENGINEERING DIVISION FCo03ae2

CALCULATION REVISION SHEET
%Eo\f' DESCRIPTION /REASON FOR CHANGE

0 ([ INITIAL ISSUE

Added VA-6JA, VA-63B, VA-64A, VA-64B, and deleted VA-63 per MR-FC=87-20

H- H-1B, CH-1C: Changed load from 62.
6.4.1 of EA-FC-90-76.

EE-45; Changed load from AQ0EW _to OKW due +o Inver+ar ﬂlw

powered from the battery charger which is alreadv assumed at full load |
w‘ ' u’ :ln
A-S0A: __changed load from 4.36KW to OKW. rap is.manually started cons |

hvdroﬂn-mumuﬂ_:ﬂummm_ugml {
Added assumption 10

-Added References 12,13, &14

CONCLUSIONS: Changed KW loading values to reflect latest loading info.
due to MR-FC-90-53.

KW load of SI-3A from 235.6 KW to 258.7 KW to reflect the 319
bhp requirement of the pump and USing J<%¢ as o ciency 1nsce

the previous 958%.

Changed KW load of SI-3C from 240.6 KW to 243.3 KW and SI-3B from 235.6
KW to 243.3 KW to retflect an erricien - ~ Py
tJh.l!:L.Jh,

Added section 3.0 to discuss SI-3A.

Added Attachments A & B.

Leleted Rev. 0 pages which were attached to Rev. 1.

Deleted Assumption #7 which assumed CH-lA, B & C to run full load.

Added formula to determined KVAR.

Added tables for DG-1 & 2 Power Factor Calculation,

Added Load Calculations for pumps; SI-1A & B, SI-2A,B & C, SI-3A, B & C, CHlA, B & c,

AC-3A, B & C, AC-10A, B, C & D, VA=3A & B, VA-&C & D and FW-6.

Revised load information to reflect calculation results.

Added pump curves.
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CALCULATION FC03382, REV. 3
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METHODS
ASSUMPTIONS
INPUTS/REFERENCES
CONCLUSIONS
1.0 Load Shed Information for Diesel Generators DG-1 & DG-2
2.0 Expected Containment Fan Loading
3.0 Increased Loading on DG-1 due to SI-3A HP Increase
4.0 Sequential loads Based on Brake Horsepower Requirements
5.0 Unit Substation Transformer Losses Ab
6.0 Diesel Generator load Powerfactor
ATTACHMENTS
A - Long-Term Pressure Response LOCA
B - ABB Letter 0-MPS-079
C - Pump Curves SI-1A/B, SI-2A/B/C, SI-3A/B/C, -
AC-3A/B/C, AC-10A/B/C/D, and FW-6 A
D - Memo PED-FC-1762
E - Westinghouse Certified Test Repots, GO 54X2-9399
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OBJECTIVE

The objective of this calculation is to provide a model of the
expected loading of each of the emergency diesel generators
DG-1 and DG-2 which load in response to a Loss of Coolant
Accident (LOCA) coincident with a loss of offsite power. This
model will begin with the point in time in which the final
sequenced load group has accelerated to full speed and running
at its expected accident load and will end at the point RAS

occurs.
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METHODS
The locad information for equipment dead loaded on the
diesel generators will be calculated and summarized using ZQ&

the ELMS printout and the ELDL data base (See Inputs).
The Load Shed Information Summary will include the load
shed status and electrical load in KW for each item
listed.

The load (in KW) for each motor can be determined by:

P (in KW) = R o 7
¥ efficiency

The load (in KW) for each load given in KVA can be
determined by:

P (in KW) = [load (in KVA)] x [power factor)]

The Load Shed Information Summary for DG-1 includes
4.16KV Bus 1A3 and all 480V Buses fed from 1A3. These
480V Buses are 1B3A, 1B3A-4A, 1B3B, 1B3C and 1B3C-4C.
Also included in the summary is any 480V MCC that is fed
from one of the aforementioned 480V Buses and is not load
shed. These MCC's are MCC-3Al, MCC-3A2, MCC-3B1, MCC-3C1
anJd MCC-3C2.

The Load Shed Information Summary for DG-2 includes
4.16KV Bus 1A4 and all 480V Buses fed from 1A4. These
480V Busns are 1B4A, 1B4B, 1B3B-4B and 1B4C. Also
included in the summary is any 480V MCC that is fed from
one of the aforementioned 480V Buses and is not load
shed. These MCC’'s are MCC--4Al, MCC-4A2, MCC-4B1,
MCC-4B2, MCC-4Cl, MCC-4C3 and MCC-4C4.

Please note that load shed means 4.16KV load shed, 480V
under voltage breaker trip, ESF 480V load shed, OPLS load
shed and those control circuits which drop out as a
result of loss of offsite power and require manual
starting.

The value (in KW) of the load for each device which is
load shed or is sequentially loaded will be placed in the
"LOAD(KW)" column of the Load Shed Information Summary.
Each device which is not load shed needs to be examined
to determine whether it is a continuous or intermittent
load (such as valve cycling).

PED-QP-3.31
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METHODS
The value (in KW) of a continuous load will be placed in
the "LOAD(KW)" column while the value of a intermittent

load will be placed in the "INT LOAD" column of the Load
Shed Infcrmation Summary.

Also included in the summary will be the cycle time (in
seconds) for any applicable valve listed.

Once the Load Shed Information Summary is completed, a
total will be determined for non-load shed continuous
loads, non-locad shed intermittent loads and sequential
loads. As noted in the assumptions, the inte.mittent
loads are not considered part of the total long time
running load on the diesel generators. The total load on
each diesel generator is equal to the sum of the total
not load shed continuous load (dead load) and the total
sequential load.

The expected containment cooling fan load will be
estimated based on 100% load at maximum containment
pressure and 50% load during "normal" condition - no
steam/air atmosphere. It will be limited for the purpose
of this calculation to a minimum long term load of 75% of
motor name plate rating.

Horsepower usecd for the sequential loads are based on the
brake horsepower requirements of the driven pumps.
Operating points are shown on the pump curves included in A\
this calculation.

A separate table has been added to calculate the expected
power factor of the diesel generator load. KVAR is based
on nameplate horsepower rating. KVAR based on nameplate
rating will be used for both 1lightly loaded and
overloaded cases. KVAR will be determined by:

KVAR = KW[ ( 1/pf? ) - 1 13/2

PED-QP-3.31
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ASSUMPTIONS

Non-load shed loads which are used intermittently
are not considered to be part of the total longer
term load on the diesel generators.

Equipment which is wused infrequently, such as
welding receptacles and stress gallery disconnect
switch, are assumed to have no load.

When #%efficiency or power factor information is not
available, a power factor = 0.80 and a $efficiency =
0.95 will be used as typcial values for electrical
equipment.

The diesel generator  model assumes that the
sequenced load group has accelerated to full speed
and is running at expected load.

RAS 1s assumed to occur with minimum safeguard
actuation maintaining the highest diesel loading for
the maximum expected time on each diesel generator.

This model assumes that no manual restart of
equipment such as air compressors, turbine plant
cooling pump, and Auxiliary Building ventilation
fans occurs.

The calculation represents the worst case in that
equipment which could be running (not intermittent)
is running on each safeguard train at the time of
the loss of offsite power and DBA.

For conservatism, the battery chargers are assumed
at full load.

SI-3A, 3B, and 3C motors are assumed at 92%
efficiency since the motor nameplate states full
load amps at 340 amps. When 92% eff and .90% pf are
used to calculate the above SI motor amps, 339.2
amps is obtained as follows: ~

7 = 339.2 amps.

e300 WD X, 746KW/hD
.92eff. x .90 x 1.73 x .46KV

PED-QP-3.32
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ASSUMPTIONS

10. KVAR for an induction motor will not change
significantly from the nameplate value with either a
lightly loaded motor or motor loaded into its
service factor, see reference 16 section 6.4.

11. For the purposes of determining the load losses of
the unit substation transformers it is assumed that
the dead load is egually distributed between the
transformers connected to each diesel generator.
Since the dead load is small when compared to the
sequenced load this assumption little effect on the
results.

12. Certified test reports could not be retrieved for
unit substation transformers T1B-4A and T1B-4C. For
the purposes of determining the transformer losses
the no load and load loss values for these
transformers will be assumed to be equal to the
highest values of the other transformers. This
assumption is reasonable because the variance in
measured losses of the six transformers in the test
report is 1% and the losses of T1B-4A & T1B~4C will
be comparable.
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INPUTS / REFERENCES REF
1. Sargent & Lundy Electrical Load Monitoring System (ELMS) NO.

Printout.

2. Electrical Load Distribution Listing {(ELDL), Vol. 3, 4.16KV
and 480V Buses and MCCs.

3. GHD&R Drawings 11405-E-3, 4.16KV One Line Diagram
11405-E-4, 480V One Line Diagram, Sh. 1
11405-E-5, 480V One Line Diagram, Sh. 2

11405-E~-6, 480V ¥CC One Line Diag., Sh. 1
11405-E-7, 480V MCC One Line Diag., Sh. 2

4. GE Drawings 177B2371, 480V MCCs Elementary Drawings.

5. EEQ Manual, Section 2, Containment LOCA Response Curves.
6. USAR, Figure 14-6-6, Containment Response

7. USAR, Section 6.2.5, Time to RAS

8. USAR, Section 8.4, Emergency Power Sources

9. Stone & Webster Calculation (16472.19), Confirmation of D1
and D2 Loading.

10. EA-FC-90-76: Cable Tray Loading Calc / Justification

11. MR-FC-87-20: Control Room Outside Air Filter Unit
Replacement.

12. USAR, Figure 14.16-2 Long Term Pressure Response Loss of
Coolant Accident Rev. 1 (7/89) (Attachment A to this
calc.).

13. C.E. letter O0-MPS-90-079 from R.W. Bradshaw to R.L. Phelps
dated 10/2/90 (Attachment B to this calc.).

14. Modification Request MR-FC-90-53, Containment Spray Header
Valve (HCV-344) Interlock. i

15. Modification Request MR-FC-84-105, Replacement of
Transformers T1B-3A,3B,3C

16. EPRI Power Plant Electrical Reference Series Volume 6,
Motors, Copyright 1987
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CONCLUSIONS A
Attached are the Load Shed Information Summaries for DG-1 and
DG~2. These summaries note the load shed status for each
device, the load in KW, the intermittent lcad (if
applicable), and the cycle time (in seconds) for appropriate
valves.

To determine the loading on each diesel generator, the total
sequential load and the total non-load shed continuous load
are needed. The total non-load shed intermittent load will
also be found.

Reference the attached Load Shed Information Summary for DG-1
for load information on individual equipment loaded on DG-1.
The load totals for DG-1 are as follows:

Total Non-Load Shed Intermittent Load: 61.3 KW
Total Non-Loac Shed Continuous Load: 302.1 Kw
Total Sequential Load: 2248.9 KW

Therefore, the total load which would be loaded on DG-1 as a
result of LOCA coincident with & loss of offsite power is

302.1 KW + 2248.9 KW = 2551.0 KW

After approximately 2000 seconds into the event, the
ventilation fans VA-3A and VA-7C would be expected to unload
by approximately 25% of rated KW or 73.6 KW and SI-3A will be
at 336.8 hp which is a 17.8 hp increase over the 219 hp (17.8

hp = 14.4 KW for SI-3A). This would reduce the load to
approximately 2549.1 - 73.6 + 14.4 = 2491.8 KW.
At RAS 3740 _ seconds into the event (minimum safety

injection), SI-lA trips reducing the load by 256.1 KW.
SI-3A’s bhp increases to 338.8 hp which is a further 2.0 hp
increase over the 336.8 hp (2.0 hp = 1.6 KW for SI-3A).
These two events reduce the load a further (256.1 - 1.6)KW to

2491.8 - 254.5 = 2237.3 KW.
For the long term loading (based on automatic load reduction

only and no operator action to reduce the load - refer to
OPPD calc. FC05522 for long term loading based on operator
action), SI-3A will be assumed to be at 343 hp (0 psig
containment pressure) for conservatism (refer to Attachments
A & B). Therefore, the load will increase another (343 hp -
338.8 hp) = 4.2 hp which for SI-3A is equal to 3.4 XW. Long
term KW load = 2237.3 + 3.4 .~ 2240.7 KW. This final long
term loading is assumed to occur at 5000 seconds for
———opServatism (Ref. USAR Figure 14.16-2, Attachment A).

|
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EA -90-062REV. 3 ¢
REV-Z ¢ s
Q"\

wcnem (5

ALCULATION PREPARATION, REVIEW AND APPROVAL CALCULATION NO

FORM PED-QP-3.3 FORM Page No.5 of §
A 3350

PRODUCTION ENGINEERING CALCULATION
SUMMARY SHEET ' Rev. No. 2

CONCLUSIONS

Reference the attached Load fhed Information Summary for
DG-2 for load information on individual equipment loaded
on DG-2. The load totals for DG-2 are as follows:

Total Nen-Load Shed Intermittent Load: 208.6 Kw
Total Non-Load Shed Continuous Load: 594.4 KW
Total Sequential Load: 1826.2 KW l

Therefore, the total load which would be loaded on DG-2
as a result of LOCA coincident with a loss of offsite
power is

594.4 KW + 1826.2 KW = 2420.6 KW l

After approximately 2000 seconds into the event, the
ventilation fans VA-3B and VA-7D would be expected to
unlocad by approximately 25% of rated KW or 73.6 KW and
@}dﬁ 2 S8I-3KC & 3B bhp would increase to 325 hp each (total

”;1ﬂ increase of 40.5 KW). These two events reduce the load
further (73.6 KW =~ 40.5 KW) to 2420.6 KW - 33.1 KW =
2387.5 KW.
At RAS 3740 seconds into the event (minimum safety
injection), SI-1B trips, reducing the load a further

256.1 KW to 2131.4 KW.

The calculated power factor for the diesel generators
are:

DG-1 0.87 pf
DG-2 0085 pf

These power factors are larger than the nameplate rating
of .80 at 2500 KW and demonstrate that the LOCA loads are
expected to operate within the generator and exciter
ratings.

Diesel Generator loading has a direct effect on diesel
generator fuel oil consumption, reference FCS Tech Spec.
2.7, and the following calculations should be reviewed
for affects of load changes any time this calculation is

revised.
FC 05293 DG Sequential loading
FC 05522 DG Fuel Consumption
EA-FC-90-062 DG Operating Temperature Limits

PED-QP-3.34
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CALCULATION NO.

ECNIRZRE

1.0 LOAD SHED INFORMATION FOR PIESEL

GENERATORS DG~1 & DG-2

Attached are the Load Shed Information Summaries for Diesel
Generators DG-1 Tﬁnd DG-2. Each summary was developed from
a Knowledgeman database which contained load
information for each electrical device included in the
calculation.

The heading of the printout contains the page number,
title, revision number and revision date. The first three
columns contain the source bus number, breaker number and
device tag number, respectively. The next column shows the
load shed status for each tag. The column will have a
"YES" for load shed loads, a "NO" for not load shed loads
and a "SEQ" for sequentially loads.

The fifth column (LOAD) and the sixth column (INTERMITTENT
LOAD) contain the actual value of the load in Kilowatts
(KW) . If the load is continuous, the value will be located
in the "LOAD" column. If the load is intermittent, the
value will be in "INTERMITTENT LOAD" column. For equipment
which would constitute no load in an emergency situation,
such as welding receptacles, cranes and fuel handling
equipment, both columns will be zero.

The next two columns contain the cycle time (in seconds)
for applicable valves. If the valve fails open, the time
will be in the “OPEN" column. Similarly, if the valve
faile closed, the time will be shown in the "CLOSE"
column. The final two columns contain the related
schematic drawing number and any comments

After all of the equipment records have been printed, the
load totals are printed on the last page. Given are the
total not load shed intermittent load , the total not load

REF.
NO.

