
7.7 CONTROL SYSTEMS NOT REQUIRED FOR SAFETY 

The Nuclear Steam System's controls for the Salem Generating 
Station and the D. C. Cook Plant are functionally the same. 

7.7.1 Design Basis 

7.7.1.1 Reactor Control System 

The Reactor Control System is designed to reduce nuclear plant 
transients for the design load perturbations, so that reactor 
trips will not occur for these load changes. 

Overall, reactivity control is achieved by the combination of 
chemical shim and Rod Cluster Control Assemblies (RCCA). 
Long-term regulation of core reactivity is accomplished by 
adjusting the concentration of boric acid in the reactor coolant. 
Short-term reactivity control for power changes is accomplished by 
moving RCCAs. 

The function of the Reactor Control System is to provide automatic 
control of the RCCAs during power operation of the reactor. The 
system uses input signals including neutron flux, coolant 
temperature, and turbine load, The Chemical and Volume Control 
System (CVCS)(Section 9) supplements the Reactor Control System by 
the addition and removal of varying amounts of boric acid 
solution. 

There is no provision for a direct continuous visual display of 
primary coolant boron concentration. When the reactor is 
critical, the best indication of reactivity status in the core is 
the position of the control group in relation to power and average 
coolant temperature. There is a direct relationship between 
control rod position and power, and it is this relationship which 
establishes the lower insertion limit calculated by the rod 
insertion limit monitor. There are two alarm setpoints to alert 
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the operator to take corrective action in the event a control 
group approaches or reaches its lower limit. 

Any unexpected change in the position of the control group under 
automatic control, or a change in coolant temperature under manual 
control provides a direct and immediate indication of a change in 
the reactivity status of the reactor. In addition, periodic 
samples are taken for determination of the coolant boron 
concentration. The variation in concentration during core life 
provides a further check on the reactivity status of the reactor 
including core depletion. 

The Reactor Control System is designed to enable the reactor to 
follow load changes automatically when the output is above 
approximately 15 percent of nominal power. Control rod 
positioning may be performed automatically when plant output is 
above this value, and manually at any time. 

The operator is able to select any single bank of rods for manual 
operation. This is accomplished with a multiposition switch so 
that he may not select more than one bank. He may also select 
automatic or manual reactor control, in which case the control 
banks can be moved only in their normal sequence with some overlap 
as one bank reaches its full withdrawal position and the next bank 
begins to withdraw. 

The system enables the nuclear unit to accept a step load increase 
of 10 percent and a ramp increase of 5 percent per minute within 
the load range of 15 percent to 100 percent without reactor trip 
subject to possible xenon limitations. Similar step and ramp load 
reductions are possible within the range of 100 percent to 15 
percent of nominal power. The Steam Dump System permits the plant 
to accept an additional 40-percent load reduction without reactor 
or turbine trip. 
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The Reactor Control System is capable of restoring coolant average temperature 

to within the programmed temperature deadband, 

unexpected change in load. 

following a scheduled or 

The pressurizer water level is programmed to be a function of the auctioneered 

coolant average temperature. This is to minimize the requirements on the CVCS 

and Waste Disposal System (WDS) resulting from coolant density changes during 

loading and unloading from full power to zero power. 

Following a reactor and turbine trip, sensible heat stored in the reactor 

coolant is removed without actuating the steam generator safety valves by means 

of controlled steam dump to the condenser and by injection of auxiliary 

feedwater into the steam generators. Reactor Coolant System (RCS) temperature 

is reduced to the no load condition. This no load coolant temperature is 

maintained by steam dump to the condensers which removes residual heat. 

7.7.1.2 Operating Control Stations 

The Salem Generating Stations have a common Control Room with separate control 

stations for each unit, as shown on Plant Drawing 204803. The Control Rooms 

are located in the Auxiliary Building. The information presented in this 

section pertains to both Control Rooms, although only one is described. 

Each unit is equipped with separate Control Stations which contain those 

controls and instrumentation necessary for operation of that unit under normal 

and abnormal conditions. The Control Room is continuously occupied by the 

operating personnel under all operating conditions. Equipment in this area had 

been designed to minimize the possibility of a condition which could lead to 

inaccessibility or evacuation. 

Control Room shielding and ventilation are designed such that the occupants of 

the room shall not receive doses in excess of 5 rem 
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to the whole body, or its equivalent to any part of the body, during the course 
of a Loss-of-COolant Accident (LOCA). This includes doses received during 
ingress and egress. The control Room Air Conditioning System is described in 
section 9. 

The control Room is designed to be continuously occupied by qualified operating 
personnel under all operating and Design Basis Accident (DBA) conditions. Both 
Control Rooms share a number of separate Communication Systems. One system 
consists of direct dialing telephones. Another independent Communication System 
is a party line and voice paging system which provides the primary means of 
communication between plant operations personnel throughout the station. 
Battery-operated portable two-way transceivers are provided for special purposes. 
There is a separate system interconnecting the Containment Building, COntrol Room 
and refueling area. These systems are energized from inverter powered buses. 

The capability to bring the reactor to a hot shutdown condition is provided at 
locations outside the Control Room. The majority of equipment for this condition 
is located in the auxiliary feedwater pump area. 

7.7.2 System Design 

Two independent Control Systems of different principles provide redundancy of 
reactivity control. One of the two Reactivity Control Systems employs RCCAs to 
regulate the position of the neutron absorbers within the reactor core. The 
other Reactivity Control system employs the eves to regulate the concentration 
of boric acid solution neutron absorber in the RCS. These systems are described 
in sections 3 and 9, respectively. 

The Reactor Control System is designed to provide stable system control over the 
full range of automatic operation throughout core life without requiring operator 
adjustment of setpoints other than normal calibration. 
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A simplified block diagram of the Reactor Control System is shown on 

Figure 7.7-1. The Reactor Control System controls the reactor coolant average 

temperature by regulation of control rod bank position. The system is capable 

of restoring reactor coolant average temperature to the progranuned value 
following a change in load. The progranuned coolant average temperature 

increases linearly from zero power to the full power condition. 

The Reactor Control System will also initially compensate for reactivity 

changes caused by fuel depletion and/or xenon transients. Long-term 

compensation for these two effects is periodically made by adjustment of the 

boron concentration to return the control rod bank to its normal operating 
range. 

The reactor coolant loop average temperatures are determined from hot leg and 
cold leg measurements in each reactor coolant loop. The error between the 

programmed average temperature and the highest of the measured average 

temperatures from each of the reactor coolant loops constitutes the primary 
control signal as shown on Figure 7.7-1. An additional control input signal 

is derived from the reactor power vs. turbine load mismatch signal. This 
additional control input signal improves system performance by enhancing 

response and reducing transients peaks. From these input signals, the rod 
direction command signals are derived. The rod speed conunand signal varies 
over the corresponding range of 3.75 to 45 inches per minute depending on the 
magnitude and the rate of change of the input signals. The rod direction 

command signal is determined by the positive or negative value of the 

temperature difference signal. The rod speed and rod direction command 

signals are fed to the Rod Control System. 

