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Southern California Edison Company 
P. 0. BOX 800 

2244 WALNUT GROVE AVENUE 

ROSEMEAD, CALIFORNIA 91770 

M.O.MEDFORD TELEPHONE 
MANAGER OF November 22, 1988 (818) 302-1749 

NUCLEAR REGULATORY AFFAIRS 

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

Gentlemen: 

Subject: Docket Nos. 50-361 and 50-362 
San Onofre Nuclear Generating Station 
Units 2 and 3 

References: 1) August 25, 1988 letter from Donald E. Hickman (NRC) to 
Kenneth P. Baskin (SCE) and Gary D. Cotton (SDG&E); 
Subject: 10 CFR 50.62 (ATWS Rule) Request for Additional 
Information (TAC Numbers 59139 and 59140) 

2) June 6, 1986 letter from M. 0. Medford (SCE) to George W.  
Knighton (NRC); Subject: Same as above 

3) January 11, 1988 letter from George W. Knighton (NRC) to 
Kenneth P. Baskin (SCE) and James C. Holcombe (SDG&E); 
Subject: NRC Evaluation of CEN-315 and CEN-349 

By Reference 1, the NRC requested additional information concerning the 
diverse scram system (DSS) and diverse turbine trip (DTT) proposed in 
Reference 2 by Southern California Edison for compliance with the ATWS Rule 
(10 CFR 50.62). The enclosure to this letter provides the requested 
information and clarifies how the proposed DSS and DTT hardware diversity, 
electrical independence, reliability and testability at power meet the 
requirements of the ATWS rule. SCE plans to respond to Reference 3 by the end 
of 1988.  

If you have any further questions or would like additional information, please 
let us know.  

Very truly yours, 

B 881.290389 891122 
PDR ADOCK 05000361 
P PNU_ ) 

Enclosure 

cc: J. B. Martin, Regional Administrator, NRC Region V 
F. R. Huey, NRC Senior Resident Inspector, San Onofre Units 1, 2 and 3



ATWS/DSS DESIGN INFORMATION 

SONGS 2 AND 3 

References: A. USNRC Letter, D. E. Hickman to K. P. Baskin 
dated August 25, 1988.  

This document provides the ATWS Diverse Scram System design information that 
is requested by NRC per Reference A. The sequence of the information 
requested in Reference A is maintained for convenience.  

REQUEST 1: 

It is the staff's understanding that the San Onofre, Units 2 and 3, diverse 
scram system (DSS) design uses inputs provided by the four existing reactor 
protection system (RPS) pressurizer pressure transmitter instrument 
channels. The DSS input signals will be generated in the existing RPS 

.process instrument cabinets and transmitted to the DSS through qualified 
isolation devices. A reactor trip will occur when power to the 
motor-generator (MG) set output contactors is interrupted which deenergizes 
the control element drive mechanism (CEDM) holding coils. This action is 
independent of the existing reactor trip breakers.  

RESPONSE: 

The NRC staff's understanding on the SONGS 2 and 3 DSS inputs is 
incorrect. The SONGS 2 and 3 DSS design does not use inputs from the four 
existing RPS pressurizer pressure transmitters. Instead, four new 
Rosemount Model 1154G pressurizer pressure transmitters, which are 
different in operating principle and manufacture than the existing RPS 
pressurizer pressure transmitters, will be installed inside the containment 
to provide inputs for the DSS. There is no electrical connection from the 
existing RPS to the new DSS. The new DSS is completely independent from 
the existing RPS except that the same pressurizer pressure sensing lines 
are used for both transmitters.  

