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NOTICE

This sourcebook will be periodically updated with new and/or replacement
pages as appropnate to incorporate additional information on this reactor
plant, Technical errors in this report should be brought to the attention of
the following:

Mr. Peter Lobner
Manager, Systems Engineering Division
Science Ap&lications [nternational Corporation
10210 Campus Point Drive
San Diego, CA 92131
(619) 458-2673

Correction and other recommended changes should be submitted in the form
of marked up copies of the affected text, tables or figures. Supporting
documentation should be included if possible.
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Fort Calhoun

FORT CALHOUN SYSTEM SOURCEBOOK

This sourcebook contains summary information on the Fort Calhoun Station,
Unit No. 1. Summary data on this plant are presented in Section 1, and similar nuclear
power plants are identified in Section 2. Information on selected reactor plant systems is
presented in Section 3, and the site and building layout is illustrated in Section 4. A
bibliography of reports that describe features of this plant or site is presented in Section 5.

L SUMMARY DATA ON PLANT

Basic information on the Fort Calhoun Station, Unit No. 1 nuclear power plant
is li.ted below:

Docket number 50-285

Operator Omaha Public Power District

Location Nebraska, 19 miles north of Omaha

Commercial operation date 9/73

Reactor type PWR

NSSS vendor Combustion Engineering

Number of loops 2

Power MWYMWe) 1420/457

Architect-engineer Gibbs, Hill, Durham, and Richardson, Inc.

Coniainment type Reinforced concrete cylinder with steel liner,

post-tensioned in three directions

IDENTIFICATION OF SIMILAR NUCLEAR POWER PLANTS

The Fort Calhoun is an early-vintage Combustion Engineering PWR with a
two-loop nuclear steam supply system (NSSS). In terms of power rating, Fort Calhoun is
the smallest operating C-E plant. Other two-loop Combustion Engineering plants in the
United States are:

Arkansas Nuclear One -2
Calvert Cliffs | and 2
Milisione 2

Palisades

Palo Verde 1, 2, and 3
San Onofre 2 and 3

St. Lucie | and 2
Waterford 3

All of these plants have large, dry containments.
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3. SYSTEM INFORMATION

This section contains descriptions of selected systems at the Fort Calhoun Station
in terms of general function, operation, system success criteria, major components, and
support system requirements, A summary of major systems at the Fort Calhoun Station is
presented in Table 3-1. In the "Report Section" column of this table, 2 section reference
(Le 3.1,3.2, etc.) is provided for all systems that are described in this report. An entry of
X" in this column means that the system is not described in this report. In the "FSAR
Section Reference” column, a cross-reference is provided to the section of the Final Safety
Analysis Report where additional information on each system can be found. Other sources
of information on this plant are identified in the bibliography in Section §.

Several cooling water systems are idertified in Table 3-1. The functional
relationships that exist among cooling water systems required for safe shutdown are shown
in Figure 3-1. Details on the individual cooling water systems are piovided in the report
sections identified in Table 3-1.

2 12/88



Tabie 3-1. Summary of Fort Calhoun Systems Covered in this Report

Generic Piant-Specific Report FSAR Section
System Name System Name Section Reference
Reactor Heat Removal Systems
Reactor Coolant System: (RCS) Same 3.1 4
Auxihiary Feedwater (AFW) and Sane 3.2 94
Secondary Steam Relief (SSR)
Systems
Emergency Core Cooling Systems Safety Injection System (SIS)
(ECCS)
- High-Pressure Iniection High-Pressure Safety 33 6.2
& Recirculation Injection System
- Low-pressure Injection Low-Pressure Safety X 6.2
s & Recirculabon Injection Sysiem
- Decay Heat Removal (DHR) Shutdown Cooling System X 93
System (Residual Heat Removal
(RHK) System)
Main Steam and Power Conversion Main Steam System, X 10
Systems Feedwater and Condensate System,
Circulating Water System
Other Heat Removal Svstems None wdentified
Reactor Coolant inventory Controi Systems
- Chemical and Volume Control System Same X 92
{CVCS) (Charging System)
ECCS See ECCS, above

B8/C1



Table 3-1. Summary of Fort Calhoun Systems Ceovered in this Report (Continued)

(‘;eneric I_’laa!-Speciﬁc Report FSAR Section
System Name System Name Section Reference
Containment Systems
- Contamnment Same X 5
Containment Heat Removal Systems
- Containment Spray System Same 34 63
- Centainment Fan Cooler System Containment Awir Recirculanon, 3% 64, 910
Cooling, and lodine Removal
System
Containment Normal Venilation Sysiems See Containment Awr Recirculanon, X 9.10
Coohing, and lodine Removal
& System, above
Combustible Gas Control Systems Hydrogen Purge System X 910
Reactor and Reactivity Control Systems
Reactor Core Same X 3
Control Rod System Control Element Dnive X 3
Mechenisms (CEDMs)
Boration Systems See CVCS, above -
lnstrumtanon & Control (1&C) Systems
Reactor Protection System (RPS) Reactor Protective System (RPS) 19 7.2
Engineered Safety Feature Actuation Engineered Safeguards Control 39 7.3
System (ESFAS) System
Remote Shutdown System Local Control Pancels 39 764

88/l
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Table 3-1. Summary of Fort Calhoun Systems Covered in this Report (Continued)

Generic

System Name

Plant-Specific
System Name

Instrumentation & Control (1&C) Systems (continued)

Other 1&C Systems

Support Systems
Class 1E Electric Power System
Non-Class 1E Electric Power System
Dresel Generator Auxihiary Systems
Component Cooling Water (CCW)

System
- Service Water System (SWS)
Other Cooling Water Systems

Fire Protection Systems

- Room Heating, Ventilating, and Air-
Conditioning (HVAC) Systems

- Instrument and Service Air Systems
Refueling and Spent Fuel Systems
Radioactive Waste Systems
Radiation Protection Systems

Regulating Systems,
Instrumentation Systems
Same

Same

Same

Awxahary Coolant Component
Cooling Water System

Raw Water (RW) System
Turbine Plant Cooling Waier
System

Same

Auxihary and Turtine Building
Vennlating Systencs,

Control Room Air-Condiioning
System

Compressed Air System

Same

Same

Same

Report
S¢ction

X
X
35
35

35
36

E T - -

FSAR Section
Reference

83 84
R2, 83
R4
9.7

98

929

9.10

912
95,96
i
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Fort Calhoun
3.1 REACTOR COOLANT SYSTEM (RCS)

3.1.1

The RCS transfers heat from the reactor core to the secondary coolant system
via the steam generators. The RCS pressure boundary also establishes a boundary against
the uncontrolled release of radioactive material from the reactor core and primary coolant.

9:1:3

The RCS includes: (a) the reactor vessel, (b) main coolant loops, (¢) main
coolant pumps, (d) the primary side of the steam generators, (¢) 'P.-cssurizcr. and (f)
connected piping out to a suitable isolation valve boundary. Simplified diagrams of the
KCS are shown in Figures 3.1-! and 3.1-2. A summary of data on selected RCS
components is presented in Table 3.1-1,

2.1:3

Durning power operation, circulation in the RCS is maintained by four coolant
pumps which draw coolant through two steam generators and two main coolant loop vesse!
discharge lines. The coolant pumps return coolant through four vessel return lines. RCS
pressure is maintained within a prescribed band by the combined action of pressurizer
heaters and pressurizer spray. RCS coolant inventory is measured by pressurizer water
level which is maintained within a prescribed band by the chemical and volume control
system (charging system),

At power, core heat is transferred to secondary coolant (feedwater) in the steam
generators. The heat transfer path to the ultimate heat sink is completed by the main steam
and power conversion system and the circulating water system.

