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1.0 INTRODUCTION 

This report presents the results of a study performed to identify and develop 
a conceptual design for a dedicated safe shutdown system for Unit 1 of 
Southern California Edison's San Onofre Nuclear Generating Station (SONGS 1).  
The report is divided into six sections and one Appendix. In addition to this 
introductory section, this report includes a problem statement (Section 2.0), 
a description of the system proposed as the solution to the problem (Section 
3.0), a description of the plant modifications that would be necessary to 
implement the proposed system (Section 4.0), and the conclusions drawn 
concerning the feasibility and licensability of the proposed system (Section 
5.0). The references used in the study are presented in Section 6.0. The 
calculations which serve as a preliminary basis for the proposed system's 
performance are contained in Appendix A.  

1.1 ObJective 

The objective of the dedicated safe shutdown system design is to provide, 
in conjunction with existing plant systems, the capability to achieve 
safe shutdown for any postulated fire in accordance with the safe 
shutdown requirements of 1OCFR5O Appendix R [1].  

The systems normally used for safe shutdown at SONGS 1 include reactor 
coolant, auxiliary feedwater, main steam,, chemical and volume control, 
residual heat removal, component cooling water, and salt water cooling.  
Based on earlier fire hazards analyses, fires postulated to occur in any 
one of several of the plant's fire zones have the potential for making 
one or more of these systems unavailable as a result of fire damage to 
system components, associated electrical power circuits, instrument air 
supplies, system instrumentation, and controls.  

SCE has evaluated the design of the existing systems required for safe 
shutdown and has identified the scope of modifications that would be 
necessary to furnish them the level of protection required by Appendix R 
[2]. These modifications, which include cable rerouting, equipment 
relocation, fire barrier installations, fire enclosure and fire 
suppression system installations, and new shutdown system equipment were 
proposed in an attempt to meet broad safety goals by resolving the large 
set of problems expected from the Systematic Evaluation Program (SEP) in 
addition to complying with the Appendix R requirements. To date, the 
expected large set of problems has not resulted from SEP Integrated 
assessment. This situation established an added objective for the design 
of the dedicated safe shutdown system: that is, to minimize the scope 
and schedule necessary for implementation by resolving only those 
problems presented by Appendix R.  
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1.2 Approach 

The approach taken in the design of the dedicated safe shutdown system is 
based on the following concepts: 

A. It should be possible to achieve and maintain cold shutdown by using 
the main steam generators for decay heat removal.  

Normally, the steam generators are operated in conjunction with the 
auxiliary feedwater system and steam dump system to reject decay heat 
through the generation and controlled release of steam. When the 
reactor coolant system has been cooled to 350*F and 365 psia, 
operation of the residual heat removal system is initiated to bring 
the unit to cold shutdown. Calculations performed in this study, 
however, indicate that cooldown can be continued with the steam 
generators, and that cold shutdown (RCS temperature less than 2000F) 
can be achieved and maintained by operating the steam generators in a 
single-phase (liquid) heat transfer mode.  

Using the steam generators for decay heat removal to establish and 
maintain cold shutdown is an approach which has also been adopted by 
Yankee Atomic Electric Company for their Rowe Plant [3].  

The advantage of using the steam generators to acheive and maintain 
cold shutdown is that this approach does not require the residual 
heat removal, component cooling, or salt water cooling systems to be 
operable following a fire. This, in turn, avoids a number of 
difficult and time consuming modifications that would have otherwise 
been necessary.to meet Appendix R requirements for these systems.  

B. Fires may be postulated having the potential for the following 
consequences: 

Unavailability of the control room 
Destruction of switchgear and cables used for supplying power to 
existing normal safe shutdown equipment 
Failure of power, instrumentation, and control cables normally 
used to achieve and maintain safe shutdown.  

By recognizing the potential consequences of all major fire 
scenarios, the design of the dedicated safe shutdown system 
represents one unique combination of systems capable of being used 
in the event of any fire having the potential of making the existing 
normal safe shutdown systems unavailable.  
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Relative to a design approach which would allow separate systems to 
provide shutdown capability for different fire scenarios (see 
Paragraph 111.2.3 of 1OCFR 50 Appendix R), this approach offers the 
advantage of using a single system and a single procedure for any 
fire which would cause the normal systems to be unavailable. In 
order to provide this advantage, the dedicated safe shutdown system 
incorporates: 

* Remote shutdown capability 

- Independent onsite power source 

* Independently powered instrumentation and controls 

C. Paragraph III.L.6 of 10CFR50 Appendix R allows that "shutdown systems 
installed to ensure postfire shutdown capabilityneed not be designed 
to meet seismic Category I criteria, single failure criteria, or 
other design basis accident criteria..." 

Since 1OCFR50 Appendix R allows that shutdown systems installed to 
ensure postfire shutdown capability need not be designed to meet 
design basis accident criteria, the components which comprise the 
dedicated safe shutdown system will not be required to meet 
safety-related seismic and equipment qualification criteria, except 
where necessary to isolate the dedicated safe shutdown system 
equipment from existing safety-related systems, components and 
associated circuits.  

In comparison with a design approach relying on modifying existing 
safety-related systems this approach has a much lesser impact on the 
existing safety systems and offers the advantage of lower equipment 
and materials cost, shorter procurement lead times, and less 
complicated installation.  

D. Relatively simple modifications will allow certain components of the 
existing safe shutdown systems to be used as part of the dedicated 
safe shutdown system without compromising the design integrity of 
either system.  

As part of this study, field walkdowns were conducted which, in 
conjunction with a review of system design details, indicated that 
with relatively minor modifications, certain components of the 
existing safe shutdown systems could be used as part of the dedicated 
safe shutdown system without compromising the design integrity of 
either system.  
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The advantage of this approach is that it provides a means of 
avoiding the procurement lead times associated with new equipment 
which, in turn, can reduce project schedule.  