REQUEST la: 

Please provide electrical schematic/elementary diagrams for the DSS and DTT 
designs that clearly show all instrument channels (including bistables), 
logic, actuation circuits, test circuits, interlocks, bypasses, alarms and 
indications. Also, provide electrical one-line diagrams showing the CEDM 
MG sets, DSS actuated output contactors, and power distribution to the RPS, 
DSS and DTT circuits, including vital buses, inverters, batteries and 
chargers, etc.
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RESPONSE: 

DIVERSE SHUTDOWN SYSTEM (DSS) 

The enclosed Figure 1 is a simplified DSS System block diagram. Figures 2 
through 6 are channelized detailed DSS functional diagrams. Figure 7 shows 
the configuration of the color coded status display and test panel. Figure 
8 shows the overall DSS power supply scheme. Figures 9 and 10 are detailed 
one line diagrams showing all non-lE UPS sources and loads including DSS.  
Power to the existing Plant Protection System, which includes the Reactor 
Protection System, is supplied from the four Class 1E vital bus UPSs which 
are completely independent from the non-Class 1E UPS from which the DSS is 
powered. See one line diagrams Figures 11 through 15 for the details of 
the PPS Power Supply Scheme. Also, Figures 16 through 21 provide the 
electrical one-line diagrams showing the CEDM MG sets, DSS actuated output 
contactors, and power distribution to the RPS, DSS and DTT circuits, vital 
buses, inverters, batteries and chargers.  

DIVERSE TURBINE TRIP (DTT) 

The implementation of a DSS provides a Diverse Turbine Trip (DTT). The DSS 
will trip the reactor under conditions indicative of an ATWS. When the DSS 
causes a reactor scram, it also causes the turbine to trip because the DSS 
interrupts power to the Control Element Assembly (CEA) coils upstream of 
the rod power bus undervoltage relays in the Control Element Drive 
Mechanism Control System (CEDMCS). These relays actuate the turbine trip 
circuitry. If a DSS is implemented, the existing TT becomes a DTT due to 
the diversity between the DSS and the existing RPS.  

Thus, installation of the DSS will satisfy the 10CFR50.62 requirement that 
the plants will have equipment diverse from the RTS to automatically trip 
the turbine under conditions indicative of an ATWS. This is accomplished 
because the circuitry required to satisfy the component diversity 
requirements for a diverse reactor scram is essentially the same as for the 
DTT. Therefore, given the installation of a DSS, adequate diversity exists 
between the DTT and the RTS for compliance with 10CFR50.62.  

Since the installation of the DSS causes the turbine trip circuit to become 
a DTT, the information given in the following responses addresses only the 
DSS.  

REQUEST lb: 

For all DSS and DTT instrument channel components (excluding sensors and 
signal conditioning equipment upstream of the bistables) and logic channel 
components, and DSS actuation devices, provide information sufficient to 
demonstrate compliance with the ATWS rule diversity requirements. The 
information should include a diversity comparison of the DSS and DTT
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components with the components used in the existing RPS, e.g., 
manufacturer, model number, design principle (electromechanical, solid 
state, etc.) mode of operation (energize/deenergize to actuate), power 
source (AC/DC), etc. The similarities and differences in the physical and 
operational characteristics of these components must be analyzed to 
determine the potential for common mode failure mechanisms that could 
disable both the RPS and ATWS prevention/mitigation functions. The 
evaluation of the adequacy of the diversity provided must be performed at a 
detailed level to include hardware design considerations and diversity 
aspects that might not be apparent from a cursory/audit review. For 
example, two electromechanical relays from the same manufacturer and having 
the same voltage/current ratings and energize-to-actuate/deenergize-to
actuate trip status, and therefore, which appear to be unacceptable for 
satisfying the diversity requirements of the ATWS rule, may actually be 
acceptable if different materials and different manufacturing processes are 
used. Conversely, two printed circuit cards from different manufacturers, 
and therefore which appear to be acceptable for satisfying diversity 
requirements of the rule, may not be acceptable if they both use identical 
components.  

RESPONSE: 

Comparison of the DSS and the RPS components is provided in Table 1.  
Additional information regarding component diversity is given below.  

Pressure Sensor/Transmitter 

Four new pressurizer pressure transmitters dedicated for DSS will be 
installed inside containment in locations adjacent to the existing PPS 
pressurizer pressure transmitters. The new DSS transmitters are 
Rosemount Model 1154GP transmitters utilizing the S-cell sensor that is 
based on the pressure-capacitance conversion principle. The RPS 
transmitters are Foxboro Model E-11GM transmitters utilizing a force 
balance sensing element. As such the DSS and the RPS transmitters are 
not only manufactured by different manufacturers, their design principles 
are also completely different.  