Follewing a transient or small LOCA (if RCS inventory is maintained), reactor
core heat is still transferred to secondary coolant in the steam generators. Flow in the RCS
is maintained by the main coolant gumps or by natural circulation. The heat transfer path to
the ultimate heat sink can be established by using the secondary steam relief system (see
Section 3.2) to vent main steam to atmosphere when the power conversion and circulating
water systems are not available. If reactor core heat removal by this alternate path is not
adequate, the RCS pressure will increase and a heat balance will be 2stablished in the RCS
by venting steam or reactor coolant to the containment through the pressurizer relief valves.
[here are two power-operated relief valves and two safety valves on the pressurizer. A
continued inability to establish adequate heat transfer to the steam generators will result in a
LOCA-like condition (i.e., continuing loss of reactor coolant through the pressurizer relief
valves). Repeated cg‘c‘ling of these relief valves has resulted in valve failure (i.e., relief
valvie‘ sn;ck open). Each power-operated relief valve has an associated motor operated
block valve.

Following a LOCA, reactor core heat is dum; ed to the containment as reactor
coolant and ECCS makeup water spills from the break. For a short-term period, the
containment can act as a heat sink; however, the containment spray systems or the
containrment air cooling systems must operate in order to complete a heat transfer path to the
ultmate heat sink (see Sections 3.4 and 3.8).

3.1.4
The RCS success criteria can be described in terms of LOCA and transient
mitigation, as follows:

An unmitigatible LOCA is not initiated.
If a mitigatible LOCA is initiated, then LOCA mitigating systems are successful.



3.1.8

3. 1.6

Fort Calkoun

If a transient is inititated, then either:
RCS integrity is maintained and transient mitigating systems are successful,
or
RCS integrity is not maintained, leading to a LOCA-like condition (i.e.
stuck-open safety or relief valve, reactor coolant pump seal failure), and
LOCA mitigating systems are successful,

Component Information

A. RCS

I. Volume: 7066 ft3, including pressurizer
2. Normal operating pressure: 2100 psia

. Pressunzer

1. Volume: 900 ft3 (500 fi3 water, 400 ft? steam)

. Safety Valves (2)

1. Set pressure: 2485 psi
2. Relie: capacity: Z(X?(Ig) Ib/hr each

. Power-Operated Relief Valves (2)

1. Set pressure: 2400 psia
2. Relief capacity: 99,000 Ib/hr each

. Steam Generators

1. Type: Vertical U-Tube
2. Primary-side volume: 850 fi3

Support Systems and Interfaces

A. Motive Power

|. Some pressurizer heaters are Class 1E AC loads that can be supplied from
the standby diesel generators as described in Section 3.6.
2. The main coolant pumps are supplied from Nc u-Class 1E switchgear.

. Main Coolant Pump Seal Injection Water System

The chemical and volume control system supplies seal water to cool the main
coolant pump shaft seals and to maintain a controlled .nleakage of seal water
into the RCS. Loss of seal water flow may result in RCS leakage through the
pump shaft seals which will resemble a small LOCA.

8 12/88



12/88




suoned9] weuodwo) Bumoys weisAs 1US00) Joldwey UNOWE) MO4 Z-LE 4

12/88

10



-
—

88/CI

Tabie 3.1-1. Ft. Calhoun Reactor Coolant System Data Summary
for Selected Components
COMPONE.'T 1D cCoMP. LOCATION POWER SCURCE |VOLTAGE| POWER SOURCE | EMERG.

TYPE LOCATION LOAD GRP.
RC-101-2 HV RC
RC-102-1 SOV RC MCC-3C1 480 EPENRMEAST AC/A
RC-102-2 SOV RC MCC-4B1 480 EPENRMWEST AC/B
RC-150 MOV RC MCC-3B1 480 EPENRMEAST AC/A
RC-151 MOV RC MCC-4A1 480 EPENRMWEST AC/B
RC-202 NV RC
RC-204 NV MECHPENRM
RC-347 MOV MECHPENRM | MCC-4C2 480 4C2 AC/B
RC-348 MOV RC MCC 381 480 EPENRMEAST AC/A ]
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3.2 AUXILIARY FEEDWATER (AFW) SYSTEM AND SECONDARY
STEAM RELIEF (SSR) SYSTEM

3.3.1

The AFW system provides a source of feedwater to the steam generators to
remove heat from the reactor coolant system (RCS) when: (a) the main feedwater system is
not available, and (b) RCS pressure is too high to permit heat removal by the residual heat
removal (RHR) system, ¢ SSR system provides a steam vent path from the steam
generators to the atmosphere, thereby completing the heat transfer path to an ultimate heat
sink when the main steam and power conversion systems are not available. Together, the
AFW and SSR systems constitute an open-loop fluid syster that provides for heat transfer
from the RCS following transients,

3.3.3

The AFW system consists of one motor-driven pump and one st;am turbine-
driven pump, that draw a suction on the emergency feedwater storage tank (EFST) and
supply water to both steam generators when needed. The AFW pump steam turbine drive
is supplied from both steam generators and exhausts to atmosphere. Makeup to the EFST
is provided from the condensate system. Alternate water sources for the EFST include the
demineralized water system, the outside condensate storage tank, and the fire orotection
system.

The SSR system includes five safety valves on each of the twe main steam
headers. A steam dump valve also is located in the A main steam header, ¢ ¢ wnstream of
the main steam isolation valve.

Simplified drawings of the AFW and SSR systems « showr in Figures 3.2-1
gng 3.2-2. A summary of data on selected AFW system components i» presented in Table

21,

3.2:3

During normal plant operation, the AFW system is in standby. Both auxiliary
feed pumps (FW-6 and -10) are automatically started whenever the low water level
setpoint is reached in either steam generator; electric power is supplied to the motor driven
pump, FW-6, and the valve admitting steam to the turbine driven pump, FW-10 is opened.
All valves in the auxiliary feedwater line from the EFST to the intact steam generator(s)
open automatically if the low water level setpoint has been reached and will open and close
as needed to maintain an acceptable water level in the steam generator(s).

The system also can be remote-manually operated from the control room or
from a combination of local and remote-manual operations from the electrical penetration
room. The turbine driven pump, FW-10, requires instrument power for lubrication of the
pump. In addition, the steam supply valve, 1045, fails closed upon loss of control power.
The motor driven pump, FW-6, 1s normally aligned to a non-Class 1E bus and must be
manually al_il%aed 10 an emergency bus by the operator following a loss of offsite é)ower.

e amount of water in the emergency feedwater storage tank is adequate to
remove heat for 8 hours. The tank has a capacity at 60,350 gallons and can be resupplied
with water from the fire protection system. One of the fire pumps is diesel engins driven
and can be used following loss of offsite power,

Steam generator dry-out time 1s estimated to be approximately 16 minutes (Ref.
1). The two redundant AFW pumps are available for response with the capability of
feeding through two systems of piping. The preferred path is through the auxiliary
feedwater piping (valves 1108A, B and 1107A, B). An alternative is to use the main
feedwater lines by opening valve 1384, Reactor decay heat is rejected to an ultimate heat
sink by venting to atmosphere through the AFW safety valves on each main steam line.

12 12/88



Fort Calhoun

Note that the AFW system has two sections of pipe which are single point
failures (tank to pump suction and pump discharge to steam generator head r split). The
. systern also has a component single point failure with manual valve 339

3.2.4

For the decay heat removal function to be successful, both the AFW system and
the SSR system must operate successfully. The AFW success criteria are the following
(Ref. 1):

Any one AFW pump can provide adequate flow.

Water must be provided from the EFST to the AFW pump suctions

Makeup to any one steam generator provides adequate decay heat removal from
the reactor coolant system.

The SSR system must operate to complete the heat transfer path to the environment. The
number of safety valves “hat must open for the decay heat removal function is not known,
however total system capacity can pass a steam flow equivalent to a reactor power level of
1500 MWt at the secondary safety valve nominal setpoint pressures (i.e. 1000 to 1050
psid) (Ref. 2).