REV1
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Page | of ¢ LOAD SHED INFORMATION FOR DIESEL GENERATOR DG-1 fev 3, 03/725/91 S z o F
oS 2o
B BRE ARER 16 LOAD tCap IKTER™MITTENT oY / i SCHEnalic E c E
oGS B s R Ui & SHED  (XW) LOAD (KN)  OPEN  CLOSE DRANING ComeE TS 3 g ,?, =
g2 P2
In3 1A3-10 AC-10C stQ 155 soe 0 000 11465 £ -2« m g ? g
in3 14313 T18-3a L4 9.000 0.000 11405-£-16 z Q w
a2 183-12 Tie-38 %0 3.700 0.000 11405-£-16 a z » q
143 1A3-13 18- " 7300 0.000 11405-£-16 E
1A3 1A3-15 T18-30 YES 225 000 0.000 11405-£-16 § &
143 1A3-16 -6 SEQ 196700 0.000 11405-£-16 g g‘ =
113 1A3-8 c-3C YES  2866.000 0.000 11408-£-17 a z
123 183-6 TIC-3A YES 225 000 0.006 11405-€-16 o - m
183 143-7 SE-1A SEQ  256.100 ©.000 1 "5-g-17 2 o 2 =
143 143-9 AC-10A SEQ  155.800 0 000 11405-€-24 'g 5 i
1834 1834-1 SI-24 SEQ  240.600 0.000 11405-€-142 = g O
1838 183A-2 nee-3a1 we 0 000 0.000 020448668 SH. D2N cz; s
1234 18383 nCT- A2 %0 0.000 0.000 0204A8668 SK. 02P o 5 ;
1834 1834-4 CH-1A SEQ 12.600 0.000 11205-E-143 | Q o o
1838 1.8 neC- 383 Yes 0.500 0.000 11405 45
1824 1834-6 HCC- 384 vES 0.000 0.000 11405--45 8 s o
1838 1834-7 VA-3A SEQ  196.300 0000 11405-E-145 0 no
'183A-4A  1BIA-4A-2 CA-1E YES 124300 0.000 11405-£-143 %h
183448 183A-€A-3 NE-1 ) 0.000 ©.000 D204A8688 SH. DZS  NOT MORMALLY RUNNING ;: X
1B3A-4A  1B3A-4A-4 s1-2¢ SEQ  240.600 0.000 11405-E-142 | Q
1838 1838-1 o-3A YES  98.200 0.000 11408-£-270 -
1838 1838-2 WCC-381 0 0.000 0.000 012484392 SH. 57 i W
1838 1838-4 AC-38 SEQ 217 800 0.609 11405-E-12¢ ' o
103 18305 MeC-382 S ©.000 0 000 1140548 x %
1838 1838-6 NCC-383 YES 6.000 0.000 11405-€-45 2 g
1838 1838-2 VA-171 YES  80.200 0.000 SK-FC-83-04-01 =z
1838 1838-8 Du-48A YES 123 000 0.000 11405-E-58 =) 4
183¢ 183C-1 MCC-3C1 %0 0.900 0.000 012484392 SK. 101
183 183c-2 wee- 362 o o 000 0000 020941555 SH. 172 ]
193¢ 183C-3 Tic-38 ves 0.000 0.000 11405-£-45 | § ;
183¢ 183C-4 118-3¢-1 ) 0.000 0.000 012484392 SH. 110 = E
183C 183C-5 MCC-303 YES 0.000 0.0c0 11405-E-45 Jl ©
183C 183C-6 SI-3A SEQ  258.700 0.000 11405-£-143 used eff. of 924:319hp per fc-90-53 =z E
193¢ 183¢-7 HE-3 ) 0.000 ©.000 012484392 SH. 101  NOT NORMALLY RUNNING g -
23
, S I\]




CA-1A

Fu-8a
MCC-3C4C-)
WCC-3CaC-2
VA-IC

AC-3C

WCy-1103
RC-3C-SPACE -HTR
RC-3C-)

EE-2S
HTRS-BNK] -GRP
WIRS -BMK | -GRP2
HTRS-BNK1 -GRP3
HCV-317
HCY-331
TIB-3A-CLG-FANS
RCV-1385
HCv-314
HCV-2954
wD-14A

Dw-43A

w0- 34

wWD-124

WO-26A

wG-40a

WD-414

WO-27R

WD-54

ND-6

VC-18A

HCV-308
HCY-383-3
1C¥-218-3
LCy-218-2

SEQ

s
S
YES

-

45885533

N
W W Ao

LOAD SHED INFORMATION FOR DIESEL SENERATOR DG-1

LOAD

124 300
103 600
9 000
0.000
100.100
217 800
0.000
4.500
i.4%0
0.000
75.000
75.900
75.000
0.000
0.000
0.7%
0.000
0.000
0.000
13 000
34 300
6.700
0.882
6.700
0.950
0.950
0.85)3
11.000
12.600
0.000
©.000
0.000
0.000
0.000

INTERMITTENT

w0 O 0o o o o

§888888s88838¢8¢

~

20

-

0.953
0.298
1.59¢
0.4%
0.696

MOY / Time
OPER  CLOSE
12
12

15
12
20 20
28
20

2

SCMEMATIC

11405-¢-142
11405-€-45
11405-E-45
11405-£-45
11405-€-145
11405-E-143
11405-E-26 SH. 3
11405-€-32 SH. §
11405-€-32 SH. 3
11405-E-75
11405-E-45
11405-€-45
1i405-£-25
11405-E-29 SK. 3
11405-£-29 su. 2
11603-E-75
11405-£-26
11405-E-29 SK. 3
11405-€-29
11405-E-42
11405-€-45
11405-£-37 sS4, 7
11405-€-37
11405-E-47
1)408-E-37
11405-€-37
11405-£-36
11405-§-47
11408-E-3?
11405-E-30 SH.
11405-E-51 SM.
11405-E-29 SH.
B-23866-414-352
11405-E-51 SH. ¢

2
e

ggesx

3
5
5
4
7
L]
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183C i8-8
1% 1839
193-4C  183C-4C-)
183C-4C  1B3C-4C-2
183C-4C  1B3C-4C-3
193C-4C  §B3C-ac-4
WCC-3A1  MCC-3A1-AO)
MCC-3AD  MCC-3A1-AD3
MCC-3A1  MCC- 3A1-ADK
WCC-JAL  MCC-3A1-AZR
MCC-IAL  MCC-3A1-ROL
WCC-3AL  WCC- 3A1-COL
WCC-3AL  MCC-3A-00)
MCC-3AL  MCC-3A1-EO)
MCC-3A1  MCC-3A1-£02
MCC-3A1  WCC- 3A1-£03
MCC-3A1  WCC- 3104
MCC-3A1  WCC-3A1-F01
WCC-3A1  MCC-3A1-FO2
WCC-3A2  WCC-3A2-A02
WCC-3A2  WCC-3A2-A03
MCC-3AZ  WCC-3A2-801
MCC-3A2  MCC-3A2-802
WCC-3A2  WCC-3A2-803
WCC-242  MCC-32-CO01
WCC-3A2  MCC-3A2-CO2
WCC-3A2  WCC-3A2-C03
MCC-3A2  WCC-3A2-D01
MCC-3A2  WCC-3A2-002
WCC-302  WCC-3A2-003
MCC-3A2  MCC-342-004
WCC-3A2  MCC-3A2-E02
MCC-3A2  MCC-3A2-£03
MCC-3A2  WCC-3A2-E04
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BuUS BREAKER
NBER WUMBE B
MCC- a2 NCC-3A2-FOoa
MCC-3A2  MCC-3A2-FO5
MCC-381  MCC-381-A01
MCC-381  MCC-381-A2L
MCC-381  MCC-381-801
wCC- 381 NCC-381-C0)
MCC- 8 MNCC-381-C03
nCC-381 MCC-381-Co4
WCC-381  MCC-381-C2L
MCC-3B1  MCC-381-DO1
MCC-3B1  MCC-381-D02
MCC-381  MCC-381-D03
MCC-381  MCC-381-D04
MCC-381  MCC-381-£01
MCC-381  MCC-381-E04
MCC-381  MCC-3B)-£0S
MCC-3B)  MCC-3B1-E2L
MCC-381  MCC-381-E2R
WCC-381  MCC-381-E3R
WCC-381  MCC-381-FOI
NCC-381 MCC-381-FO3
MCC-381  WCC-381-FO04
MCC-381  MCC-381-60%
MCC-381  MCC-381-62L
MCC-381  MCC-38B1-62R
MCC-381  MEC-3B1-63L
MCC-381  MCC-381-6R
MCC-381  MCC-381-63R
WCC-381  MCC-381-6AL
MCC-381  MCC-381-54R
MCC-381  MCC-381-HO1
MCC-38B1  MCC-381-HO2
MCC-381  MCC-381-HO3
MCC-381  MCC-381-H04

VA-BIA
AC-5A

WELDIRG RECEPTS
WELDING RECEPTS
HTRS-BRKP] -GRPS
VA-63A

w24

VA-124

EE-8C

VA-45A

vA-q1
RC-3A-SPACE -NTR
RC-3A-1

¥A-46A
TI8-38-CLE-FANS
wD-3A

FH-28

VA-T1A

EE-4n

VA28

KCY-327

HCY- 348

HCY-311

EE-15

ATA-D2

¥A-524

-1

VA-64A

£E-22

ATA-D1
RM-050/051
HCY-150
HCY-2914
HCY-320

L0AD
SHED

YES
YES

YES

32283

.

S

S

ERES38878828

33533378

LOAD SHED INFORMATION FOR DIESEL GEMERATOR DS-1

LOAD  INTERRITIENT MOV / TIME STHEMAT IC
(Kw) LOAD (xw) OPEN  (LOSE DRAW NG
0.009 0.995 02030
33.200 0.000 11405 - -4%
.000 0.000 11495-£-93
0. 0co 6.000 11405-£-93
75.00¢ ©0.000 11405-£ -45
9 33¢ 0.000 11405-€-3¢ Sk. 9
8.670 €.000 11405 -4
3¢ 200 ©.000 11405-€ 45
56.200 0.000 0-55-18108
8780 0.000 11405-6-34 SH. 6
13.000 0.000 11405-£-55
4.500 0.00¢ 11405-€-59
1.4%0 0.000 1140%-E-59
58.900 0.000 B-4415-2207
0.750 ©.000 11405-£-7%
0.950 0.000 11405-€-35
0.000 0.796 C-10233-€
1.400 ©.000 11405-€-48 SH. !
0.000 0.000 10F -1 1048
12.600 0.000 11405-£-35
0.000 2.420 12 11405-£-29 SH. 3
.000 7.020 82 11405-£-51 SH. 2
.000 1.650 12 11405-£-29 SH. 3
24.000 0.000 11405-£-319
.000 0.000 11405-€-360 SH. 3
13.200 0.000 11405-E-45
0.000 0.000 C-10179-€
9.000 0.000 D-4598
11.300 0.000 E-23866-414-450
6.500 0.000 11405-E-360 SK. 3
1.180 0.000 11405-E-37 SK. 2
0.000 o.497 11405-€-32
0.000 0.69 11405-€-51 SH. |
0.900 1.6%0 12 11405-£-29 SH. 3

Rev 3, eyavwt

USED INTERMITTEWTLY
USED INTERMITTERTLY

INSTALLED UNDER MR-FC-81-51

RORMALLY OFF

NORMALLY OFF
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v <.
Page 4 ot @ LOAD SHED INFORMAIION FOR DIESEL GENERATOR DG-1 Rew 3, cyvIsIn g g g '2
0O 20
Bus BREMKER TAG LOAD LOAD INTERMITTENT MOV / TIm SCHERATIC E § - E
womsE g wumei B et SHED (kW) LOAD (KW}  OPEN  CLOSE DRAWING CoMENTS = =
---------------------------------------------------------------------------------------------------------------------------------------------------- =} Eg ‘
|
WC-3C1 MCC-3CL-A0) PCY-102-1 Lt 0.000 0.000 B-232366-414-30 mg lv.v ‘
MCC-3C1 MCC-3C1-A0S  T18-3C-CLG-FANS L 0.750 0.000 11405-€-75 x 6 w 2 |
MCC-3CI WCC-3C1-A2L BE-8E "0 0.000 0 00e D-$5-16105 NORMALLY OFF LINE a zZ » R |
MCC-3C1  MCC-3CI-A2R  AUX-ROOF-DISC-SW %O 0.900 ©.900 11405-E-74 ®0 LORD E E |
WCC-3C1  MCC-3CI-AR CA-4 YES  36.000 0.000 11405-£-45 = = |
WCC-3C1  MCC-3CI-AI STRESSING-DIS-S¥ WO 2.900 0.000 11405-€-73 %0 L0AD % o0 |
MCC-3C1  WCC-3CI-MMR  EE-4Q " 0 000 0 000 106 - 1108 g = |
MCC-3C1  WCC-3C1-801  WIRS-BNK2-GRPA YES  75.000 0.000 11405-£-45 — - |
MCC-3CE  MCC-3C1-CO1  WIRS-BNK2-GRPS YES  75.000 0000 11405-€ -45 5 ? g |
MCC-3C2 RCC-3C2-a01 Dv-41A YES 13.000 0.000 11405--4% ‘6 = g m
MCC-3C2  WCC-302-A02  WA-324 YES  33.200 o 000 11405-€-33 S4. 7 > |
WCC-3C2  WCC-302-A03  VA-40A YES  49.900 0 000 11405-5-3¢ SH. 3 oz > |
WCC-3(2  MCC-3C2-800  FW-34A YES 8.780 0.600 11405-£-45 e ; i
MCC-3C2  WCC-3C2-802  WA-24A YES 133200 0.000 11405.€-33 SH. § o O |
MCC-3C2  MCC-3C2-803 WA-40C YES  49.9% 0.000 11405-€-34 SH. 3 ?_ s o |
MCC-3C2  MCC-3C2-CO1  HOV-265 %0 0.900 0.298 “® 11405-€-42 SH. 6 i |
| WCC-3C2 MOC-3C2-CO2  WCV-268 "0 n.000 0.49 24 11405--42 SH. & ) S {
WCC-3C2  MCC-3C2-CO3  WD-10 Yes 1.870 0.000 11405-E-47 SH. 4 2 o |
WCC-3C2  MCC-302-CO8 WA-80A %0 0.000 0.000 11405-E-49 SH. 4 F
MCC-3C2  MCC-3C2-DO2 CH-4A %0 25.600 0.000 11405-€-51 SH. § no |
MCC-3C2  MCC-3C2-D03 CH-12 YES  36.000 o ooe 11405-£-€2 SH. 1 |
MCC-302  MCC-302-006  AC-13A YES  12.600 0.000 11405-£-43 |
MCC-3C2  MCC-3C2-E01  EE-23 %0 24.800 0.000 050734 SH. 2 2 |
MCC-3C2  MCC-3C2-E02  WA-35A YES  43.%00 0.000 31405-€-34 SH. | ? g
MCC-3C2  MCC-3C2-E04  WD-8A YES  11.000 0.000 11405-€-45 - .
MCC-3C2  MCC-3C2-EX EE-28 YES 7.200 0.000 C-4068 g A 5 W
MCC-3C2  MOC-3C2-E3R  EE-29A ves 9.600 9.000 ¥D-891 -60 <
MCC-3C2  MCC-3C2-F02  WELDING RECEPTS YES 0.000 0.000 11405-£-64 USED INTERMITTENTLY 1 § ’
- \

Tota! Mot Load Shed latermitteat Load :

Total Rot Load She¢ Continuous Loed : 302.)
Tota! Sequentiai Load : 22644.9
Total Load on D6-1 : 2551.0 kv

3
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Page | of ?
Bus BRE AKER

NUMBE R NUMBER
1as IM-je
18 I84-13
1As IM-12
1M 1Ad-18
142 18-15
1 iM-16
a4 1A6-3
ne 1ad-4
ine 188-5
184 M6
184 M-8
1, 1a8-9
1838-48 1838-48-2
1838-48 1838-42-3
123848 1838-48-¢
1838-48 1838-48-5
i838-48 1838-48-6
184a 1844-1
184A 184A-2
1844 184A-3
1848 IB4A-4
1B4A 1B4A-5
1824 184A-6
1848 184A-7
18¢8 1848-1
1848 1848-2
1848 iB4B-4
1848 1848-5
1848 1848-6
1848 1848-8
iBac 1B4ac-2
184C 184C-3
isac 184C-4

Ti8-4a
AC-108
AC-100
Si-18
TiC-4a
RC-39
oW-1C
Fu-SC
Fu-aC
Fu-2¢
Ti8-4C
Tie-48
Fu-8C
$1-3C
YA-70
CH-1C
HE-2
AC-38
NCC-4r)
MCC-4a2
Fu-88
Cw-38
SEC.