Signal Conditioner (Current to Voltage Converter) 

The current to voltage converter on each DSS channel utilizes Foxboro 
Spec 200 Model N2AO-I2V module, which is an analog DC to DC converter 
utilizing a chopper amplifier and rectifier to convert DC current of 4-20 
milliamperes input to 0-10 V DC output. The current to voltage 
conversion for the RPS input is accomplished by current-voltage drop 
across a resistor inserted in the pressure transmitter output current 
loop. The resistor value is 250 ohms and the signal input voltage to the 
RPS bistable comparator is 1-5 V DC.
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Signal Conditioner (Current to Voltage Converter) (Continued) 

Both systems utilize the same Foxboro I/V Cards, the I/V cards on the RPS 
are custom modified for power supply purposes; the I/V cards on the DSS 
perform the I/V conversion. Common Mode failures of I/V Cards rendering 
the RPS and DSS inoperable is not considered a credible event because of 
the different functional requirements and different designs.  

Bistable 

The DSS bistables are configured by combination of the hardware and 
preprogrammed software in the microprocessor based Foxboro Spec 200 Micro 
control modules. The RPS bistables are configured with operational 
amplifiers and comparator circuits which are based on conventional analog 
technology.  

Two-Out Of Four Logic 

The two-out of four logic of each DSS channel is configured in the 
Foxboro Spec 200 Micro control module utilizing a combination of 
preprogrammed "AND" and "OR" gate blocks. The RPS two-out of four logic 
utilizes a relay contact combination. The components forming the two-out 
of four logics of the DSS and the RPS are made by different manufacturers 
and are based on completely different design principles as well.  

Logic Output Relay 

The DSS utilizes four Foxboro Spec 200 Model N-2AO-L2C-R contact 
isolation modules, which are configured with SPDT conventional moving 
armature type electromagnetic relays. The contact isolation module 
serves the two-out of four logic output buffer and driver to energize the 
trip path relay.  

The RPS utilizes electromechanics dual coil SPDT reed relays (matrix 
relays) for its two-out of four logic outputs to deenergize its four trip 
path relays. Although the operational principle of the Foxboro relays 
and the reed relays are based both on electromagnetic principle, their 
configurations and materials are entirely different.  

Trip Path Relay 

The DSS trip paths energize electromagnetic relays manufactured by 
General Electric to be the final actuation device to trip the CEDM MG set 
output contactors, while the RPS trip paths utilize solid state relays 
manufactured by Teledyne Relays which deenergize to initiate tripping of 
the RPS trip circuit breakers. They are not only manufactured by 
different manufacturers, their materials and design principles are 
completely different.
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Based on the information provided in Table 1 and above, it is concluded 
that the components used in the DSS are diversified from the RPS 
components and the SONGS 2/3 DSS design meets the ATWS diversity 
requirements.  

REQUEST lc: 

Please provide information necessary to explain how the DSS and the DTT 
will remain operable to perform their intended functions given a loss of 
offsite power.  

RESPONSE: 

The DSS system has two 120 VAC power supplies from the non-lE 
uninterruptible Power Supply (UPS). The non-1E UPS is normally powered 
from the "A" Train 4160 volt 1E bus. A 52 minute battery provides 
uninterruptible power to the inverter should the 1E supply or battery 
charger be unavailable.  

Should the inverter be unavailable, power is provided via a static transfer 
switch from non-lE bus B12. Simultaneous loss of offsite power and 
inverter failure is not considered a credible event.  

Total loss of offsite power in itself performs the equivalent DSS action 
when the CEDM MG set drive motors lose power and terminate the CEDM MG set 
output.  

REQUEST ld: 

Please describe in detail the indications and alarms used to alert the 
control room operators to DSS and DTT inoperable conditions (e.g., when a 
channel/system or equipment is placed in a bypass or test status). Include 
a discussion of all operating and/or maintenance bypasses that will be used 
in conjunction with the DSS or DTT.  