3.2.5  Component Information

A. Steam turbine-driven AFW pump FW-10
1. Rated flow: 260 gpm @ 2400 ft head (1040 psid)
2. Rated capacity: 100%

B. Motor-driven AFW pump FW-6

1. Rated flow: 260 %m @ 2400 ft head (1040 psid)
‘ 2. Rated capacity: 100%

C. Emergency feedwater storage tank
1. Capacity: 60,350 gallons

D. Secondary steam relief valves
1. Five ASME code safety valves per main steam line (10 total)
2. Capacity (total): 6.536 x 106 Ib/hr

3.2.6  Support Systems and Interfaces

A. Control Signals
1. Automatic

The AFW pumps are automatically actuated based on the

following signals:

a. Turbine driven pump FW-10
1) steam generator wide range level
2) differential pressure between two steam generators
3) loss of offsite power
4) trip of main feedwater pumps

b. Motor-driven pump FW-6
1) steam generator wide range level
2) differential pressure between two steam generators
3) trip of main feedwater pumps

‘ 13 12/88
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2. Remote manual
The AFW system can be actuated by remote manual means from the
main control room

3. Altermgte remote manual
AFW pumps can be controlled from an AFW coni |l panel

B. Motive power

1. The AFW motor-driven uuz is a non-Class 1E AC load that can be
supplied from the mndgy iesel generators.

2. The AFW valves are Class 1E DC loads that can be supplied from the
station batteries. All valves in the normal AFW supply path fail open
upon loss of DC power except valve 1045 in the turbine steam supply
line w AFW pump FW-10.

3. The AFW turbine-driven pump is wrplied from both main steam
headurs, upstream of the main steam isolation valves.

C. Other
1. Lubrication is provided locally for pumps, pump motors, and the
turbine drive. The lubrication system for the turbine drive requires DC
power from either the A or B DC bus,

Section A2 References

. NUREG-0635, "Generic Evaluation of Feedwater Transients and Small Break

Loss-of-Coolant Accidents in Combustion Engineering Designed Operating
Plants," USNRC, January 1980,

2. Fort Calhoun Updated FSAR, Section 4.3 .4,
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Figure 3.2-1. Fort Co”™wun Auxiliary Feedv ler and Secondary Steam Relie! Systems
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Table 3.2-1. Fr. Calhoun Auxiliary Feedwater System Data Summary
for Selected Components
COMPONENT 1D COM3 . LOCATION POWER SCURCE |VOLTAGE | POWER SOURCE | EMERG
TYPE LOCATION LOAD GRP
FW 10 TDP ARCPHM
FW 19 TANK MSTPENSM
FWso ADP AIRCPHM BUS 1A2 4160 SWGREAST ACA
RC 2A SG RC
RC-28 SG RC
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3.3 SAFETY INJECTION SYSTEM (SIS)

R ) -y o
e Safety Injection System (SIS) provides for reactor core cooling and coolant

inventory control following the loss-of-coolant-accident (LOCA). The high-pressure safety
injection ‘HPSI) subsystem of the SIS that performs *he emergency coolant injection and
recirculation functions to maintain reactor core coolant inventory and adcguate decay heat
removal following a small LOCA. The low-pressure safety injection (LPSI) subsystem of
the SIS performs similar functions following a large LOCA. The coolant injection function
is performed during a relatively short-term period after LOCA initiation, foll:.wed by
realignment to a recirculaticn mode of operation to maintain long-term, post-1L.OCA core
cooling. Heat from the reactor core is transferred to the containment. The heat transfer
path to the ultimate heat sink is completed by the containment spray system (see Section
3.4) or the containment air cooling system (see Section 3.8).

3.3:3 Sx;(gm Definition
The Safety Injection System consists of the HPSI and LPSI subsystems and

four safety injection tanks (accurmulators). The HPSI sumstem has three pumps that take
a suction on the Safety Injection and Refueling Water Tank (SIRWT) during the injection
mode of operation, and are realigned to take a suction directly on the containment sump
duning the recirculation mode of operation. The LPSI subsystem has two pumps that are
aligned to either the SIRWT or the containment sump, as described above. The HPSI and
LFSI subsystems and the safety injection tanks all inject into the RCS cold legs.

Simplified drawings of the high pressure safety injection system are shown in
Figures 3.3-1 and 3.3-2. Interfaces between this system and the RCS are shown in Section
3.1 A summary of data on selected high-pressure safety injection system components is
presented in Table 3.3-1,

3.33 g.\.u:m..ﬂnnnnn

unng normal operation, the safety injection system is in standby. Following a
LOCA, this system injects borated water into the RCS to increase shutdown margin and to
keep the reactor core covered with coolant. The safety injection gumgs are started
automatically by the Engineered Safety Feature Actuation System (ESFAS, See Section
3.9). Borated water is initially pumped from the SIRW tank to the RCS. In addition, the
safety injection actuation md (SIAS) aligns the charging pumps, in the chemical and
volume control system, to suction from the concentrated boric acid storage tanks and
starts all idle chargin&gumps. Water from the safety injection tanks (SITs) enter the RCS
when RCS pressure drope below SIT pressure,

e recirculation actuation signal (RAS) automatically switches the pump
suction to the containment recirculation inlet when the SIRWT level falls to a preset point.
At this ume, the flow path from the containment sump is opened, the SIRWT flow path is
closed and water is recirculated from the sump by the safety injection pumps, Water from
the containment sump 1s also circulated by the containment spray pumps and is cooled by
the shutdown cooling heat exchangers.

3.3.4¢ §

""OCA mitigation requires both the emergency coolant injection and emergency
coolant recirculation functions to be accomplished. The ECI success criteria for a large
LOCA is the following (Ref. 1):

18 12/88
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3 of 4 safety injection tanks provide makeup as RCS pressure drops below tank
ressure, and
wo high pressure safety injection pumps deliver 75% of their rated flow to the
RCS, and
One low pressure safety injection pump deliver 75% of its rated flow to the
RCS

If the ECI success criteria is met, then the following large LOCA ECR success

criteria will apply (Ref. 1):

At least one high pressure safety in‘action pump is realigned for recirculation
and takes a suction on the containment sump and injects into the RCS cold legs.

Success criteria for a small LOCA is not clearly defined in the FSAR, however,

it should be noted that:

3.3.8

The HPSI pump shutoff head is less than RCS normal operating pressure,
therefore, a small LOCA must be of sufficient size to cause some RCS
depressurization, or the RCS must be depressurized by other means if the HPSI
pumps are to provide makeup. Options for depressurizing the RCS may
include:

Opening power-operated relief valves on the pressurizer (two PORVs are
available, see Section 3.1)
RCS cooldown (i.e. using auxiliary feedwater system, see Section 3.2)

The combined capacity of the three positive displacement charging pumps (not
part of the SIS) is 120 gpm (i.e. 40 gpm each).

A. High pressure uf;g injection Bpmnps HP-2A, HP-2B, and HP-2C
1. Rated flow: 1 m @ 2,800 ft. head (1,214 psid)
2. Maximum flow: 4 Of;pm@ 1,200 ft. head (520 psid)
3. Shutoff head: 3,180 ft. (1,378 psid)
4. Type: multi-stage, horizontal centrifugal

B. Low pressure safety injection pumps LP-1A and LP-1B
1. Rated flow: 1, m @ 403 ft. head (174 psid)
2. Shutoff head: 450 ft. (195 psid)
3. Type: Single stage, horizontal centrifugal

C. Safety injection tanks (51-06A, SI-6B, S1-6C, S1-6D)
1. Volume: 1,300 ft
g. Water volume (min): 825 gio
. Operating pressure (min): psi
4, Naniml%omn concentration: l."OO ppm

D. Safea injection and refueling water tank
¥ p.cu;:mm.ooo gallons

2. Design Pressure: atmospheric
3. Nominal Boron Concentration: 1,700 ppm (estimated)
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E. Shutdown cooling heat exchangers CS-4A and CS-4B

1. Type: shell and tube
. 2. Design duty: §7.5 x 106 BTUMr
LN \
A. Control signals
1. Automatic

The safety injection system is automatically actuated by an SIAS signal,
Conditions imtiating an SIAS trip are:

a. Containment high pressure
b. Pressurizer low pressure coincident with pressurizer low water level

The transition from the injection phase to the recirculation phase is automatic
following a RAS signal based on a low water level in the SIRWT.

2. Remote manual
An SIAS signal can be initiated by remote manual means from the main
conirol room. The transition from the injection to the recirculation phase of
can be accomplished by remote manual actions.

