Nebraska Public Power District

August 14, 1987

U.S. Nuclear Regulatory Commission
Attention: Document Control Desk
Washington, DC 20555

Subject: Safety System Functional Inspection at
Cooper Nuclear Station, Brownville, Nebraska

Reference: A. Docket 50-298
3. NRC Region IV Division of Reactor Safety and Projects
letter dated July 9, 1987
Nebraska Public Power District’s letter NLS700358
dated July 24, 1987

Gent]emen:

At a meeting held on June 30, 1987, at the Nuclear Regulatory Commission (NRC)
Region IV office at Arlington, Texas, Nebraska Public Power District (NPPD)
outlined its action plan for the major issues emanating from the recent Safety
System Functional Inspection at the Cooper Nuclear Station (CNS). Reference B
requested that NPPD document the completed actions and future plans in regard
to the topics listed below:

AC Voltage Studies/Sufficiency
DC Voltage Studies/ Sufficiency
Seismic Concerns
Ventilation/Temperature Problems
Service Water System Flows

NPPD responded to the Seismic and Service Water flow concerns and gave a
partial response to the remaining items in Reference C. The District
supplemental response and plan of action on the outstanding issues are
summarized in this letter. The calculations, studies, and evaluations
described herein are available for review at NPPD Offices.

AC Voltage Studies/Sufficiency

L The AC Voltage Drop Analyses have been performed by Burns and Roe
and NPPD personnel. The analysis covering the segment of the
distribution system from the off-site power lines to the MC(
terminals on the 480 VAC system has been performed using Bu-,ns and
Roe’s Computer Program ELO 110. NPPD personnel are perforning the
voltage drop analysis for the remainder of the AC Distrib tion
System at CNS.
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a. The Burns and Roe study indicates the following:

(1) For the 161 kV 1line supplied via the 345/161 kV
transformer at CNS, the electrical distribution system
powered via the Start-up transformer can withstand a
"block" start of Emergency Core Cooling System {(ECCS)
equipment with the normal auxiliaries (essential and
non-essential) remaining energized.

(2) For the 69 kV line supplied from the Omaha Public Power
District (OPPD) system, the emergency off-site supply, the
electrical distribution system powered via the 3mergency

station transformer can withstand a sequential starting of ECCS
equipment as well as a phased start of two Service Wate: ~umps

with all non-essential equipment de-energized.

.he above cases meet the design requirements of the off-site
power supply criteria for CNS; two independent power supplies
in addition to the emergency diesel generators.

Attachment A gives a summary of the Voltage Drop Analysis ‘o
the 480 VAC MCC terminals.

b. NPPD is performing a voltage drop study on the 480 VAC and
120 VAC systems, NPPD Calculation 87-132. The complete and
in-depth analysis of all circuits will not be complete for a
considerabie time due to the magnitude of the task. However,
the circuits analyzed to date are adequate to perform their
safety related functions under postulated voltage conditions.
Voltage and current measurements have been taken to establish
the margin between the calculation and the field condition for
120 YAC component already analyzed. The readings taken
indicated there was a considerable margin of conservatism
in the calculation. Additional readings will have been taken
under Special Test Procedure 87-014 when the complete in-depth
analysis has been completed.

The 4160 V AC Momentary Fault Study commissioned by NPPD indicates
that while performing the monthly surveillance test on the emergency
diesel generator, a phase-to-phase momentary fault, if it occurred,
could be as high as 63,800 A. The switchgear is certified to
withstand 60,000 A and the breakers 58,000 A faulted current.

The District has undertaken a study of the effects of such a faulted
condition occurring. Following consultations with tiie manufacturer
of the switchgear, General Electric, and discussions with consultant
agencies, NPPD has determined that the ability to perform and
maintain a safe shutdown of CNS from 100 percent power is not
Jeopardized by a phase-to-phase momentary fault on the 4160 V system
during the surveillence testing of one of the diesel generators.
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The bases for this statement are:

a. Only one diesel generator is tested at a time up to eight hours
per month. There are two emergency diesel generators at CNS.

b. The magnitude of the fault, only 6} percent above faulted
capacity, is unlikely to cause damage to other equipment in the
same division if the fault is associated with the breaker.

c. The fault can only occur on one safety-related division since
only one diesel is tested at a time. Therefore, a fault would
not damage the redundant safety-related division (G.E. concurs
with this position).

d. For a fault of such magnitude to be produced, the fault has be
occur at a specific point in the AC cycle to give a 1.6 DC
offset.

e. The switchgear and breakers are inspected at regular intervals,
and the condition of equipment is well documented. CNS has not
experienced any problems of degradation of equipment in the
switchgear during 13 years of commercial operation.

f. The probability of a phase-to-phase fault occurring qugr the

conditions postulated above is remote, lower than 10" per
reactor year.

g. The faulted capacity of the equipment is adequate if the diesel
generators are not being operated in the test configuration.