RESPONSE: 

The DSS input signals, power supplies, channel trip, channel test and 
bypass statuses are transmitted to the CFMS through the multiplexer unit in 
the DSS for display and alarm annunciation in the control room. The 
ATWS/DSS will have one annunciator in the control room. This annunciator 
will read "ATWS/DSS trouble". This annunciator will be annunciated to 
alert the operator to observe a display on the Critical Functions 
Monitoring System (CFMS). The following conditions will activate the 
annunciator and the alarm status will be displayed on the CFMS CRT screen.
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*Channel Trip (pressurizer pressure above setpoint - 1/channel) 

*Channel Test (1/channel) 

*Trip Path Bypass (2 inputs) 

*Loss of Logic Power Supply (2 inputs) 

*Loss of AC Power Supply (2 inputs) 

*Spec 200 Micro Card Failure (1/channel) 

*Low Pressurizer Pressure Alarm (1/channel) 

*Trip Path Trip (2/4 channel trip - 1/channel) 

*DSS CFMS Multiplexer Failure 

The values of pressurizer pressures, power supply voltages and the system 
status can be displayed on the CFMS CRT any time by operator demand.  

The ATWS/DSS cabinet is designed to be tested on-line. There are two types 
of bypasses that will be used for the testing of the ATWS/DSS cabinet.  
Each of the four channels can be placed in the test position, which removes 
that channel from the 2/4 logic. A channel being placed in test would be.  
displayed on the CFMS and cause an annunciation. The purpose of the test 
position is to allow a test source to simulate pressurizer pressure 
transmitter signals to verify/calibrate channel pressure indications and 
setpoints. Each of the two trip paths can also be placed in bypass in 
order to test the 2/4 logic.  

REQUEST le: 

Explain the specific operator actions required to manually initiate a DSS 
and/or DTT protective action. Also, following manual or automatic 
actuation, is the protective action sealed in at the system level to ensure 
completion of the ATWS prevention/mitigation function? 

RESPONSE: 

The first operator response on failure to trip is to use the manual trip 
push buttons in the control room which open the CEDM trip breakers. This 
manual trip is not part of the DSS; it is the normal operator response to 
manually trip the reactor. These reactor trip breakers remain open until 
they are manually reset. If the normal manual trip does not cause the CEAs 
to drop, then the operator deenergizes the 480 VAC load centers that supply 
the CEA MG set motors. These push buttons, also not part of the DSS, are 
in the control room on a panel separate from the manual trip push buttons.  
These breakers will stay open until the load centers are manually 
reenergized.



-7

If required, manual initiation of the DSS system would be performed by 
going to the CEDM MG set control panels outside the control room and 
opening the MG set output contactors using existing push buttons. The MG 
set control panels are less distant from the control room than the DSS 
panel.  

The protective action causes the MG set contactor to open which must be 
manually reset thus "sealing it in the tripped condition".  

REQUEST 2: 

Electrical independence of the DSS from the existing RPS should be provided 
from the sensor output up to and including the final actuation device.  
Electrical independence of the DTT system from the existing RPS should be 
provided from the sensor output up to the final actuation device.  

It is the staff's understanding that the proposed San Onofre Units 2 and 3, 
DSS and DTT power supply design is such that all power will be supplied 
from the non-Class 1E uninterruptible power supply (UPS) and that the 
non-Class 1E UPS is independent of the Class 1E power supply to the RPS.  

RESPONSE: 

The staff's understanding is correct.  