Consistent with this approach, the dedicated safe shutdown system 
design incorporates the use of one existing centrifugal charging 
pump, the motor driven auxiliary feedwater pump, the existing remote 
shutdown panel, and, through the establishment of local control 
stations, several existing control valves.  

1.3 Results 

The results of this study, which are detailed in the following sections, 
include a description of the dedicated safe shutdown system and the plant 
modifications necessary to implement it. The design approach is 
consistent with that described in Section 1.2 and meets the objectives 
presented in Section 1.1.  

The calculations performed and presented in Appendix A serve as a 
preliminary basis for the proposed systems performance requirements.  
Based on these results it has been concluded that the dedicated safe 
shutdown design is feasible and licensable.  

In summary, the proposed "dedicated" safe shutdown system: 

Will satisfy 1OCFR50 Appendix R Section III.L requirements, 

Can be engineered and installed prior to the end of the 1986 
refueling outage 

Will cost approximately 5 million dollars for engineering, 
procurement and construction.  
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2.0 STATEMENT OF PROBLEM 

The problem which the dedicated safe shutdown system is intended to solve 
includes the technical, schedule and cost elements discussed below.  

2.1 Existing Design vs. Appendix R Requirements 

The original design criteria for SONGS I did not include physical and 
electrical separation requirements which would satisfy Appendix R of 
10CFR50. Therefore, the current plant design does not comply with the 
safe shutdown requirements of Section III.G.2 of Appendix R. The 
specific areas of non-conformance include: 

* Separation of cable and equipment by a three-hour fire barrier 

* Separation of cables and equipment.by 20 feet (horizontal) with no 
intervening combustibles and detection and suppression systems 

* Enclosure of cables and equipment in a one-hour barrier with 
detection and automatic suppression.  

Since the design modifications required to meet this criteria for 
existing systems would involve a major redesign of the plant, the upgrade 
of existing equipment will be limited to items which cannot be replaced 
in a more cost effective manner by alternate "dedicated" equipment. The 
equipment to be upgraded is primarily safety related and used for the 
mitigation of other design basis accidents. New equipment for the 
dedicated safe shutdown system will be safety related only at points of 
interface with existing safety-related equipment. All other equipment 
will be non-safety related.  

The proposed safe shutdown system will meet the requirements of 
Section III.L of Appendix R, and therefore, will conform to Appendix R 
physical and electrical separation requirements. The electrical and 
control equipment, which is shared between existing safety-related 
systems and the proposed system, wll be electrically isolated from the 
"dedicated" electrical system during normal operation and from site 
normal/emergency power systems during "dedicated" system operation by a 
manual isolation device (transfer switch).  

As discussed in the following sections, the dedicated system will comply 
with safe shutdown and cooldown (72 hours) requirements without offsite 
power. The proposed system will also be capable of maintaining the plant 
in cold shutdown for an extended period, beyond 72 hours.  
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2.2 Schedule 

It is estimated that the proposed system can be installed and operational 
prior to the end of the refueling outage scheduled for 1986. Detailed 
engineering, equipment procurement, installation and testing of the 
proposed system can be accomplished within this period. By completing 
the engineering phase of this schedule in parallel with the NRC approval 
process, the implementation schedule can be shortened significantly.  

2.3 Cost of Modifications 

An objective of this study was to provide a "creative" design which 
satisfies Appendix R requirements and could be installed for a reasonable 
cost. An estimate was prepared for engineering, procurement and 
construction of the system.  

Efforts were made to minimize the scope of proposed modifications. Since 
an Appendix R fire, which could disable all existing safe shutdown 
capability is a low probability event, credit has been taken for manual 
operation of equipment whenever possible. Based on site and radiological 
concerns, operator action in containment has not been assumed for 72 
hours. The proposed instrumentation is limited to that required to 
operate the "dedicated" system and does not include redundant or diverse 
methods of detection or alarm.  

Although a complete cost estimate has not yet been prepared (this is 
expected to be a Phase II activity), it is estimated that the cost of 
engineering, procurement and construction for the proposed modifications 
will be approximately 5 million dollars.  
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3.0 SYSTEM DESCRIPTION 

This section contains a description of the proposed system, a review of the 
functional requirements, and identifies required components. The results of 
the thermohydraulic calculations (Appendix A) are included where relevant to 
equipment selection or resource availability.  

3.1 Overview 

The proposed dedicated safe shutdown system is shown on Figure 3-1.  
It consists of four subsystems: primary, secondary, electrical, and 
instrumentation and control. The functions of the safe shutdown system 
are: 

* Decay Heat Removal 

Reactivity Control 

- Primary Coolant Inventory Control 

* Primary Coolant Pressure Control 

Decay heat will be removed from the core by natural circulation. The 
experience gained by the Westinghouse Owners Group study of natural 
circulation cooldown transients for Westinghouse plants [4] was 
considered in addition to the existing operating procedures for natural 
circulation cooldown at Unit 1. Heat (reactor decay and sensible) will 
be removed from the Reactor Coolant System (RCS.) through one or more 
steam generators utilizing two different steam generator operating 
modes: a steaming mode and a single-phase heat transfer mode.  

The steaming mode will commence immediately following reactor trip. Heat 
will be transfered to the feedwater in one or more steam generators.  
Steam will be generated and released under the control of the existing 
atmospheric dump valves (CV-76, CV-77, CV-78 and CV-79). Water will be 
supplied to the steam generator(s) by motor driven Auxiliary Feed Water 
(AFW) pump G-10S from the Auxiliary Feedwater Storage Tank (AFWST).  
After the steam generator bulk temperature reaches approximately 212 0F, 
the steaming mode will be terminated and a transition made to the single
phase mode of operation.  