B. Motive Power
1. The safety injection {;‘
loads that can be suppli

C. Other
I Each HPSI pump has mechanical face seals backed up by a bushing. To
rolong seal life, a portion of the pump discharge is diverted for seal
ubrication, This lubrication flow can be cooled from redundant supplies
from the mgonem Cooling Water (CCW) and Raw Water (RW) systems
(see Sections 3 6 and 3.7).
2. The LPSI pumps can be cooled from redundant supplies from the C "W and
RW systems (see Sections 3.6 and 3.7),

3.3.7  Section 3.3 References
. Fort Calhoun Updated FSAR, Section 6.2.1

umps and motor-operated valves are Class 1E AC
ed from the standby diesel generators.
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Table 3.3-3.

Ft. Cathoun High Pressure Safety injection System Data Summary
for Selected Components

COMPONENT IT COMP. LOCATION POWER SOURCE |VOLTAGE| POWER SOURCE | EMERG.

IYPE LOCATION LOAD GRP.
HP-2A MOP PUMPHMA BUS-1B3A 480 SWCREAST AC/A
HP-28 MDP PUMPRMB BUS-184C 480 SWGRWEST AC/B
HP-2C MUP PLUMPHMA BUS 1B3A 4A 480 SWGREAST AC/AB
HP-311 MOV RC MCC 381 480 EPENHMEAST AC/A
HP-312 MGV AC MCC 4C1 486 EPENRMWEST [ACS
HP-314 MOV RC MCC-3A1 480 EPENRMEAST AC/A
HP-315 MOV RC MOC-aA 480 EPENRMWEST AC/B
HP-317 MOV RC MCC 3A1 480 EPENRMEAST AC/A
HF-318 MOV AC MCC 2AY 480 EPENRMWEST AC/H
HP-320 MOV RC MCC- 38 480 EPENBMEAST AC/A
HP-321 MOV RC MCC-aC1 400 EPENRMWEST ACH
HP-383-3 MOV RC MCC-3A2 480 3A2 AC/A
HP-383-4 MOV RC MCC-aC2 480 4C2 AC/B
HP-SIRWT TANK SIRWT
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3.4 CONTAINMENT SPRAY (CS) SYSTEM

J.4ai %lmﬂmm
¢ containment spray system is one of two systems that perform tiie functions
of containment heat removal and containment pressure control following a loss of coolant

accident. The Containment Air Cooling (CAC) system is the second system associated
with these functions (see Section 3.8). In conjunction with the Safety Injection System
(SIS, see Section 3.3), the CS system completes the post-LOCA heat transfer path from the
reactor core to the ultimate heat sink.

142 %nm..mnnmm
¢ containment spray system consists of the Safety Injection and Refueling

Water Tank (SIRWT), three spray pumps, two heat exchanges (shutdown cooling heat
exchangers), two spray headers inside containment, and associated piping, valves, and
instrumentation. The pumps discharge borated water through the two heat exchangers to
the two spnsy headers and spray nozzles in containment.

implified drawings of the containment spray system are shown in Figures
34.]1 and 3.4-2. A summary of data on selected containment spray system components is
presented in Table 3.4-1,

3.4 gmm.nnmm

unng normal operation, the containment spray system is in standby. All three
spray pumps are started by the safety injection actuation signal (SIAS). The containment
spray actuation signal (CSAS) opens the spray header valves and brings the system to full
operation.

Initially, the pumps take suction from the SIRWT. Upor reaching low tank
level, the recirculation actuation signal (RAS) is initiated, automatically transferring the
containment spray gump suction to the containment recirculation line. The recirculated
water is cooled by the shutdown heat exchangers prior to being returned into containment
atmosphere. Heat is transferred to either the Auxiliary Coolant Component Cooling Water
(CCW) system (see Section 3.6), or the Raw Water (RW) system (see Section 3.7).

The low pressure safety injection (LPSI) pumps can be aligned to supply the
containment spray headers when operating in the recirculation mode.

ORI L1
oth t AC systems have sufficient cooling capacity o independently

perform the containment heat removal function. The containment spray system ran
mdc:pend};n;lyl perform the containment heat removal function if the following condition-
are met (Ref. 1):

Two of three containment spray pumps operate and supply water from the
SIRWT to the spray headers during the injection phase

The system is realigned for recirculation operation when required

E\ir:?l:rb lshu(down cooling heat exchanger provides cooling (CCW or RW
a e)

AR Partial CS and CAC success criteria may exist, but are not clearly defined in the
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345 Component Information

' A. Containment Spray Pumps CS-3A, CS-3B, and CS-3C
. Rated flow: 2, O{pm@ 437 ft head (189 psid)
2. Rated capacity: 5
3. Type: horizontal centrifugal

B. Shutdown cooling heat exchanges CS-4A and CS-4B
1. Type: shell and tube

2. Design duty: 87.5 x 105 BTUr

J.d.6 ?m%smwmmm
A. Control Signals

. Automatic
The containment spray system is automatically actuated by & SIAS signal.

2. Remote manual
All containment spray system compaaents can be actuated by remote manual
means from the central control room.

B. Motive Power
I. The CS pumps and motor-nperated sump suction valves are Class 1E AC
loads that can be supplied from the standby diesel generators. Redundant
loads are supplied from separate 1nad groups.
2. Hydraulic and pneumatic valves are served by accumulators that allow
actunuc;n of the valves following a loss of compressed air. DC power is
required.

. C. Cooling Water
I The A xiliary Coolant Component Cooling Water (CCW) or the Raw Water
PW) systems grovides cooling water to the shutdown cooling heat
exchangers (see Sections 3.6 and 3.7).
2. Each CS pump can be cooled from redundant supplies from the CCW and
RW systems (see Sections 3.6 and 3.7).

347  Section 34 References
|. Fort Calhoun Updated FSAR, Section 6.3.2
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Table 3.4-1.

for Selected Components

Ft. Calhoun Cor sinment Spray System Data Summary

LOCATION | POWER SOURCE |VOLTAGE| POWER SOURCE | EMERG.
LOCATION LOAD GRP.
PUMPHMA BUS-1B3C 480 SWGREAST AC/A
PUMPRME BUS- 1848 480 “TWOGRWEST ACHB
PUMPRMB BUS-1836-48B 480 SWOHWEST AC/AB
SDHXRMA

SDHXRMB
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3.8 ELECTRIC POWER SYSTEM

3.8.1 w
he electric power system supplies power to various equipment and systems

needed for normal operation and/or response to accidents. The onsite Class 1E electric
power system supports the opetation of safety class systems and instrumentation needed to
establish and maintain a safe shutdown plant condition following an accident, when the
normal electric power sources are not available.

3.8.2 :Pm_nénmm
The onsite Class |E electric power system consists of two 4160/480 VAC and

125 VDC load groups, or divisions, and four 120 VAC load groups. Each 4160/480 VAC
load group consists of a diesel generator and distribution equipment needed to supply key
AC electrical loads. Each 125 VAC load group includes a batteg. battery chargers, and
distnbution equipment needed to supply DC loads. Each 120 VAC load group includes an
inverter and distribution equipment to supply instrument loads. Simplified one-line
diagrams of the Class 1E electric power system are shown in  Figures 3.5-1and 3.5-:2. A
summary of data on selected electric power system components is presented in Table 3.5-1.
A partial listing of electrical sources and loads is resented in Table 3.5.2.

3.8.3 gunm.n.nsunnn
uring normai operation, the Class 1E electric power system is supplied by

station service power from the main generator, the 345 kV switchyard or a combination of
both. The automatic transfer frow: this preferred power source to diesel generators is
accomplished automacically following a loss of offsite power by opening the normal source
circuit breakers and then reenergizing the Class 1E portion of the electric power system
from the diesel generators. Following a start command, each diesel generator is designed
to reach rated speed and be capable of accepting loads within 13 seconds.

The DC power system normally is supplied through the battery chargers, with
the batteres “floating" on the system, maintaining a full charge. Upon loss of AC power,
the entire DC load draws from the batteries. The batteries are needed to start the diese!
generators following loss of offsite power,

The 120 VAC vital buses normally receive power from DC buses through an
inverter. The batteries will supply the vital bus inverters on loss of AC power.