Based on the above statements, it is considered that the probability of a
fault of such magnitude occurring is extremely low, and i{ it did, it
could not damage the redundant essential switchgear. Thus, the ability
to perform a safe shutdown in the event of a transient or design basis
accident is assured.

DC Voltage Studies/Sufficiency

The DC Voltage Drop Study and the [" Load Study have been completed. The
studies were performed by CYGNA Energy Services. NPPD has completed an
initial review of both studies and a full review is currently in
progress.

1. The DC Load Study shows that the existing batteries and chargers are
capable of supporting the system demand during accident conditions.

2. The DC Voltage Drop Study was satisfactory with the exception of the
voltage drop associated with the zlosing coil circuits in relation
to the 4160 V Breakers 1FS and 1GS (Start-up transformer breakers),
as well as EG]1 and EG2 (diesel generator breakers). The study <hows
a calcula.~d voltage of 78 V at the coils. The coil manufacturer’s
specification states a 90 V minimum operating voltage is required.
A Special Test Procedure (STP 87-013) was conducted to measure the
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minimum voitage required to operate the coil. The results of the
STP showed that depending upon the type of breaker (1200 A or
2000 A) the closing coils operated at voltages ranging between 40 V
and 58 V. Repeatability of results was proven for each of the four
breakers tested with less than five percent variance in readings.
Even assuming a 20 percent variance on the 58 V reading, the minimum
voltage for operation was demonstrated to be below the calculated
minimum voltage of 78 V.

The DC Study indicates that the DC electrical distribution system meets
the design criteria for CNS.

The DC calculations are available for review at NPPD Offices.

C. Control Building HVAC Study

In response to the concerns expressed during the Safety System Functional
Inspection to the adequacy of the HVAC system in the Control Building,
an HVAC study was initiated. NUTECH Engineers performed a thermal
transient evaluation for: AC Switchgear Rooms 1F and 1G, DC Switchgear
Rooms 1A and 1B, and Battery Roows 1A and 1B.

The results of the study, given in Attachment B, show that should
ventilation fail during an accident or normal operation, the temperatures
in the rooms in question are maintained within equipment specifications;
however, the use of portable HVAC equipment is required. Station
Operating Procedures state that should ventilation fail, the dedicated
portable ventilation equipment will be made operational within one hour.
In addition, if at any time the temperatures in the switchgear rooms rise
above 104°F, additional ventilation will be supplied using the portable
de?icated equipment until the ambient temperatures can be maintained
below 104°F.

In response to concerns about the ambient tempcratures in the battery
rooms during the winter, the calculations associated with the evaluation
show the temperature would fall to to 71°F with a Control Building
minimum design temperature of 65°F following a loss of Contrnl Building
HVAC.

Attachment B gives a summary of the results and conclusions from the
evaluation in greater detail.

The NUTECH evaluation together with associated calculations are available
for review at NPPD Offices.
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NPPD is currently evaluating the undertaking of further studies and the
possible modifications to further improve the margin of operability of
essential systems at CNS.

Sincerely,

orfe “A. Trevors
Division Manager of Nuclear Support

GAT/APH:cb112/4(PPGC1S)
Attachments

cc: Regional Office
USNRC - Region IV

Resident Inspector
Cooper Nuclear Station



Attachment A to Nebraska Public Power District's Letter
to the NRC dated August 14, 1987

This Attachment is a synopsis of the A voltage drop study performed by
Burns and Roe.

1.0

2.0

Background

Nuclear Regulatory Commission (NRC), in attachment to its letter dated
August 8, 1979, stipulated certain guidelines regarding the adequacy of
Station Electric Distribution System voltages (Ref. 2.4.1). A voltage

drop analysis computation (Ref. 2.1) was performed for Cooper Nuclear

Station (CNS) in 1979 to verify the adequacy of system voltages to start
and operate all safety-related loads.

During May and June 1987, the NRC performed a Safety System Functional
Inspection (SSFI) of the CNS Emergency Electrical system. As a part of
the SSFI, the NRC investigated the prevailing voltage profile study. The
NRC noted that several values used in the prevailing voltage profile
study were slightly different when compared with the present plant
conditions.

In response to NRC questions, NPPDL committed to undertake a systematic
reevaluation of all the factors that may affect the plant voltage profile
during a postulated Loss of Coolant Accident.

NPPD reanalyzed the transmission line network data to determine the
system parameters which should be used for the CNS licensing basis. This
information is provided in the Reference 2.7.