The single-phase mode of operation involves heat transfer from the RCS to 
cooling water being supplied by AFW pump G-1OS through the AFW supply 
headers. The steam generator will act as a once through, single-phase 
heat exchanger. Water will be discharged through a valve which will be 
"teed" into the turbine driven AFW pump turbine steam supply piping 
upstream of CV-113 and an existing manual isolation valve. This water 
will be "letdown" to an existing outfall point.  
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Using this method, cold shutdown can be achieved within 72 hours as 
required by Section III.G.lb and III.L.1 of Appendix R. The single-phase 
mode of operation will be continued until the normal residual heat 
removal system is restored to service.  

Reactivity control will initially be provided by the reactor trip 
function, which is assumed not to be affected by any postulated fire. As 
the RCS is cooled-down, the required shutdown margin will be maintained 
by injecting borated water from the refueling water storage tank (RWST).  
This water will be supplied by the north centrifugal charging pump (G-8A) 
by way of the reactor coolant pump seals. The normal charging flow path 
will be available as an alternate.  

The primary coolant inventory will be controlled by limiting reactor 
coolant pump seal leakage while injecting a sufficient amount of water 
through the RCP seals and/or normal charging path to maintain pressurizer 
level and compensate for shrinkage during cooldown. With even only the 
minimum required concentration of boric acid in the RWST, the water 
injected for primary coolant inventory control exceeds that required to 
maintain an adequate shutdown margin for reactivity control.  

Primary Coolant Pressure will be controlled by maintaining a bubble in 
the RCS pressurizer. The heat loss from the pressurizer is sufficiently 
low that during the initial hours of RCS cooldown, pressurizer heaters 
are not necessary to maintain adequate system overpressure. On the 
contrary, based on the results of Appendix A, pressure must be relieved 
from the system so that the cooldown may proceed without exceeding RCS 
nil ductility transition temperature (NDTT) limits. This pressure relief 
will be accomplished by way of a pressurizer power-operated relief valve 
(PORV)/block valve combination.  

Later during the cooldown, as the RCS approaches cold shutdown, a 
nitrogen bubble will be established to preserve the system overpressure.  
Provisions will also be made to restore one group of pressurizer heaters 
using power from the dedicated safe shutdown source, or, after 72 hours, 
an offsite source.  

The following assumptions were used in the design of the proposed system: 

1. A fire could occur in any area of the plant containing combustibles 
or cable. No other accident has been assumed to occur simultaneously.  

2. Reactor power is initially at 100%.  

3. Reactor and turbine trip functions are not disabled by any postulated 
fire and occur at time t=O.  

8



4. All offsite power is lost for the first 72 hours.  

5. Electrical isolation devices perform their design function, and 
therefore, a fire involving an electrical load normally used to 
achieve shutdown (AFW pump, CVCS pump, etc.) does not disable the 
associated supply bus.  

6. A fire in zone 8 (4kv Room) or 9 (Lube Oil Reservoir and Conditioner 
area) prevents the emergency diesel generators from powering the 
existing safety-related 4KV and 480VAC equipment.  

7. A fire affecting a component of the "dedicate'd" safe shutdown system 
does not disable the ability to safely shutdown and cooldown the 
plant using existing, redundant plant equipment.  

(For example, a fire in area of the auxiliary feedwater pumps is 
assumed not to affect the availability of the normal feedwater system.  
The assumption is considered valid for this case because: 1) the 
east feedwater pump G-3A is physically separated from the auxiliary 
feedwater pumps; and, 2) by Assumption 5, the fire does not affect 
the normal or emergency onsite distribution system which provides 
power to the east feedwater pump. Therefore, a normal plant 
shutdown/cooldown can be performed after a postulated AFW pump fire.) 

Using the above assumptions, the proposed system satisfies the required 
functions of the dedicated safe shutdown system. The subsystems which 
comprise the dedicated safe shutdown system, their functional 
requirements, and operation are discussed in Sections 3.2 through 3.5.  

3.2 Primary Subsystems 

The primary subsystem is designed to transport heat to the secondary 
system for decay heat removal, and maintain reactivity control, primary 
coolant inventory control, and primary coolant pressure control.  

The primary subsystem includes the following components: 

The pressure boundaries of the RCS.  

The existing refueling water storage tank (D-1) and the piping and 
motor-operated valves (LCV-1100C and D) necessary to supply the 
charging pump suction header.  

The existing north Centrifugal charging pump (G-8A) and associated 
suction and discharge piping and manual valves.  
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* The existing seal water supply piping, control valves (FCV-1115A, B, 
and C) and associated manual valves.  

* The existing seal water return piping, isolation valves (CV-527 and 
CV-528), and safety relief valve (RV-2004).  

* The existing Thermal Barrier Emergency Cooling Pump and associated 
suction and discharge piping and manual valves.  

* The existing normal charging supply piping and isolation valves 
(FCV-1112 and CV-304).  

The existing normal letdown piping and isolation valves (CV-525 and 
CV-526).  

* The existing pressurizer power operated relief valve (CV-546) and 
block valve (CV-530).  

* The existing pressurizer steam space sample line and associated 
isolation valve (CV-953).  

The pressurizer heater group D.  

3.2.1 Functional Requirements 

Decay Heat Removal 

After the reactor trip and assumed loss of offsite power, the 
reactor coolant pumps trip and are unavailable. The core flow 
will be reduced from 78,000,000 lbm/hr (100% power) as shown on 
Figure 3-3. Calculations have shown that the reduced core flow is 
sufficient to remove decay heat without local boiling or void 
formation as long as: 

RCS pressure is maintained by a bubble in the pressurizer 
between curves PA and PB as shown on Figure 3-4; 

* The initial cooldown rate is less than 25*F/hour to 350*F with 
a 20 hour soak at 350*F; and, 

From 350*F to cold shutdown, the cooldown rate is less than 
5*F/hour.  