YES

YES
YES
YES

SEQ
SEQ
SEQ

EEFE

LOAD SHED INFORMATION FOR DIESEL GENERATOR D6-2 Rev 3, sy 2sim
L0AD INTERMITIENT SCHEMATIC
(xw) LOAD (xw) DRAKING ComeEnNTS
4.600 0.000 11405-E-16
155.80¢ ©.000 11405-£-24
155. 800 0.000 11405-E-24
256.100 ¢ 00C 11405-E-23
225.000 ©.0c0 11405-E-16
2866.900 0.000 11405-€-17
981 .600 2.000 11405-E-2¢
4r:.200 0.000 15405-E-11
2748 000 0 000 11405-£-11
1571000 0.00¢ 11405-E-11
7.100 0.000 11405-E-16
9. 100 6.000 11405-€-16
103.600 0.000 11405-£-330
243.300 0 000 11405-£-143 used off. of 92%
98200 0.000 11405-E-145
12.600 0.000 11405-£-143
0.000 0.000 020428658 SH. D2v NOT NORMALLY RUNRING
209.700 ¢.000 11405-E-144
0.000 0.000 0209A1045 SH. D2m
0.006 0.000 020941045 SH. D2w
103.000 0.000 11805-£-330
98.200 0.000 11405-£-45
0.000 0.009 11405-£-270
0.000 0.000 11405-E-45
243300 0.000 11405-£-143 use eff. of 92%
0.000 C.00C 012484392 SH. 73
124300 0.000 11405-E-142
0.000 0.000 012484392 SH. 73
0.000 0.000 11405-E-45
123.000 0.000 11405-E-58 SH. 6
0.000 0.000 0209A1045 SK. D2%
0.000 ©.000 012454392 SH. 124C
0.000 0.000 C12484392 SH. 1248
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TA

Page 2 of ) LOAD SHED IWFORMATION FOR DIESEL GEWERATOR 86-2 Rev. 3. 03/25/91
8us SREAKER 46 LOAD  10AD  INTERMITEENY MOV / TiME SCHEMATIC
FUMBER e K SHED  (xw) LOAD (KM)  OPEW  CLOSE CRANTNG ComERTS
184C 184C-5 $1-28 SEQ 240600 ¢.000 11805-€-142
184C 18406 cn-18 SEQ  12.800 €.000 11405 -E-142
184C 184C-7 NCC-4C4 %0 0.060 ¢.coo 0I2484392 SH. 124A
184C 184C-8 va-3 SEQ 196300 0.006 11405-E-145
WCC-4AL  WCC-8AI-AGI  RC-38-SPACE-WTR MO 4 500 ¢.000 11405-€-32 SH. §
MCC-4A1  WCC-4AL-AD2  EE-22 YES  11.300 8.000 £-23866-414-450
WCC-4A1  MCC-4A1-AU3  ATA-D: x 2.000 0.000 11405-£-360 SH. 3
WCC-4A1  MCC-4AL-AOS  EE-4T %0 5.000 6.000 11405-§-75
MCC-4A!  MCC-4AI-ADS  RC-38-1 ) 1.4% ©.000 11405-E-32 SH. 3
MCC-4Al  MCC-4AI-AO7  EE-36 0 0.900 3.990 157673
WCC-2A1  MCC-GA1-801  HIRS-BMKP2-GRP7 WO 75.900 6.080 11405-€-52 SH. 9
MCC-8A1  WCC-4A1-CO1  WA-128 YES  34.200 0.000 11405-€-45
MCC-4A1  WCC-4A1-CO2  EE-8D "0 56.200 0.000 B-55-16105
MCC-4A1  MCC-4A1-CO3  VA-§48 % 9.600 0.000 D-4500
MCC-4Al  MCC-4AI-CO4 MOW-1041C w © 000 0099 110 11405-E-44 SH. ¢
MCC-4AI  WMCC-4AL-COS  MCY-151 %0 0.000 0.497 11405-5-51 SH. ?
MCC-4A1  WCC-4A1-DO1  WA-468 %0 58900 ©.900 8-4415-2560 IGSTALLED UNDER WR-FC-81- 51
MCC-4A1  MCC-4A1-002  wD-28 YES 2.700 0.0c0 11405-£ -7
MCC-4A1  MCC-4A1-DO3 WCV-315 %0 ©.000 1.6%0 12 11405-€-29 SH. 3
¥ .-kl MCC-4A1-DO&  WCY-318 ® ©.000 1.690 12 11405-6-29 SH. 3
wf-4A1  MCC-4AI-EO  VA-4SB YEs 8510 5.000 11405-6-34 SH. 6
MCC-4A1  MCC-4A1-E02  WA-528 ) 13.200 ©.000 11405-E-54 SH. 9
MCC-4A1  MCC-4A1-£03  WA-718 %0 0.796 0.000 13405-E-48 SH. |
MCC-4A1  WMCC-4AL-ED4  ME-78 ) 0.000 0.000 11405 -€-74
MCC-4A1  MCC-4A1-EOS  ATA-D2 %G §.500 ¢.000 11405-£-360 SH. 3
NCC-4A1  MCC-4A1-E06  WELDING RECEPTS WO ©.000 0 900 13405-€-73 USED INTERMITTENTLY
MCC-4Al  MCC-4A1-EO7  WD-38 YES 0.950 0.000 11405-€-35 SH. 3
MCC-4AD  MCC-4A1-FOI  WA-28 YES  12.600 0.000 11405-€-33 SH. |
MCC-4AI  MCC-GAI-FO2  TIS-4A-CLG-FANS WO 0.750 0.000 11405-€-75
MCC-4AL  MCC-4AI-FO3  WCV-2934 L) 0.000 0. 89 11405-E-51 SH. |
MCC-4A1  MCC-4AL-FO4  MCV-329 () 0.000 2.420 12 11405-€-29 SH. 3
MCC-4A2  MCC-4AZ-AC1  DM-418 YES  13.000 0.000 11405-E-58 SH. |
MCC-4A2Z  MCC-4A2-A03  RM-060 %0 1490 ¢.000 11405--39 SH. 3
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AL PAE W25

CALCULATION NO.
FCO3

R

O, TR EVIBN)) AN CARPROVAL

Forrn Page No.1 of 1

PRODUCTION ENGINEERING DIVISION

CALCULATION SHEET

p-90-062

I
e

Foad

ALCULATION PREPARATI

FORM PED-QP-3.4
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Form Page No.1 of 1
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REF.

NO.

FCOZ2RZ

CALCULATION NO.

ER-90-062

Form Page No.l of 1

ALCULATION PREPARATION, REVIEW AND APPROVAL

FORM PED-QP-3.4
PRODUCTION ENGINEERING DIVISION

CALCULATION SHEET
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Page 6 of 7 LOAD SHED INFORMATION FOR DIESEL SENERATOR DG-7 Rev. 3. 03/25/91 ~ 8 ; P
Ce [ ==
8 BREAKER 146 LOAD  LOAD  INTERMITTENT MOV / TIME SCHENATIC ; g ;
»omei e s -t SHED  (XW)  LOAD (KM)  OPEN  CLOSE DRANING comENTs g 5 :O:’
................................................................................................................................................. S2 >
neC-a0} NCC-4C3-C0on WELDIWG RECEPTS LY 0. 000 0.000 @ E ‘v )
11405-€ -28) USED TNTERMITTENTLY T I =
WCC-4C3  MCC-6C3-DO01 wA-1588 ¥is 6.700 0 o000 11405275 SH_ 3 2 W Q
MCC-4C3  CC-4C3-DO2 WA-158) YES 6 700 0000 11465-£-275 SH. 3 E z *»
MCC-4C3  MCC-4C3-DO3  ¥A-1580 YES 6700 0000 11405-€-275 K. 3 E E
MCC-4C3  MOC-AC3-DO4 WA-15BL YES 5.700 0 000 11405-£-275 SH. 3 S ad
WCC-4C3  WCC-4C3-00S  ¥D-78 %0 21,100 0 ooo 11405-£-269 SH. 1 o ©° g
MCC-4C)  MCC-4C3-006  wD-38 %0 4.5%0 0.000 11405-£-264 SH. | o a <
WCC-8C3  MCC-4C3-EDF  WA-1S8F YEs 6.7%0 0.00¢ 11405-€-275 4. 3 < T
MCC-4C3  MOC-AC3-ED2  WA-158M vEs 6.700 0.000 11405-£-275 S 3 7 g
MCC-4C3  WCC-ACI-E03  WA-1SHP s 6.700 0.000 11405-£-275 SH 3 o g g i
WCC-4CY  WCC-4C3-EO4  L0-130 w 15.000 0 000 11405-E-258 SH. 3 - =~ =
MCC-4C3  mCC-4C3-E0S CF-)8 YES 1.4%0 0.900 11405-E-342 SK. | o E i
MCC-4C3  MCC-4CI-EDS  WELDING RECEPTS %O o000 0.000 11405-£ 280 USED INTERWITTENTLY -5 O
PE.ACY  MCC-ACI-FOI Fw-30C vES 0.497 0.000 11405-£-262 SH. 1 Q —
WCC-4C3  MCC-SC3-FO2  WCW-1150C "0 0.000 0 000 11495-6-262 SH. 1 WORMALLY OFF -
KCC-4C)  WCC-4C3-FO4  ST-14 YES 50000 0.000 11405-£-259 SH. 3 !
MCC-4CA WCC-ACH-ADD  CW-28 0 2.3% 0 500 11405-£-267 SH. 3 o
MCC-ACH  WCC-9CH-A02 CW-7 ves 6.995 0.000 11405-£-268 SH. 1 o
MCC-4C4  WCC-ACA-A03 LP-19 %0 11.300 0.000 11405-€-311 F no
MCC-4C4  MCC-4CA-BOI  (W-2D % 2.3% 0 000 11405-€-267 SH. 3
MCC-4C4  WCC-4CH-802 CW-2F "0 2.3% ©.000 11405-£-267 SH. 3
WCC-4C4  WCC-4C4-803  TIC-48 %0 11.300 o 000 17782371 M. 1 2
WCC-4CA  MCC-4CH-C01 CW-148 % 0.000 4930 11405-€-266 SH. 3 !2
MCC-4C4  WCC-404-CO?  OW-14D w0 0.000 'R 11405-5-266 SH. 3 g -
WCC-4C4  MOC-ACA-CO3 ON-14F w0 0 000 «.940 11405-£-266 SH. 3 2 W
WCC-4C4  MCC-ACA-CO&  MCV-190SC w0 6.060 0.000 11405-E-266 SH. | WORMALLY OFF )
WCC-4C4  MCC-4CH-DOI SW-28 ves 1.9% o one 11405-€-269 SH. 3
MCC-ACA  MCC-4C4-DO3  WELGING RECEPTS WO 0.000 0 000 11405-£-299 USED INTERMITTENTLY ﬂ v
WCC-4C4  MCC-4C4-DOR  CW-48 L 0.000 4.360 11408-£-268 SK. )
WCC-4C4  MCC-4CE-DOS  ¥D-28 o 0.0co 8.700 11405-€-268 SH. 3 ) ;
WCT-ACE  WCC-ACH-D05  FP-68 " 0.000 4.660 11405-£-340 SH. 3 :o-'-'
MCC-4C4  WCC-€C4-D07  AC-128 vES 1.490 0.900 11405-£-33¢ SH. 3 =
MCC-4C4  MCC-ACA-DAS  ¥A-185 %0 3.9% 0 900 8-4092 =
=
X
an
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2.0 EXPECTED CONTAINMENT FAN LOADING

The expected percentage (%) of nameplate loading for the
containment
is a function of atmospheric density within containment.
The loading

profile.

full load

Fan curves
Manufacturing Performance an Sound Level Test of Joy
Axivane Fans, 07/24/70. This document can be retrieved
from the DBD database, WIP 61095. Quality of the document
poor to be reproduced and included in this

is too

calculation.
horsepower

Therefore,

The graph on the next page shows the expected
containment profile (two cases are shown) and an expected
time load curve. The curve loading extremes are bounded by
at maximum DBA pressure and 50% lcad at normal
pre-DBA environmental conditions. For the purposes of this
calculation,
be 75+ for conservatism.

this calculation uses the motor nameplate for
conservatism.

ventilation fans VA-3A, VA-3B, VA-7C, and VA-7D

is expected to follow the containment pressure

the minimum post-DBA load will be assumed to

are available from the vendors test report, Joy

The curves show that motor nameplate
exceeds the maximum fan required bhp.

REV
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3.0 INCREASED LOADING ON DG-1 DUE TO SI-3A HP INCREASE

Due to MR-FC-950-53, the SI-3A containment spray pump will
require an additional bhp due to the one pump, one header
configuration (refer to Attachment B). Looking at the
marked up USAR Figure 14.16-2 (Attachment A), at 0 seconds
into the LOCA, containment pressure is expected to be
approximately 55 psig (60 psig will be used as the 0 second
pressure for conservatism). At 2000 seconds into the LOCA,
containment pressure is expected to be approximately 17.5
psig. At 3740 seconds into the LOCA, containment pressure
is expected to be approximately 10.6 psig. From Attachment
B~-6, and wusing linear interpolation, the following is

obtained:
Approximate
Seconds into Containment  bhp required Equivalent KW
—Accident Pressure (psig) _from SI-3A __at 92% eff.
0 60 319 258.7
2000 17.5 336.8 273.1
3740 10.6 338.8 274.7
5000 0.0 343.0 278.1

Similar to the situation with SI-3A, the containment spray
pumps SI-3B and SI-3C will require additional bhp over the
motor nameplate rating with two pump and two header
operation and with the contianment pressure of 0 psig.
From Attachment D-1 a following values are obtained:

Approximate
Seconds into Containment bhp required Equivalent KW

Accident Pressure (psig) from SI-3/B/C __at 92% eff.

0 60 295 238.2
5000 0.0 325 263.5

For conservatism, nameplate value of 300 hp will be used
at time equal 0 sec. and maximum horsepower (325 hn)
regired at 2000 seconds.

REV]
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4.0 SEQUENTIAL LOADS BASED ON BRAKE HORSEPOWER REQUIREMENTS NO.

Operating points are plotted on the vendor pump curves to
determine the gequential load at  worst case DBA
conditions. The pump curves and bases for each operating
point is included as Attachment C.

The postulated "worst case’ DBA condition for a diesel
generator is a depressurized large break LOCA with loss of
offsite power and failure of the redundant diesel
generator.

The calculated KW values have been incorporated into the
load shed information tables for DGl and DG2.

Nameplate Horsepower 300
Service factor 1.15
Efficiency 90%
Power factor 0.88

Assume all four loop injection valves open prior to
redundant diesel failure. Operating LPSI pumps will be in
worst case, 309 hp as determinea by CE per telecon with B.
vanSant of OPPD.

KW = 309 HP x 0.746 KW/HP = 256.1 KW
.90

e P - - -

Nameplate Horsepower 300
Service factor 1.15
Efficiency 93%
Power factor 0.89

Assume all eight injection valves open prior to the
redundant diesel failure.

§I-2A and 8I-2C on DG~1 will n 0 to runout because there
are two pumps on one header Pump operating point has not
been confirmed by CE. Ther« ore this calculation is based
on the worst condition which is same bhp as SI-2B.

REV.
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SI1-2B on DG-2 will go to runout.
maximum brake horsepower is 300 HP.

KWw = 300 HP x 0.746 KW/HP = 240.6 KW
0.93
Nameplate Horsepower 300
Service factor 2: 50
Efficiency 92%
Power factor 0.90

SI-3A (DG-1), see Section 3.0 of this calculation.

and SI-3C
will have

SI-3B
available

(DG"z)l
a combined £

equally distributed from pump curve

2200 GPM the pumps require 300 HP.

KW = 300 HP x 0.746 KW/HP = 243.3 KW
0.92
P - - - - -
Nameplate Horsepower 75
Service factor 1.15
Efficiency 89%
Power factor 0.82

Charging pumps
conservative discharge
power is 15 horsepower.

pressire o

KW = 15 HP x 0.746 KW/HP = 12.6 KW
0.89

Note: If RCS pressure were assumed higher, the
horsepower requirements for the LPSI would
drop compensating for increase in charging
regquirements.

operating with two headers

are positive displa

Based on pump curve the

low of 4400 GPM assumed
s using recirc flow of

cement pumps. Using a
f 200 psig the required

REV



REV. 3

EA-90-062 =U° o,
Mﬂqub AL PAGE MO 2
ALCULATION PREPARATION, REVIEW AND APPROVAL CALC
FORM PED-QP-3.4 Form Page No.l of 1 AT 1S.
FLLR3IR2
PRODUCTION ENGINEERING DIVISION
CALCULATION SHEET Rev. No. =
REF.
NO.
Nameplate Horsepower 250
Service factor ’
Efficiency 92.5%
Power factor 0.86

Based on 2 CCW pump operation, loss of instrument air and
loss of B  power. Reference S&W calculation

17321.01-PM-33 Rev. 1 run CL1AO.WR3.

AC-3A & 3C (DG-1)

KW = 270 x 0.746 KW/HP = 217.8 KW
0.925

Based on 1 CCW pump operation loss of instrument air and
loss of A  power. Reference S&W calculation
17321.01-PM~33 Rev. 1 run CL1AB.WR1.

AC-3B (DG=2)
KW = 260 x 0.746 KW/HP = 209.7 KW
.925
w W : - - - -

Nameplate Horsepower 200
Service factor
Efficiency 91%
Power factor 0.87

AC~-10A and 10C operating with 3 CCW heat exchangers,
minimum river water elevation, loss of B power.
Reference S&W calculation 17321.01-PM-41 Rev. 0.

AC-10A and 10C (DG-1)

KW = 190 HP x 0.746 KW/HP = 155.8 KW
0.91

AC-10B and 10D operating with 3 CCW heat exchanges,
minimum river water elevation, loss of A power.
Reference S&W calculation 17321.01-PM-41 Rev. 0.

REV]



EA-90-062 a&vfi'%'%
/I 2 ous PaE w0 4

ALCULATION PREPARATION, REVIEW AND APPRGVAL
FORM PED-QP-34  Form Page No.1 of 1 CALOULATION 0.

PRODUCTION ENGINEERING DIVISION

CALCULATION SHEET Rev. No.
REF.
AC~10B and 10D (DG-2) NO.
KW = 190 HP x 0.746 KW/HP = 155.8 KW
0.91
v VA. 7 7

See Section 2.0 of this calculation for determination of
operating horsepower.

VA-3A/B  VA-7C/D
Nameplate Horsepower 250 125
Service factor
Efficiency 95% 93.2%
Power factor 0.88 0.88
VA-3A (DG-1)
KW = 250 HP x 0.746 KW/HP = 196.3 KW
0.95
VA-7C (DG-1)
KW = 125 HP x 0.746 KW/HP = 100.1 KW
0.93.2
VA-3B (DG-2)
KW = 250 HP x 0.746 KW/HP = 196.3 KW
0.95
VA-7D (DG=-2)
KW = P 74 = 100.1 KW
0.93.2

REV1
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Auxiliary Feedwater Pump FW-6 (DG-1)
Nameplate Horsepower 250
Service factor
Efficiency 91%
Power factor 0.87

FW-6 operates at 254 GPM at a TDH of 2403 feet, reference
calculation 17321.01-PM-9 Rev. 2, from the pump curve the
expected power required is 240 HP.

KW = 240 HP x 0.746 KW/HP = 196.7 KW
0.91

REVI



tA-90-062 REV.3

. A qféVq CALC, PAGE N0 X0
SULATION PREPARATION, REVIEW AND APPROVAL
FORM PED-QP-3.4  Form Page No.l ofl CALCULATION NO.
g) O Z:E 5 4

PRODUCTION ENGINEERING DIVISION &
CALCULATION SHEET Rev. No. %

REF.

NO.