7.7.2.1 Rod Cluster Control Assembly Arrangements 

There are 53 RCCAs divided into four shutdown banks of 24 RCCAs and four 

control banks of 29 RCCAs. The control banks are the only rods that can be 

manipulated under automatic control. The control rods are divided into groups 

to obtain smaller incremental 
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reactivity changes per step. All RCCAs in a group are electrically paralleled 

to move simultaneously. There is individual position indication for each RCCA. 

7.7.2.2 Rod Control 

For a complete description of rod control and position indication systems, see I References 1, 2 and 3. 

7.7.2.2.1 Control Bank Rod Insertion Monitor 

The purpose of the control bank rod insertion monitor is to give warning to the 

operator of a decrease in shutdown margin. Since the amount of shutdown 

reactivity required for the design shutdown margin following a reactor trip 

increases with increasing power, the allowable rod insertion limits must be 

decreased with increasing power. One parameter which is proportional to power 

is used an input to the insertion monitor. This is the ~T between the hot leg 

and the cold leg, which is a direct function of reactor power. The rod 
insertion monitor uses this parameter for each control rod bank as follows: 

where: 

SGS-UFSAR 

A(~T) auct 

(dT) 
auct 

A, C 

maximum permissible insertion limit for affected 

control bank 

highest ~T for all four loops 

constants chosen to maintain z11~ actual limit based on 

physics calculations 
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The actual control rod bank position (Z) is compared to ZLL as follows: 

If Z - ZLL < D, a low alarm is actuated 

If Z - ZLL < E, a low-low alarm is act.uated 

Since the highest value of 4T is chosen by the auctioneering unit, a 
conservatively high representation of power is used in the insertion limit 
calculation. 

Actuation of the low alarm alerts the operator of an approach to a reduced 
shutdown reactivity situation. Administrative procedures require the operator 
to add boron following normal procedures with the eves. Actuation of the low-low 
alarm requires the operator to initiate emerqency boration procedures. The value 
for "E" is chosen to account for all instrumentation errors so that the low-low 
alarm would normally be actuated before the insertion limit is reached. The 
value for "D" is chosen to allow the operator to follow normal boration 
procedures. Figure 7.7-2 shows a schematic representation of the control rod 
insertion monitor. In addition to the rod insertion monitor for the control 
banks, an Alarm System is provided to warn the operator if any shutdown RCC 
leaves the fully withdrawn position. 

7.7.2.2.2 Rod Deviation Alarm 

The demand and actual rod position signals are displayed on the control console. 
They are also monitored by the plant computer which provides a visual printout 
and an audible alarm whenever an individual rod position signal deviates from the 
bank demand signal by a preset limit. Figure 7. 7-3 is a block diagram of the rod 
deviation comparator and alarm system. The design criterion for this system is 
that the alarm be actuated before rod deviation, which would allow the core 
design hot channel factors to be exceeded, with appropriate allowance for 
instrument error. 
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7.7.2.3 

7.7.2.3.1 Rod Stops 

Rod are provided to prevent abnormal power conditions which could result 
from excessive control rod withdrawal initiated by either a Control 
malf0nction or operator violation of administrative procedures. 

7.7.2.3.2 Automatic Turbine Load Runback 

Auto~atic turbine load runback is initiated by an approach to an overpower or 
overtemperature condition. This will prevent high power operation which might 

lead to an overpower or an overtemperature AT trip. 

Turbine load reference reduction is initiated by either an overtemperature or 

overpower AT signal in two of four loops. 

7.7.2.4 Pressurizer Pressure Control 

The RCS pressure is maintained at constant value by using either the heaters 
(in the water region) or the spray (in the steam region of the pressurizer). 
The electrical immersion heaters are located near the bottom of the 
pres~urizer. A portion of the heater groups are proportional heaters which are 
used: to control small pressure variations. These variations are due to heat 
losses, including heat losses due to a small continuous spray. The remaining 
(backup) heaters are turned on when the pressurizer pressure controller signal 
is below a given value. 

The spray nozzles are located on the top of the pressurizer. Spray is 
init~atect when the pressure controller signal is above a given setpoint. The 
spra~ rate increases pioportionally with increasing pressure until it reaches a 
maxijnum value. Steam condensed by the spray reduces the pressurizer pressure. 
A small continuous spray is normally maintained to reduce thermal stresses and 
thermal shock and to help maintain uniform water chemistry and temperature in 
the pressurizer. 

Two power relief valves limit system pressure for large load reduction 
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Spring-loaded safety valves limit 
load occur without direct reactor 

7.7 .5 Pressurizer Level Control 

pressure should a complete loss of 
turbine bypass. 

The ! water inventory in the RCS maintained by the CVCS. The positive 
displacement pump performs the charging function. The pressurizer 
level is controlled by the charging flow controller which controls the 
displacement pump speed to produce the flow demanded by the zer level 
controller. When a high head safety injection pump is performing the charging 
fun~tion, the pressurizer level is controlled by the charging-flow controller 
that: modulates flow control valve CV55, located in the discharge piping 
downstream from the charging pumps. A flow transmitter (FT128) in the 
discharge header provides actual flow indication to the control board bezel and 
to flow control valve CV55. The output of desired flow from the zer 
level controller is compared to the actual flow from FT128 and flow 
valve CV55 is positioned so that they match. The pressurizer water level is 
programmed as a function of coolant average temperature. The pressurizer water 
level decreases as the load is reduced from full load. This is the result of 
coolant contraction following programmed coolant temperature reduction from 
full power to low power. The programmed level is designed to match as nearly 
as possible the level changes resulting from the coolant temperature changes. 
To permit manual control of pressurizer level during startup and shutdown 
operations, the charging flow can be manually regulated from the main control 
room. 

7.7.2.6 Steam Generator Water Level Control 

The steam generator water level is controlled by a digital microprocessor 
con~rolled steam generator feedwater control system termed the advanced digital 
feedwater control system (ADFCS). The ADFCS provides automatic control of the 
programmed level in the steam generators without the need for operator 
intervention over the range of power operation. This range of operation 
extends from the point at which the transition is made from feeding via the 
auxiliary feedwater system to feeding via the main feedwater system on the 
bypa~s control valve (approximately 2-3% power) up to full power. One control 
system operates on both the main and bypass feedwater control valves without 
the ~eed for manual action to switch operating modes or switch between valves. 

The basic control system functional design is similar to the original analog 
feedwater control system; however 1 a number of features have been added to 
improve the performance of the system, Functional block diagrams of the system 
are shown in Figures 7. 7-7, 7. 7-8, and 7. 7-9. A feedwater temperature-
dependent gain has been added to the narrow-range level regulator as shown in 
Figures 7. 7-7 and 7. 7-8. The response of steam generator water level to 
changes in feedwater 
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flow is a function of feedwater temperature. At low feedwater temperatures and 
low power levels the level response exhibits more of the classical shrink/swell 
effect. This non-minimum-phase response is a destabilizing influence on the 
feedback control system. Therefore the control system lowers the gain at low 
feedwater temperature to preserve stability and increases the gain at high 
feedwater temperature to improve the response of the system. 