0 
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The 250/hour maximum rate and 20 hour soak period is recommended 
by the St. Lucie study [4] to prevent void formation. The 

At approximately t=55 hours, the decay plus sensible heat rate 
decays to 2,100,000 Btu/hr at which point the secondary subsystem 
may be transitioned to the single-phase mode of operation. The 
heat transfer capacity in the single-phase mode of operation is 
limited by the AFW pump, which must operate at or near the pump's 
run out limit of 400 gpm to continue the cooldown. It is noted 
that additional cooling is provided by the 80.F charging flow into 
the RCS. However, relative to the heat transfer to the steam 
generators, the effect of the charging flow is minimal and has 
been conservatively ignored.  

The primary subsystem equipment required for decay heat removal 
using natural circulation is limited to the RCS pressure boundary 
components.  

Reactivity Control 

In order to achieve the required margin for cold shutdown 
following sustained operation at 100% power, approximately 6,200 
gallons of boric acid solution must be added to the RCS from the 
RWST. This additional boron will bring the RCS concentration to 
700 ppm which is sufficient to maintain Keff less than 0.95.  

The additional boron will be charged into the RCS using Charging 
Pump G-8A. The charging pump will be aligned to take suction from 
the RWST. The 6,200 gallons of borated water necessary to 
establish and maintain the required shutdown margin is based on" 
the minimum RWST concentration required by Technical 
Specifications: 3750 ppm. The amount of water required to be 
added to the RCS vs. time to establish safe shutdown is shown in 
Figure 3-5. A second curve on Figure 3-5 shows the charging rate 
to account for RCS shrinkage during cooldown. It is significant 
to note that the boron injection flowrate is bounded by the 
charging flowrate necessary to maintain pressurizer level during 
cooldown. Therefore, inventory control and reactivity control 
requirements are not in conflict with one another.  

The equipment required for reactivity control includes the 
Charging Pump, RWST, and associated valves.  
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Primary Coolant Inventory Control 

With the RCP seals intact, and RCS leakage less than 1 gpm (a 
Technical Specification limit assumed for the study), in order to 
prevent an unacceptable decrease in pressurizer level, CVCS system 
operation must be initiated within five hours of the reactor 
trip. As discussed above, under functional requirements for 
reactivity control, Charging Pump (CHP) G-8A will be aligned to 
take suction from the RWST. Water will be charged into the loops 
through the reactor coolant pump (RCP) seals. The flow path from 
pump G-8A to the RCP seals is through valves FCV-1115A, B and C.  

Under normal operating conditions, 7 gpm is provided to each RCP.  
Five gpm, the minimum acceptable seal water flow rate with RCS 
temperature greater than 350 0F, flows through the labyrinth seal 
into the RCS for cooling. Two gpm flows through the #1 seal and 
is normally collected for return to the seal water heat exchanger 
and charging pump suction.  

Under the postulated conditions, however, the seal water return 
path will be isolated. Therefore, any leakage through the #1 seal 
will pressurize the seal water return header, activate relief 
valve RV-2004 and be discharged to the RCS drain tank.  

Since the seals for all three RCP must be cooled, the minimum 
charging flow rate must be greater than 2 gpm per pump. This flow 
exceeds the seal leakage rate.  

In addition, flow must be charged into the RCS to compensate for 
thermal shrinkage of the primary coolant. During the cooldown 
from 550OF to 3500F, a total of 8,300 gallons must be added for 
shrinkage compensation. This corresponds to an average injection 
flow rate of 14 gpm.  

Therefore, the charging pump will be providing approximately 21 
gpm during the initial cooldown phase including: 

14 gpm to match shrinkage (Figure 3-5) 14 
1 gpm RCS leakage 1 
2 gpm per pump seal water flow through the #1 seal 6 

21 gpm 
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In case a high injection flow rate is required, the normal 
charging path through FCV-1112 and CV-304 will be available. To 
ensure operability during the cooldown phase it will be necessary 
to upgrade FCV-1112. Alternately, provisions for manual override 
could be included in the emergency procedure. CV-304, the 
charging line isolation valve inside containment, can be opened 
with a differential pressure greater than 200 psid. Charging pump 
capacity is 173 gpm at 5400 feet of head. This capacity is more 
than adequate to overcome the line backpressure and deliver the 
required flow.  

The existing charging pump G-8A can be used in the proposed system 
with some modifications. A preliminary hazards assessment 
indicates that removable fire barriers and curbs can be installed 
to prevent a fire affecting one pump from disabling the other. It 
will also be necessary that the local bearing oil cooling fan for 
Charging Pump 8A be powered from the dedicated power supply. This 
modification is be discussed in Section 4.0.  

Power to Charging Pump G-8A and auxiliary equipment must be routed 
in accordance with the requirements of Appendix R. The proposed 
electrical system is discussed in Section 3.4.  

The proposed system does not require upgrading of the normal 
letdown flow path. If for some reason it became necessary to 
remove mass from the RCS this would be accomplished through the 
power operated relief valve (CV-546) and block valve (CV-530).  

To maintain RCP seal integrity with seal water unavailable and RCS 
temperature greater than 350*F (as it will be prior to manual 
initiation of the charging pump), cooling water must be provided 
to the RCP thermal barriers within five minutes of event 
initiation. Therefore, the existing thermal barrier emergency 
cooling pump has been incorporated into the design of the proposed 
system. The thermal barrier pump is presently powered from the 
station battery and can provide cooling water to the RCP thermal 
barriers for a period of two hours. Thus for fire scenarios which 
result in the loss of CVCS and normal thermal barrier cooling 
(CCW) the time available to restore the charging pump to operation 
is reduced from five hours to two hours. A preliminary review 
indicates that there is no postulated fire that will disable both 
the CVCS system and the thermal 'barrier pump. Therefore, seal 
water cooling to the thermal barriers will be maintained at all 
times. A fire hazards analysis of thermal barrier pump cable 
routing will be performed in Phase II.