5.0 UNIT SUBSTATION TRANSFORMER LOSSES

Transformer losses will be estimated based on the vendors
factory test data of no load and full load losses.
Losses will be estimated as the sum of the no load loss
plus the ratio of the square of the current to the square
of the full load current as follows:

Total Losses = No load losses * [Currentz/FLAZ]* full
load losses

FLA for 1000 KVA, 4.16 KV transformer = 138.8 amps
From the Westinghouse test data from MR-FC-84-105

Attachment E, (cartridge 1552, frames 841 through 847)
the following no load/full load losses are taken

No
Load Loss Load Loss
Transformer Serial # L KW ) L KW )
T1B-3A DAV36530201 v P b I
T1B~3B DAV36530202 2.6 7.7
T1B-3C DA36530401 2.6 ¢ N |
T1B-4A DA36530301+* 2.7 2.7
T1B~4B DA36530203 2.6 7.7
Ti1B-4C DA36530302* 2.7 7.7

*Test data not available, use highest value of similar
transformer

The current through each transformer will be estimated as
the sum of the currents of each ESF pump connected to the
particular transformer plus one-third of the diesel
generator dead load amps. Transformer amps are estimated
as follows:

Dead Load Amps for DG-1

302.1 KW = 52 Amps
(3.16 KV)(.80) (31172

T1B~3A LOAD AMPS (DG-1)

Dead Load I =1/3x S1 = 17A

REV]
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S1-2A
I = 240.6 KW X = 37.5A
(4.16 KV)(.89)(3)*" ¢
S1-2C
I = 240.6 KW - = 37.5A
(4.16 KV)(.89)(3)*"#
CH~1A
I = Iz.ﬁ EE = 2.1A
(4.16KV)(.82)(3)
VA-3A
I = 196.3 KW - = 31.0A
(4.16KV)(.88)(3)
Total 125.1
T1B-3B LOAD AMPS (DG-1)
Dead Load
I = 1/3 » 51 = 17A
AC~3A
I = 217.8 KW , = 35.1A
(4.16KV)(.86)(3)*
Total 52.lAmps
T1B-3C LOAD AMPS (DG-1)
Dead Load I = 1/3 * 51 = 17A

REV]
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SI-3A
I = m.7 KW s - 39-9A
(4.16KV)(.90)(3)*"“
AC-3C
I = 217.8 KW . = 35.1A
(4.16KV)(.86)(3)*"“
VA-7C

The equipment load and no load loss are combined together
and results in the total loss for each transformer.

12R Losses for Transformer T1B-3A

12R Losses for Transformer T1B-3B

12R Losses for Transformer T1B-3C

I= ____98.2KN . = 15.5A
(4.16KV)(.88)(3)
Total 107.5A
22+025.1% x 2.7 9.0
(138)
2.6 +(52.0% x 2.7 = 3.7
138

2 - 7
2.6 + (407,5)7 x 2.7 = 1.3

REVA
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Total Dead Load for DG-1
T1B-3A 9.0 KW
T1B-3B 3 7 KW
T1B-3C 7.3 KW

20.0 KW

Loss values for T1B-3A,3B,3C have been
Load Shed Information Summaries for DG
the calculation

Dead Load Amps for DG-2

594, ) = 103 Amps

(4.16KV) (. 80)( Sadss
T1B-4A Load Amps (DG-2)
Dead Load I = 1/3 x 103
AC-3B
I = 209.7

NO.

entered into the
1, section 1.0 of

- 34A

= 33.8A

(4.16KV)(.86)(3)%72

T1B-4B Load Amps (DG-2)
Dead Load I = 1/3 x 103

§1-3C
I = 243.6 KW __,
(4.16KV)(.90)(3)
SI-3B

_______zﬁiéﬁ_zﬂ_rrz
4.16KV)(.90)(3)

(

Total 67.8A

= 34A
- 37.6A
- 37.6A

REV]
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CH-1C
I = IZ‘§ E!’. = 2.1A
(4.16KV)(.82)(3)
VA-7D
I = 96.2 KW_ = 15.5A
(4.16KV)(.88)(3)*"“
Total 926 . 8BA
T1B-4C Load Amps (DG-2)
Dead Load I = 1/3 x 102 = 34A
SI-2B
i " ___2.4.9_6._5"_.”.7 =~ 37.5A
(4.16KV)(.89)(3)
VA-3B
I = 196.3 KW - = 31.0A
(4.16KV)(.88)(3)
CH-1B
I = Iz.ﬁ EE = 2.1A
(4.16KV)(.82)(3)
Total 104.6A
The equivalent load and dead amps are added together and
results in the total load for each transformer.
12R Lossee for Transformer T1B-4A
2.7 + (67.8)2 x 1.7 = 4.6
(138)2
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REF.
NO.

12

12R Losses for Transformer T1B-4C

2
2.7 + (1Q5.9) X 7.7 = 2.1
(138)

Total Dead Load for DG-2
T1B-4A 4.6 KW
T1B-4B 9.1 KW
T1B-4C 7.1 KW

20.8 KW
Loss values for T1B-4A,4B,4C have been entered into the

Load Shed
the calculation

R Losses for Transformer T1E-4B

2
2.6 + (126.8)% x 2.7 = 9.1
138)

(

Information Summaries for DG2l, section 1.0 of

REV1




EA-90-062

AR

A
0\’\0\ CALC PAGE NO. AZ

ALCULATION PREPARATION, REVIEW AND APPROVAL
FORM PED-QP-3.4 Form Page No.1 of 1

CALCULATION NO.

ECOIZ382
PRODUCTION ENGINEERING DIVISION
CALCULATION SHEET Rev. No. -2
REF.
NO.
6.0 DETERMINE DG LOAD POWER FACTOR
Load KWs are tabulated in Section 1.0. KVAR is

determined from nameplate horsepower and power factor.
The calculated KVAR will not change significantly for
lightly loaded or motors operating in the service factor

range. KVAR determined by:

KVAR

KVA

KVA = KW
pf

KVAZ = KW? + KVAR?

therefore:

KVAR = KW[1/pf? -

17172
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PRODUCTION ENGINEERING DIVISION N
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REF.
NO.
DG-1 LOAD POWER FACTOR
NAMEPLATE .LOAD

LOAD KW BE KW EVAR
Dead Load 302.1 0.80 302.1 226.6
AC-10C 164.0 0.87 155.8 92.9
FW~-6 205.0 0.91 196.7 93.4
SI-1A 248.7 0.88 256.1 134.2
AC-10A 164.0 0.87 155.8 92.9
SI-2A 240.6 0.89 240.6 123.3
CH-1A 62.9 0.82 12.6 43.9
VA-3A 196.3 0.88 196.3 106.0
SI-2C 240.6 0.89 240.6 123.3
AC-3A 201.6 0.86 217.8 119.6
SI-3A 243.3 0.90 258.7 117.8
VA-7C 100.1 0.88 100.1 53.0
AC-3C 201.6 0.86 _217.8 119.6

2551.0  1446.5

LOAD POWER FACTOR = COS(TAN™![KVAR/KW])
= COS(TAN-1[1446.5/2551.0])
- .87
L
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CALCULATION NO.

4 =
PRODUCTION ENGINEERING DIVISION ” =
CALCULATION SHEET Rev. No. 2
REF.
NO.
DG-2 LOAD POWER FACTOR
NAMEPLATE _LOAD
LOAD KW EE KW KVAR
DEAD LOAD 594.4 0.80 594.4 445.8
AC-~10B 164.0 0.87 155.8 92.9
AC-10D 164.0 0.87 155.8 92.9
S1-1B 248.7 0.88 2561 134.2
S§I-3C 243.3 0.90 243.3 117.8
VA-7D 100.2 0.88 100.1 53.0
CH-1C 62.9 0.82 12.6 43.9
AC~3B 201.6 0.86 209.7 119.6
SI-3B 243.3 0.90 243.3 117.8
SI-2B 240.6 0.89 240.6 123.3
CH-1B 62.9 0.82 12.6 43.9
VA-3B 196.3 0.88 _196.3 106.0
2420.6 1491.1
LOAD POWER FACTOR = COS(TAN™![KVAR/KW])
= COS(TAN"1[1491.1/2420.6))
- L83
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Kr. R. L. Phelps

Omaba Public Power District
TR/ ED=]

444 South i6th Street Mall
Onaba, Nebraasks €8102-23247

subject: :;::gu ef the Ft. Cilkous Certaixment Spray

Raferences: (A) CI lLetter O=NPS-90-078, Same Sub ect, R.
W. Brsdshav te R. L. Phalps (OPPD) dated
Septembezr 29, 1990

(B) OFFPD Containment = Anu.{:h.
CE Caloulation 602488 e SCALL~00

(C) CX lLetter OFFD-90-084, Saeme mam. B.
K. Sentall te W. 0. Weber ( )} datad
August 16, 1990

(D) OFFD talecopy dated September 30, 1990

Enclosure: i) Centainment Spray Trilow Rata for the »
: Containmant Spray Neader Case "1 Neader.
1 Eest Ixchanger, 1 Pump® vith cne Spray
Nozzle Nissing

Combustion ineer bat ided an analysis of the flow
rates in the uu-am t lpg:;'lm at m”m Calhoun
station under various pest accident condd

td
built® centl tien data. Righ Cent
Yot aonlyeis vesevirs
this lettar g to provide additi
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1. One Pump/Cne Meader Mydraulie Analysis

Reference (A) summarized the results of a m‘rg\.np/m haader
and one pump/tve neader hydraulic mlilu.

to arrive at those results and the add
Enclosure (1) are identical te that employed in the C-f%
calculation of contairmant spray flow rate based upon
“reference-~design” plant configuration data. That
calculation, Referance (B), is a recorded caleulation in
accordancs wvith the Combustien mwttwm
Procedure Manual CAXe101 and was ) by
Reference (C). As Reference (A) illustrates, the valuss
ebtained using tha "gs~-built® data ars consistent wien
the values cbtained in Reference (B) using the "refarance-
design® input dats.

The results shown {n both Rafersnce (A) and Enclesure (1)
wvere caloulated with easch of tha three Containment Spray
r-p-' mininum recirculatien line isclated. This assunption
n these analyses is @ significsnt differsnce frem the
eurTent systex alignment.

contiyuEation vere: Sevesere sotilyfof the as-built® plast
con on er
the performance of the Contairment Spray vith res to
the service factor allovancs of the motor. fore, the
:ﬂm&vonoudummmlm“mum
ues of cud;\-!hzlw rate defining the two cases
B LRl e i el O Beeresy &) th
uu«:euzmtmma‘nm ]

due to: (1) a niss ¥y
nossle, and (1) the presence ozmmit.{-%n mvﬁ'."'ﬁ:

[+ %]
Beader, 1 Heat tangu. i Punp® ere in
Encloesure (11"9: :ld- lettar, e net effect of
the existing cenditions of
the B hesder has a slightly largsr flov rate.

Lrelcsure that expectad 'g Botasr perforaancs
for the “:“:':::“' :::: £ the - (::“ Il;“a
o o e ™ pap

us 1.15% service factor limit ¢i 348 BEP). Enclesure

ﬁ) assunas that ths three mm ninimen
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3 Cantainment Transient Analysis

When evaluating the Centainment Spray flow rats with
to ths Contairment BSuild t dant design pressurs the
vilues alowvn in Enclosurs i) must be to account
for the effectivansss of the flov. The flow rate through the
location with the missing nossle cannet be eredited due to
the lack of dispersicm and these nossles vhiah are blocked by
existing vantilaticn duct verk cannot be credited as well.
mm&xumuwugn (1“?:&&3&!«:&‘
ebove mi hive bewn reviowed £es the critaria
pect

tearis
for centainment ssuUre oen i & function of
both spray flow ::: Pﬂ“ lmMutnm. Az & 't
ainimum, an stomized spray flow rate of at least 3088 gpe at
roqu. - ired to tatu.n“ ‘Z!mm e b . :&: 33 i
B can T
muqmmoz.mtnmﬂm. poly

3. BINNT lavel Sensitivity

c-nu-«uummuzmumn-cmun;um
saxizun flov rete values tabulated in Enclosure (1). The
mxuinum:mcmzmmunuumtu
than 10 fest above the current minimus techni

ification operat limit before the sstablished maximum
flov rate limit of 3200 gpm exceeded. OMPD will verity
this to be aceeptabls by zev a9-built SIRNT dravings.

4. System Orifice Installation
CeK porzo:u‘ aa initial reviev of feasibility of

inee ing an erifice in the pip leading to the A and 3
conta spreay headers. This was the
STosaiTert SPTLY pup aeier fo eteetaliy Tt sefvios
4 i i in %
rs. Prel £y svaluations erifice

vould need to provide a Cv of 347 resul in s 47 d
:::‘Nﬂ drop 1600 » GQualitative evaluations cate

t 4t 40 faasible u:E:scm 3 vghnt
addruseed , e SO Mi' “ﬁ ‘:: m&. ‘nt’ ef
strass " heve €0 e R s ta :
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S. Pusp Degradation Evaluation

C+E evaluated the containment spra punp test data provided
in Reference (D). The dats !uﬁz uqmue:um

to ths 4
m ot My&c“mtm. vere found to fall
6. Sprey Nossle Parfermance

An evalustion vasg orned te identify the affect of
Enciosure (1) om nossle oraanss. Of
sul Jat sise that is

~ | by mu“:xn and digé
o .
eu:c::aum with m.z:n%:' -augnn:‘ g:: Mut;‘
would be on the esder of 1800 um?”‘ho C=§ Centa 1,
mtmmmmmmuuuymm
sizse in the thermsl ueunt.emotmn.
mt:wm. ‘l?- ‘m:r ® d:&vr.l
- 4 m&’ tha etaan/

based en a dianstar of 1080 micrens and a
senservetive’ (1ov) dres foll height of 30 foet. While spray
fiov zate does heve a strong affeet on the overall
wutt% drop sise does. ORNL studies have
‘“. m effic . uau:t::tta
axeoss of 90 feat) for the range of 500 to 4000

7. Thres Pumps, Ons Eeader Rydruulis Bvaluaticm
The ¢asc of three operating to supply ene header with

tiev wvas such & Sese d reeult if beth
%ﬁo:& gansraters cperatad, a hesder isolation
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12 you have Questions regarding this snslysis or
can be of &ssistance, please de¢ not a’.':me. g 3;1
::.:t (303) 389-5443 or Mr. Frank Perrarsocie at {(303) 288~

Sincarely,
COMBUSTION ENGINELRING, INC

BLwgl”

Kanager, ilm Systans
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ERCLOSURE (1)
C=KPB=90-079

cContalimeant
Prossure Flow(l) TFlew(2)
Bl L 28, Janm). JEER)L RO R
e/ 0 3040 3178 337 343
i8 / 38 2900 3040 338 337
0/ 7 3740 2890 330 33e
45 / 108 3860 2740 39 30
60 / 140 4380 3960 318 319
MRIRE

i mlnMdeludqnd“mmmu
o 5% ¢o mininise expected flow

2) Assumes minimus technical specification level in the
" wﬂagm’nnﬂmnm
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Memorandum EA -0—062 — ATracHMENT D~

DATE: March 21, 1991 PED-FC-91-1762
FROM: B. J. Van Sant
TO: R. F. Mehaffey

SUBJECT: Motor Horsepower Estimate for SI-3B and C pump operation

Per your request, DEN-Mechanical has performed an informal calculation to
determine the motor horsepower requriements for the containment spray pumps.
We have analyzed the performance of the B and C pumps operating through two
heat exchangers and two spray headers.

The results of the analysis show the pumps to supply 2650 GPM each at 0 psig
in containment. At 60 psig the pumps will suppyh 2125 GPM each. The motor
horsepower per pump is 325 and 295, respectively.

The analysis assumed the SIRWT was at Technical Specification minimum. This
is conservative since the level will drop during the accident. The analysis
also assumed nominal pump performance. This is also conservative since the
actual pump performance is slightly degraded.

Although the analysis was informal, it has been checked. The analysis was
based on resistance values derived in the Combustion Engineering’s (C-E)
calculation for Spray Pump performance. Those resistance values were used to
develop system curves for the two header, two pump hydraulic model. The head
curves for the two pumps were combined, and the intersection with the systiem
curves for 0 psig and 60 psig containment pressure were plotted.

C-E is performing a design basis calculation to verify the values given here.
DEN-Electrical will be notified of any changes at that time.

If you have any questions, contact Jon Ressler at extension 2426.

B. J. Van Sant
Supervisor - Mechanical Engineering
Production Engineering

Phelps
Skiles
Lewis
Eurich
Ciemens
. S. Ressler
ED Library

nmhooomrr-

de~pt10



TN G IV 1 6 TR T | Q7 Biqrif s
PR SR RUSCOUE 70" S CUATIF 16D TAANSFORMER TEST REPCAT C-84:10
EENERAC ONDERS Sexz=9399 SHOP ORDER: OAVIeSS Mi29446MKC
% STGMER: OMAMA PPD PURCHASER'S CRDER NUMBER: MN29399MK( Fil ij%?QSQ:
Vi aepnrSE 00 WERT COOLANT= AR SUB/PHASE POLARITY Rey 2
57w iANDING nIGH VOLTAGE /, % | WINOING LOW VOLTAGE AACH E-(
.%f 1000 KVA . ' 139C xva «
1 w160 VOLTS DELTA ' P eec vot DELLA
¥ TaPSi 360 4260 4163 4085 3950 O-¥-42 -90~-062

" MESISTANCES, LOSSES, IMPEDANCE, AND AESULATION CORRECTED TO 100 DEGREE (.
ok RESISTANCES, EACITING CURRENT, LC33ES AND IMPECANCES ARE BASED ON NORMAL
% RATING, UNLESS OTWERwISE STATED, LOSSES AND REGULATICN ARE BASED ON #ATTNETeR
-~ MEASUREMENTS. FOR TAREE~PHASE TRANSFORMERS, THE AESiSTANCES ARE TWE SuM OF
THE ThREE PnASES IN SERLES.