3.5.4 Euum

asic system success criteria for mitigating transients and loss-of-coolant
accidents are defined by front-line systems, which then create demands on suppon
systems. Electric power system success criteria are defined as follows, without taking
credit for cross-ties that may exist between independent load groups:

Each Class 1E DC load group is supplied initially from its respective battery
(also needed for diesel starting)

Each Class 1E AC load group is isolated from the non-Class 1E system and is
supplied from its respective emergency power source (i.e. diesel generator)
Power distribution paths to essental loads are intact

Power to the battery chargers is restored before the batteries are exhausted
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. Standby diesel generators (2)

Maximum continuous rating: 2402 kW
30-munute rating: 2853 kW

Rated voltage: 4160 VAC
Manufacturer: General Motors

Batteries (2)

L 09 —

1.

2.

. Die
1.

and

Type: Lead<calcium

Rated voltage: 125 VDC

Cells: 60

Capacity: § hours of operation with design loads

\ éontmi giglﬂs

Automatic

The standby diesel generators are automatically started based on:

Loss of voltage to the normal bus

Containment internal pressure high

Reactor coolant pressure low

Time delay undervoltage on the normal bus

Remote manual

The diesel generators can be started, and many distribution circuit breakers
can be operated from the main control room.

sel Generator Auxiliary Systems

Diesel Cooling System

The cooling system for each engine is completely integral and requires no
outside cooling water source,

. Diesel Starting System

The air starting system for each diesel is capable of five start attempts
without requiring AC power to recharge the starting air accumulators using
alr compressors.

. Diesel Fuel Oil Transfer and Storage System

A 300 gallon "day tank" supplies the relatively short-term fuel needs of

each diesel. The day tanks must be replenished from a common 18,000

glmn storage tank to maintain an uninterrupted supply of fuel to the diesel.
nsite fuel is sufficient for seven days.

. Diesel Lubrication System

Each diesel generator has its own lubrication system.

. Combustion Air Intake and Exhaust System

This system supplies fresh air to the diesel intake, and directs the diesel
exhaust outside of the diesel building,

Diesel Rewn Ventilation System

Details of \he diesel room ventilation system are not known.

" Switchgear Roon' and Battery Room Ventilation Systems
These systemns ma. ntain acceg?ble environmental conditions in the switchgear

battery rooms, a1 may be needed for long-term operation of the Electric

power system, Detai.s of these systems are not known,
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Figure 3.5-1. Fort Calhoun 4160 and 480 VAC E'ectric Power Distribution System
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Figure 3.5.2, Fort Calhoun 125 VDC and 120 VAC Electric Power
Distribution System
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Table 3.5-1. F1. Calthourn. Electric Power System Datz Summary
for Seiected Components

COMPONENT 1D cComMp. LOCATION POWER SOURCE [VOLTAGE| POWER SOURCE EMERG
TYPE LOCATION LOAD GRP
BATT BATT BATHMY 125 DOA
BATT 2 BATT BATAM? 125 DCB
BC1 BC SWGREAST MCC 381 282 EPENRAMEAST A
BC2 BC SWGRWE ST MCT 4A7 480 EPENRMWEST | ACSH
B8C3 BC SWGHRWES | MCC 3C1 280 EPENRMEAST  |AGA
BUS-1A3 BUS SWGREAST EP-DGY 4160 DGHMY AC/A
BUS 1A% BUS SWGRWEST P DG2 2160 DGHMD AC/S
BUS 1B3A BUS SWGREAST EP3A 280 SWGREAST ACA
BUS 183A4A BUS SWGHEAST BUS 183A 280 SWGHEAST AC/AB
BUS 183A 4A BUS SWGREAST BUS 1B4A 480 SWGHWEST AC/AR
BUS 1838 BUS SWGREAST £EP 38 280 SWGREAST ACA
= BUS 1838 4B BUS SWGRWEST BUS 1838 280 SWGREAST AC/AB
BUS 183848 BUS SWGRWEST BUS 1848 480 SWGRWEST AC/AB
BUS 183C BUS SWGREAST P ac 280 SWGREAST AC/A
BUS 183C 4C BUS SWGREAST BUS 183C 280 SWGREAST AC/AB
BUS 183C 4C BUS SWGREAST BUS 184C 480 SWGRWEST AC/AB
BUS 1B4A BUS SWGHWES T tPaA 280 SWGRWEST ACB
BUS 1848 BUS SWGRWE ST EPaB 430 SWGRWEST ACB
BUS 184C BUS SWGHWEST EPacC 280 SWGHWES T ACB
DCBUS 1 BUS SWGREAST BATT 1 125 BATRAM1 DCA
DCBUS BUS SWGHEAST B8C1 125 SWGREAST DCA
DC BUS 1 BUS SWGREAST BC3 125 SWGRWEST DCA
DC BUS 2 BUS SWGHWEST BATT 2 125 BATHM DoB
i DC BUS 2 BUS SWGRWEST BC2 125 SWGRWES T 0CB
e DCBUS 2 BUS SWGRWEST BC3 125 SWGHWEST DCB
- EP-1A3 c8 SWGREAST
EP-1A4 cB SWGRWEST
EP 3A TRAN SWGREAST BUS 1A3 2160 SWGREAST AC/A
EP 38 TRAN SWGREAST BUS 1A3 4160 SWGHEAST ACA




Table 3.5-1. Ft. Calhoun Electric Power Sysiem Data Summary
for Selected Components {Continued)

COMPONENT I comre._ LOCATION POWER SOURCE vounct!m SOURTE EMERG
IY2E LOCATION LOAD GRP |
EP-3C THAN SWGREAST BUS-1A3 4160 SWOGREAST ACIA
EP-3A TRAN SWGRWEST BUS 1A 4160 SWCRWE ST ACH
EP 4B TRAN SWGRWEST BUS 1A4 4160 SWGRWES T ACH
EP-4C TRAN SWGAWEST BUS 1A4 4160 SWGHRWEST ACH
EP-DG1 oG DGHMT 2160 AC/A
EPDG2 oG DGRMZ 4160 ACH
MCC 3A1 MCC EPENRMEAST | BUS 183A 480 SWGREAST ACA
MCC 3A2 MCC 3A2 BUS 1834 480 SWGREAST ACA
MCC 381 MCC EPENRMEAST | BUS 1838 480 SWGREAST AC/A
MCC 3C1 MCC EPENRMEAST | BUS 183C 480 SWGREAST AG/A
MCC 4A1 MCC EPENAMWEST | BUS 184A 280 SWGRWEST | ACE
7 MCC 281 WG EPENRMWEST | BUS 1848 480 SWGRWEST AC/B
MCCaC1 MCC EPENAMWEST | BUS 1B4C 430 SWGRWEST ACB
MCC-aC2 MOC ac2 BUS-1B4C 480 SWGRWEST ACB

88/T1



TABLE 352 PARTIAL LISTING OF ELECTRICAL SOURCES AND LOADS
AT FORT CALHOUN
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TABLE 352, PARTIAL LISTING OF ELECTRICAL SOURCES AND LOADS
AT FORT CALHOUN (CONTINUED)
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TABLE 3.5-2. PARTIAL LISTING OF ELECTRICAL SOURCES AND LOADS
AT FORT CALHOUN (CONTINUED)
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3.6 AUXILIARY COOLANT COMPONENT COOLING WATER
(CCW) SYSTEM

1.6.1 %‘% ;:nn;ngn
e 15 designed to cool components carrying radioactive or potentially

radioactive fluids. It also serves as a cooling medium for the containment air coolers and
the control room air conditioning equipment. The system provides a monitored
intermediate cooling loop between those fluids and the ruw water system which transfers
the heat to the ulumate heat sink (see Section 3.7).