The equipment required for Reactor Coolant inventory control 
includes: 

* RWST 

* LCV-1100C and D 

* Charging Pump (G-8A) 

* FCV-1112 

* CV-304 

* FCV's 1115A, 11156, and 1115C 

Thermal Barrier Pump 

* CV-530 

* CV-546 

Primary Coolant Pressure Control 

Under the postulated accident conditions, the pressurizer spray 
line will be failed closed and pressurizer heaters will be 
unavailable. However, as shown in Figure 3-4, the pressurizer 
cooldown rate Tp is slow in comparison with the postulated RCS 
cooldown rate. Pressurizer temperature degrades slowly due to the 
4 inch insulation blanket around the shell and 4 inch "brick" 
insulation on the head. As a result, a bubble can be maintained 
in the pressurizer without heaters for the postulated cooldown 
period.  

However, as shown in Figure 3-4, pressurizer pressure will exceed 
NOTT limitations if no action is taken to relieve system pressure.  
With the proposed system, pressure will be relieved through the 
release of steam from the pressurizer. This will be accomplished 
through operation of the power operated relief valve CV-546 to 
maintain RCS pressure within allowable limits. This range is 
bounded by the "void formation" curve PB on Figure 3-4 and the 
NDTT curve PA

Since the proposed system does not include the normal letdown 
path, solid operations are not recommended. To avoid solid 
operation, provisions will be made so that after RCS temperature 
(THOT) has reached 2000F, nitrogen can be injected through the 
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pressurizer steam space sample line and isolation valve CV-953 to 
form a "hard bubble" in the pressurizer during long term cooling.  
As an alternate to the nitrogen bubble, provisions will also be 
made to allow power from the proposed system or, after 72 hours, 
from offsite sources, to be restored to pressurizer heater group 
D. These options are only necessary if normal pressure control 
has not been recovered.  

The pressurizer steam space in-containment isolation valve CV-953 
would require modification or manual operation (inside sphere) to 
initiate use of a "hard bubble" for pressure control. This action 
would not be required within 72 hours after accident initiation.  

The pressurizer heater group D power supply would require 
modification (i.e., the installation of a transfer switch, and 
cable rerouting) to be used for pressure control.  

The equipment required to ensure Reactor Coolant Pressure Control 
is: 

The pressurizer 

* CV-530 

* CV-546 0 CV-953 
3.2.2 Operation 

The proposed safe shutdown system is independent of the normal and 
emergency diesel-powered distribution system. The primary system 
components can be operated from the charging pump room (Auxiliary 
Building lower level), doghouse, and the remote shutdown panel 
(RSP).  

Following initiation of the postulated fire, operators will be 
sent to the charging pump room, doghouse, and remote shutdown 
panel. After opening the atmospheric dump valves, the temperature 
of the RCS will decrease due to sensible heat removal. As the RCS 
volume "shrinks" charging flow must be initiated. It is desirable 
to reinitiate charging flow as soon as possible to provide cooling 
water to the RCP seals. Charging flow must be restored in less 
than two hours if CCW is not available.  
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The operator will manually align the charging pump suction to the 
RWST for boron injection. Power will be made available to the 
pump motor through a "dedicated" manual transfer switch. Flow can 
be initiated through valves FCV-1115A, B and C to provide cooling 
to the RCP seals. Flow will be throttled using the manual 
isolation valves upstream and/or downstream of FCV-1115A,B and C 
and a local pressurizer level indication which will be added as 
part of the proposed system. Flow must be balanced to ensure seal.  
water supply to all RCP seals.  

The operator at the remote shutdown panel will have control of the 
atmospheric dump valves (CV-76, CV-77, CV-78 and CV-79). The PORV 
(CV-546) and block valve (CV-530). CV-530 and CV-546 must be 
operated as required to maintain pressure in the acceptable range, 
between PA and PB of Figure 3-4. To accomplish this 
pressurizer pressure indication will be required at the RSP. This 
indication currently exists at the RSP.  

This arrangement will permit operation of the primary portion of 
the dedicated safe shutdown system during cooldown. Additional 
manual actions are required, after approximately 72 hours, if the 
RCS is to be placed on a nitrogen bubble float.  

3.3 Secondary System 

The secondary system is designed to remove decay heat from the reactor 
coolant system by way of the main steam generators. The secondary system 
includes the following components: 

The existing condensate storage tank (0-2) 

The existing auxiliary feedwater.storage tank (D-2A) 

The existing motor driven feedwater pump (G-10S) and associated 
suction and discharge piping and manual valves 

The existing auxiliary feedwater system flow control valves 
(FCV-2300, -2301, -3301 and -3300) and associated piping to the steam 
generators 

The existing main steam generators (E-lA, -1B, and -1C) 

The existing main steam system piping from the steam generators to 
the manual isolation valves (24"-600-27BG and -27EG) on the steam 
headers outside containment 
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* The existing steam generator safety relief valves (RV-1 through RV-10) 

* The existing steam generator atmospheric dump valves (CV-76, CV-77, 
CV-78 and CV-79) on the atmospheric steam dump headers.  