> R R R R L R Rl DS WS w e -u—v.O-.o-.'o‘.-0-----.-.---.--0

t RESISTANCES IN : AT 100X RATED : 26160 1O wby ¢
P : OWMy : VOLTAGE i 1000 KvA s
3 SERIAL : TEST : » I N D I N G ¢+ XEXC3%uNG : NO LOAD ¢ oOAD LI585 @ 3
i NUMBER : DATE ¢ nmov. ¢ LeVe ¢ CURRENY : LOSS WATT: wATTS TALNMP 3
™ DAv 530101 110185 59405 «00591 0.5988 2505 7789 deov 1
" DAV2LS33.0Y 1107, 57852 00591 D.8977 2609 7661 d.99 :
2. DAvV3IeSiL 11078 «58250 00599 .Lv1 79 €350 7608 8.%
6 DAV3eS30..5 1113485 L5763 «0085935 2,700 2019 7703 teld 3
o DAV3IOS30L01 111385 .57:7% 00847 QJ.24és cob67 7702 1473 3
$ : $ TCTIAL Leoid .
adERAJE $ eeJ3e $ es1c : 135 :
CUARANTYE $ $ MIN 3,
(2 aVLetten
PCeaER FACTOR 1003 b Fo
AVERAGE 1.718¢ 6.11¢0
TYe #5R2°'R i 28T ,
. AVERAGE RISE IN DEGREE C,, COF = i o™ HOTDS 4 wF TRANGY T
' SERIAL NC, DAVIOSIOI0T WwiTH ei o i ; # CCADE' 3 T Jes:
nY @INDING 3950 vOLYS 1é4o.. A ', Ly AD «8Y ¥r i3 a8 AMPS

¥ UNTIL CONSTANTY TEMPERATURE ead RoACHE)
aINDING RISE
BY RESISTANC®
IRON LOAD

LOAD RISE RISE GuAa TOTAL : ; “ENP
1202 8.0 w0.c @0 58,1
1332 13.9 S$5.0 3 0244
DATE 11714708 APPeOve: o7 __ Aok le. - e

rave$
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P T OME R I AR A oL e AR pORCHASER 'S CROER NUNBERITANETSINKC CRTAUSE

B . oeaegT OBy INSULATIONS TESY
< APPLIED POTENTIAL TEST (VOLTAGE 15 APPLIED BETWEEN EACH wINDING AND ALL OTHER

aINDINGS CONNECTED YC CORE AnD GAQLUND) N N Pe '
: Fco%%’

RATED 3 T&ST VOLTAGE : OuRATION SF 1 P3Gy

:
’

1

(¢ wINDING 2 VvOLTS 3 APPLIED $ TEST : -3
MeVe & UblOy 3 12 kv 1 oG SECONDS REV
beVe 3 w80 3 @ KV & o0 SECUNDS : Arracé E-L

INDUCED POTENTIAL TEST: Tal TIMES RATED VOLTAGE ACROSS THE FuLl

190 mERTZ FOR 7200 CYCLES. EA -90_062 i

.-----..----.--q---Q----.--..-..Q-..-.---.--..--.--.---.-----Oooon---------.-.

SERIAL 0203 & Jed1 TEST RESULT ADDED. RE\: 3

.--.--un---.---;..-.---------...--.0---‘0-0--—.--.--.o-----.---'--Odto-.------.

i WMEREBY CERTIFY THAT TwlS 1S A TAUE REPORT BAJED ON FACTORY TESTS MADE IN "
ACCORDANCE 41TH THE LATEST TRANSFOWKMER TEST COCE CS7 CF THE AMERICAN STAKDARDS
ASSOCIATIONS AND THAT EACH TRANSFOAMER «ITmiTOCD THE AcOVE INSULATION TESTS,

A:?‘QE‘:?RE 3,‘3}%‘% ‘ #‘)t‘t-i&.' »
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“CJUSTOMER: OMANA PPD PURCHASER'S ORDER NuMJER: MN29399mac |KEV 3
LI eV WERT CO0.ANT= AR SUB/PWASE POLARITYY AITACH E-3
;,;r-xuoua WIGH VOLTAGE JINDING LOW VOLTAGE v
1000 Kva 1000 KvA ’ v
if 160 VOLTs DELTA 48C VOLTS DELTA RE\‘ 3 i:;
TAPS: 4360 «edod 4&lou 0535 3950 “
: EA'QO‘OﬁZ{ﬁKH*H%'é
1APULSE TEST Q- 19955
";MIAL soAVE oSUSHING HORJLONTAL KY/CM VERTLICAL L") CSCILLOG=2N %
‘NUMBER TIPE SeEiEP DEFLECTION g <
‘TESTED MICROSEC/LNM (eM) é
{ 3
' DAVIOS3J101 R4E " $ 9.10 1.700 19547 1
& Rel nl 10 ¢
Cl "1 1 164&& 1-700 BJ.;‘ ’
Co Wi 1 14440 1.720 10,94 .
Fat W 5 18.20 1.790 30.7% 5
Ful ni 19 °
RuE e 5 $.10 1.700 1507 7
Rél e 10 [} - B
Cw N 1 10ecv 1.700 JJevé v
Lo Mé 1 4 ,2% 1700 e IR 1S
Fai ”‘ S 1:06c 1-734 3;0" 1' S .
Ful P 10 12 X
RoE M3 $ y.10 1.70C 1567 13
Rul H3 19
(e "3 1 16.&0 1070\.} 30.9" 3
Cw "3 1 13.:C 1.700 30.5% 1o
Fef ni 5 18,20 1.700 JDuVe = 1,
Fal 3 ) 13
Ratk l011’213 5 ;010 .550 5031 1
(™ X0,1+,2+3 | 18,28 « 550 10.01 b3
Cw X0s10¢73 1 14.20 550 10.01 rg |
_‘ FuE  XDs1,2/3 s 18,20 550 10491 i2
1 #Ca & CHCPPED «AVE, Aw ® REDUCED wAYE, Jw = FULL oAVE, I = CURRENT, E = vOLT,
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MORRIBON-KNUDSEN COMPANY, INC. . — EA-90-06 2

l szxt | N—.
Fex e axvn l Pars 41 REV. 3

y1lisead
DATE: _August 24, 198§
COMPANY : Cmana Public Power

ATTENTION:  Mr. Brisn Parry
CESTTENCE . Elevated Diesel Generator Water Temo,

TELECOPY NUMBER: 402-533-6747

THIS IS PAGE 1 0F _2__,
FROM: Herry Falter

[F YOU DO NOT RECTIVE ALL PAGES LISTED, PLEASE CALL OUR WORD
PROCESSING DEPT., (S19)§77-2720, EXT. 212,

N e

ATTACNNT {5 & d2%a sheet that shows the engine jacxer
water slarm spt § 208°F an¢ shutdown 6 218°F, Long

speretion ¢ temperstures over 208°F may reduce the [ife
¢f the cylincer hescgs. .

NOTE: FOR WATER TEMPERATURE IN EXCESS ©
AEQUIRES POWER DERATION PER CURVE
WITH AMBIENT AIR (COMBUSTION ALR)
ABOYE s0°*fr.

F
(
T

190°F
200 to 210°F;
EBPERATURES



tA-FL-90-062

Sy DIESEL GENERATOR DERATION . Rev, 2D

CURVES LQ@‘- Attachment 8.2a-2
& © FA - -
ENGINE TEMPERATURE kit MJ‘ tA-90-062
EWITCH NOMINAL $wren l Plokue | Dersoout
$5TTINGS TS | l I !
possat s

or a18°F,
b_

ETS | = Hot engine slarm SC. HC. S.
ETS — Hot enpine jlarm MD, LD.
ETS 2 — Hot enpae shutdown SC, HC. S.

ETS ‘

—————

——

Tle b/G.Q chh | S e%qu-ed“ e m“s"uﬂﬂ'

= e oL
I' 1 | | |
99 l i | | | Engine Coolant Temperature |
I | ? Limit of 190 deg F
| ! - —
93%- t - 4 —de- + l t+——+ —
| | | ( | | / i
(' | [ | | | [ |
L S 41 N1
‘, | . v |
[T — { !
} | ‘ F
95 o - T + + o
| g
. 94 4 — “ :
| {Engine Coolant Temp Limit
‘ J of 200 to 210 deg F ;
91 } " e e
} ; , ' 4 ‘
bociidiiniitd
- 02 % ——g———————t—
E | | | ? | {
91 +- e i R S e RV S—
! ‘f i T [ 1 ‘ |
[ ! 1 : \ I
9 1 ——1- 4 + +
| 1 [ |
b | ! [
| | 1 !
89 4 - -+ 4 -4
HEREN
88 4 - | -.f : - ¢ 4 }
‘ ; !
‘r | ! j a
87 4 : + . | - !
| | |
| 1 | | | i
| | ‘ i
a(,f e ,+ 4,} —-
b | | |
| | } l | 5
85 1« | RN SO, AP, SIS (GSURON SRETP S PRI, SPRTETSI| A ksl
L3 90 95 100 105 110 118 120 125 130 138 140 145
Air Intake Temperature - deg F
Rating ot Elavered Temosrature (°F)
Far EMD 84SE4,
0, e a¥lE N3RIMLeelBlNN0M 81000 8, 72 1%
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Letter From Ted Fryar of M-K to Randy Mueller, Dated 2/21/80



CREATORS OF ELECTRICAL
PQWER SUPPLY SYSTEMS

ponm——

t -t
-..400/!! SYSTEMS ORW#: 40 REEL#___
- NP A1 SN O3
o - T QA CONST. REC,

o ——

91 GELO ROAD / #OBY OFRICE BOX 1938
AT

. O AT 70 810y a8 £ 03 RLF,
February 21, 1980 C NIA
INITIAL: & |

Omaha P¥bl1c Power District
Fort Calhoun Nuclear Plant FC-0D 062 Rev3
Fort Calhoun, Neb. EAFC-90-0 KEv

- Arracotoe Q24!

P.0. 946079 Reg. 49133
PSD IWO 5256

Attention:

P

Gentlemen:

Supplementing my letter dated January 22, 1980 I am pleased to enclose
the data sheets prepared from the information we had to rate your standg-
by Dlese! Generators.

The ratings with a 50/50 solution of water and ethyiene glycol in the
engine jacket water cooling system are:

KW th1ngs 900F 1000F 1100F

Continuous (*) 2402 W 2330 K 2257 W
2000 HRS/YEAR 2654 KW 2583 KW 2510 KW
4 HRS/YEAR 2800 KW 2727 KW 2654 KW
1/2 HR/YEAR 2853 KW 2781 KW 2709 XW

(*) This rating is to DEMA standards and therefore may be operated at a
10% overlcad for two (2) hours in a twenty four (24) nour peroid.

[f we may be of further service by working with you to increase the
capacity of the generator sets, please let me know.

Thank you for the oppurtunity to work with Omana Public Power Jistrice.
Very truly yours,

POWER SYSTEMS
A MORRISON-KNUDSEN DIVISION

»><‘—_\=_ﬂ
&(Q—J-"I‘v\'\-

Ted Fryar ~ |
Manager, Technical Services

TF :wp

CC: Mr. Wayne Steele - OPPD - Purchasing Dept.
Harry Falter, PSD, Eng. Dept.
Rao Kattoju, PSD, Eng. Dept.
Milton Sharpe, PSD, Sales Dept. (OF ~ v

"‘J‘,"‘v-
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DEVEINION OF MORRISON - KNUDSEN comrany ine

{

P QO BOX 1028 « ROCKY MOUNT. NCRTI{ CAROLINA 27801
EA-FL-90-062 REv 3
AT Y.2b-2

ALL 645 TURBOCHARGED ENGINES - (300 RPM)

EMERGENCY STANDBY DUTY

These ratings apply to Emergency Standby Applications ONLY.

2000 Hr/Yr 200 Hr/Yr 4 Hr/Yr 1/2 Hr/Yr
20-645E4 3950 BWP 4100 BHP 4150 BHP 4225 BHP
16-645€4 3320 BHP 3420 BHP 3485 8HP 3520 BHP
12-645¢4 2425 BHP 2500 BHP 2525 BHP 2574 BHP

The above ratings are not cumulative and are not subject to overload.

1/76



POWER SYSTEMS OIVISION

Ulese! Generator System Rating:
Engine Derating Factors
Radiator Fan Orive
Gener-*  Cooling Fan

S0/50 6. _col Selution
in Cooling Water

Engine Air Intake Ambient

902# - None
Derate for IOOOF = 100 HP
Derate for 110%F 200 HP

Engine Ratings @ 90°F or below

Continuous 2000 HR
Engine 3600 3350
Deratings - 280 80
’3;2‘6" 3'8757 )
8HP /KW x,746 x,746
2378 KW 2737
Gen eff, x .97 x ,97
2802 K 2853
Engine Ratings @ 100°F
continuous 2000 HR
Engine 1600 BHP 3950
Oeratings 380 BHP 380
8HP kL0
x.746 x,746
2807 KW %)
Gen eff, x .37 x 97
2330 K 2583
Engine Ratings @ 110°F
Continuous 2000 HR
Engine 3600 BKP 3950
Oeratings 480 BHP 480
BHP {70
x.746 x.746
2327 KW REg:1:)
Gen eff, WA x ,97
& evd

EA-Fc- 60-042 £Ev D

Ar § . 24-3
80KP
20MP
180KP
4 Hour 1/2 4R
4150 4225
280 280
x.746 x.746
x .97 x .97
1 Houyr 1/2 HR
4150 4225
380 380
770 3525
x,746 x.746
o817 568
x .37 x .97
2:27 L/EI
4 Houyr 1/2 4R
4150 4225
480 4380
x.746 . X.748
473/ s’/;!
X B x .97
Lt 208



EA-Fc-90-p42 REC T
AT ¥ 24-4

Note: The continuous rating also has per DEMA standards the capapility of
at 10% above the rated load for 2 hours 1n any 24 nour period. The other
ratings do not have an overioad factor.

Generator Ratings @ 110°F air intak. ‘emperature or below:

Cortinuous 2600 KW

2000 HR 2860 KW
Diesel Engine Generator System Ratings at OPPD (Fort Calhun) assuming 50/50
Glycol Solution:

Amount @ Afr Intake 90°F 100°F 110%¢
to Diese! Engine .

Continuous - 2402 KW 2330 KW 2287 XKW
2000 HR - 2654 K 2583 KW 2510 KW

4 HR - 2800 KW 2727 Xw 2654 W
1/2 HR - 2853 KW 2781 2709 «W



POWER SYSTEMS Or1sion

Engine Data:
Manufactyrer

Mode |

Serial Nos.
Engine Speed
Continious Rating

Speed Contro)

Generator Data:
Manufacturer

Model

Serial Nos.
Generator Speed
Voltage
Continuious Rating
2000 Hour Rating
Power Factor

Alr Cooled

Ratings given @

Radiator Data:
Manufacturer
Mode |
Serial Nos.

Fan and Gear Box
Manufacturer
“Yode]

Serial Nos.
Ratio
Service Hp

senerator Sxciter
Manufacturer
Mode]
Current Forcing Device
AC Regulation Oevice
Regulation Device

(W0 5286
OPPD ORDER 460.

EA»A%-90-042 ey 3

DATA SHEETS

ATT §.24-5

Electro Motive Jvision of Genera)
Motors Corp.

20-645E4, 2 cycle

70C11052 and 70C11016

900 RPM s

3600 BHP @ 30“F and less than 7200 ft
altitude

Woodward UG-8 Gov. Part No. 8520-20%
Serial Nos. 375804, 975805

Electro Motive Ofvision, General
Motors Corp.

A20C2

70C11024 and 70C11066

900 RPM

4160 volt

3250 KVA/2600 KW

3375 KVA/2860 Kw

Meshan1ca1 8lower ”
85°C Stator and 60 C Rotor max
temperature

Young Radiator Company
0242007 HC1310
YME312 ang YME313

Western Gear Corp.
8Sv-117

3004 and 2003

1.5 : 1

104

Regulator

General Electric Ca.
static 357930s58212a11
387932vA

3S7932MA196A1
3S7932MA187 )
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EA-FC- 9o-042 #ev P

LOADING SUMMARY AT 9 2b-§
(Both Diese  fare)

5, ' T UNTY Final LOAD
* 8 Piksdban I | ON UNIT W STATT R PULC T2 on ik
7% | 900 | 1500 o | s00 | 1500 | 560
| 1350 | 1620 | 2700 560 ,J 2120 | 3260 | 1567
750 | 900 | 1500 1567 | 2467 3067 | 2127
450 I 540 | 900 | 2127 | 2667 3027 | 2463




EAFc-90-0L2 pey 3
Arr ¥.246-9

LOADING SEQUENCE BOTH DIESELS START

ASSUMPTIONS FOR LOAD MODEL CALCULATIONS

Acceleration time for each motor is 2.5 seconds.
For the purpose of K.W. calculation each H.P. is con-
sidered equal to Jne KVA. Thus, 750 H.P. MOT = 750 KYA Load.

Start Power Factor = 0.2

Start in Rush Current = 6 times rated current
Start KW = 6 x KVA x 0.2 = (1.2 x KVA) K.W.
Pull in KW = 2 x Rated KVA = (2 x KVA) K.W.

LOAD BLOCK #1 750 H.P..= 750 KVA.

Start KW = 1.2 x 750 = 900 KW
Pull in KW = 2 x 750 = 1500 Kiv

Load on Unit at End of Step #1 = 750 H.P. = 750 « 0.746 = 569 «y.

LOAD BLOCK #2 1350 H.P.