A Special Test Procedure, STP-87-010 (Reference 2.2) was written to aid
in the determination of CNS plant load data. STP-87-010 was performed to
obtain the actual Jload data while CNS was operating near its rated
capacity. Based on these measured values and examination of the plant
auxiliary system operational requirements, a conservative plant loading
model was established which is documented in the NPPD load data
calculation (Reference 2.3).

References

2.1 Burns and Roe "Voltage Drop Analysis Computations and Test
Procedure to Verify Computed Values,", Rev. 1, December 18, 1979
(Cslc. PFe. 2.15.01).

ik NPPD Special Test Procedure: STP-87-010-Measurement of Plant
Electrical Loads.

2:3 NPPD Load Data: NPPD Calculation No. 87-104.

2.4 NRC Guide LInes & NPPD Response:

2.6.1 NRC Guidelines, attachment to NRC letter data August 8,
1979, "Ref: Adequacy of Station Electric Distribution
Systems Voltages."




242 NRC letter Docket No. 50-298 dated June 3, 1977,
addressed to NPPD with attachments.

2.4.3 NPPD letter dated July 18, 1977, addressed to NRC.

BRC Computer Program ELO110 Rev. 4 - "Electrical System Design for
Three-Phase Short Circuit, Voltage Drop and Transformer Impedance
Sizing" (Attachment 1),

B&R Drawings:

- B Burns and Roe Drawing 3001, Rev. . N3 - Main One Line
Diagram.

Burns and Roe Drawing 3002, Rev. . N13 - Auxiliary One
Line Diagram, Sh. 1.

Burns and Roe Drawing 3003, Rev. . N13 - Auxiliary One
Line Diagram, Sh. 3.

Burns and Roe Drawing 3004, Rev. . N9 - Auxiliary One
Line Diagram, Sh. 3.

Burns and Roe Drawing 3005, Rev. . N10 - Auxiliary One
Line Diagram, Sh. 4.

Burns and Roe Drawing 3006, Rev. No. N23 - Auxiliary One
Line Diagram, Sh. 5.

Burns and Roe Drawing 3007, Rev. No. N18 - Auxiliary Cne
Line Diagram, Sh. 6.

Burns and Roe Drawing 3010, Rev. No. N25 - Vital One Line
Diagram.

Burns and Roe Drawing 3401, Rev. No. N7 - Auxiliary One
Line Diagram.

Burns and Roe Drawing 3412, Rev. No. N4 - Augmented
Radwaste Bldg. and ACAD System-Lighting Panels and
Fixture Schedules.

1 Burns and Roe Drawing 3012, Rev. N3 - Main Three Line
Diagram, Sheet No. 3.

12. Burns and Roe Drawing 3019, Rev. N10 - Switchgear
Elementary Diagrams, Sheet No. 3.

13, Burns and Roe Drawing E150.
NPPD Data:

Sid % System Impedance and Grid Veltage Data 69 kV line.

I g4 System Impedance and Crid Voltage Data 161 kV line.

ol




- P . Cable/Bus Impedance Data: NPPD Calculation No. 87-103,
2.7 .4 NPPD Correspondence

: 8 161 kV and 345 kV System Impedances %
Letter from R. Rahrs to R. Lindstrom dated July 17,
1987.

- 5 69 kV System Impedances
Letter from Jim Hackney to W. Fischer dated
August 4, 1987,

- 161 kV Bus Voltages
Letter from J. Doudna to J. Hackney dated
July 21, 1987.

4, 69 kV Bus Voltage
Letter from 1. Goering to W. Fischer dated

July 6, 1987.
2.8 Vendor Data:
2.8.1 Start-up Station Service Transformer Test Data.
2.8.2 Emergency Station Service Transformer Test Data.
2.8.4 4 kV Motor Data.
2.8.5 460 V Motor Starter Data.
2.9 Cooper Nuclear Station - Updated Safety Analysis

Report - May, 1985.

2.10 Cooper Bessemer Company to Burns and Roe - March 5, 1974,
Certified report of engine field tests.

2.11 General Electric Pub. 362A648-0, Fig. 2.
2.12 Burns and Roe Calc. No. 2.09.06, Sh. 19.
2.13 Telecon: K. A, Bugenis (B&R) and A. Gelfen (Telemechanique).

2.14 1ITE - Electrical Products catalog, Magnetic Starter Data
Section 6.1.1.2, Page 7 '

2.15 Westinghouse - Magnetic Starter Data Section 8220, page 59.

Discussion

|
:
|
l
|
|
|
|
l
\

2.8.3 4.16 kV/480 V Sub-Station Transformer Test Data.