* The existing steam supply piping to the turbine-driven auxiliary 
feedwater pump turbine up to and including the manual turbine 
isolation valve 3"-600-129 

* A manual flow control valve and flow discharge manifold to be added 
to turbine driven cauxiliary feedwater pump turbine steam supply 
piping upstream of CV-113 

3.3.1 Functional Requirements 

The secondary system will be required to remove a sufficient 
amount of heat from the reactor coolant system to achieve and 
maintain cold shutdown. The cooling water requirements are shown 
in Figure 302. Water stored in the auxiliary feedwater and 
condensate storage tanks will be supplied to the steam generators 
by the motor-driven auxiliary feedwater pump. Flow to each steam 
generator will be controlled by the existing emergency auxiliary 
feedwater flow control valves.  

For the few minutes following reactor/turbine trip that it will 
take to initiate operation of the auxiliary feedwater pump, RCS 
temperature will be controlled at 600*F by the heat removed 
through the production of steam from the initial inventory of 
water stored in the steam generators and escaping through the 
steam generator safety relief valves outside containment. After 
the auxiliary feedwater pump is started and flows are established 
to recover normal steam generator levels, the cooldown of the RCS 
is initiated through the operation of the power-operated 
atmospheric steam dump valves. The dump valves will be controlled 
to increase the flow of steam from the steam generators, resulting 
in a reduction in steam generator pressure to a point that will 
allow the safety relief valves to close. The steam flow through 
the dump valves is then adjusted to establish an RCS cooldown rate 
of 25*F/hr, while auxiliary feedwater flow is adjusted to maintain 
steam generator level.  

The 250F/hr cooldown rate is maintained until an RCS temperature 
of 350 0F is reached, approximately 10 hours following 
reactor/turbine trip. The steam flow through the dump valves is 
reduced at this point to allow this temperture to be maintained 
for a period of approximately 20 hours. Following this 20 hour 
"soak" period, cooldown at the 250F/hr rate is resumed.  
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When RCS temperature has been reduced to 220*F, approximately 55 
hours following reactor/turbine trip, auxiliary feedwater flow is 
increased so that steam generators and main steam headers are 
flooded. Sometime prior to this, the manual isolation valves on 
the main steam headers outside containment should be closed to 
limit the extent of flow to the piping downstream.  

As the headers are being flooded, the steam dump valves remain 
open to provide a means of venting the steam bubble trapped in the 
headers. As the headers approach a full condition, the valves are 
throttled closed and the manual flow control valve to be installed 
on the turbine driven auxiliary feedwater pump turbine steam 
supply piping is opened. The turbine is isolated from the supply 
piping, which, at this point, will be serving as the steam 
generator feedwater "letdown" line, by closing the manual 
isolation valve 3"-600-129.  

Water flow is now established by the manual flow control valve on 
the feedwater letdown line at a rate that will permit the RCS 
cooldown to continue at approximately 50F/hr. In the single-phase 
mode of operation, the cooldown rate is limited to 50F/hr by the 
capacity of the AFW pump. When RCS temperature has been reduced 
to less than 2000F, approximately 72 hours following 
reactor/turbine trip, cold shutdown is achieved and maintained by 
continuing the flow of auxiliary feedwater through the steam 
generators and out through the letdown flow control valve. RCS 
temperature will be maintained at 200*F using the AFW pump until 
normal RHR systems are restored. From 2000F, the ability of the 
system to further reduce RCS temperature is limited by AFW pump 
capacity and the decreasing steam generator terminal temperature 
difference.  

Downstream of the new manual letdown flow control valve, a 
manifold will be attached which will allow several 2 1/2" fire 
hoses to be connected. Through these hoses, feedwater can be 
"letdown" to an outfall point.  

The following requirements must be met by the secondary system and 
its components: 

Water inventory: 

- To 72 hours (cold shutdown) 600,000 Gallons 
- To 100 hours 1,300,000 Gallons 
- To 9 days 3,500,000 Gallons 
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The inventory of auxiliary feedwater required to achieve cold 
shutdown will be supplied by the Auxiliary Feedwater Storage 
Tank, which will be required by SONGS 1 Technical 
Specifications to hold a minimum inventory of 150,000 gallons, 
the Condensate Storage Tank, which has a capacity of 240,000 
gallons, and makeup water which is available to the Condensate 
Storage Tank from the following sources: 

- The service water reservoir (3,000,000 Gallons) 
- The Units 2&3 makeup water plant (400 gpm) 
- The San Clemente municipal water system (400 gpm) 

The inventory of water onsite, including the 3,000,000 gallon 
service water reservoir, is sufficient to maintain cold 
shutdown conditions for a period of approximately 9 days.  
Offsite sources of water will allow the system to continue to 
maintain cold shutdown for an indefinite period. Within this 
period, however, it will be desirable to restore the systems 
normally used to maintain cold shutdown (residual heat 
removal, component cooling, and saltwater cooling) to normal 
operability, thereby allowing operation of the "dedicated" 
secondary system to be discontinued.  

Pump Requirements 

- Immediately following reactor/turbine trip: 
235 gpm @ 1035 psig 

- At 55 hours (transition to single phase heat transfer 
mode: 400 gpm @ 600 psig 

These values are within the rated capacity of the motor-driven 
auxiliary feedwater pump. The required NPSH at 235 gpm is 10 
feet. At 400 gpm, the pump is approaching its runout limit.  
At 400 gpm, the required NPSH increases to approximately 18 
feet. The NPSH available should be adequate at 400 gpm by 
keeping the condensate storage tank level at or above the 
suction pipe connection.  
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Piping and Valve Requirements 

During the first 55 hours following reactor/turbine trip, 
functional requirements for the piping and valves which 
already exist as part of the auxiliary feedwater, main steam, 
and steam dump systems, will remain the same as required by 
the current system design. After 55 hours, the main steam 
system piping will be required to support water loads at or 
below 190OF and 600 psig and the steam header isolation valves 
will be required to isolate flow of water downstream of the 
valves. The auxiliary feedwater system flow control valves 
will be required to deliver a minimum of 400 gpm distributed 
equally between the three steam generators. The feedwater 
letdown line and manual flow control valve must be capable of 
withstanding the loads associated with passing a minimum of 
400 gpm through the letdown line outlet manifold and fire 
hoses. Pressure downstream-of the valve may not exceed the 
rated pressure of the hose. Upstream pressure will be 
nominally less than 600 psig but rated for full steam header 
pressure.  