The flow regulator has a high-power mode and a low-power mode which is shown in 
Figure 7. 7-8. This is necessary because the feedwater flow and steam flow 
signals are not usable at low power levels. The switching between these two 
modes is done automatically within the system and is performed in a bumpless 
manner without the need for operator action. To compensate for the lack of 
steam flow signals at low power, a feedforward signal, which is based on wide 
range steam generator water level deviation from its zero power value, is 
utilized. This difference generates a reference feedwater flow demand that is 
proportional to changes in steam flow. Wide range level is used for this 
purpose since wide range level responds quickly and in proportion to changes in 
total steam flow. 

In high power mode, feedwater flow is regulated in response to the deviation 
between steam flow and feedwater flow, and the compensated steam generator 
water level deviation from setpoint. A steam flow/feed flow rate lag 
compensation is included in the algorithm to respond quickly to rapid changes 
in the steam flow/feed flow mismatch. During steady-state conditions (when the 
steam flow mismatch is constant), this rate lag compensation does not 
contribute to the response. Additionally, the proportional and integral gains 
for the level control PID are scheduled based on the steam flow. As was the 
case with the low-power mode load index, the feed flow and steam flow signals 
will automatically be switched in and out of the system. This mode switching is 
performed independently of which valve (main or bypass) is being used for 
control. 

An additional unique feature of the control system design is the valve lift 
calculator or the "linearization circuit." The block diagram of this part of 
the system is shown in Figure 7. 7-9. The output of the flow regulator is a 
demanded feedwater flow. The relationship between changes in valve position 
and changes in feedwater flow is highly nonlinear. It depends on the valve 
flow characteristic, pressure drop across the system, and system hydraulic 
characteristics. The linearization circuit calculates the amount that the 
control valve(s) must be moved to accomplish the change in flow demanded by the 
control system. The valve lift calculator operates on both the main and bypass 
control valves and is independent of the control mode. The bypass and main 
control valves are stroked open sequentially with some overlap. Either of the 
valves may be operated in manual while leaving the other valve in auto as shown 
in Figure 7.7-9. The valves are closely coupled through the algorithms in the 
valve demand portion of the system in order to minimize disturbances on the 
process (flow and level) 
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As the plant is taken from low power to high power, the bypass and main control 

valves are opened sequentially. Before the bypass valve reaches its nominal 

full-open condition, the control system begins to open the main valve from its 

full-closed position. As the plant increases in power, the feedwater flow 

demand increases and the main and bypass valves operate in a "split-range" 

fashion with both valves continuing to open as controlled by the system's valve 

sequencing logic. As flow demand is increased the main and bypass valves 

continue to open until a predetermined steam flow setpoint is reached, at which 

point the bypass valve closes at a constant rate versus time. 

opens to compensate for the closing bypass valve. 

The main valve 

As flow demand decreases, 

flow setpoint is reached, 

the main valve closes until a predetermined steam 

at which point the bypass valve opens at a constant 

rate versus time. The main valve closes to compensate for the opening bypass 

valve. The main and bypass valves then operate in a "split-range" fashion 

until the main valve closes completely. The normal sequence described above 

can be altered by placing either or both of the valves in manual control. 

The feedwater control system includes signal validation for input signals to 

reduce the probability of a failed sensor causing an upset condition in the 

plant. The input channel signal validation configuration is shown in Figure 

7. 7-7. When three channels of a variable are available, the median signal 

select method is used. In this method, the middle value of the three input 

values is used as the input to the control algorithms. This will prevent high 

or low failures of a single input from affecting the control system. When two 

input channels of a variable are available, an arbitration method is used. In 

this method, the two inputs are compared, and if they agree to within a certain 

criterion, they are averaged and the result is sent to the control algorithms. 

If the two channels disagree significantly, they are compared to an estimate of 

the variable, which is calculated using other process measurements. The 

primary input that is closest to the estimate is used in the control system. 

The signal validation feature of the feedwater control system allowed 

elimination of the low feedwater flow reactor trip that was 

the original design of the plant. WCAP-13502 provides 

elimination of the trip (Reference 1) 
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A summary of the signals input to the advanced digital feedwater control system 
is as follows: 

Process Variable 

Narrow-range steam generator water level 
Wide-Range steam generator water level 
Steam flow 
Feedwater flow 
Feedwater temperature 
Steam generator pressure 
Turbine steamline inlet pressure 
Feedwater header pressure 
Valve position 

Number of 
Channels 

12, 3/loop 
4, 1/loop 
12, 3/loop 
12, 3/loop 
4, 1/loop 
4, 1/loop 
3 

3 
8, 1/valve 

Continued delivery of feedwater to the steam generators is required as a sink 
for the heat stored and generated in the reactor coolant following a reactor 
trip and turbine trip. An override signal closes the feedwater valves when the 
average coolant temperature is below a given temperature. 

Following a turbine trip, the feedwater regulating valves are closed at 
approximately a uniform rate, decreasing flow to a low percent of full flow at 
about one minute after the trip. This provides an optimum heat sink. 
Subsequently, the operator remotely controls the valves to maintain steam 
generator water level. Manual override of the Feedwater Control System is 
available at all times. 

7.7.2.7 Steam Dump Control 

The Steam Dump System is designed to relieve steam from the steam generators to 
the condenser to reduce the sensible heat in the primary system in the event of 
load reduction not exceeding 50 percent. 

The bypass system can accommodate 40 percent of full load flow, which, in 
conjunction with the 10-percent load follow capability of the Reactor Control 
System, enables the Nuclear Steam Supply System to accept a 50-percent load 
rejection from full load without reactor trip. All steam dump steam flows to 
the main condenser via the bypass lines. 

When a load rejection occurs, 
temperature setpoint of the RCS 
predetermined amount, a signal 
controller. 
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This circuit prevents a large increase in reactor coolant temperature 
a large, sudden load decrease. The error is a difference between the 
lead/lag compensate ioneered T and the reference T and is based on avg avg 
turbine steamline inlet pressure. 

The IT signal is the same as that used in the RCS. The lead/lag compensation avg 
for the T signal is to compensate for lags in the plant thermal response and avg 
in valve positioning. lowing a sudden load decrease, is immediately 

decreased and T tends to increase, thus generating an immediate demand avg 
sig~al for steam dump. Since rods are available in this 
stea,m dump terminates as the error comes within the maneuvering capability of 
the ·control rods. 

The steam dump flow reduces proportionally as the control rods act to reduce 
the average coolant temperature. The artificial load is therefore removed as 
the coolant average temperature is restored to its programmed equilibrium 
value. 

The purpose of the Steam Dump System is to reduce RCS transients following a 
substantial turbine load reduction by bypass main steam directly to the 
condenser, thereby maintaining an artificial load on the steam generators. The 
Control Rod System can then reduce the rE)actor temperature to a new equilibrium 
value without causing overtemperature and/or overpressure conditions. 

The dump valves are modulated by the reactor coolant average temperature 
signal. The required number of steam dump valves can be tripped quickly to 

full open or modulate, depending upon the magnitude of the temperature 
error signal resulting from loss of load. 