Start KW = 1350 x 1.2 = 1620 Kl
Pull in KiW = 350 x 2 = 2700 K

Load on Unit at Start of #2 = 1620 + 560 = 2180 KW
Load on Unit at Pyll In of #2 = 2700 + 560 = 3260 Kw
Load at End of Step #2 = 560 + 1350 x .746 = 1567 KW

LOAD BLOCK #3 «weee 750 H.P. (Same as Step #1)

Start KW = 900 kw
Pull In KW = 1500 Kw

Locad on Unit at Start of Step #3 = 1567 + 900 = 2467 KW
Load on Unit at Pyll In of Step #3 = 1567 + 1500 = 3067 KW
Load at End of Step #3 = 1867 + 75 x .746 = 2127 KW

LOAD BLOCK #4 -eccceaanen.... 450 H.P.

Start KW = 450 x 1.2 = 540 KW
Pull in KW = 450 2 = 900 Kw

Load on Unit at Start of Step #4 = 2127 & £40 = 2667 KW
Load on Unit at "Pyll In® of Step #4 = 2127 + 900 = 3027 KW
Load on Unit at End of Step #4 = 2127 + 450 « 746 = 2463 KW
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SEQUENCE OF LOADING - ONE DIESEL STARTING

Assumptions for making Load Mode!l Calculations are the same
2s in the previous case.
LOAD BLOCK #1 480 H.p.

Start K = 480 x 1.2 = 576 Kw
Pull in KW = 480 x 2 = 960 Kw

Load on Unit at Start of Step #] = 576 KW
Load on Unit at Pyll in of Step #1 = 960 KW
Load on Unit at Enq of Step #1 = 480 x .746 = 358 gy

LOAD BLOCK #2 «eeeee-. . 1225 H.P.

Start KW = 1225 x 1.2 « 1470 Kw
PUll in KW = 1225 x 2 = 2450 Kw

Load on Unit at Start of Step #2 = 358 + 1470 = 1828 Kw
Load on Unit at Pull in of Step #2 = 358 + 2450 = 2808 Kw
Load on Unit at End of Step #2 = 350 + 1225 x 0.746 = 1264 K

LOAD BLOCK #3 ~=vemeeuccann.. 1050 H.P,

Start KW = 1050 x 1.2 = 1260 xw
Pull in KW = 1050 x 2 = 2100 Kw

Load on Unit at Start of Step #3 = 1264 + 1260 = 2524 kw
Load on Unit at Pyll In of Step #3 = 1264 +2100 = 3364 KW
Load on Unit at End of Step #3 = 1264 + 1050 x .746 = 2047 KW

LOAD BLOCK #4 cecomencannn.. 475 H.P.

Start KW = 475 x 1.2 = 570 Kw
Pull in KW = 475 x 2 = 950 KW

Load on Unit at Start of Step #4 = 2047 + 570 = 2617 KW
Load on Unit at Pyll in of Step #4 = 2047 + 950 = 2997 KW
Load on Unit at End of Step #4 = 2047 « 746 = 2401

LOADING SUMMARY (ONE DIESEL ONLY START)

No | TIME SEC| W.p. | START|PULL IN | PRIOR LoD | ToTAL LOAD ON UNIT | FINAL LoAD
N0 | | i KW | KW | ON UNIT kW . | ON UNIT ki
bl 10 | a0 | s | e 0 6 | %0 | s
2 | 13 11225 | 1470 | 2450 158 828 | 2808 | 1260
3| 18 {mso } 1260 | 2100 1266 2524 | o33s | g
P10 | ars | sn0 | gs [ 20647 12817 | 2997 | a4p
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DIESEL GENERATOR NAMEPLATE DATA Lt S
(Data Applicable for Both Generators) - "c,~1q'q5

MOBRT MUBDBY . o o vssassomssgansvanins senesastsdsatsfasnesinans sasedsesssnrs A-20-C2
STl BUBDOY . i i seninisvatansinvions NP I o DR g 70-C1-1034
Continuous Rating:
MBI R e h 50090 65 116D TR A 2B A EEEE D AP A VEO R D S AT RN RIS 20w 2400/4160
CUPPORE TRIDE ) c0 0656 640424509 684452538020 SAFLEQIRASAS HAL S FEANFI R LEAS4S 782/452
B 5 50a 055 556 R FER S CEY BRATAE S & BEP TS S D IS T VEE S P HT R A ST ¥ 2 VLD 3250
FRBOUBREY: TRE) i iissas snabnnorisaases s Roedn st bad Shtnesvads iotbss s dsdatiae 60
1 D S PP PP FEEEES P AREET A 3
POMEY FUCROY s s s o ansasannsqssaeherdssssnd Fiaaensistsssssdossaassntsss slrtes sy 0.8
PR s 06565 0 AR ENBIRIERGASRUELTRFS TR S RSO NOG SIS S ES S SRS SRS SR VS § O AT S 900
Temperature Rise (°C):

LB Or = TP N s v et a0 00 st eni s ns s sasssssiaiatss it inasstnsbadsssnasssshsssess 85

ROBOTSREE ¢ o st a v s st assanssssannssssssaaasstossans sesssstogasss sssseeysss 60
RUR PRAE IR i s 600000858 00080 8850740005800 6090ustss s vbdas Feness 3575, 2000Hr/Yr
Temperature Rise Peaking (°C):

BB S TN it s 49 A k5 3 A a R EA T S LA TSR IS EANS FASFE 2 420 VS R ARSI GRS EIS RO 105

ROBOPAREE ¢ 54 ¢ 6946000808000 a0sdaitaiatsaRerinisiosenstoststossiunissssssnss 70
ROLAE BN s s sansinnsrarssranavesstssdnaasarisseushsessbononssuonts CCW @ BRG END

7 2 P S A PP H
[ | oAU PER I PTPRR P RRP F
ENCIEALION VOIS iiansnsnnonsnsssisinonsonrsnnssssssioans IR EABA BTN S BANE 144
EERSERE DN P 5« 55 v s 05000 5 554405 SPFASHES NS ISFERE S S AEESFEAB ST RSB ITETSE S 7 100
ORI SHOUEREE & +.50 4055 5555 EPAEES SSP VS SEFEBSAVEPER ST PESTHT SIS ST S ANTH 54 ¥ 3:3.8

NOTE: The above information was obtained from actual nameplate by RSK on July
2, 1990.
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GENERATING UNIT
Section 2 x EA-FC-FD-06 2 (EVZ
Arr ek T . Y=/
GENERATOR CHARACTERISTICS
60 Cycle 50 Cvcle

TYPE OF SERVICE Peaking Base Load Peaking Base Load
MODEL A-20 A-20 A-20 A-20
RATING - KW 2750 2500 2300 2100

KVA 3440 3125 2875 2625

P.F. 08 08 0.8 0.8
ARMATURE CURRENT - AMPERES

Wye . 477 434 399 365

Delta 826 751 691 632

Stator Temperature Rise - °C. 70.0 56.0 47.0 39.0
TERMINAL VOLTAGE

Wye 4160 4160 4160 4160

Delta 2400 2400 2400 2400
SPEED - RPM 900 900 750 750
REACTANCES - PER UNIT @ RATED KVA BASE , .

Direct Axis Synchronous, Xd 1.76 1.60. 1.267 1.159

Quadrature Axis Synchronous, Xa 1.06 0.963 0.760 0.695

Direct Axis Transient, Xa' 0.462 0.420 0.277 0.253

Direct Axis Subtransient, Xg¢" 0.298 0.271 0.1775 0.1625

Negative Sequence, X2 0.2325 0.211 0.225 0.2055

Zero Sequence, Xo 0.117 0.106 0.1077 0.0995
TIME CONSTANTS - SECONDS @ 75°C.

Direct Axis Transient Open Ciicuit, Teo' 4.340 4.340 4 340 4.340

Direct Axis Subtransient Short Circuit, Te" 0017 0.017 0.018 0.018

Direct Axis Transient Short Circuit, Te' 0.654 0.654 0620 0.620
SHORT CIRCUIT RATIO 0.62 0.68 1.04 .14
BALANCED T.L.F. 14 14 10 10
REGULATION AT RATED LOAD - PER CENT 43.1 40.65 35.67 27.26
SYNCHRONIZING COEFFICIENT - KW/RADIAN

Full Load 5870 5660 6240 5960

No Load 3250 3250 3780 3780
FIELD DATA

Resistance at 75°C. (Ohms) 1.292 1.292 1.292 1.292

Excitation At No Load, Rated Voltage (Amps)  39.2 392 55.0 55.0

Excitation At Rated Load and Voltage (Amps)  105.1 97.67 130.22 120.79

Field Temperature Rise - °C. 60.0 50.0 91.0 80.0
EFFICIENCY - RATED KVA ANDP.F. 97.21 97.26 - 96.50 96.54
TOTAL WEIGHT - POUNDS 18,100 18,100 18,100 18,100

Stator 9,000 9,000 9,000 - 9,000

Rotor ‘ 8,100 8,100 8,100 8,100

End Housing and Bearing 1,000 1,000 1,000 1,000
WR2-1b. .2 | 12,830 12,830 12,830 12,830
TYPICAL CHARACTERISTIC CURVE, See Section 2 Page 11 Page 12 Page 13 Page 14
POWER UNIT CAPABILITY CURVE, See Section 2 Page 15 Page 15 Page 16 Page 16

9

' -
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Tables From the "Standard Handbook for Electrical Engineers"



Characteristics of Polyphase Induction Motors ~ 20-45

The temperature nse for motors operating at any other ambient temperature T, than

4rC shall not exceed the values, .
EA-FC-F0-0%—
For items. a, b, e, {, i Temperature rise = 09 (T, - T,) CES P
For items ¢. d, g, h: Temperature rise = 0.965 (T, - T,) Ev >
where T, the hot-spot temperature is given by the following table: o e
Items a All other ATT 8.5=
Class and f items
A 115°C 105°C
B 140°C 130°C
F 165°C 155°C
H 180°C

Preferred values of ambient temperature above 40°C are 50°C, 65°C, 90°C, 115°C.

TABLE 20-7. Temperature Rise for Single-Phase and Polyphase Induction Motors

Class of insulation svstem

A B F H

Integral horsepower
All motors with 1.15 service factor or higher 70°C 90°C 115°C
Totally-enclosed fan-cooled motors 60°C 80°C 105°C 125°C
Totally-enclosed non-ventilated motors 65°C 85°C 110°C 135°C
Motors with encapsulated windings, 1.0 service factor 65°C 85°C 110°C
All other motors 60°C 80°C 105°C 125°C
v Fractional horsepower
Open motors with 1.15 service factor or higher 70°C 90°C 115°C
Totallv-enclosed non-ventilated and fan-cooled 65°C 85°C 110°C 138°C
Any motor in frame smaller than 42 frame 65°C 85°C 110°C 135°C
All other open motors 60°C 80°C 105°C 125°C

NOTE: Based on ambient temperature of 40°C, 3300-ft altitude. Temperature determined by the
resistance method.

The time ratings for single-phase and polyphase induction motors shall be 5, 15, 30, 60
min, and continuous. All short-time ratings are based upon a load test which shall
commence when the windings and parts of the motor are within 5°C of the ambient
temperature.

80. Service Factor. General-purpose fractional- and integral-horsepower motors are
given a “service factor,” which allows the motor to deliver greater than rated horsepower,
without damaging its insulation system. The motor is operated at rated voltage and
frequency. The standard service factors are 1.4 for motors rated %o to % hp; 1.35 for % to %

92 1
1800 rpm

=

Efficiency, %

68 | T " L1l
1 5 10 50 100 500
Horsepower rating

Fig. 20-41. Typical full-'oad efficiencies of Design B squirrel-cage motors.
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July 20, 19%
ROR #99/28

Mr. ¢. F. Schwartz

Acting Manager - Electrical/l&d Engineering
Omaha Public Power Districr

444 South L6th Street Mall

Omana. Nebraska 68102-2247

SUBJECT: GE Static Exciter AS79308A212A11

REFERENCE: G.Pp. Schwvartz Letter PED-FC-90-2415
Lo R.D. Roval Dated July 16, 1999

Dear Mr. Schwarts.

Tequest per the referenced letter to the &ppropriate GE Business Operstion,
GE Drive System, Salem, Virginia, technically responsible for the subject
Static exciter. GE Drive System after review of OPPD's request offers the
following:

o The subject Exciter System wag originally manufactured and
Shipped by the Wayneboro. Virginia Flant 20 vears age. This
Dusiness moved to Salem, Vireinia 10 Years ago.

<] No technical data folder 1s available for this exciter in the
files.

o It is most likely the eXCiTar was a special application for this
diessl generator vendor.

Because of the aforementioned. GE cannot Provide OPPD with a cost quotation
48 requested ir the referenced letter. since we have no technical data upon
which to base an investigation. However, it is our opinion the open
exciter panel as originally supplied by GE will have no probles working in
4 50 degrees C ambient temperature.

ﬂroe-mm:muummm:mmmuamuuon the
total system to 9t Tle appropriate answers they seek.
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If you Lave additional questions or comments, please advise.

Sincerely,

£08e,l

R.D.Rmmf
Manager Electrical/l&c Services

Nuclear Services Department
Central Territory

RDR/MAS

cc: P. Vovk - OPPD
D. Brager - G
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Letter From GM-EMD and R. F. Mehaffey, Dated 8/16/90
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RECORD OF TELEPHONE COMMUMICA!

EA-FC-90-062 anrd
M.R. No.: (CID 900617/01 File No.: PED-FC-90-248)

Date: S/16/90 _ Time: 3:00 p.m. Telephone No.: (708) 387-5818
Party Calling: M. J. Fleckenstein EMD

Party Answering: R, F. Mehaffey 0PPD
Subject: [mergency Diese) Generators at FCS

(Company Name)

(Company Name )

Ielecon Summary: (Including Decisions and Commitments)

I called Marty to discuss in more detail why EMD judged that operation of
OPPD's ETerqency Diesel Generators above the 2000 hr. KW output rating was
acceptable.

Marty stated that these ratings were developed in and came into effect in 1966
in response to requests for information about the output capabilities of these
engines in emergencv applications. The ratings were based on a knowledge and
review of temperature within the engine and at the cylinder head. This is
supported by experience with the engine,

- semeemeancene :

None

Ristribution:
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A. Data Sheets, Projected Performance and Deratings at 110°F Ambient,
DG~1 and DG-2

B. Revised Diesel Generator Available KW/Requiréd KW vs. Time Plots
Utilizing Calc. FC03382, Rev. 3, DG-1 and DG-2
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Data Sheets, Projected Performance and Deratings at 110°F Ambient, DG-1 and DG-2



DG-1 DERATING AT 110°F AMBIENT

Time Outdoor Turboe AT Assumed Predicted Derate Derate Reg'd
Start Ambient Inlet Turbo JW at 110°F Turbo at 110°F % Power (KW} Load (KW)
(1) (2) (3) (4) (5) (6) (7 8)
0.0 86 91 8 125 118 100 2784 2551
10 g8 93 8 174 118 93 2756 2531
20 87 94 10 208 120 92.2 2567 2512
30 88 97 12 208 122 91.2 2539 2492
40 88 98 13 208 123 91 2533 2492 s
50 89 98 12 208 122 91.2 2539 2492 =
60 89 93 13 208 (9) 123 91 2533 2237 Wi
70 89 100 14 208 124 90.5 2520 2237
90 89 100 14 208 124 90.3 2514 2237
120 89 101 15 208 125 90.2 2511 2237
1. Reasured cutdoor asbient tesperature obtained during diesel test run (6-25-99).
& RMeasured turbocharger air inlet temperature obtained during diese! test run (6-25-90) fan unit VA-52A in “Off" position.
3. AT Turbo - (Turbo inlet air temp + 1.37°F) - (Measured cutdoor ambient - 1.62°F) See Sections 6.7.° and 6.7.2 for explianat ion.
4. Historical heat - wp rate with A%0T valves fully open approximately 15 mimutes into diesel run. Att. 8.9, (Radiator Vendor ant ic ipated heat removal

PRope

capabilities of unit) implies that M temperatures should be lower than this at 110°F ambient. W outlet gauge for DG-1 has a 2°F uncertainty

{Reference 4.8) that was not applied to this value for this reason.
Predicted turbo inlet temperatures at 110°F - 130°F + A7 turbo (3).

Deration chart, Attachment 8.7 determined these values.

LOCA load prof ile based on calculation FCOI382 Rev. 3.
At 3740 seconds into a LOCA event, load on the diesel generator drops significantly. As less heat is generated by the engine, W temperatures will

dec line proport ionately, but are shown constant in this example.

This includes uncertainties as defined in (3) above.
Deration percent applied to gross available Ki of 278¢ KW {2654 KW + 130 KW (see Sectiom 6.9.2).

¢90-06-1v3

290-06-34-Y3

[-88°'8 Iuduwydelly
€ 7 A3y
2
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DG-2 DERATING AT 110°F AMBIENT q-19-qs
Outdoor Turbo AT Assumed Predicted Derate Derate Req'd
Time Ambient Inlet Turbo JW at 110 Turbec at 110°F % Power (KW) Load (KW
(1) (2) (3) (4) (5) (6) (7) (8)
0.0 89 97 1 128 121 98.5 2742 2421
10 89 100 14 164 124 97.2 2706 2410
20 89 103 17 208 127 90 2506 2399
30 89 105 19 208 129 89.2 2483 2388
40 90 106 19 208 129 89.2 2483 2388
50 90 109 22 208 132 88.5 2464 2388 m
60 90 110 23 208(9) 133 88.2 2455 2131 T
70 90 109 22 208 132 88.5 2464 2131 - O
o
90 90 110 23 208 133 88.2 2455 2131 o 3
o“ o
120 90 113 26 208 136 87.5 2436 2131 w o
R N

1. Measured outdoor ambient temperature obtained during diesel test run (7-17-90).

2. Measured turbocharger air inlet temperature obtained during diesel test run (7-17-90) fan unit VA-52R in “Off" position.