3.6.2 %mm_nmnmgn
e system is a closed loop consisting of three motor driven circulating pun_}%s.
four heat exchangers, a surge tank. valves, piping, instrumentation and controls. e
systems which are supported by the CCW inc.ude the following:

Safety injection/ system pump coolin

Containment spray system pump cooling

Containment air cooling system heat exchanger cooling
Shutdown heat exchanger cooling

Letdown heat exchanger

Reactor coolant pump lube oil coolers

Spent fuel pool heat exchangers

Charging pump lube o1l coolers

Sim%liﬁed drawings of the auxiliary coolant component cooling water system
are shown in Figures 2.6-1 and 3.6.-2. A summary of the data on s¢lected CCW
components is presented in Table 3.6-1. Note that the plant refers to this system as
auxiliary coolant (AC) as well as CCW,

3.6.3  QJystem Operation

During normal operation, one of three CCW pumps and three of four CCW heat
exchangers are in service. pump is in continuous service, wiile the other two are kept
at ready standby. Both standby pumps automatically start in the event that the pump in
service trips off,

Make up to the CCW is pumped to the surge tank from the demineralized water
systern through an automatic valve which is actuated by a level control switch on the surge
tank. Flow distribution in the system is monitored in the control room and adjustments are
made by remote valve operation.

During shutdown cooling, two of three CCW pumps and three of four CCW
heat exchangers provide adequate cooling capacity.

1.6.4 System Success Eﬁ;““l.
Following a design basis accident (DBA), the following success criteria applies

to the CCW system (Ref. 1),

Two-out-of-three CCW pumps operate successfully
Three-out-of-four CCW heat exchangers are available
Raw Water System success (see Section 3.7)

Note that the Raw Water System is a redundant cooing water source for most of
the components served by the CCW system, therefore the RW system can perform the
same function as the CCW. fince CCW success is dependent on RW success, the CCW
system is actually unnecessary under emergency conditions.
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3.6.5

3.6.6

3.6.7

Fort Calhoun

A. Auxiliary coolant CCW pumps AC-3A, AC-3B, and AC-3C
1. Rated flow: Sm&m 150 ft head (65 psid)
2. Rated Capacity: 100% normal, 50% shutdown cooling and DBA
3. Type: horizontal centrifugal

B A%xil[i)ary coolant CCW heat exchangers AC-1A, AC-1B, AC-1C, and
AC-1
1. Type: shell and straight tube
2. Rated heat removal: 12.1 x 106 Brwhr normal, 134 x 100 Biwhr DBA
3. Raed capacity: 33%

Support Systems and Interfaces

A. Control Signals
1. Automatic
The three pumps are automatically started following a safety injection
actuation signal (SIAS). Non-essential cooling loads are shut ofr
following the SIAS.
2. Remote Manual
All CCW components can be manipulated from the central control room,

B. Motive Power
1. The CCW motor- driven pumps and motor-operate! valves are Class 1E
ioads that can be supplied by the standby diesel generators,
2. The hydraulic and pneumatic valves in the system have accumulators so
that valve operations can be performed following loss of the compressed
air system. DC control power is still needed.

C. Other
1. The CCW heat exchanges are cooled by the Raw Water System (see

Section 3.7).
2. The CCW pumps do not require external cooling support.
Section 3.6 References

1. Fort Calhoun Update FSAR, Section 9.7.4.3.
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Figure 3.6-1. Fort Calhoun Auxillary Coolant Component Cooling Water System (Page 1 of 2)
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Showing Componen* Locat'ons (Page 1 of 2)

42 12/88



(=
MeTe Pl [ s ‘ AT

Figure 3.6-2. Fort Talhoun Auxiliary Coolant Component Cooling Water Systam
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Table 3.6-1. Ft. Calhoun Auxiliary Coolant Component Cooling Water System
Data Summary for Selected Components
1
COMPONENT ID | COMP. LOCATION | POWER SOURCE |VOLTAGE| POWER SOURCE | EMERG.
TYPE LOCATION _ |LOAD GRP |

AC-3A MOP VENTRM BUS- 1838 480 SWGREAST ACA
AC-38 MDP VENTRM BUS-184A 480 SWGRWEST AC/B
AC-3C MDP VENTRM BUS 1B3C-4C 480 SWGREAST AC.AB
ACA HX CUHXAB
ACB HX CCHXAB
ACC HX CCHXRM
ACD HX CCHXRM =




Fort Calhoun

3.7 RAW WATER (RW) SYSTEM

3.7.13

The raw water system was designed to provide a cooling medium for the
component cooling water system. The heat transferred to the raw water is discharged to the
ultimate heat sink (the Missouri River). The raw water system can be aligned to directly
cool engineered safeguards equipment that normally is cooled by the CCW system.

3.7.2  Sastem Definition

Four raw water pumps are installed in the intake structure pump house to
provide screened river water to the CCW heat exchangers. The pump discharge piping is
arranged as two headers which are interconnected and valved at the pumps and in the
auxiliary buildings. Raw water can be utilized for direct cooling of the following:

High pressure injection/recirc.lation system purps lubeication cooling
Containment spray sysiem pumps lubrication cooling

Containment air cooling system heat exchanger cooiing

Shutdown heat exchanger cooling

The RW system can also cool the control room air conditioning units and the low pressure
injection pumps lubrication cooling.

Simplified drawings of the row water system are shown in Figures 3.7-1 and
3.7-2. A summary of data on selected RW components is presented in Table 3.7-1.

373

The system is remotely operable from the control room Normally only one
RW pump is running during plant operation; during shutdown cooling two raw water
pumps ars n operation. All four pumps are started automatically from the safety injection

actuation wignal (SIAS). The operator selects two pumps to remain operating and shut
down the other two pumps.

3.7.4

Following a design basis accident, two RW puuaps are needed to provide the
required cooling water flow (Ref. 1).

3.7.5  Component Information

A. Raw water pumps AC-10A, AC-10B, AC-10C, and AC-10D
. Rated flow: 5415 gpm @ 118 ft head normal (51 psid),
3100 gpm @ 144 ft head accident (62 psid)
2. Rated capacity: 100% normal, 50% shutdown
3. Type: vertical , mixed flow

3.7.6  Support Systems and Interfaces

A. Control Signals
1. Automatic
The four pumps are automatically started following a safety injection
actuation signal (SIAS).
2. Remote Manual
All RW components can be manipulated from the central control room.
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B. Motive Power
1. The RW motor-driven pumps are Class 1E loads that can be supplied by
the standby diese! generators.
2. The hydraulic and pneumatic valves in the system have accumulators so
that valve operation can be performed following loss of the compressed
air system. DC control power is stili needed.

3.7.7  Section 37 References
1. Fort Calhoun Updated FSAR, Section 9.8.4,
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Table 3.7-1. Ft. Calhoun Raw Water System Data Summary
for Selected Components
COMPONENT ID | COMP. LOCATION | POWER SOURCE |VOLTAGE| POWER SOURCE | EMERG.
TYPE LOCATICN LOAD GRP.
AC-10A MDP HWPMEM BUS-1A3 4160 SWGREAST AC/A
AC-10B MOP HWPMHM BUS-1A4 4169 SWGRWEST AC'B
AC-10C MDP RWPMRM BUS-1A3 4160 SWGPEAST AC/A
AC-10D MDP RWPMRM BUS-1A4 4160 SWGRWLST AC/B
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3.8 CONTAINMENT AIR COOLING (CAC) SYSTEM

3.8.1 mxem.nmm
The CAC was designed to remove heat relea’ * to containment atmosphere

during an accident to the extent necessary to initially me ain that structure below the
design pressure and then reduce the pressure to near atmospheric. The system also adsorbs
iocline in filter banks and prevents accumulation of h drogeqrgockets by circulating air in
the containment following a design basis accident (DBA). The cooling capability of the
CAC system is redundant to that of the containment spray system (see Section 3.4).

3.8.2

The CAC system consists of four air handling units, each with its own fan, a
common plenum discharge system, and instrumentation and controls, There are two types
of units; two have filtering capacity and the other two have no filtering capacity. Those
units with filtering capability have larger flow rates than the other units.

The CAC cooing units are shown in of Figures 3.6-1 and 3.7-1 as heat loads
for the CCW and RW systems. A summary of data on selected CAC components is
presented in Table 3.8-1

3.8.3

During normal operation the CAC air cooling units are running, and cooled air
is discharged from the plenum through a duct system to those areas where cooling is
required. The system is normally manually operated from the central control room but in
the event of a LOCA, it is automatically aligned for the emergency operation, Temperature
actvated hatches and dampers direct airflow from the fan discharge plenum to distribute air
in the containment following a DBA.