Foll:owing a reactor and turbine trip, decay heat and sensible heat stored in 
the reactor coolant are removed without actuating the steam generator safety 
valves by means of controlled steam dump to 
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the condenser and by injection of feedwater to the steam generators. 

Following a turbine trip, as moni tared by the turbine 
ection steam dump controller is defeated and the turbine 

the load 
steam dump 

controller becomes active. Since control rods are not available in this 

situation, the demand signal is the error signal between the lead/lag 
When the error compensated auctioneered T and the no load reference T avg avg 

exceeds a the dump valves are open in a 
sequence. As the error reduces in that 

the RCS T is being reduced toward the reference no load value, the dump avg 
valves are modulated by the plant trip controller to regulate the rate of 
removal of decay heat and thus gradually establish the equilibrium hot shutdown 

condition. 

The error determines whether a group of valves is to be tripped open or 
modulated open. In either case, they are modulated when the error is be_ow the 

trip-open setpoints. 

7.7.2.8 

The in-core instrumentation is designed to yield information on the neutron 
flux distribution and fuel assembly outlet at selected core 
locations. Using the information thus obtained, it is to confirm the 
reactor core 

The movable in-core detection system shall be considered operable for use when 

the following criteria are met: 
a. At least 75%* of the detector thimbles, 
b. A minimum of 2 detector thimbles per core quadrant, and 

c. Sufficient movable detectors, drive, and readout equipment to map these 
thimbles. 

APPLICABILITY: When the movable in-core detection system is used for: 
a. Recalibration of the excore neutron flux detection 
b. Monitoring the quadrant power tilt ratio, or 
c. Measurement of FN11H, FQ(Z) and Fxy 

With the movable incore detection system inoperable, do not use the system for 
the above applicable monitoring or calibration functions. The provisions of 

Specification 3.0.3 are not applicable. 
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The movable incore detection system shall be demonstrated (once per 24 
hours) by normalizing each detector output to be used during its use when 
required for: 

a. Recalibration of the excore neutron flux detection system, or 
b. Monitoring the quadrant power tilt ratio, or 
c. Measurement of FNliH, F0 (Z) and Fxy 

* For U2 Cycle 11, when the number of available movable detector thimbles is 
than 50% but less than 75% of the total, the movable incore system can 

be considered operable provided the FNliH, F0 ( Z) and Fxy uncertainties are 
appropriately adjusted. Also there should be a minimum of four thimbles 
available per quadrant, where quadrant includes both horizontal-vertical and 
diagonally-bounded quadrants (eight individual quadrants in total). 

The operability of the movable incore detectors with the specified minimum 
complement of equipment ensures that the measurements obtained from use of 
this system accurately represent the spatial neutron flux distribution of the 
reactor core. The operability of this system is demonstrated by irradiating 
each detector used and its respective output. The operability 
requirements of the movable incore detector system for the purposes of 
calibration of the PDMS is specified in Specification 3.3.3.14. 

For the purpose of measuring F0 {Z) or FNliHt a full incore flux map or the PDMS is 
used. Quarter-core flux maps, as defined in WCAP-8648, June 1976, may be used 
in recalibration of the excore neutron flux detection system, and full incore 
flux maps or symmetric incore thimbles may be used for the quadrant 
power tilt ratio when one Power Range Channel is 

7.7.2.9 Operating Control Stations 

The Control Room provides the necessary controls and indication to start, 
operate and shut down the unit with sufficient redundant information displays 
and alarm indications to ensure safe and reliable operation under all normal 
and abnormal conditions. 

\.., 

The most important unit controls are located on the control console, which is 
of freestanding, horseshoe shaped design 1 constructed of steel. The front 
horizontal portion contains the most frequently used operating controls while 
the rear vertical portion contains less frequently used controls and 
indicators. 
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Controls and indicators are functionally grouped on a system basis to 
facilitate safe, reliable operation of the unit during transients as well as 
normal operation. Those systems requiring more frequent operator attention are 
located in the central area, while less frequently used controls are located on 
either side. 

Most of the console instruments consist of plug-in, back-lighted pushbutton 
stations and vertical scale indicators. Operator action consists of a 
momentary push of a button. The lights in the buttons are used for status, 
information and alarm indication. 

Alarms are provided in the Control. Room to alert the operator of abnormal plant 
conditions. The alarm displays are located either on a console pushbutton 
control station, where corrective action would be taken, or on the overhead 
annunciator. An alarm signal causes a back-lighted pushbutton to flash and the 
console audible alarm to sound until acknowledged by the operator, Upon 
clearing of an alarm condition/ the console audible ringback is sounded. Other 
alarms are displayed on an annunciator panel located overhead above the 
console. This panel consists of illuminated windows and separate audible alarm 
and ringback tones. Two first-out annunciator panels indicate, by means of red 
and white lights, the first reactor or turbine trip to occur. A comprehensive 
status panel, employing the same type of illuminated windows as the console, 
indicates the condition of trip channels and alarms. By means of a "mimic bus" 
arrangement, the interaction of trip conditions and permissives can be quickly 
analyzed. Diesel generator automatic load sequencing, critical valve status 
and other important information are also clearly displayed, 

A computer is employed to assist the operator and to monitor the unit. Selected 
parameter trends can be recorded while alarm conditions are indicated to the 
operator. The computer output consists of a video display mounted on the 
console, logging printer mounted on Control room panels located convenient to 
the plant operators. The video display and printers are independent devices. 

Vertical panels form the walls of the Control Room and contain controls for 
systems, which require only occasional operator attention as well as 
miscellaneous recorders and indicators. 

Reliability and ease of service has been designed into the Control Room. The 
majority of the console instruments are plug-in modules. In the unlikely case 
that a pushbutton station or indicator on the console malfunctions, it can be 
readily removed and replaced from the front of the console. No access to the 
inside of the console is needed. Re-lamping can also be quickly accomplished 
from the front of the pushbutton. 
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All pushbutton stations, the fire protection display panel, the overhead 
annunciator and the status panel contain at least two lamps at each point for 
increased reliability. Low voltage {28 V de} control is ·utilized for the 
console pushbutton stations. A Relay Logic System performs the required 
switching and memory functions and provides the interface between the 28 V de 
and the control voltage {125 V de or 115 V ac) for the equipment. 

The Relay Room and Control Equipment Room contain equipment used for signal 
conditioning, circuit switching and logic operations. The wiring between the 
console and equipment cabinets in these rooms makes use of plug-in cables, 
which reduces the exposure of terminations. Normal servicing of devices in the 
console requires no access to the inside of the console. 

For ease of servicing and maintenance, much of the equipment in the Relay Room 
and Control Equipment Room is designed for plug-in module type construction. 
Relays are heavy-duty plug-in units. All components are carefully chosen and 
conservatively rated. The Control Room, Relay Room, Control Equipment Room and 
Computer Room are air conditioned to maintain a clean, temperature-controlled 
environment. 

Reliable sources of control power, as described in Section 8, are provided to 
ensure continual operation of controls and instrumentation. Emergency lighting 
is provided in the Control Room, Control Equipment Room and Relay Room as well 
as other parts of the station. 