3. AT Turbo = (Turbo inlet air temp + 1.32°F) - (Measured cwtdoor ambient - 1.62°F) See Sections 6.7.1 and 6.7.2 for explanation.

4. Historical heat - up rate with ANDT valves fully open approximately 15 minutes into diesel run. Att. 8.9, (Radiator Vendor ant ic ipated heat removal » o m
capabilities of wnit) implies that JW temperature should be lower than this at 110°F ambient. ¥ outlet gauge for DG-2 has a 1°f uncertainty e >
{Reference 4.8) that was not applied to this value for this reason. il

5. Predicted turbo inlet tesperatures at 110°F - J10°F + 47 turbo (3). This includes uncertainties as def ined in (3) above. 2 *ﬁ

6. Deration chart, Attacihment 8.2, determined these valves. ET e

7. Deration percent applied to gross available KW of 2788 KXW (2654 XW + 130 KW (see Section 6.9.2). "\DO

8. LOCA ioad prof ile based on calculation FCOI382 Rev. 3. -t

9. At 3740 seconds into a LOCA event, load on the diesel generator drops significantiy. As less heat is generated by the engine, W temperatures will i 3
decline proport ionately, but are shown comnstant in this example. :

™
]
~n
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Revised Diese] Generator Available KW/Required KW vs. Time Plots

Utilizing Calc. No. FC03382, Rev. 3, DG-1 and DG-2
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Young Radiator Company Radiator Performance Analysis
Telecon Between M-K Power Systems and D. G. Borcyk, Dated 4/19/91
Calculated Heat Inputs to Engine Coolant

Delivered Air vs. Required Air Analysis
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Young Radiator Company Radiator Performance Analysis
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Young's Model

Parameters Achievable
for FC Units Parameters
Air Flow (SCFM) 93,000 101,774 DG-1

101-531 DG-2 See Table IIl and
Attachment 8.9d

Coolant Flow (gpm) Water 1,100 1096 minimum observed

Heat Rejection (BTU/min) 120,970 123,536 DG-1 See Attachment B.9c
118,780 DG-2 See Attachment 8.9c

Coolant Temp to 208 208 acceptable for emergencies
Radiator (°F)

Air Temp to 115°F 110°F maximum
Radiator (°F)

The higher achievable air flow will result in lower DG water jacket outlet
temperatures. The lower ambient air temperature to the radiator (110°F) will
also result in lower DG water jacket outlet temperatures. The lower DG water
Jacket outlet temperature would be offset slightly by the 2.1% increased heat
rejection of DG-1. Therefore it can be concluded from the Young Radiator
analysis mode] and actual test parameters that 208°F DG water jacket temperature
can be achieved with 110°F ambient outside air temperature.
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Telecon Between M-K Power Systems and D. G. Borcyk, Dated 4/19/91
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RECORD OF TELEPHONE COMMUNICATION
M.R. NO._91-004 FILE NO. -FC-9]-

DATE:_4/19/91  TIME:_1400 TELEPHONE NO._(919) 977-2720

gb .

PARTY CALLING: OPPD

' ’ NAME ) ANY)
r

PARTY ANSWERING: _m_lg*_u%mm MK_Power n
NAME PANY

SUBJECT: Diesel Generator Heat Rejection Rate

TELECON SUMMARY (Inciuding Decisions & Comments)

Dan called Wes Batchelor to pursue Rich Ronning's concern of whether or not the
33 Btu/MIN./BHP heat rate used in the Young Radiator heat transfer analysis
included heat input from the lube 0il cooler.

Wes confirmed that this number includes all engine related heat loads (including
L. 0. Cooler) and is the number used for sizing radiators.

ACTION REQUIRED: Wone

TION:
c: R. R. Ronning
PED Library
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Calculated Heat Inputs to Engine Coolant
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Delivered Air vs. Required Air Analysis
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A comparison of before and after cleaning air flows, adjusted to a standard
temperature of 70°F showed a marked improvement for DG-2 and a lesser improvement
for DG-1. See Table 1 below for comparison.
Table 1
AIR FLOW COMPARISON BEFORE AND AFTER CLEANING RADIATORS

FORT CALHOUN STATION EMERGENCY DIESEL GENERATORS

Qutdoor
Ambient Measured Corrected
Diesel Status Temp CFM Air Flow, SCFM at 70°F
DG-1 Dirty 59 101,356 99,271
DG~1 Clean 33 109,448 101,774*
DG-1 Clean, 58 - 70 104,852 103,711
Temporary Air
Deflector in
Stack
DG-2 Dirty 36 100,799 94,310
DG-2 2nd Cleaning 73 100,972 101,531*

*This comparison also reveals that both units are essentially performing the
same, i.e., measured flows are nearly equal.

Radiator fan output at test conditions was adjusted to a standard condition of
70°F to determine base SCFM delivered by the unit. Temperature correction
factors were then applied to account for decreased air density at elevated
temperature and compared to required flows to maintain jacket water temperatures
at or below 208°F. As can be seen from Attachment 8.9d-2 and 8.9d-3, the
radiator vendor predicts that the FCS diesel generator radiator configuration is
adequate for operation at up to 114°F ambient temperature for DG-1 and 117°F for
DG-2.
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Letter From R. L. Phelps to R. L. Jaworski and 7. L. Patterson, Dated 5/31/91
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DATE: May 31, 1991 PED-FC-91-1877

Memorandum

FROM: R. L. Phelps

T0: R. L. Jaworski
T. L. Pattcrson

SUBJECT: Fort Calhoun Station Emergency Diese) Generator Ambient Air Limits

REFERENCES: 1. Engineering Analysis FC-90-062 Rev. 1 “Diesel Generator
Upper Temperature Operating Limits"
2. Engineering Analysis FC-90-091 Rev. 0 "Improving the
Performance of the Emergency Diese]l Generator Jacket Water
Cooling System"

The purpose of this meme is to provide high confidence level results of the
changes made to the DG cooling systems to raise the ambient air temperature
limit. The recent installations of local air conditioning units on the
exciter cabinets will allow operation of the exciter at 110°F ambient
conditions. The ambient air temperature limitations on the engine, previously
established in EA-90-062 Rev. 1 (Ref. 1) are 103°F for DG-1 and 100°F for DG-2
to ensure that the 2000 hr. deration curve was not exceeded.

The engine ambient air temperature limits are increased to 110°F based upon
reduction of mechanical load and improved heat transfer associated with
changing coolant to treated water together with benefits achieved by cleaning
the radiators on both diesels. Specific details regarding the actions taken
to increase the ambient air temperature limitation on DG-1 and DG-Z is
provided in attachment "A" to this memorandum,

Based on the information that DEN has obtained from MK Power Systems, Young
Radiator, Station Engineering and Stone & Webster Engineering, DEN concludes,
with a high degree of confidence, that the diese] generators will not be
limited by jacket water or turbo charger temperatures at ambient temperatures
below 110°F if treated water is used in the Jacket Water system. While this
is a high confidence level conclusion, EA-90-062 Rev. 1 must be revised,
reviewed and independently reviewed per the requirements of QP-5 "Engineering
Analysis Preparation, Review, and Approval" to fully document this conclusion.
Although an elevated ambient air condition test is not required due to the
documented test data recorded in EA-90-062 Rev. 1 and EA-90-091 Rev. 0, it
would lend further credibility to the engineering analysis and ensure that it
withstood re?ulatory scrutiny. Warm weather testing is strongly recommended
by DEN to validate the revision to EA-90-062 Rev. 1.

Recommended maintenance and construction activities associated with the near
and iong term operation of the diesels are provided in Attachment “B".

48-810
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As previously committed in the DG Temperature Improvements Project, DEN
Mechanical expects to formally complete the revision to EA-90-062 and publish
it no later than June 15, 1991. 1In the interim, this memo is considered as
support for establishment of diese] generator operability at or below 110°F,
if treated water is used in the Jacket Water system. If ethylene gycol is
used as a cooling medium, the ambient temperature limit will not increase
above the previously established values of 100°F for DG-2 and 103°F for DG-1.

-~

AJ )
st )/;?J'-_\ .

R. L. Phelps
Manager - Design Engineering Nuclear
Production Engineering Division

JLS/KAM/sf

Attachments

c: S. K. Gambhir

. W. Chase

J. T. 0'Connor
T. G. Therkildsen
D. R. Trausch
D. K. Haas
D. G. Borcyk
D. G. Flegle
R. R. Ronning
PED Library
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ATTACHMENT "A"

DETAILS OF ACTIONS TAKE BY DEN-MECHANICAL TO INCREASE
DG-1 AND DG-2 AMBIENT AIR TEMPERATURE

f f Water

EA-90-091 Rev. 0 concluded that there was no improvement in lowering jacket
water temperature by replacing 50/50 Glycol coolant medium with a treated
water medium. OPPD DEN has since obtained Young Radiator data relating to
performance of different coolants. The conclusion in EA-90-091 Rev. 0 is in
conflict with anticipated jacket water temperature performance normally
expected in this type of equipment. Young Radiator has performed calculations
which indicate that the coolant temperature will be maintained at 208°F (using
treated water as a coolant) with a design heat input of 120,970 BTU/MIN, a
coolant flow of 1100 gpm, and with cooling air entering the radiator at 115°F
at a flow rate of 104,852 CFM (93,000 scfm, standard conditions). Because
water has a higher specific heat (C;) (1.0 BTU/1b-°F) than 50/50 Glycol (.85
BTU/1b-°F) and a lower density and viscosity than Ethylene Glycol, a higher
temperature limit of 115°F vs. (EA-90-091 Rev. 0) 100°F and 103°F should have
been predicted due to improved heat transfer and reduced pumping requirements.

Test data collected in EA-90-062 Rev. 1 was reevaluated by DEN and it has been
concluded that the test data collected during operating runs on DG-1 confirms
there is a substantial reduction in jacket water temperature when treated
water is utilized as a coolant medium. In reevaluation of the test data, data
points collected during the first 30 minutes of a diese! run were excluded to
ensure that the diesel had reached a steady state condition. Table |
summarizes the reevaluation of this test data.

Iable |
COMPARISON OF JACKET WATER TEMPERATURES TO AMBIENT AIR TEMPERATURES
DG-1
Test Ambient Jacket Water AT Jacket wWater Coolant Coolant
Date Air Temp °F Temp °F to Ambient Air flow Mediu
7/26/89 89 199 110 Not Avail  Glyco)
8/23/89 8l - 84 194 110 - 114 Not Avail  Glycol
8/26/89 70 184 114 Not Avail  Glycol
6/25/90 89 188 98 1150 Water

These tests were conducted at identical diese) generator power levels under
elevated ambient air temperature conditions. It is apparent in the first
three tests that the data is repeatable for 4T in the Glycol coolant
contiguration and that a substantial improvement should have been noted in
lowering jacket water temperature when water was utilized as a cooling medium.
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EA-90-062 Rev. 1 compares the results of diese) generator DG-2 tests performeo
before and after coolant replacement. This data is summarized in Table 11,

Table 11
COMPARISON OF JACKET WATER TEMPERATURES TO AMBIENT AIR TEMPERATURES
DG-2
Test Ambient Jacket Water A1 Jacket Water Coolant Coolant
Date Air Temp °F Temp °f to Ambient Air Flow Medium
7/16/90 87 192 105 1096 Glyco!
7/17/90 89.5 194 105 975 Water
§/6/90 89 195 106 - Water

During testing of DG-2 on July 17, 1990, the coolant flow fluctuated
repeatedly and was considerably below its expected value of >1100 gpm. DEN
suspects that the coolant system may not have been adequately vented following
the coolant change, an AMOT valve did not perform as designed during this
test, or the flowmeter malfunctioned. As no jacket water flow data is
available for subsequent DG-2 tests conducted at elevated ambient air
temperatures, this problem may have persisted. It should also be noted that
the radiator for DG-1 was not as severely fouled as the radiator for DG-2, and
that the fouling factor for DG-2 could have been the dominant element in DG-
2's reduced heat transfer capability.

R val of ris from Di 1 Radi r

DEN has evaluated the benefits of the cleaning that was performed by Fort
Calhoun Station maintenance on air flows through the diesel generator
radiators. To aid in this evaluation, Station Engineering performed extensive
testing of air flows in the diesel radiator exhaust ductwork and supplied DEN
with the results. Using raw data, there was no apparent measurable
improvement in air flow, however, in order to compare fan flows taken under
varying air temperature conditions, the delivered air flow must be corrected
te indicate the air {low that would be delivered if the inlet air was at a
temperature of 70°F. This correction is required because fan output is a
function of air density, i.e., less fan SCFM output occurs at higher
temperatures.

Table I1] summarizes the data collected from testing performed before and
after cleaning the radiators on diesel generators DG-1 and DG-2.
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Table 111
AIR FLOW COMPARISON BEFNRE AND AFTER CLEANING RADIATORS
FORT CALHOUN STATION EMERGENCY DIESEL GENERATORS

Measured Corrected
Diesel Status JTemp L Air Flow, SCFM
DG-1 Dirty 59 101,356 99,271
DG-1 Clean 33 109,448 101,774
DG-1 Clean, Air 58 - 70 104,852 103,711
Deflector in
Stack
DG-2 Dirty 36 100,799 94,310
DG-2 2nd Cleaning 73 100,972 101,531

With the corrected air flows comparing fan performance at identica) operatin?
onditions, the air flow was dramatically improved through DG-2 and reasonably
improves through DG-1 after radiator fin cleaning.

EA-90-091 Rev. 0 concludes that a 1°F gain in ambient allowable temperature
corresponds to each 1000 SCFM of additional air. This infers that an
additional 2°F ambient allowable is gained by cleaning DG-1 and a 7°F gain was
achieved on DG-2. This is a very rough correlation, but supports the
predicted jacket water temperatures supplied by Young Radiator. The
difference in air flows correlates well to the measured difference in jacket
water temperature and ambient air temperatures shown in Table | and Table I1I.

0G-2 showed a 7°F higher 4T than DG-1, because of loss of air flow and
combined with reduction of heat transfer surface area because of fouling.

fficiency Savings R 1ting From lant Chan

According to literature (documented in EA-90-062 Rev. 1 and EA-90-091 Rev. 0)
received from MK Power Systems, OPPD's representative for EMD stationary
diesel generating units, a net horsepower savings of 180 bhp can be assumed if
the Ethylene Glycol engine coolant is replaced by treated water. This can be
converted to an additional 130 KWe to be applied to offset the diesel
3enerator deration curve. The addition of 130 KWe to the rated capacity of
654 yields 2784 Kwe available. In a trial run performed by the DEN
Electrical Group with the computer program used to graph attachments B-6-3 and
8-10-1 of EA-90-091 Rev. 0, the diesels wil) satisfy the post-LOCA loads if
this 2784 KWe power available is applied to the 2000 hr. deration curve. This
computer program utilizes the assumptions of EA-90-062 Rev. 1 that the demand
occurs only while the diesel is in a cold standby condition and not
immediately following a planned surveillance test run of the diese! operating
considerations,
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Although it is satisfactory to operate the diesels at elevated jacket water
temperatures when required to meet emergency demands, it is not recommended
that this be done for normal surveillance testing. The jacket water
temperature alarm sounds at 200°F, with diesel trip occurring at 208°F. This
places the operator in the position of operating equipment in an alarmed
condition, which may not be desirable.
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ATTACHMENT "B"
RECOMMENDED MAINTENANCE AND CONSTRUCTION ACTIVITIES FOR DG-1 AND DG-2

DEN Mechanical also recommends that these maintenance and construction
activities be performed as scheduled:

s Replace the AMOT valve thermostatic elements to ensure reliability at
elevated jacket water temperatures.

2. Replace the radiator cooling fans with units designed for higher output
at the differential pressures observed.

. Upgrade the instrumentation associated with the diesel generator jacket
water cooling system (MR-FC-90-005).