3.8.4 S.ul.:m.&umén_cnm
Both the CAC and the CS systems have sufficient cooling capacity to

independently perform the containment heat removal function. The CAC syster.. can

independently perform the containment heat removal function if the following conditions
are met (Ref. 1),

- Any three fan coolers are operating or both the larger fan coolers are operating
- Either CCW or RW is providing heat exchanger cooling

i Partial CS and CAC success criteria may exist but are not clearly defined in the
AR.

3.8.5  Jompenent Information

A. Fans VA-3A and VA-3B
1. Rated flow: 90,000 c¢fm normal, 86,500 ¢fm accident
2. Type: vane axial

B. Fans VA-7C and VA-7D
1. Rated flow: 50,000 cfm normal, 52,000 cfm accident

-~

<. Type: vane axial
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C. Cooling Units VA-1A and VA-1B

1. Rated heat removal: 140 x 100 Bruwhr accident
2. Rated capacity: 50%

D. Cooling units VA-8A and VA-8B
1. Rated heat removal: 70 x 106 Btuwhr accident
2. Rated capacity: 25%

Support Systems_and Intecface

A. Control Signals
1. Automatic
The four CAC fans are automatically actuated a SIAS signal.
Conditions initiating a SIAS are:
Containment high pressure
Pressurizer low pressure
2. Remote Manual
All containment air cooling system components can be actuated by
remote manual means from the central control room.

B. Motive Power
1. The CAC fans are Class 1E AC loads that can be supplied from the
standby diesel generators.
2. Dampers in the system are fail-safe. They will fail open on loss of
control power.

C. Cooling Water

1. The cooling units can be cooled by the CCW or the R systems (see
Sections 3.6 and 3.7).

Section 3.8 References
I. Fort Calhoun Updated FSAR, Section 6.4.
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Table 3.8-1.

for Seiected Components

Fi. Calhour Containment Air Cooling System Data Summary

EIERG.ﬁl

COMPONENT 1D COMP. LOCATION POWER SOURCE {VOLTAGE| POWER SOURCE
TYFE LOCATION LOAD GRP_ |
VA-1A HX RC
VA-1B - HX AC
VA-3A FAN RC BUS-1B2A 480 SWGREAST AC/A
VA-38 FAN RC BUS-1B4C 480 SWGRWEST AC/B
VA-7C FAN RC BUS-1B3C-4C 480 SWGREAST AC/AB
VA-7D FAN RC BUS-183B-48B 480 SWGRVEST AC/AB
VA-8A HX RC
VA-8i HX RC
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3.9 INSTRUMENTATION AND CONTROL ('&C) SYSTEMS

3.9.1

The instrumentation and contro! systems include the Reactor Protection S ystem
(RPS), the Engineered Safety Feature Actuation Systems (ESFAS), and systems for the
display of plant information to the operators. A remote shutdown capability is provided to
ensure that the reactor can be placed in a safe condition in the event that the main control
room must be evacuated. The RPS and ESFAS monitor the reactor plant, and alert the
operator to take corrective action before specified limits are exceeded. The RPS will initiate
an automatic reactor tnp (scram) to rapidly shutdown the reactor when plant conditions
exceed one or more specified limits, The ESFAS will automatically actuate selected safety
systems based on the specific limits or combinations of limits that are exceeded.

3.9.2 i

The RPS includes . nsor and transmitter units, logic units, and output tri
relays that operate reactor trip circuit breakers to cause a reactor scram. The ESFA
includes independent sensor and transmitter units, logic units and relays that interface with
the control circuits for the .nany different sets of components that can be actuated by the
ESFAS. The remote shutdown capability is provided by the Alternate Shutdown Panel
(ASP). Local control panels also are provided for the auxiliary feedwater system.

3.9.3  Sustem Operation

A. RPS
The Combustion Engineering RPS has four instrument channels and actuation
trains (1, 2, 3, and 4). RPS potential trips are listed below:

High rate-of-change of power
High power level
.ow reactor coolant flow
Low steam generator water level
Low steam generator pressure
High pressurizer pressure

- Thermal margin/low pressure

- Containment pressure high

- Axial power distribution
Asymimetric steam generator transient
Loss of load
Manual

The reactor protection system consists ¢ four trip paths operating through
coincidence logic to maintain power to, or remove it from, the control element
drive mechanisms. Individual channel trips occur when a measurement reaches
a preselected setpoint. Thz channel trips are combined in multiple two-out-of-
four logic. Each two-out-of-four logic system provides trip signals to one-out-
of-six logic units, each of which causes a direct trip of the contractors in the AC
supply to the control element drive mechanism (CEDM) clutch power suppliers.

B. ESFAS
The ESFAS has four input instrument channels and two output actuation trains.
[n general, the ESFAS "A" train controls equipment powered from Class 1E AC
electricai Division A and the ESFAS "B" train controls redundant equipment
powered from Division B. An individual component usually receives an
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actuation signal from only one ESFAS train. The ESFAS generates the
following signals: (1) auto-start of the diesel generators, (2) sequential starting
of engineered safeguards equipment, (3) safety injection actuation signal (SIAS),
(4) containment spray actuation signal (CSAS), (5) containment isolation
actuation signal (CIAS), (6) ventilaton isolation actuation signal (VIAS), (7)
recirculation actuation signal (RAS), (8) auxiliary feedwater system start signal,
and (9) offsite power low signal (OPLS). The control room operators can
manually trip the various ESFAS logic subsystems. Details regarding ESFAS
actuation logic are included in the sysiam description for the actuated system.

Remote Shutdown

The Alternate Shutdown Pane! (ASP) contains the necessary instrumentation and
control equipment to allow the operator to safely briag the reactoi to hot
shutdown status and maintain that status until sufficient corrective measures can
be taken to allow and maintain a cold shutdown. The Alternate Shutdown Panel
is located in the auxiliary building electrical penetration room at elevation 1013’
(see Section 4). Local controls panels are also provided outside the control room
for the auxiliary feedwater system, diesel generators, control room air
conditioning systems, and various other systems. The AFW Regulating Panel
contains controls for the auxiliary feedwater valves and the electric motor driven
and turbine driven auxiliary feedwater pumps and their associated recirculation
control valves. The panel also contains a master transfer switch to transfer
control of the auxiliary feedwater system from the control room to this point.

System Success Crit '~

. RPS

The RPS uses hindrance logic (normal = |, trip = 0) in both the input and
output logic. Therefore, a channel will be in a trip state when input signals are
lost, when control power is lost, or when the channel is temporarily removed
from service for testing or maintenance (i.e. the channel has a fail-safe failure
mode). A reactor scram will cccur upon loss of control power to the RPS. A
reactor scram usually is implemerted by the scram circuit breakers which must
open in response to a scram signal. Typically, there are two series scram circuit
breakers in the power path tc the scram . In this case, one of two circuit
breakers must open. Details of the scram system for Fort Calhoun have not
been determined.

. ESFAS

A single component usually receives a signa! from only one ESFAS output train
although all swing components and both AFW pumps rezeive signals from both
trains. ESFAS Trains A and B must be available in order to automatically
actuate their respective components. ESFAS typically uses hindrance input
logic (normal = 1, trip = 0) and transmission output logic (normal = 0, trip =
1), In this case, an input channel will be in a trip state when input signals are
lost, when control power is lost, or when the channel is temporarily removed
from service for testing or maintenance (i.e. the channel has a fail-safe failure
mode). Control power is needed for the ESFAS output channels to send an
actuation signal. Note that there may be some ESFAS actuation subsystems
that utilize hinderance output logic. For these subsystems, loss of control
power will cause system or component actuation, as is the case with the RPS,
Details of the ESFAS system for Fort Calhoun have not been determined.
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C. Manually-Initiated Protective Actions

When reasonable time is available, certain protective actions may be performed
. manually by plant personnel. The control room operators are capabie of
operating individual components using normal control circuitry, or operating
ups of components by manually tripping the RPS or an ESFAS subsystem.
¢ control room operators also may send qualified persons into the plant to
operate components locally or from some other remote control location (i.e., the
remote shutdown panel or a motor control center). To make these judgments,

data on key plant parameters must be available to the operators.