7.7.2.10 Plant Alarm and Annunciator Systems 

The Alarm and Annunciator Systems for this plant consist of three major areas 
of alarm indication. They are: 

1. The Overhead Annunciator System 

2. The Auxiliary Alarm System (sequential data operations record) 

3. The Control Console Alarm System 

These systems serve to indicate and/or record all abnormal or alarm conditions 
to be brought to the operator's immediate attention inside the Control Room. 

Each system is discussed below independently; however, mention is made when 
there is redundancy of alarm indication. 
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The Overhead Annunciator System 

This system is comprised of seven cabinets containing all the power supplies, 
relays, terminals, hardware and logic to actuate ten groups of forty-eight 2-
inch x 3-inch backlighted windows for a system total capacity of 480 alarms. 
The ten displays are located in a dropped ceiling fascia above the control 
console for easy viewing by the control operator. An annunciator CRT display 
is located on the control console to identify alarm points. The various plant 
alarms are grouped into systems or related areas and situated above the console 
section containing the associated system control pushbuttons and indicators. 

The ten displays of the Overhead Annunciator System do not represent ten 
specific alarm groupings but ten 48-point alarm window displays. Each 48-point 
display contains various plant alarms; however, alarms which are common to a 
system or of a related nature are grouped together within a display. There may 
be several such groupings on a display; see Table 7.7-2. 

Most of the assigned inputs to the Aux:LHary Alarm System contaj.n status 
information for safety-related equipment. This information can be considered a 
backup to the other annunciator systems provided. 

Since Indication and Alarm Systems are not part of the Plant Protection System, 
and failures within these systems cannot affect the operation of the Protection 
System, there is no reason to impose limiting conditions for operation on the 
Alarm Systems. Alarm Systems cannot be considered as part of a safety-related 
system, since they perform no function in the actuation of safety-related 
equipment. Limiting conditions for operation are imposed on the Plant 
Protection Systems and equipment to assure the safe operation of the unit. 

One display serves as first-out indication and is divided into two separate and 
independent systems. These are ''Reactor Trip First-Out", and "Turbine Trip 
First-Out." The "Reactor Trip First-Out" group has been divided into "Reactor 
Trip" and "Safety Injection" groups for identification purposes. 

There are separate and independent push buttons located on the control console 
which the operator uses to silence, acknowledge, and reset the overhead alarms. 
A key operated switch is located on the main console to reset the "First-Out" 
indications. 
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The Overhead Annunciator System is a high speed distributed data acquisition 
and display system. Non-redundant input scanners collect alarm contact state 
data for redundant Sequential Events Recorders (SER). The SER's provide alarm 
data to redundant distributed logic channels, the output of which is diode 
auctioneered to drive the window boxes. 

All field inputs are optically coupled to scanner electronics that can read 
64 inputs per scanner. When an input change of state is detected, the 
point address, real time, and alarm state are stored in a buffer in the 
scanner. 'l'he scanner is polled by the SER and transfers alarm status to 
the SER. The SER stores this event data in chronological order in a 
circular historical buffer. Normal configuration causes each alarm point 
to be displayed on the system console CRT, the appropriate window box, 
printed on the hard copy printer, and placed in the historical buffer in 
the local PC. If the primary controller fails due to a processor lockup 
(processor halts) or Port 4 failure, the primary watchdog timer circuit 
will switch to the backup controller. 

A local PC runs the Remote Configuration Workstation (RCW) software. The 
RCW allows the SER to be queried for various reports and to check for 
errors in the system. Password entry and RCW/SER switch selection provides 
access for reprogramming alarms. 

Periodic internal self tests are run by the SER. One test places all 
inputs at the scanner level in an alarm state and verifies that all inputs 
are passed to the SER. The SER then removes all the inputs from the alarm 
state and verifies that all inputs returned to their prior state. Any 
point not responding correctly will be printed as a faulty point. This 
test can also be initiated manually via the Functional Test swiLch located 
on the operator panel in annunciator cabir.et 115 (F). Operation of this 
test function does not affect the normal operation of the system. 

An independent Annunciator Verification System continuously tests Overhead 
Annunciator System alarm processing by inputting simulated alarm stimuli 
through two of the scanners. These signals are then processed through the 
Sequential Events Recorder, and sent through the redundant chains of 
distributed logic controllers. Depending on the response of the two 
distributed logic controller trains to the stimulus, the Annunciator 
Verification System determines whether the annunciator system is 
functioning. If failures are detected, the Annunciator Verification System 
inputs an annunciator system trouble alarm to the Overhead Annunciator 
System and to an independent indicator lamp/console group alarm. The 
Annunciator Verification System also provides a separate trouble alarm for 
loss of power or self-diagnostics faults. 
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The system is powered by two separate 115 VAC, 60Hz supplies. Loss of 

either of the 115 VAC power supplies will initiate a loss of power alarm on 

the OHA, the plant process computer, and on a console ind~cator 

lamp/console group alarm independent of the OHA system on the control 

console. Redundant power supplies are provided for the field contact 
power, the scanners, the SER, and the distributed logic channels (including 

the associated window box lamps). The output of each power supply is also 

monitored to alarm on loss of potential in the same manner as the 115 VAC 

supplies. 

The remotely located annunciator logic cabinets are connected by plug-in 

cables to the overhead display units. A test switch is also provided on 

the control console to test the window box lamps for operability. Operation 

of the test function does not affect the normal operation of the system. 

System input ground detection is provided. A ground detected on an input 
will alarm on the OHA and on the plant process computer. The system also 
has a logic failure output which provides an input to the OHA and to an 

indicator lamp/console group alarm independent of the OHA system on the 
control console when certain hardware failures or communications errors 

occur. 

The Auxiliary Alarm System (Auxiliary Annunciator System) 

Each Salem Unit has an independent Auxiliary Annunciator System (AAS). The AAS 

is a sequential data operations recorder system used primarily for alarming and 

recording the loss of control circuits' potential and the off-normal position 
of valves. Each system consists of four (4) remote panels (133, 134, 33 and 34) 

containing all the input terminals, input logic, sequential memory, software, 

relays, power supplies, local/backup printer, system controls, and associated 
hardware to output sequential alarm conditions to a main printer in the Control 

Room. The Unit 1 AAS monitors Unit 1 parameters and provides alarm data at the 
Unit 1 Control Room. The Unit 2 AAS monitors Unit 2 parameters and provides 

corresponding alarm data to the Unit 2 Control Room. 

Each Unit's system has over 700 active inputs. Each input is adequately 

isolated from the field at the point of the system. The system applies a field 
contact wetting voltage to the field circuits/alarm points· and monitors the 

field contacts for a change in state to initiate/clear an alarm. On a contact 
change of state, the "contact stateu and legend is printed on the main printer 

with an Overhead alarm "Annunciator System Printer printing." 
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Each system is powered two 120 VAC power sources. The AAS system can be 

configured to monitor normally open (NO) and/or normally closed (NCl contac:: 

conditions. The system configuration is protected by password to ensure 

control of database programs. The AAS monitors its system performance and 

provide notification of internal failures {system faults or system alerts), 

indicating a in system operations. 