REQUEST 2a: 

Identify~all DSS and DTT system components that receive power from sources 
that are also used to provide power to the existing RPS. If RPS power 
supplies are used, information must be provided to demonstrate that: 

1) faults within the DSS or DTT circuits cannot degrade the 
reliability/integrity of the existing RPS below an acceptable level, 

2) that a common mode failure affecting the RPS power distribution system 
(including degraded voltage and/or frequency conditions, e.g., 
overvoltage and undervoltage; the effects of degraded voltage/frequency 
conditions over time must be considered if such conditions can go 
undetected) cannot compromise both the RPS and ATWS prevention/mitigation 
functions. If alarms are relied on to provide early detection of 
degraded voltage/frequency conditions, the information should include the 
specific alarms(s) and their setpoint value(s), and the limiting 
voltage/frequency values for which the affected circuits/components have 
been analyzed/demonstrated to still be capable of performing their 
intended functions. A discussion of the periodic surveillance/testing 
performed to verify operability of the alarm circuits should also be 
provided.
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RESPONSE: 

No DSS component receives power from sources that are also used to provide 
power to the existing RPS. The DSS power is supplied from the non-lE UPS.  
The RPS power is supplied from Class 1E vital buses which are completely 
independent of each other and the non-lE UPS.  

Periodic Surveillance Testing of Alarms is discussed in Response 3a.  

REQUEST 2b: 

Electrical independence of non-safety related ATWS circuits from safety 
related circuits is required in accordance with the guidance provided in 
IEEE Standard 384, "IEEE Standard Criteria for Independence of Class 1E 
Equipment and Circuits," as supplemented by Regulatory Guide 1.75, 
Revision 2, "Physical Independence of Electrical Systems." 

Information must be provided to demonstrate the adequacy of all isolation 
devices used to protect the integrity of safety related circuits from 
non-safety related ATWS DSS and DTT circuits. The required information is 
identified in Attachment 1. If the isolation devices are identical to 
isolation devices used in other applications (e.g., to isolate the safety 
parameter display system from safety related circuits), and the requested 
information has been previously submitted for staff review, and the 
isolation devices have been approved for their applications, the related 
correspondence should be referenced, and no additional information need be 
provided.  

RESPONSE: 

The only interface with a Safety Related Class 1E circuit is the MG set tie 
breaker status indication. The two MG set tie breaker status lights are 
provided on the DSS Test Board for information only in order to reduce the 
possibility of a reactor trip during testing due to an unexpected loss of 
an MG set. This status indication is powered from the DSS cabinet and uses 
wiring and tie breaker auxiliary contacts isolated from 1E circuits in 
accordance with IEEE-384. Since IEEE-384 isolation is provided by passive 
measures, no active electrical isolation devices are used and no periodic 
testing of active electrical isolation devices is necessary.  

REQUEST 3: 

The equipment required by 10 CFR 50.62 to reduce the risk associated with 
an ATWS event must be designed to perform its function in a reliable 
manner. The DSS and DTT circuits must be designed to allow periodic 
testing to verify operability while at power. All bypass conditions should 
be automatically and continuously indicated in the main control room.
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RESPONSE: 

The DSS circuits are designed to function in a reliable manner. Periodic 
testing at power is described in Response 3a. Bypass conditions are 
alarmed in the control room and are described in Response ld.  

REQUEST 3a: 

Describe the scope and intent of the various surveillance tests 
(e.g., sensor/channel checks, instrument channel functional tests, logic 
channel and actuation device tests, channel/system calibrations, overall 
system functional tests, etc.) that SCE intends to use to periodically 
verify operability of the DSS and DTT equipment/circuitry installed at San 
Onofre Units 2 and 3. Indicate the frequency for which each surveillance 
test is conducted. Also discuss the controls/programs (e.g., technical 
specifications) to be used to ensure that the equipment/circuitry installed 
in accordance with the ATWS rule will be properly tested and maintained in 
an operable condition. The controls/programs should provide positive 
assurance that the ATWS equipment/circuitry will perform its design 
functions when required, and therefore, satisfy the reliability 
requirements of the ATWS rule.  

RESPONSE: 

The DSS testing program has not yet been finalized. However, the following 
is currently under consideration: 

A Channel Check will be performed on a once per day basis. This involves 
comparing the four pressurizer pressure indications to ensure that the 
channels are all within the same acceptance band as the existing 
pressurizer pressure indications.  

A Functional Test will be performed at 92-day intervals. This involves 
placing each channel in test and verifying the alarm and actuation 
setpoints. The complete system will also be placed in bypass and the 2/4 
logic tested for all combinations.  