3.9.5  Support Systems and Interfaces

A. Control Power

1. RPS
The RPS is powered from the four separate independent instrument 120V
AC buses as defined in Section 3.6.

2. ESFAS
The ESFAS input instrument channels most likely are powered from 120
VAC instrument buses. The ESFAS Train A and B output logic is powered
from the 125 VDC system.

3.9.6  Section 3.9 References

1. Fort Calnoun Updated FSAR, Section 7.6.4,
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4. PLANT INFORMATION

4.1 SITE AND BUILDING SUMMARY

The Fort Calhoun Pover Station is located on a 660 acre site on the west bank
of the Missouri River, A general view of the Fort Calhoun site and vicinity is shown in
Figure 4-1 (from Ref. 1). The site is approximately 19 miles north of Omaha, Nebraska.
The plant is owned and operated by the Omaha Public Power District.

The principal plant structures are the containment building, the auxiliary
building, the turbine a- ! service building, the technical support center, the maintenance
shop, and the intake structure, A site arrangement drawing is shown in Fi 4-2. About
85 percent of the site area is on relatively level ground at an elevation of 1 feet.

The reactor, steam generators, reactor coolant pumps and pressurizer are
located in the containment, together with other NSSS componenis. Access to the building
is via a personne! airlock or an equipment hatch,

The reactor auxiliaries including waste treatment facilities, certain engineered
safeguards components, the central control room, personnel facilities, emergency diesel
generators, and fuel handling and storage facilities are located on the auxiliary building,
This building surrounds about three-fourths of the containment building. The auxiliary
ouilding houses ull pipiag and electrical feeds to the containment along with all emergency
electr,: power switchgear,

The turbine and service buildings, located east of and next to the auxiliary
building, house the turbine generator, condenser, condensate and feedwater pumps,
feedwater heaters, other turbine heat cycle components, water treatment facilities, auxiliary
boiler and conventional auxiliaries such as turbine lube oil conditioning equipment.

The main condenser cooling water and raw water pumps are located in the
intake structure located east of and away from the turbine and service building. The
Missouri River is the normal heat sink during power operation and also is the u..mate heat
sink for safety-related hearx loads.

4.2 FACILITY LAYOUT DRAWINGS

Figures 4-3 through 4-9 are simplified building layout drawings for the Fort
Calhoun containment, auxiliary building and intake structure. The turbine and service
building, maintenance shop, and technical support building are not shown on these
drawings. Major rooms, stairways, elevators, and doorways are shown in the simplified
layout drawings, however, raany interior walls have been omitted for clarity. Labels
printed in uppercase correspond (o the location codes listed in Table 4 1 and used in the
component data istings and system drawings in Section 3. Some additional labels are
included for information and are printed in lowercase type.

A listing of components by location is piesented in Table 4-2. Components
included in Table 4-2 are those found in the system data tables in Section 2, theretore this
table is only a partial listing of the compenents and equipment that are located in a particular
room or area of the plant.

4.3 SECTION 4 REFERENCES
. Heddleson, F.A., "Design Data and Safety Features of Commercial Nuclear

Power Plants.", ORNL-NSIC-55, Volume 1, Oak Ridge National
Laboratory, Nuclear Safety Information Center, December 1973,
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10.
11

13,

14,

Table 4.1,

Codes

3A2

4C2

AIRCPRM

BATRMI

BATRM2

CCHXAB

CCHXRM

CHPMRM

CORR26

CORR4
CR

CSR

DORMI

DGRM2

FPENRMEAST

Definition of Fort Calhoun Bullding and
Location Codes

Rescriptions

Motor Control Center #3A2, located on the 989 elevation of the
Auxiliary Building

Motor Contro! Center #4C2, located on the 989" elevation of the
Auxiliary Building

Air Compressor Room, located on the 989" elevation of the
Auxiliary Building - east side

Battery Room #1, located on the 1011" elevation of the Auxiliary
Building - northeast corner

Battery Room #2, located on the 1011' elevation of the Auxiliary
Building - northeast cormer

Component Cooling Heat Exchanger Room, located on the 989'
elevation of the Auxiliary Buiiding - east side - contains
Component Cooling Heat Exchangers 1A and 1B
Comporent Cooling Heat Exchanger Room, located on the 989’
elevation of the Auxiliary Building - east side - contains
Component Cooling Heat Exchangers 1C and 1D

Charging Pump Room, located on the 389" elevation of the
Auxiliary Building - northwest corner

Corridor #26, located on the 1007 elevation of the Auxiliary
Building

Corridor #«. located on the 949" of the Auxiliary Building

Control Roon:. located on the 1036 elevation of the Auxiliary
Building

Cable Spreading Room, located o1 the 1025’ elevation in the
Auxiliary Building -northeast corner

Diesel Generator Room #1, located on the 1007' elevation of the
Auxiliary Building - south side

Diesel Generator Room #2, located on the 1007 elevation of the
Auxiliary Building - south side

East side of the Electrical Penetration Room, located on the
1013" elav.vion of the Auxiliary Buildir g
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16.

17.

29.

30,

31

Table 4.1,

Codes
EPENRMWEST

INTKBLDG

LDHXRM

MECHPENRM

MSTPENRM

PPENRM

PUMPRMA

PUMPRMB

RC
RWPMRM
SDHXRMA

SDHXRMB

SIRWT

SPHXRM

SRTPM

SWGREAST

Definition of Fort Calhoun Bullding and
Location Ccdes (Continued)

DRescriptions
W st side of the Electrical Penetration Room, located on the
1013' elevation of the Auxiliary Building

Intake Building, located east of the Turbine Room and Service
Building

Letdown Heat Exchanger Room, located on the 989" elevation
of the Auxiliary Builcing

Mechanizal Penetration Room, located on the 989' elevation of
the Auxiliary Building

Main Steam Penetration Room, located on the of the Auxiliary
Building - east side

Pipe Penetration Room, located on the 1007 elevation of the
Auxiliary Building

Pump Room #A, located on the 971" elevation of the Auxiliary
Building - northwest corner

Pump Noom #B, located on the 971" elevation of the Auxiliary
Building - northwest corner

Reactor Containment
Raw Water Pump Room, located in the Intake Building

Shutdown Heat Exchanger Room #A, located on the 989
elevation of the Auxiliary Building - northeast comner

Shutdown Heat Exchanger Room #B, located on the 989
ele ‘wtion of the Auxiliary Building - northeast comer

Safety ‘njection and Refueling Water Tank, located on the 989'
of the Ay xiliary Building - west side

Storage Puol Heat Exchanger Room, located on the 989’
elevation of the Auxiliary Building

Spent Regenerant Tank and Pump Room, located on the 971
elevation of the Auxiliary Building - north side

East side of the Switchgear Room, located on the 1011' of the
Auxiliary Building
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13

34

38,

36

37.

38

Table 4.1,

(odes

SWORWEST

TLSF

VENTRM

VVRM

WEVRM

WHPVVRM

Definition of Fort Calhoun Bullding and
Locaiion Codes (Continued)

Rescriptions

West side of the Switchgear Room, located on the 1011
¢levation of the Auxi' ary Building

Top Level of the Spent Fuel Pool, located on th 1038’ elevation
of the Auxiliary Building

Ventilation Room, located on the 1025 elevation of the
Auxiliary Building

Valve Room, located on the 989" elevation of the Auxiidary
Building - northeast corner

Waste Evaporator Room, located on the 1007 elevation of the
Auxiliary Building - northwest corner

Waste Hold-Up Pump Valve Room, located on the 989
elevanon of the Auxiliary Building - northwest corner
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TABLE 4.2, PARTIAL LISTING OF COMPONENTS BY LOCATION
AT FORT CALKOUN
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TABLE 42, PARTIAL LISTING OF COMPONENTS BY LOCATION
AT FORT CALHOUN (CONTINUED)
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TABLE 4.2, PARTIAL LISTING OF COMPONENTS BY LOCATION
AT FORT CALHMOUN (CONTINUED)
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TABLE 4-2. PARTIAL LISTING OF COMPONENTS BY LOCATION

AT FORT CALMOUN (CONTINUVED).
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