System Startup 

It will be necessary to start-up the secondary system before 
the initial post-trip inventory of feedwater in the steam 
generators is depleted. It should be possible to complete the 
system startup within 20 minutes. The period of time that it 
would take for the steam generators to boil dry is 
approximately 30 minutes.  

3.3.2 Operation 

To operate the secondary system, it will be necessary to position 
an operator at the auxiliary feedwater flow control valves and the 
remote shutdown panel. The dedicated safe shutdown system diesel 
generator will be required to be started (see Section 3.4, 
Electrical System) and a power switch at the shutdown panel 
energized to supply power to the panel instrumentation and 
controls (see Section 3.5, Instrumentation and Controls).  

To operate the motor driven auxiliary feedwater pump, it will 
first be necessary to deenergize or verify deenergized the normal 
and dedicated sources of power and then to manually align the 
no-load transfer switch, which will be located near the 
motor-driven auxiliary feedwater pump, with the dedicated source.  
With the dedicated diesel-generator running, the pump is then 

20



started by closing the circuit 480V dedicated source circuit 
breaker. Flow is established to each steam generator by manually 
operating the auxiliary feedwater flow control valves. Steam 
generator level indication is required and will be provided at the 
feedwater flow control valve station.  

To operate the atmospheric steam dump valves it will first be 
necessary to transfer control over the valves to the remote 
shutdown panel. This includes power for a transfer solenoid and a 
source of air or nitrogen at the remote panel. Provisions already 
exist at the remote panel to control the valves. Indication of 
reactor-coolant TAVG, THOT, and TCOLD, pressurizer pressure 
and level will be required at the remote shutdown panel. With the 
exception of THOT, whose signal is present but not indicated, 
these indications already exist at the panel. A neutron flux 
source range monitor indication is also presently located at the 
remote shutdown panel.  

To make the transition to operation in the single-phase heat 
transfer mode (55 hours after reactor/turbine trip) it will be 
necessary to station an operator at the new manually-operated 
steam generator feedwater "letdown" flow control valve, located 
near the turbine driven feed pump. Prior to making the 
transition, the station must be prepared by installing fire hoses 
to direct the letdown flow to an outfall point.  

The operator at the feedwater flow control station slowly 
increases flow to the steam generators allowing the generators to 
flood. The operator at the auxiliary shutdown panel slowly closes 
the steam dump valves while observing the header pressure and 
maintaining it constant. When the header is flooded the valve 
should be closed. The operator at the letdown valve opens the 
valve slowly as the header floods. The desired flow rate is 
established through the coordinated action of the operators at the 
supply and letdown valve stations. Subsequently, flow is 
controlled at the letdown line alone.  

Before reaching cold shutdown, makeup water will be required to 
re-fill the condensate and/or auxiliary storage tank. The 
condensate tank can be gravity fed from the service water 
reservoir. However a portable engine-driven pump may be required 
to provide sufficient flow. Water may also be provided from the 
Unit 2 makeup water system through fire hoses. Make-up from the 
San Clemente Water System is available to the service water 
reservoir.  
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3.4 Electrical System 

The electrical system, shown schematically in Figure 3-6, is designed to 
generate and supply the power necessary to operate the dedicated safe 
shutdown system electrical loads. The electrical system includes the 
following components: 

* A diesel-generator set rated for approximately 1000 kw continuous 
load at 4,160V, 3 phase, 60 hz including instrumentation and 
controls, an output circuit breaker, and the auxiliary systems 
required for starting, cooling, lube and fuel oils, engine air and 
exhaust, and generator excitation.  

* The existing "abandoned" diesel generator fuel oil storage tank 

* A 4KV load bus including two 4KV circuit breakers rated approximately 
750KVA and 400KVA, respectively 

* A 4KV/480V air cooled power transformer rated at approximately 400KVA 

* A 480V load bus including three 480V circuit breakers rated for 
approximately 350KVA, 75-KVA, and 50KVA, respectively 

A 480V distribution bus including two circuit breakers rated for 
approximately 25KVA and 10KVA, respectively 

A 480V/208V/120V distribution transformer rated for approximately 
25KVA 

A 120V power supply regulator rated for 10KVA 

A 4KV no-load manual transfer switch rated for approximately 750KVA 
(safety related) 

A 480V no-load manual transfer switch rated for approximately 400KVA 
(safety related) 

A 480V no-load manual transfer switch rated for approximately 75KVA 

* A 480V no-load manual transfer switch rated for approximately 1KVA 
(safety related) 

* Power distribution cable for the generator, the other electrical 
system equipment, and the dedicated safe shutdown system loads.  

Miscellaneous wiring, terminations, switches, and circuit protection 
devices 
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The dedicated safe shutdown system .electrical loads include: 

- The north centrifugal charging pump motor (G-8A) 

* The south (motor driven) auxiliary feedwater pump motor (G-10S) 

* The north centrifugal charging pump bearing oil cooling fan 

* The pressurizer heater group D 

* The remote shutdown panel controls and instrumentation 

* The remote shutdown panel lighting load 

* The charging pump room lighting load 

* The auxiliary feedwater flow control valve station lighting load 

* The dedicated diesel-generator lighting load 

* The Dog House Lighting (if required) 

3.4.1 Functional Requirements 

The dedicated safe shutdown electrical system will be required to 
generate and supply the power necessary to operate the dedicated 
safe shutdown system electrical loads until normal electrical 
power from an offsite source can be restored to them. The minimum 
operating time is 72 hours, and, depending on the extent of fire 
or damage to the normal plant electrical system equipment, a 
longer period of time.  