4. Establish a Preventive Maintenance Procedure for cleaning the finned
surface of the radiators.

8. Change coolant back to 50/50 Glycol to prevent freeze damage after
October 15 each year and run treated water from May 15 through October
15 of each year. Until other improvements in cooling air flow can be
implemented, the coolant should be changed to treated water in May and
returned to 50/50 Glycol in October of every year.
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DG-1 Testing - Airflows Before Steam Cleaning, 3/8/91
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DG-1 Testing - Airflows After Steam Cleaning, 3/14/91
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DG-2 Testing - Airflows Before Steam Cleaning, 2/27/91
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DG-2 Testing - Airflows After Steam Cleaning, 3/25/91
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DG-1 Datalogger Points at 15:46:05



“ENL 3CAN GROUP 2 30 Me

EA-90-062 ATTACHMENT 8.15-1

EEZIN SCAN GROUS = 38 me 2. 2®:72:70 EA-FC-90-062,
DG ChAE TEMPS —-‘F‘t&@—“‘ﬁg‘ﬂ i
© 41 A1 TOP LEFT 103.31 DEG F E\ p-
{ 42 A2 CNT LEFT 108, 40 DEG F R REV, 3
( 43 &3 BOT LEFT 98. 85¢ DEG F

I 44 B1 TOP CENT 184,38 DEG F

I 4% B2 MID CENT 10¢. 65 DEG

{ 46 B3 BOT CENT 36. 27% DEG F
£ 47 C1 TOP RHT 103. 06 DEG F

C 48 C2 CNT RHMT 188. 38 DEG F

C 45 C3 BTM RHT 98. 474 DEG F

¢ %2 AUG. TEMP. 102.65 DEG F

EN. 3CAN GROUP - 38 May 91 4%:31:37
BEGIM SCAN GROUP 1 3@ may 81 4%t3&:3s
DG CAB TEMPS
"t 41 a1 TOP LEFT 103.26 DEG F

L 42 A2 CNT LEFT 100.8¢ DEG F

‘T 43 &3 BOT LEFT 108.23 DEG F

L 44 BI TOP CENT 103. 86 DEG F

¢ 4% B2 MID CENT 102,68 DEG F

¢ 46 B3 BOT CENT 7.301 DEG F
€ 47 C1 TOP RHT 182.71 DEG F

‘L 48 C2 CNT RHT 100.55 DEG F

£ 49 C3 BTH RHT 99, 465 DEG F
£ 58 AYG. TEMP, 109,99 DEG F
I 5CAN GROUP 1 30 maY 91 4%:36:3g
ZBESIN SCAN GROUF 1 39 may 81 4%:44:30
D6 CAB TEMPS
*C 41 &1 TOP LEFT 10z, 44 DEG F

X 42 &2 ONT LEFT $9. =75 DEG F

C 43 &3 BOT LEFT $8. 745 DEG F

¢ a3 B1 TOP CENT 183.8% DEG F

C 45 B2 MID CENT 99,727 DEG F

¢ 25 B3 BOT CENT 97.169 DEG F

& 0 TOP RHT 101,14 DEG F

S 43 2 ONT RWT 9%, 966 DEG F

* a9 C3 BTH RHT 99. 863 DEG F

Do auG T, 182.10 DEG F

I S0AM BROUP 1 30 MaY 91 4%:41:79
SESTe SDAN GROUP 1 30 MAY S1 45146108
5 S TS

T & & TOO LEFT 102,22 DEG F

: 4 A2 O LEFT 83, 843 DES F

: 23 a3 B0 L=t 939, 867 DEG F

I 4% 3 TGF CENT 103.72 DEG F

D o= B MIT CENT 108. 8> DEG F

C s 33 B CENT $7.508 0EG F

- < = TDR RHT 181.%3 DEG F

S Az 3 0N RWT 108,23 DEG F

S =2 S gvw put 83,457 [EG F

D= aua e, 190.54 0EG F
=S L= 38 may $2 2St46:22 .,

3

= FOUN L 30 mav 8: 2®i4g:as
— .z e
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ZND ZCan GROUF 2 2% MAY 21 14:35.2:58
e Ou* EA 90 06
| EESIN SCan FROUR - 2% may 31 iatT2tll

»e CAB TEMPZ
¢ 41 a1 TOP LEFT 9%.389 DEG F

- %z me CNT _EFT S4,.378 DEC F

L 43 &3 BOT LEFT £1.379 DEC F

- &4 B4 TO® CENT 9%.4183 DEG F

. 4% B2 MID CENT S1.868 DEG F

L 46 BR BOT CENWNT 52.429 DECG F

L -47 C1 TOFP RHT $6. 842 DEG F

L -48 C2 CNT RHT 93,206 DEG F

- 4% L3 BTH RNT S1.488 DEG F

TEND S5CAN GROUP 2 A% maY 91 14:82116

—SEGIN SCaAN GROUP 21

~45 L3 PTM RHT

-c Bl “TOP CENT
-C 45 B2 mID CENT

-L 46 B3 BOT CENT
-C 47 C1 TOP RHT
C 48 C2 CNT RNT
-L 45 C3 BYM RHT
C S8 -AUGTTEMP,

44,819 DEC T
5‘;.".'2! DEG F

. 543 DEG ¥
-94.’53 .DEG F
B IL7ZDEGF
21.890 DES'F
95.746 DEGF
¥3.628 DEG'F
£4.781 DEG ¥
93.874 DEC F

~

ZBEGIN SCAN $70UP:1 AS-may8i 18182

AT maY 21 14:TT:122

1T mAaY o1 14:37:17

SBEGIN SCAN GROUP.1 45 MAY 91 14157127

nd I 2

B 5L T

ATTACHMENT 8,16~ |

EA-F 2
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ATTACHMENT 8.17-1

EA -9 0"0 62 EA-FC-90-062

F_TELEPHON ATION 419 95
E. A. NO. _90-062 FILE NO. _PED-FC-91- e\
DATE:_6-10-91 TIME:_2:00 o.m. TELEPHONE NO._x 8735
PARTY CALLING: _P. F. Vovk Qgg%
(NAME ) COMPANY )
PARTY ANSWERING:
NAME ) %conpanv)

SUBJECT: Uncertainty of Test Equipment Used in Post- E!_“2_51192_2__58__£_2Q_Q_}

...............................................................................

JELECON SUMMARY (Including Decisions and Commitments)

The post-mod calibration of test instruments used in 7-1 and 7-2 of MR-F(C-90-073
was a function check of the equipment. The devices used to perform this check
have uncertainties of better than = 1°F (MT-00027, -00001, 08201).

-------------------------------------------------------------------------------

PED Library




ATTACHMENT &

EA-FC-90-062

o EA-90-062  pgpan

— VQNC.T'\DN TE"ST' oF TG.MPGQ.A‘!\EC bt‘ﬂ;c

T)\'g_ ‘2\0& Roumu RE\".}
Usev own ‘DG" ] ™ST

L)
Accepranct PFor Tuis Test s TIF
2) MT- 10107 ¢ MT- 10108 o Aa Pacles
(2 I 32.0 32.) | Anbind nespveed w  MMl-mos | oeod

iCe .

. 3.0 13.2
g A KB 6~
B) MT-00014

~ AR CoNDITewy Y PRGRED v i TH

AT- 08201 2.4'F ¢ 43 2L%ARM

MT- 00014 wmwea T1.4'F ¢ 42.0 e R.H.

@ 2¢f 2
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.Y, ATTACHMENT 8.17-3
BEST Copy EA 90 062 EA-FcT;o'.oegl

REV = #1 ¢

141 Q\c.u R.NN\NG - FUNCT’ON Tes-r Tm?m-run.e Dtﬂd:
Usep - Te~9% TEST . REV
Acccﬁ Aavca For Ty  test s (" F .

MT. OCCTIS FLukE DATA LOGGET w HYCAL w:ms, ("l €a)

MT- Bonel, Soven, SOMIS, Sevi7 Seviq, Sew2i o 235 Sevie, Fewar

AT~ 00075 wy MH¥oar RTDN, . Jus BT (WECK

EEZIN SCan CROVE 1 &5 Mey L A't1.0102
LS «B TEMPS
T 41 K1 TOF LEFT 3. 319 DEC F
¢ 42 &2 CNT LEFT 2.614 DECG F
+ 47 «2 BOT LEFT 32.202 DEG F
C «& RL TOP CENT 22,472 DEC F
. 4% Bz MID CENT 31.901 DEC F
. «¢ B3 BOT CENT 22,054 DECG F
- 47 C4i TOF RHMT 3. 002 DEG F
v 8 (L2 CNT RHT 32,40¢ DEG F
- 29 L2 BTH RHT 32.288 DEG F

e ¢ %@ aus, TEMP, 32.110 DECG F
EnI ZCaN GROUF 1 29 MaY 81 45120195
ETIEEED BINGLE Slen 253 MeV 8L 18312910 5290 K3

)
MT- 10102 w An Pasbe
( 32°F) .cuPr. 32.3
AMB.  sgnevkE® W T
ﬁ"*)““""" 3.0 (AT omset ¢ mT-0eor) erb-NI 'a%'
3)
MT- ool
LAB ConwdiTons
A3 MEASUALD W MT.oael TYF £ 43.2%e.H
N
MT oot SwdDiCaTem ARG 5 3 l‘ 2.0 % R M.

6-6- Nk

14 1.

W’Hv: [



Wy » - T P

ks EA-90-062 thrisice
=q-1995
- Riewn RenninGg ~ F umemon TE‘S‘T oF T-EMMQQ bevwcs
Uses on  DG-FI TesT REV. 3
Accerrance Fon TWS TesT 13 T |°

y MT- 00015 FLUKE DATA LocGER.
¥oU, SoWE, SoM1T, Sonil, SeN2i, Bewly, SeM2L, Sovas

L} Sotbs,!b

by Cae RS, (9ad)

Teg PV Z
TN FCeN GROUR 2 B8 JUN 91 L.214T:%8
23 CRE TEMFS
{ 4i m1 TOF LEFTY 32,198 DE F
P 42 &2 ONT LETT 3..734 DE' F
C 42 82 BOT LEFT 32,216 DE ¥
¢ 44 E1 TOP CENT 32.43s DE; F
T 4% Bz MID CENT 31.906 DE: F
I &€ B BOT CENT 32,101 DE F
¢ 47 Ci TOP RHY 31.%61 DE; F
= 4§ C2 CNT RHT 32.181 DE F
I 4% (3 BTN RWT 32,29% DE: F
. &g «lG. TEMP, 2..8€61 DE: F
gl SC&N GROUFR 4 @ JUN 81 1144107
TTOSEED SINGLE ZCaN @F JUN 81 Ll1144iD4
EECIN Zlweh CGROLUP 2 87T JUM 81 412192135
DI (=B TEMPE AMBIENT % AT 0 BAT, eveen
¢ 41 A1 TOP LEFTY 73.049 DEG F 1
C &2 #2 CONT LEFT 7=.893 DES F
( 42 a3 BOT LEFT 73,462 DEG F
{ 44 Bl TOP CENT v3.766 DES F ¥
. 4% B2 MID CENT 73.296 DEG F T
{ &€& B3 BUT CENT 73,322 DE5S F NV
( 47 C4 TOP RHT 73.277 DEG F
C 4& C2 CNT RHT 73.428 DES F
C 45 CI ETHM RHTY 73.798 DES F
c S8 AVG. ToMP, 73.3%4 DE: F
END SCaN GROU® 1 27 JUN 91

STOPFED SINGLE

scaN

8T JUN 91 12:5
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> g— ATTACHMENT 8.18-1
BEST COPY Post-it* brand lux rensmiiial memo 7877 |2 eiee ms » l EA-FC-90-062

EA -90-062 ;:r&thaR KALRA

B e . 7-}9- 9%
' aua_PP D ME LEW | M owesT REV-"

REY. 3

¢ -

4 e

The purpome of Lhis wewo i3 to help explaan why sir eonditiouwr
CapaciLy is recduced as enclosure Lemperature ig  reduced, und to
provide Marketing with o "rule-of-Lhuwb” wus to the extent of the
reduction.

A you know, Ncoclean Midwest 8i: conditioners are normully rated at
126 F smbient and 125 T enclosure return air temperatures., Typically,
this condition imposes the highest load on the air conditiener. The
baxic rule Lo remesber is that aax  reduction in the return uir
isppecazure will  cuuss i rediCliQu. . dUe  Sauataly 0L Tl udl
sendiliouer.

Thie 1w becvause « reduction in the return ai) temperature reguasres o

reducCLi@n in the evapuruter ¢oil teaperaturs:, which in turn requares u

lower suction pressure in the refrigeration system. A lower suCtion

pressure, iu turn, reduces the density of Lue suction gus being puaped
| LY the comprossor. Since the puaping cupuszity of Lthe compressor .is
| fixed by velume, this reduciion in wuttion gus density meuns Lhal Lhe
Comprensor is pumping lews woight of rveflrigzrant, with w corresponding
- lows 1mn wir conditioning capacaty.

; The Jless of oapecity wilh & reduction 4in suction pressure (or
' snclesure resurn &ir temperstule) is extremely rapid, Fer best
i capacity performance and operating oefficisncy, it is imporiant that
. the &ir conditioner operase st the highest suction pressure poskible.

A decresse in the sabient temperature will result in en  incrense ..
i air conditioner capacily, due o the reduction of the heud Dpressure,
However, Lhis capacity increase .8 swall compared te the loss ol
capacity due to the decresse i the suction pressure. [or thiy

l

l“ Vire Avenue wuris Drawniv Pk Monowguis 35097 & 205 281 00 » Toies MO0 ¢ FAX (0101 400 DL




ATTACHMENT

Puue ¢ ol 2

m. Sta., Neo.: 10‘3000.‘7
{ BASE CAPACITY RATED AT 128,148)

1,00 | Qb

|

! l
'L lo.oe | w0
| |

0.98 |0.938 Io.uu 0.¥8 | 118

0.98 lo.wo (0.8 |o.80 [0.78 | Livv
I l

0. 97 J0.92 |0.87 [0.82 {077 |0.72 |U.87 | 0BT
Resurn
Ay
.98 10.95 |o.u8 |0.83 |0.78 0,73 |0.08 |0.63 (0,08 100Y Temp,
(YF)
! i T ;
T8 10.90 10,86 |0.80 [0.78 |0.70 Ju.6s jo.60 j0.06 |U.80 | WO
I |
e
567 lo.s2 |0.77 |0.72 {0.67 |.082 [0.87 |0.8% |0.47 10.4% yov
5. 78 lo.73 lo.66 |0.63 [v.68 |v.83 |o.48 ju.a3 10,38 (033 | wsv
.90 10.88 |0.60 |0.85 |0.80 [v.e8 Ju.40 0,38 lo.80 |o.28 | w0
| 1 |
Sor  B8Y  w0v  9OY  10Uv 108v  120v 118V 1zov 1Y
Asbient Temperature (YF)
XAMPLE: To determine estimated cooling cipacity, ®ultiply catalop

ceoling capacity By the fastor correiponding to aotual wmbient
wnd recturn air temperature cenaitions.

A unii with catalog capacity of $UU) BTU/hr operating ut YUV F
return air temperature asnd IOUYF ambient wildl have an
estimsted cooling cepacity orl:

000 BTU/hr x U.07 = 53060 BT')/hr

MoLeen Midwest Engineering Standard RE\", 3
L

e

EA -9 0-062 EA'-)FC-QO-%?:
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Graph or Air Temperatures for DG-1 on 6/26/90 (2 pages)



EA-90-062

Temperoture in F
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Front Cab. @ 3’
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Time
t Front Cab. @ 8°
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EA-FC-90-062

EA-90-062 m_w_éio.z

g -1%-qs
-4 &

FILE: DIESEL®
This is ln-l {6-26-90) outside cabinet front

c 3 8’ Logger Point 49
1ime Logger Foint 42 (ogger Point 46 OQutside Ambient Generator Intake

RS PN NSRS IR E S TR NSRS S - - R e

19:45 95.0 95.0 94 94.0
20:00 9.9 199.0 9.0
20:15 101.0 103.¢ 96.0
20:30 103.0 103.9 95.¢
20:45 103.0 105.0 95.0
21:00 106.0 105.0 90 95.0
21:15 107.0 107.9 9.0
21:30 106.0 105.0 9.0
21:45 107.9 105.0 §5.0
22:00 107.0 106.0 95.0
22:15 107.0 106.0 92.8
22:30 107.0 104.0 93.0
22:45 107.0 103.0 Si.¢
23:00 106.0 102.¢ 82.0
23:15 167.0 105.0 9.0
23:30 i05.0 103.2 94.0
23:45 107.0 105.0 95.9
24:00 109.3 105.5 97.3
80:15 102.3 102.0 97.2
00: 39 98.9 100.3 98.2
00:45 99.3 9.0 9.9
03:00 98.1 99.1 95.9
01:15 95.1 96.7 92.4
01:30 98.1 98.3 9.3

D1:45 9.6 98.7 78 93.1
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Graph of Air Temperatures for DG-2 on 7/16/90 (2 pages)



Tempercture in F
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EA-FC-90-062

~Q0-062 ATTACHMENT 8.20-1
REV.3 REVZ.
Fon:ofi@1330,5up@1717.exh@1830,011@1935

el AN

ﬂ. ' -Qk"-

DG-2 (7-16-90) MWO 90 217BM

o5

A e/\eb
o——O y 6
R G\n
& ~

pe

. ma ‘[' sran _1"

R

e ST T““‘r" T " T ‘ : 3 j T

13:30 14:00 14:30 15:00 15:30 16:00 16:30 17:00 17:30 18:00 18:30 19:00 19:30 20:00

1 Front Cab. © 3’
Air Inlake fo Room

Time
i Front Cab. @ 8’
A Gen. Intake Air
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Graph of Air Temperatures for DG-2 on 7/17/90 (2 pages)
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Graph of Air Temperatures for DG-1 on 6/25/90 (2 pages)
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REY, 3 ATTACHENT 8.22-1
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FILE: DIESEL

This is for DG-1 (6-25-90) outside cabinet front

3;

Time Logger Point 42

ia:15
14:30
14:45
15:00
15:15
15:30
15:45
16:00
16:15
16:30
16:45
17:00
17:15
17:30
17:45
18:00
i8:15

.i
Logger Point 46

Average
Qutside Ambient
Points 14-19

84.2
85.1
86.7
86.8
87.5
88.4
88.5
89.0
89.5
90.4
89.8
9.8
93.9
93.8
103.4
105.4
105.4

86.5
87.4
87.5
87.3
88.3
89.3
9.2
9.2
90.7
91.3
9.8
9z2.2
94.7
96.1
105.5
106.6
104.9

85.9
85.8
87.9
86.7
8r.5
88.6
88.3
89.1
89.9
89.0
88.8
89.1
89.6
89.2
88.i
88.2
88.8

Logger Point 49
Generator Intake

86.0
87.0
89.3
93.1
92.3
98.2
100.3
100.3
101.7
192.6
102.6
101.2
94.7
95.4
99.1
100.5
99.8
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