The AAS provides outputs to the Unit 1/Unit 2 Overhead Annunciator {OHA) 
monitoring system performance. Operator controls (pushbuttons, etc.) for 

operation are provided in control room panel 1RP9 (2RP9) and AAS panel 
133-1 {134-2). 
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(This text has been deleted) 

Control Console Alarm System 

To facilitate operation of the plant, certain alarms are located on pushbutton 
control stations on the control console. These alarms are located to 
facilitate immediate corrective action and are by either the Process 
Control or the plant motor controls. 

An alarm signal causes a back-lighted pushbutton to flash and the console 
audible alarm to sound until acknowledged by the operator. 

Acknowledgement of an alarm condition causes the audible to be silenced 
and the alarm pushbutton to remain lit. When the alarm condition is cleared, 
the console audible ring-back signal sounds and the back-lighted pushbutton 
flashes again. Acknowledgement silences the audible signal and turns off the 
back-lighted pushbutton. 

To facilitate the location of any pushbutton in alarm, the control console is 
divided into six sections, referred to as Console Alarm Groups. Each group or 
console section has a bull' s eye indication light at the top to direct the 
operator's attention to that specific section of the control console containing 
the pushbutton 
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in alarm. One cabinet contains the electronics, power supplies and grou!1d 

detection circuitry for the Console Group Alarm system. The Console Group 
Alarm system has six outputs to actuate each individual alarm group indicating 

and four outputs to sound the alarm and ringback horns. Alarm horns 
sound a two step warble until silenced or acknowledge. Ringback horns sound a 
steady tone for two seconds if not silenced by the Operator. 

The Process Control Systems provide alarms via four separate and independent 
alarm interface cabinets, one per process control group, each containing all 

the necessary input terminals, alarm logic, power supplies, and hardware to 
actuate the associated console alarms. The alarm cabine.ts are connected to the 
pushbutton stations via plug-in cables. 

Each alarm cabinet is powered by two 115 V ac, 60 Hz feeds, which feed 
redundant de power supplies. The outputs of both power supplies are diode 
auctioneered to a common bus. Each ac feed and de potential is monitored and 
will actuate an alarm on the auxiliary annunciator system upon loss of voltage. 

The alarm logic is entirely solid-state designed for increased reliability. 
Each alarm point can be actuated from either a normally closed initiating 
contact or by the application or removal of 115 V ac or 125 V de. A contact 
change of state or change in voltage level indicates an alarm condition until 
it returns to its normal state. Alarm contacts are moni tared by internally 

ied 125 v de. 

The plant Motor Control Systems provide for numerous alarms from various plant 
systems. These alarms are initiated by field contacts which are monitored by 
the internal relay logic of the system to actuate the associated pushbutton 
alarm. These alarms are either of the ring-back type as previously described 
or of the non-ring-back type. 

This system is supplied from 115 V ac, 125 V de and 28 V de sources. There are 
no internal power supplies. 
use of independent breakers. 

SGS-UFSAR 

Each 28 V de control circuit is protected by the 
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7.7.2.11 Residual Heat Removal Performance Monitoring System 

The residual heat removal performance monitoring system provides an early 
warning of loss of decay heat removal capabilities. The system includes: 

1. Two independent narrow range continuous Reactor Coolant System level 
indications and wide range RCS level indication whenever the RCS is in 
a reduced inventory (mode 5 or 6). The narrow level range monitored 
is from Elevation 97' to Elevation 91. 1'. The wide range level is 
monitored from elevation 97 feet to 109.5 feet. The wide range 
midloop level is used while reactor vessel level is above the narrow 
range midloop level indication. 

2. Other monitoring capability: 
a. RHR pump discharge flow 
b. RHR pump discharge pressure 
c. RHR pump suction pressure 
d. RHR pump motor current 
The system is shown on the RCS and RHR system drawings (Plant 
Drawings 205301 and 205332). 

The system is designed to accurately monitor water level while the RHR system 
is operating with the RCS drained to the mid level of the RPV nozzles. This 
level allows draining of the steam generators but establishes a very narrow 
operating level over which the RHR pumps will have adequate NPSH. The Reactor 
Vessel Level Indicating System (Plant Drawing 205332) provides a wide range 
level indication but is not accurate enough for the purposes described in NRC 
Generic Letter 88-17. 

The testing design criteria are the same as used for instruments that are 
connected to full reactor temperature and pressure. The channel design and 
physical location of the transmitters prevent any physical damage from a 
refueling seal failure even though the system is not specifically designed to 
function while flooded or over this range. The low side of the level 
transmitter is connected to the pressurizer and can be manually aligned to 
measure the static water level in the vessel with or without pressure in the 
vessel. 

The system is not required for safe shutdown, and is used only during cold 
shutdown, therefore, it is not safety related. However, it is designed, 
installed, and maintained as if it were safety related. 

7.7.2.12 Seismic Monitoring Instrumentation 

The operability of the seismic monitoring instrumentation ensures that 
sufficient capability is available to promptly determine the magnitude of a 
seismic event and evaluate the response of those features important to safety. 
This capability 
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is required to permit comparison of the measured response to that used in the 
design basis for the facility. Accordingly, the seismic monitoring 
instrumentation shown in Table 7. 7-3 should be maintained operable by the 
performance of the channel check, channel calibration and channel functional -· 
tests at the frequencies shown in Table 7.7-4. Additionally, each of the above 
seismic monitoring instruments actuated during a seismic event shall be restored 
to operable status within 24 hours and a channel calibration performed within 5 
days following the seismic event. Data should be retrieved from actuated 
instruments and analyzed to determine the magnitude of the vibratory ground 
motion. 

7.7.2.13 Meteorological Monitoring Instrumentation 

The operability of the meteorological instrumentation ensures that sufficient 
meteorological data is available for estimating potential radiation doses to the 
public as a result of routine or accidental release of radioactive materials to 
the atmosphere. This capability is required to evaluate the need for initiating 
protective measures to protect the health and safety of the public. Accordingly, 
the meteorological monitoring instrumentation shown in Table 7.7-5 should be 
maintained operable by the performance of the channel check and channel 
calibration tests at the frequencies shown in Table 7.7-6. 

7.7.3 System Design Evaluation 

7.7.3.1 Unit Stability 

The Rod Control System is designed to limit the amplitude and the frequency of 
continuous oscillation of coolant average temperature about the Control System 
setpoint within acceptable values. Continuous oscillation can be induced by the 
introduction of a feedback control loop with an effective loop gain which is 
either too large or too small with respect to the process transient response, 
i.e., instability induced by the control system itself. Because stability is 
more difficult to maintain at low power under automatic control, no provision is 
made to provide automatic control below 15 percent of full power. 

The control System is designed to operate as a stable system over the full range 
of automatic control throughout core life. 