At refueling intervals, channel calibration and a functional test will be 
performed. All alarms will be tested. A trip test will be performed in 
which the CEDM MG contactors will be tripped by simulating high pressure 
inputs to the ATWS/DSS cabinet. This trip test is the only time that (2) 
jumpers will have to be installed at terminal strip test points 
specifically for the purpose of conducting DSS testing.  

Operating procedures will be revised to require 2 of the 4 channels be 
operable in Modes 1, 2 and 3 (with Reactor Trip Breakers closed) with the 
testing program described above. Note that up to 2 of the 4 channels may 
be bypassed by use of the testing mode without generating a single-channel 
trip signal. With 2 channels in a testing mode, a 2 out of 2 channel trip 
logic would be in effect.
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REQUEST 3b: 

Please indicate whether the test procedures involve undesirable practices 
such as installing jumpers, lifting leads, pulling fuses, tripping 
breakers, blocking relays, or other circuit alterations.  

RESPONSE: 

The ATWS/DSS cabinet was designed to be tested on-line without utilizing 
any of the undesirable practices listed above. The only time that jumpers 
will need to be installed is during the refueling interval trip test 
described in Response 3a.  

REQUEST 4: 

During the life of a commercial light-water-cooled nuclear power plant many 
components reach their end of life and must be replaced, including 
components installed in the RTS, DSS, and DTT system. Provide a 
description of the measures/programs implemented at San Onofre Units 2 
and 3 to assure that the equipment diversity provided in accordance with 
the ATWS rule will be maintained during component repair, replacement, 
modifications and/or design changes etc. throughout the life of the plant.  

RESPONSE: 

The SCE Quality Assurance Procedures require component repair and 
replacement to be performed to the existing system design. Modifications 
and design changes require an engineering review and 50.59 evaluation 
against the current plant design basis. Modifications differing from the 
proposed DSS design basis are not anticipated and would not be implemented 
without prior NRC approval.  

REQUEST 5: 

Discuss how good human factors engineering practices are incorporated into 
the design of ATWS prevention/mitigation system components located in the 
control room. Specifically address the coordination of displays used to 
provide the status of ATHS systems/equipment to the operator with existing 
displays.  

RESPONSE: 

The addition of the ATWS/DSS cabinet will have minimal affect-in the 
control room. One annunciator will be added which will read "ATWS/DSS 
Trouble". This will alert the operator to view a display on the Critical 
Functions Monitoring System (CFMS). Although the CFMS display is still in 
the conceptual stage, it will tentatively duplicate the mimic board on the 
cabinet itself. The information listed in Response 1(d) will be available 
to the operator from the CFMS display(s).



The ATWS cabinet itself meets the SONGS 2/3 Control Room Design Review 
(M37328) human factors criteria. The cabinet is designed for easy 
understanding and to minimize the possibility of human error. The test 
panel contains a mimic board (see Figure 7) which shows the configuration 
of the four channels, the bypasses, and the trip logic circuitry. Each of 
the channels is color coded. Internal to the cabinet, each channel's 
electronic racks are color coded to match the mimic board.  

The following information is available on the mimic board.  

Pressurizer pressure (1/channel) 

Low pressure alarm (CDS display - 1/channel) 

Channel trip (red light, CDS display - 1/channel) 

Trip path trip (red light, CDS display - 1/channel) 

Channel test (switch position - 1/channel) 

Trip path bypass (switch position - 2 switches) 

Power supply status (white light - 2 inputs) 

Contactor status (red/green light - 1/contactor) 

MG tie breaker status (red/green light) 

NOTE: CDS is the Foxboro Spec 200 Micro display module.  

The ATWS/DSS cabinet was designed to be very easy for a technician to test 
yet it is virtually impossible to trip the reactor during on-line testing.  

REQUEST: 

Isolation devices, information requested in Attachment 1.  

RESPONSE: 

As described in the Response to 2b there are no active isolation devices 
used in the SONGS 2/3 DSS design.  

0490n
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