3.1 Start-up A.C. Power Source.

During normal plant operation, the station auxiliaries are powered
from the Normal Station Service Transformer, which is connected to

a3



CNS generator output. A unit trip results i e tripping o
5 kV breakers and the loss of feed to the Normal tation Serv
ansformer An automatic fast transfer takes place to connect
Service Transformer in under 8 cycles, and the
ies continue to operate without interruption of
t-up Station Service Transformer is connected to

1 7 9

I KV 1l1lne

a Loss of Coolant Accident (LOCA) occurs, a CNS unit trip will

ke place and as a result, the fast transfer will occur without

terruption of power to the plant auxiliaries deside providing
to the ruining plant auxiliaries, Start-up Station
ransformer will ale » subj d an automati
the safety oads su as 3 ) Reeidual
(RHR) pumps and one ( Core Spray Pump on ich of
V Emergency Power Buses 1F and 1G In addition. cer

ical loads on the 480 V ‘itical power buses will

1 1

connected simultaneously
Emergency A . Power Source

V Start-up
of a fast transfer, the 4160 V Ci ical Power
would automatically be isolated from the other plant
i and then be connected to the Emergency Station Service
After securing the power on 4160 V Buses 1F and 1G
safety related loads are automatically connected and
wered in a predetermined sequence The 480 V MCC critical load:
tay connected, hence, receive power i
' the 4160 V Buses 1}
the Emergen
in the event
[ransforme:

transmission
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GE-IAV54E relays, there is an intentional 10 second time delay in
the associated control circuit after which load shedding takes
place to guard against & sustained undervoltage condition.

Transformers Taps

The Station Start-up Service Transformer tap setting is presently 2
which corresponds to 165,025 V with the secondary rated at 4160 V.

The Emergency Station Service Trausformer tap setting is presently
2, which corresponds to 68,800 V with the secondary side rated at
4160 V.

Grid Voltages

Grid voliages associated with off-site electrical power supplies to
CNS are given below.

The operating range for the 345 kV system is from 3:5 KV to 365 kV.

The NPPD 161 kV Bus at CNS is supplied by two sources, one being
via a NPPD 345/161 kV transformer and the other being from the OPPD
system, 161/kV line from Auburn.

{. separate NPPD study has analyzed the 161 kV grid conditions

The minimum voltage for the 161 kV 'ine from Auburn is estimated at
159.4 kV. For the 161 kV line st _ ied via 345:161 kV transio.mer
the minimum voltage is estimated at 165.4 ¥/, Both cases evaluated
assume a loss of CNS generation.

The high and iow voltages for the 69 kV line are calculated to be
72.08 kV and 65.55 kV,

In the analysis performed by Burns and Roe all th- above cases up to
the 480 V MCC terminals have been considered. The results are
tabulated in this Attachment.

Plant Load Data:

To reflect realistic loading conditions in the analysis which
inicially usrd nameplate data, a Special Test Procedure (STP 87-010)
was written to determine the actual station electrical load while
operating near 100 percent power. The results of the test procedure
were scrutinized and further analyses were performed to determine
the maximum credible electrical 1loading criteria (NPPD
Calculation 87-104). The load information was used in the Burns and
Roe calculations.

The voltage drop study was performed using Burns and Roe Computer
Program ELO110 - Revision 4. The program is QA certified for use
in the nuclear industry. Several cases were developed to represent
plant parameters, and accordingly a number of computer iterations
were performed for the different grid voltage conditions and plant
loading criteria. The cases developed were:




a. Block starting of Emergency Core Cooling System (ECCS)
equipment with all other auxiliaries operational and with
the power source being supplied from either the 345:161 kV
transformer or via the 161 kV line from Auburn througu the
Start-up Transformer.

b. Sequential starting of the ECCS equipment with all other
auxiliaries operational and with the power source supplied from
either 345:161 kV transformer or via the 161 kV line from
Auburr through the Start-up Transformer.

e Sequential starting of the ECCS equipment plus the phased
starting of two Service Water pumps with all non-essential
equipment "off line" and with power supplied from the 69 kV
line via the Emergency Station Service Transformer.

The Station Distribution Network was modeled within the constraints
of the Burns and Roe program up to the MCC terminals. Cable
impedance values used in the study were computed on a percent basis
of 100 MVA and are reflected in NPPD Calculation 87-103, The
limitations of the program resulted in a number of conservatisms
being adopted such as starting all 48C V machinery simultaneously.
"Dummy" transformers and buses was utilized to reflect the varying
conditions of the plant. A detailed account of the modeling
procedure is given in the Burns and Roe Study 4107-013.

A detailed review of plant voltage profiles has been performed by
NPPD for the worse cases, maximum and minimum suppiy voltage.

Results

The results of the Burns and Roe study are shown in tables at the
tack of this Attachment. 7The computer input, output, and records
of all other calculations are available for review at the NPPD
offices.