7.7.3.2 Step Load Changes Without steam Dump 

A typical power control requirement is to restore equilibrium conditions, without 
a trip, following a plus or minus 10 percent step change in load demand, over the 
15 to 100 percent power range for automatic control. The design must necessarily 
be based on conservative conditions and a greater transient capability is 
expected for actual operating conditions. A load demand greater than full power 
is prohibited by the turbine control load limit devices. 
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The function of the Control System is to minimize the reactor coolant average 
temperature deviation during the transient within a given value and to restore 
average temperature to the programmed setpoint within a given time. Excessive 
pressurizer pressure variations are prevented by using spray and heaters in the 
pressurizer. 
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The margin between overtemperature AT setpoint and the measured AT is of primary 
concern for the step load changes. This margin is influenced by nuclear flux, 
pressurizer pressure, reactor coolant temperature, and temperature rise across 
the core. 

7.7.3.3 Loading and Unloading 

Ramp loading and unloading of 5 percent per minute can be accepted over the 15 
to 100 percent power range under automatic control without tripping the plant. 
The function of the Control System is to maintain the coolant average temperature 
and pressure as functions of turbine generator load. The minimum control rod 
speed provides a sufficient reactivity insertion rate to compensate for the 
reactivity changes resulting from the moderator and fuel temperature changes. 

The coolant average temperature increases during loading and causes a continuous 
insurge to the pressurizer as a result of coolant expansion. The sprays limit the 
resulting pressure increase. Conversely, as the coolant average temperature is 
decreasing during unloading, there is a continuous outsurge from the pressurizer 
resulting from coolant contract ion. The heaters limit the resulting system 
pressure decrease. The pressurizer level is programmed such that the water level 
is above the setpoint at which the heaters cut out during the loading and 
unloading transients. The primary concern during loading is to limit the 
overshoot in average coolant temperature and to provide sufficient margin in the 
overtemperature 4T setpoint. 

The automatic load controls are designed to safely adjust the unit generation to 
match load requirements within the limits of the unit capability and licensed 
rating. 
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7.7.3.4 Loss of Load with Steam Pump 

The Reactor Control System is designed to accept load reduction 
not exceeding 50 percent for which no reactor trip or turbine trip 
should be actuated. 

The Automatic Steam Dump System is able to accommodate this 
abnormal load rejection and to reduce the effects of the transient 
imposed upon the RCS. The reactor power is reduced at a rate 
consistent with the capability of the Rod Control System. 
Reduction of the reactor power is automatic down to 15 percent of 
full power. The steam dump flow reduction is as fast as RCCAs are 
capable of inserting negative reactivity. 

The pressurizer power operated relief valves might be actuated for 
the most adverse conditions, e.g., the most negative Doppler 
coefficient, and the minimum incremental rod worth. The relief 
capacity of the power operated relief valves is sized large enough 
to limit the system pressure to prevent actuation of high pressure 
reactor trip for the above conditions. 

7.7.3.5 Turbine Generator Trip with Reactor Trip 

Whenever the turbine generator unit trips at an operating level 
above 50-percent power, the reactor also trips. The unit is 
operated with a programmed average temperature as a function of 
load, with the full load average temperature significantly greater 
than the saturation temperature corresponding to the steam 
generator pressure at the safety valve setpoint. The thermal 
capacity of the RCS is greater than that of the secondary system, 
and because the full load average temperature is greater than the 
no load steam temperature, a beat sink is required to remove heat 
stored in the reactor coolant to prevent actuation of steam 
generator safety valves for a trip from full power. 
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This heat sink is provided by the combination of controlled 
release of steam to the condenser and by makeup of cold feedwater 
to the steam generators. 

The Steam Dump System is controlled from the reactor coolant 
average temperature signal whose setpoint values are reset upon 
trip to the no load value. Actuation of the steam dump must be 
rapid to prevent actuation of the steam generator safety valves. 
With the dump valves open the average coolant temperature starts 
to reduce quickly to the no load setpoint. A direct feedback of 
temperature acts to proportionally close the valves to minimize 
the total amount of steam which is bypassed. 

Following the turbine trip, the steam voids in the steam generator 
will collapse and the fully opened feedwater valves will provide 
sufficient feedwater flow to restore water level in the downcomer. 
The feedwater flow is cut off when the average coolant temperature 
decreases below a given temperature value or when the steam 
generator water level reaches a given high level. 

Additional feedwater makeup is then controlled manually to restore 
and maintain steam generator water level while assuring that the 
reactor coolant temperature is at the desired value. Heat removal 
is maintained by the steam header pressure controller (manually 
selected) which controls the amount of steam flow to the 
condensers. This controller operates a portion of the same steam 
dump valves to. the condensers which are used during the initial 
transient following turbine and reactor trip. 

The pressurizer pressure and level fall rapidly during the 
transient because of coolant contraction. The pressurizer water 
level is prograDIDled so that the level following the turbine and 
reactor trip is above the low level safety injection setpoint. If 
heaters become uncovered following the trip, the eves will provide 
full charging flow to restore water level in the pressurizer. 
Heaters are then turned on to restore pressurizer pressure to 

normal. 
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7.7 6 

The ·In-Core Instrumentation System consists of 58 (see Note 1) flux thimbles, 
which· run the length of selected fuel assemblies to permit measurement of the 

flux distribution within the reactor core, and 58 (see Note 1) 
thermocouples located at the top of the flux thimbles to measure coolant outlet 
temperature. The high seals for the thermocouples and flux thimbles 
~re shown on Figure 7.7-4. 

The data obtained from the in-core temperature and flux distribution 
instrumentation system, in conjunction with previously determined analytical 
infqrmation, can be used to determine the fission power distribution in the 
cor~ at any time throughout core life. This method is more accurate than using 
calculational techniques alone. Once the fission power distribution has been 
established, the maximum power output is primarily determined by thermal power 
distribution and the thermal and hydraulic limitation which determine the 
maximum core capability. 

The lin-core instrumentation provides information which may be used to calculate 
the coolant enthalpy distribution: the fuel burn up and to 
estimate the flow distribution . 

Both radial and azimuthal symmetry of power distributions may be evaluated by 
comparing the detector and thermocouple information from one quadrant with 
similar data obtained from the other three quadrants. 

7. 7 .!3. 6 .1 Thermocouples 

Chromel-alumel thermocouples are routed through the annular area between the 
inside and outside tubes of the flux thimble and terminate at the top of the 
flux thimble which is at the top of core. Each of the 58 (see Note 1) flux 
thimbles has a back-up thermocouple to provide greater system availability. 
The thermocouples are integral with the flux thimbles. If both thermocouples 
faLl;, they cah be replaced by replacing the flux thimbles. 

Note 1 There 58 locations designated as Flux Thimble and Thermocouple 
locations (see Figures 4.4-16 and 4.4-17). The minimum number of Flux 
Thimbles and Thermocouples in use, as well as the minimum number per 
quadrant, is controlled by the Technical Speci 
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Thermocouple readings are monitored by the core exit thermocouple processor, 
SPDS, and the computer. The core exit thermocouple system, including the 
processor, meets R.G.l.97 requirements. 