The results are summarized as follows:

a. For power supplied via the 345:161 kV transformer at CNS the
systems evaluated can withstand a block as well as sequential
starting of the ECCS equipment.

b. For power supplied from the 161 kV line from Auburn the
essential bus bars will trip on undervoltage if the system is
subjected to a block start of ECCS pumps. If the system is
subjected to a sequential start, the essential bus bars will
remain energized.

For power supplied from the 69 kV line via the Emergency
Station Transformer the system will sustain a sequential start
of ECCS and service water equipment with all non-essential
systems deenergized.

e



The tables attached give a summary of the results.
Conclusion

The review of voltage profiles for CNS for the Offsite power
supplies indicate that under normal and emergency conditions the
electrical distribution system to the 480V MCC terminals is adequate
to withstand a block/sequential start powered via 161 kV line from
the 345:161 kV transformer or a sequential start powered via the
69 kV line.
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Attachment B to Nebraska Public Fower District'’s
letter to the NRC Dated August 14, 1987

This attachment gives a summary of the results, assumptions, and methodology
in regard to the Thermal Transient Evaluation for the Control Building at CNS
performed by NUTECH Engineers.

i 7 In response to the NRC’s concerns eapressed during the recent Safety
System Functlonal Inspection, NPPD initiated an evaluation of the
ventilation systems associated with essential electrical equipment
located in the Control Building at CNS. The evaluation was performec on
Battery Rooms 1A and 1B, DC Switchgear Rooms 1A and 1B, and AC Switchgear
Rooms 1F and 1G to develop the bounding transient room temperature
profiles, resulting from Loss of Coolant Accident (LOCA), Loss of Offsite
Power (LOOP), High Energy Line Break (HELB), and Loss of Venti'ation
(LOV) events.

48 The arrangement and function of the essential Battery and Switchgear
Rooms is described in the Updated Safety Analysis Report (USAR) for CNS.

3. The Ventilation System for the Battery Rooms i{s provided by dedicated
exhaust fans powered from the essential bus. The air is drawn out of the
rooms utilizing ore fan with the other acting as the redundant component.
For the DC Switchgear Rooms, ventilation is provided by two supply fans
(one for each room) powered from a non-essential bus which provide
Contrel Building corridor air to these rooms. 1ae air is then exhausted
out of the rooms through a louver in the access door.

For the AC Switchgear Rooms 1F and 1G ventilation is provided by a pair
of redundant supply fans which pruvide outdoor air to the rooms. There
are redundant discharge fans which draw air from the critical switchgear
rooms and either recirculate or discharge the air outdoors. The
electrical supplies fo: the supply and exhaust fans are non-essential.

The dedicated portabl. ventilation system for the D.C. Switchgear Rooms
consists of a 3,000 cfm fan drawing air from outside the Control Building
and discharging through portable trunking into the rooms. The dedicated
portable system for the AC Switchgear Rooms consists of two sets of fans
and portable trunking. One fan rated at 4,000 cfm draws air through the
north doors of Switchgear Room 1F and exhaust into Room 1G. The second
fan, rated at 8,000 cfm draws air from Room 1C and 1F exhausting to the
outside via the south door from Room 1G., Power for these units is
essential.

4, The analysis was conducted for a combination of accident scenarios to
determ.ne “he worst case. HELB combined with loss of ventilation is
considered to be the worst case. The analysis for the summer condition
is based on the climatic data given in the ASHRAE Handbook, for Omaha,
Nebraska. The initial room temperatures for the summer conditions are
assumed to be 104°F,
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11,

exist throughout the duration ~f the transient. In reality, the
maximum ambient temperature for a design basis day can be expected
to vary by an verage of 24°F over a 24-hour period based on ASHRAE
figures.

¢) The 1any heat sinks which exist in the battery and switchgear rooms
have reen neglected in the transient analysis. These included the
the .al mass of equipment contained in the rooms and the energy
transfer paths which occur at wall and floor penetrations for
ducting, piping, and conduit. While these openings are well sealed,
the higher heat conduction rate at these locations to the
surrounding ares has been neglected.

For the c¢ritical Switchgear Rooms, the heat absorption capacity of
the non-heat generating devices located in these rooms can be
expected to slow the rate at which the air temperature rises in the
room such that the maximum temperatures would be lowered by about
°F.

d) The equipment in the affected rooms would only be subjected to =«
high ambient air temperature for a short period of time until
. srtable ventilation is made operational.

The active components for each essential device are not dirvectly
exposed to transient room temperature conditions but are enclosed
within metal clad switchgear or are within an equipment case. A
thermal lag effect would occur such that the essential components
would not be expected to reach the peak temperatures postulated, and
would not be subjected to temperatures above 150°F for a significant
length of time, i.e., on the order of minutes. The short duration
temperature effects should not prevent proper operation of the
equipment. These facts, coupled with the conservatisms cutlined in
above, plus the margin inherent in components of this tvpe, give a
high degree of assurance that the equipment would function
adequately during the postulated abnormal events.

CNS has a very good record of operability of the Ventilation System
associated with the Control Building. There has not been a loss of
ventilation in 13 years of commercial operation. In addition, there have
been no repeated failures of electrical equipment which may suggesc a
high temperature degradation problem.

In addition, the annunciators associated with the Control Building
Ventilation Supply and return fans are essential and, coupled with the
redundancy plus annunciated 'failure to start’ logic circuits, it is
unlikely that a complete loss of ventilation would not be acted upon by
the plant operators.

The postulated events during which the essential equipment located in the
Battery and Switchgear Rooms would be subjected to high temperatures
requires the simultaneous occurrence of a design basis day maximum
temperature, a loss of offsite power or loss of ventilation and, in some
instances, a worst case LOCA or HELB event. The likelihood of this event
scenario is remote. The electrical grid in the CNS service area has
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proven to be very stable anc¢ reliable such that a total loss of offsite
power has not occurred in the thirteen-year operating history of CNS.
Also, CNS is equipped withi two emergency diesel generators such that the
likelihood of a complete station blackout for UNS is even more remote.
Thus, the probability of an event is low.

Conclusion

If a complete loss of ventilation was to occur for the DC Switchgear
Rooms or for the Control Building Ventilation System, the temperuture
rise in the affected areas would be rapid. However, with regular
monitoring of room temperatures and the availability of dedicated |
portable equipment powered from essential buses, the transient would be ‘
less than 75 minutes. Considering the conservatisms and the resulting
margins, the temperatures of the CNS Battery and DC Switchgear Rooms are
expected to peak well below 140°F. Similarly, the temperatures of the AC
Switchgear Rooms 1F and 1G are not expected to exceed 150°F for a period
of time long enough for the equipment to be heated to 150°F. (Even if
the ambient temperature exceeds 150°F).



CNS System Operating Procedures, together with Abnormal Operating
Procedures, give guidance as to the actions to take in the event of an
LOV or in the event ambient temperatures exceed 104°F during normal
operatiors,
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BATTERY ANb SWITCHGEAR ROOM

NAXTMUNM HEAT LOADS

LoV LOOP HELB+LOV HELB+LOOP

Heat Loads Heat Loads Heat lLoads Hea*: Loads

Poom (Btu/hr) (Btu/hr) (Btu/hr) (Btu/hr)
Battery Room 1a(2) 6,570 12,744 6,570 12,744
Battery Room 1B(2¢3) 5,544 27,613 5,544 27,613
DC Switchgear Room 1A 16,094 37,662 16,094 37,662
DC Switchgear Room 1B 15,895 37,788 15,895 37,788
Critical Switchgear 55,619 55,619 17,588 48,979

Room 1=-F

Critical Switchgear 42,722 42,722 12,368 34,785

Room 1-G

Hote:

1. The heat loads shown represent the maximum valuee applied for each

event sequence.
sequences,

The heat loads vary with time for some event

2. The minimum heat loads are used in the battery room evaluation for
winter conditions.

3. For LOOP and HELB+LOOP event sequences, the peak heat load is
57,847 Btu/hr from 3 to 4 minutes 1n the event.

nutech




LOSS OF VENTILATION

TPANSIENT ANALYSIS RESULTS SUMMARY

Maximum
£ Initial Transient Steady State
Room Temperature Temperature Temperature
A e 1*r) {*F)
- Battery Room 1-A 104. 105. 105.
Battery Room 1-B 104. 105. 105.
B DC Switchgear 104. 136. 109.
Room 1-A
a8 DC Switchgear 104, 135. 109.
Room 1-B
- Critical Switchgear 104. 161. 105.
Roonm 1~F
Critical Switchgear 104. 151. 105.

Room 1-G

- Note:

:
‘ 1. The tempetatures shown are determined assuming auxiliary
Rt ventilation equipment in place and operating within one hour

2. The minimum calculated battery room temperature for this event

of 65°F is 71°F without auxiliarv room heaters.

during winter conditions with the USAR ventilation air temperature

nutech



LOSS OF OFFSITE POVWER

TRANSIENT ANALYSIS RESULTS SUMMARY

Maximum
Initial Transient Steady State
Room Temperature Temperature Temperature
{47 {*8 {*F
Battery PRoom 1-A 104. 105. 104.
Battery Room 1-P 104. 116. 103.
DC Switchgear 104. 133. 112,
Room 1-A
DC Switchgear 104. 133. 110.
Room 1-B
Critic 1 Switchgear 104. 161. 105.
Roor. 1~F
Critical Switchgear 104, 151. 105.