7.7.3.6.2 Moveable Miniature Neutron Flux Detectors 

Miniature neutron flux detectors, remotely positioned in the core, provide remote 
readout for flux mapping. The basic system for the insertion of these detectors 
is shown on Figures 7. 7-4 and 7. 7-6. Retractable thimbles, into which the 
miniature detectors are driven, are pushed into the reactor core through conduits 
that extend from the bottom of the reactor vessel down through the concrete 
shield area, then to a thimble seal table. 

The thimbles are closed at the leading ends, are dry inside, and serve as the 
pressure barrier between the reactor water pressure and the atmosphere. 
Mechanical seals between the retractable thimbles and the conduits are provided 
at the seal line. The thimbles consist of a tube within a tube. The space 
between each inner and outer tube is used to route the thermocouple wires. 
Normally, only the outside of the outer tube is exposed to reactor pressure. 
However, on a failure of the outer tube, the inner tube can withstand full 
reactor pressure. 

During reactor operation, the retractable thimbles are stationary. They are 
extracted downward from the core during refueling to avoid interference within 
the core. A space above the seal line is provided for the retraction operation. 

The drive system for the insertion of the miniature detectors consists of six 
combinations of drive assemblies, five-path rotary transfer devices, and ten-path 
rotary transfer devices, as shown on Figure 7.7-6. The drive system pushes 
hollow helical-wrap drive cables into the core. Miniature detectors are attached 
to the leading ends of the cables and small diameter sheathed coaxial cables 
threaded through the hollow centers back to the ends of the 
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drive cables. Each drive assembly consists of a gear motor which 

pushes a helical-wrap drive cable and detector through a selective 

thimble path by means of a special drive box which includes a 
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storage device that accommodates the total drive cable length. 
information on mechanical design and support is provided in section 3. 

Further 

The COntrol and Readout System provides means to rapidly traverse the miniature 
neutron detectors to and from the reactor core at 72 feet per minute, and to 
traverse the reactor core at 12 feet per minute, while plotting the thermal 
neutron flux versus detector position. The Control System consists of two 
sections: one physically mounted with the drive units, and the other contained 
in the control room. Limit switches in each tubing run provide signals to the 
path display to indicate the active detector path during the flux mapping 
operation. Each gear box drives an encoder for position indication. One five-
path group path selector is provided for each drive unit to route the detector 
into one of the flux thimble groups or to storage. A ten-path rotary transfer 
assembly is used to route a detector into any one of up to ten selectable 
thimbles. Manually-operated isolation valves on each thimble allow free passage 
of the detector and drive cable when open. When closed, these valves prevent 
steam leakage from the core in case of a thimble rupture. Provision is made to 
separately route each detector into a common flux thimble to permit cross 
calibration of the detectors. 

The control Room contains the necessary equipment for control, position 
indication and flux recording. Panels are provided to indicate the position of 
the detectors, and for plotting the flux level versus the detector position. 
Additional panels are provided for such features as drive motor controls, core 
path selector switches, plotting and gain controls. A "flux-mapping" operation 
consists of selecting {by panel switches) flux thimbles in given fuel assemblies 
at various core locations. The detectors are driven to the top of the core and 
stopped automatically. An x-y plot (position vs. flux level) is initiated with 
the slow withdrawal of the detectors through the core from top to a point below 
the bottom. In a similar manner, other core locations are selected and plotted. 
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Bach detector provides axial flux distribution data along the canter of a fuel 
assembly. various radial positions of detectors are than compared to obtain a 
flux map for a region of the cora. 

The thimbles are distributed nearly uniformly over the cora, with about the same 
number of thimbles in each quadrant. CUrrent nc approved methods (section 
4.3.4, Reference 2) for Westinghouse plants using the moveable in-core fission 
chamber detector system statistically support a 4\ nuclear enthalpy rise hot 
channel peaking factor (P4B) uncertainty. Similarly, a 5' measurement 
uncertainty and a 3\ manufacturing tolerance has bean approved for the local 
nuclear heat flux hot channel factor (F0 ). Therefore, the measured .P4B will be 
increased by 4\ for possible instrument error, while the measured 1'0 will be 
increased by 8.15\ (1.05 x 1.03) to allow for possible instrument error and 
manufacturing tolerances. The departure from nucleate boiling ratio (DNBR} 
calculated with the measured bot channel factor will be compared to the DNBR 
calculated from the design nuclear hot channel factors. If the measured power 
peaking is larger than expected, reduced power capability will be indicated. 

This unit will have the capability for using fixed in-core detectors, if 
required. 

7.7.3.7 Operating Qontrol Systems 

7.7.3.7.1 Control Room Availability 

The Control Room is designed to be available at all times. Safe occupancy of the 
Control Room during an abnormal condition is provided in the design of the 
Auxiliary Building. Adequate shielding, ventilation and air conditioning are 
used to maintain the environment within established limits (see Section 9.4). 

To limit the possibility and potential magnitude of a fire in the Control Room, 
Relay Room or Control Equipment Room, many precautions are taken. Noncombustible 
materials are used in construction. Control Room furnishings are of metal 
construction. The control console and side panels are made of steel. 
Combustible supplies, such as records, logs, procedures, manuals, etc., are 
limited to the number required for station operation. All areas of the Control, 
Relay and Control Equipment Rooms are 
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-
readily accessible. Portable fire extinguishers and breathing apparatus are 

provided. Detectors sensitive to smoke and combustion are installed in the 

Control Room, control console, ventilation plenum and throughout the Relay and 
Control Equipment Rooms. Fire detection alarms are provided in the Control 
Room with indication of the detector zone actuated. Further description of the 

fire protection provisions is given in Section 9.5. 

The probability of the Control Room becoming inaccessible as a result of any 
cause is considered extremely small. If the operator must leave the Control 

Room, however, operating procedures require that he trip the reactor and 
turbine generator prior to leaving, thus ensuring control at the Hot Shutdown 
Control Stations. If necessary, the required trips can be accomplished at 

locations outside the Control Room. 

'.7.3.7.2 Control Room Evaluation 

The Control Room is designed to provide the operator with the controls, 
~ndications and alarms necessary to control the unit during normal or abnormal 

condit~ons. It is also designed for continuous occupancy, but provisions are 

made to attain and maintain hot shutdown from outside the control room. 

7.7.3.8 

All equipment is designed with highly reliable components. Maximum use is made 
of solid state components in the electronic instruments; spring loaded 

control valves are employed to fail safe on loss of air or power. 

All instrumentation and control, 

containment structure and in 
where possible, is installed outside of the 
locations accessible 

maintenance. Automatic control instruments in 
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selected systems are provided with backup manual control. Alarms are provided 

to warn of abnormal conditions. 

7.7.4 References for Section 7.7 

1. Blanchard, A. and Katz, D.N., "Solid State Rod Control System - Full 

Length," WCAP-9012-L (Proprietary), January 1970 and WCAP-7778 (Non-
Proprietary) . 

2. T. Baker, B. Cassidy, J. Freeland, S. Fowler "Rod 

Evaluation Program" June 7, 1994; WCAP-13864 Rev. 1. 
Control System 

I 3. Blanchard, A., "Rod Position Monitoring," WCAP-7571, March 1971. 
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