Room 1-G

Note:

1. The temperatures shown are determined assuming auxiliary
ventilation equipment in place and operating within one hour,

2. The minimum calculated battery room temperature for this
event during winter conditions with the USAR ventilation air
temperature of 65°F is 71°F without auxiliary room heaters.

nutech



HIGH ENERGY LINE BREAK VW ITH
LOSS OF VENTILATION
TRANSIENT ANALYSIS RESULTS SUMMARY

Maximum
Initial Transient Steady State
Room Temperature Temperature Temperature
(°F) f S) &d 4
Battery Room 1-A 104. 105. 105.
Battery Room 1-~B 104. 105. 105.
DC Switchgear 104. 136. 109.
Room 1-A
DC Switchgear 104. 135. 109.
Room 1~B
Critical Switchgear 104. 126. 101,
Roon 1-F
Critical Switchgear 104, 121. 100.
Room 1-G
tlote:

1. The temperatures shown are determined assuming auxiliary
veatllation equipment in place and operating within one hour,

nutech




HIGH ENERCY LINE BREAK
WITH LOSS OF OFFSITE POWER
TRANSIENT ANALYSIS RESULTS SUMMARY

Maximum
Initial Transient Steady State
Room Temperature Temperature Temperature
L *9) i i A
Battery Room 1-A 104. 105, 104.
Battery Room 1-B 104. 116. 103.
DC Switchgear 104. 133, 112.
Room 1-A
DC Switchgear 104. 133. 110.
Room 1-B
Critical Switchgear 104. 156. 100.
Roonm 1-F
Critical Switchgear 104. 144, 100.
Poom 1-G
Note:

1. The temperatures shown are determined assuming auxiliary

ventilation equipment in place and operating within one hour,

nutech




nutech

*GGE Zz Jaunojsuely ISV asnoybutysam 91 3 J1 wooy Ieabyn Mg
*0S1 rd Aetoy 0z Nk etueatis ol 3 31 woy Ieadbyo3 s
*0S1 65 Uy Ims 1695 D o1 % 41 wogy Ieabynimg
*0SI rd Aetay N D Ol 3 41 woy yeaddbyol s
*0ST r4 Aeta 241 D O 3 41 woy Ieabynimg
*0st 3 Aetay AVI k3 o 3 31 woqy Ieabyol Mg
*0S1 (33 KAeray VI 3} o1 % 41 woy Ieabynimg
*0SI 2 Aeay VOH D Ol 3 41 woqy IeabyPl IMS
*0S1 Z1 Aeray VaH D O % 31 woy Ieabyxnimg
*0st 01 Aetay VdH D ol % 41 woqy IeadYPIIMS
*0SI Tz Jayeaag IInoaT) HiW D O 3 41 woy 1=23bYNR Mg
*0sl Z Aetay VOZ T 3} o1 3 31 woy Ieabypl ms
*0SI (174 Yol ims 91dXrd 21330913 seuany 91 % 31 uwoy Jeadbynimg
*0SI £ Aetay zzoLa jeyseby ol 3 41 woy Jeabyol ms
*0S1 v Aetay Z10L3 Je3seby 91 %3 31 woy xeabyoyimg
*291 ¥ aa)eaag 3moar) 0%-9d ssnoybutIseM 91 % 41 ‘dl ‘VI swoay aeabyol ms
*Z91 A4 Jaxeaag ITNOITD sZ-aa asnoybutysem g1 3 VI upoy Jeabymyims a
*0%1 z adbaey) Aaa33eg 0A 0L 00Z-€-0%--3SN BDIXG g1 % V1 woy aesbypolyms Xa
*0OPT Z asfueyy Aze3zeg DA T OSI-€-0ET-4 p1IX3 g1 % VI woy Jeabyoyms a
‘02 ¥ Teued UOTIQIIISIA DAA ST1 s o) pidl g1 % vi wooy Aia33eg
ot Z Aas3yeg DaA ST £Z-SOH3 apTX3 g1 3 VI woy Aas3jeg
1121 rd Axa33eg oA O 61-S9H3 PIX7 g1 3 V[ woy Axa3jeg
*8s1 Z YN Ims Iagsuell O X1 DETVLOE oSy g1 % V[ woy Aaa3jeg
(do) ATwend uot d1a0saq ToPOW Jaanjoejruey udT 0]

pauIt Juop

samjeaadwa]

/3111qRasdo

SWOOd ¥V3IOHOLIMS ANV A¥3IIVE NI

S3DIA3A INIWAINO3 TVILN3SS3 dOd AUVWWAS LINIWSS3ASSV




8- 1 Wooy

oz 0oz oSt

AH31ivE HO4 SIN40Hd IUNLIVHIIWIL

(SHH)IWIL
oot 0t
i { 1

nutech

0z 0t 0

3
o IRE

001

- Z0L

Oll W”l' volL

<4007 + 8734 ¥HO 400

AOT + 8734 HO AOY

Ol 3NG INJISNVEL FHNIVEIGNIL eme oo

O1 3NG INJFISNVEHL FUNLVEIGNTL e——
‘aN3O3T

\ -
i -4
m
| § “
-~ 801 “
> |
po- | |
i m |
[ ] s OLL I W
© = 7
- ,
11} w
]
i
s PLL
B
.ct\L - 9LL
=1t
ozZL



V-1 WOOH AH311lvE HO4 S3140Hd IHNLIVHIdWIL

{SHH)IWIL
(U 14 002 0'St oot 0t 0z ot 0
1 1 1 J“ “ el 1 1 001
- 10t
- ZOL
~ €01
ulics - i T f—— S - mw oL
i -~ 901
—~ 901
-~ £0L
4007 + 8134 HC 400
Ol 3NCG AINIISNVHL FUNIVEIGNI] o= o e - 801
AQT + 8134 80 A0
Ol1 3ING AINJISNVHL FENLVEHIGNG ] —————
80t

TNIBN

oLt

(do) IWNLYHIWIL




V-1 WOOH HV3IOHIOLIMS 00 HO4 S37i40Hd IHNIVHIJWIL

{SHH) IWIL
[} 24 ooz 0st o0l oe 08 0¢ 09 0's oy 0t 0z
i »J-.m 1 ' 1 L 1 1 i i 1 001
901
2 K p——
H ﬁl' sti
r-- ] gF
v
l,l; sz1
ogl
SEL
—- Ovi
— Syl
- 081
€007 + §73N ¥O 4001
O4 3IN0 INIISNVEL FHNIVEINGL ~ == s ant
-
ADT+ @174 ¥O ADY
04 3IN0 AINIISNVHEHL FUNLVEISNIL
- 091

‘gN393T

(4,) IUNLVHEIINIL

nutech



8-1 WOOH HVZOHILIMS 20 HO4 S3T140Hd IHNLIVHIdNTL

{SHH) INWiLl
oz ooz 0Sit 001 06 08 0L 09 0's oy 0t 0z 0t
i 2 223 i v 1 1 A e a i a
-}
- — - — — 3 - — - - — — -

b ] £
. B

ACT + 8134 BHO AOT

O4 3N INIISNVHL 38NiVHEIMNIL — T
2007 + §13H WO 4001
04 3ING AINIISNYHL JUNLVEISNSL
‘ON393T

S0t

oLl

198

(de)I¥NLVHIINIL



9-1 WOOH HVIOHOLIMS TVIILIHD HO4 S31140Hd IHNLIVEIIWIL

{ SHH) IWIL

[V 24 0. 02 0 St 001 0t L 4 0t 0
1 R 1 i ' 2 i
= & . A 8

ettt | B L

AD1 ONV 81aH
Ol 3ING INIISNVHL JUNLVESLNYL === == = =(Y)

4007 ONY B13H
O1 3ING INFISNYHL JHNUIYEINIL = == ==

H3IMOd 3118440 40 SSOT

01 3NC INIISNVEL IUNIVEIWIL - ®
NOLIVILANIA 40 3301
01 ING INJISNVEL IUNLVEIaaL ®

‘aN3DIT

nutech

( do) IUNLVHIINIL



4 -1 WOOH HVIDHILIMS TVIILIHO HO4 S$37140Hd 3HNLVHILNIL

nutech

{ SHH; IWIL
(X 24 002 0 st 0'S oy ot 0z ot 0
L 1 1 . 1 i 1 1 e wu—— TV Y}
[“.“'-'”.'.""'-l '''' ""'ll"""""""
,'-..l --'l’-'- A d
_ SoL
i
i oLl
i
i i
[ S on
]
. V]
k4
o
m
-0tL 2
>
- —
$
—SEL =
o
AOT OGNV 8134 O1 3Na i -0vL ™
ANIISNVHL IMNLIYHIINIL llllll@ @HNHV -
HIMOd 3118440 20 7 aNv 1
8134 O1 3IN0 IN3ISNVHEL wxadww’u» I-lll.ln@ \ .
H3IMO4 31IS440 40 SSOY
Ol 3N0 AINJFISNVEHL IFHNIVEIGWI] = = = w—— oSt
NOILVTILNIA 30 SSO1 4
01 3NC INISNVHEL INNLIVEISNIL ® e
S EGE) h” - sst