Immediately upon discovery of a fire which would threaten the 
operability of normal safe shutdown systems, the dedicated 
diesel-generator unit would be started. This diesel-generator 
will be a self contained unit. There should be fuel available to 
the diesel for a minimum of 8 hours when operating under full-load 
conditions. For a 1,000 kw diesel generator, full load fuel flow 
will be approximately 70 gallons per hour. Thus a 560 gallon 
storage tank should be a part of the diesel generator unit.  

The "abandoned" diesel fuel oil storage tank located underground 
south of the plant is expected to be useable for storage of the 
required fuel. The capacity of this tank is 2,000 gallons, or 28 
hours at rated capacity. Fuel would be added to this tank on a 
daily basis from the existing safety related emergency diesel 
generator fuel oil tanks or by way of a tanker truck until normal 
offsite power was restored. The emergency diesel fuel oil tanks, 
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with 75,000 gallons of onsite storage, would permit continuous 
operation for 1,000 hours. The dedicated diesel generator would 
be located near the abandoned storage tank to facilitate the fuel 
transfer process to the diesel-generator "day" tank (limited to 
200-300 gallons) which would be a part of the D-G package.  

The 4KV load bus will supply power to two 4KV circuit breakers.  
One breaker will be dedicated to the 600 horsepower, 4KV charging 
pump motor load; the other will be dedicated to 4KV/480V 
transformer and its associated loads. The 480 volt loads will 
include the 250 horsepower, 480V auxiliary feedwater pump motor 
load, the 3/4 horsepower charging pump bearing oil cooler fan 
load, pressurizer heater group D and the 480V/208V/120V 
distribution transformer. These loads will be serviced by the 
480V distribution bus and separate circuit breakers.  

The distribution transformer will handle instrument and control 
loads through the 120V power supply regulator and lighting loads 
by way of a 120V distribution panel.  

The switchgear and transformers will all be located in proximity 
to the diesel generator unit. Control power for the 4KV and 480V 
switchgear will be provided from the respective load buses. All 
other switching devices will be manual.  

The three no-load transfer switches will be located near the loads 
which they service. The switches should be under key-lock 
control. The switches must be designed to meet requirements of 
Class 1E electrical equipment.  

3.4.2 Operation 

To operate the dedicated safe shutdown electrical system, it 
will be necessary to position an operator at the dedicated safe 
shutdown diesel generator unit and switchgear and dispatch one or 
more additional operators to align the no load transfer switches 
to the dedicated source. Prior to operating the transfer 
switches, it will also be necessary to de-energize normal sources 
of power to the dedicated system loads. This provides a measure 
of protection from spurious actuations while the transfer switches 
are operated. It also provides a greater degree of isolation 
between the normal and dedicated systems. The dedicated diesel 
will be started with all breakers initially open. After the 
transfer switches have been aligned to the dedicated source, the 
generator output breaker is closed. After verifying bus frequency 
and voltage, the loads are manually sequenced on to their 
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respective load buses. The instrumentation and control loads and 
the lighting loads would be started first, followed by the 
charging pump and its bearing oil cooling fan and the motor driven 
auxiliary feedwater pump.  

An operator would remain stationed at the diesel generator unit to 
provide continuous monitoring of the engine's operation and fuel 
transfer operations until normal offsite power is restored.  

3.5 Instrumentation and Controls 

3.5.1 Instrumentation 

The instrumentation and controls identified to operate the 
proposed safe shutdown system have been selected to minimize 
required upgrades. Where possible, manual action has been 
identified to satisfy requirements. As an example, level 
indication is not required for the CST, RWST or, AFWST., 

Table 3-1 lists the instrumentation required to operate the 
proposed safe shutdown system. Auxiliary feedwater flow 
indication is desirable but not absolutely necessary for the 
operation of the dedicated safe shutdown system.  

RCS THOT and TCOLD indication, a source range monitor and 
steam generator pressure have been specifically requested by the 
staff in a position paper [6]. THOT and TCOLD signals are 
available at the remote shutdown panel. A local steam generator 
pressure gage can be installed in the letdown connection off the 
AFW turbine supply header.  

3.5.2 Control Valves 

Since operation of the proposed safe shutdown system is primarily 
manual, remote valve operations will be limited to those valves in 
containment and those requiring immediate operation. These valves 
are listed in Table 3-2.  

The valves listed in Table 3-2 are the actual control valves.  
These valves are air operated. A backup air or nitrogen supply 
will be available for required valve operations. The associated 
solenoid valve will be powered from the remote shutdown panel.  
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3.5.3 Remote Shutdown Panel (RSP) 

The RSP is located in the south end of the turbine building at 
grade elevation. This panel was installed per design change 74-4 
and was designed to contain the instrumentation necessary to 
maintain the reactor in a hot standby condition in the event of 
control room inaccessibility. This panel at its installed 
location, is the primary control station for the proposed system.  

The panel has the physical space to accomodate the new 
instrumentation and controls. Some modifications to the panel 
internals may be required. The panel also contains its own power 
supply which can be powered through a transfer switch from the 
dedicated diesel generator. The routing of all required cables 
and sensing lines must be traced to ensure compliance with the 
requirements of Appendix R.  

The RSP would be manned continuously after identification of the 
postulated fire. The AFW pump can be operated from the RSP after 
opening the normal breaker and energizing through the transfer 
switch from the emergency power source. The instrumentation and 
controls required to operate the secondary subsystem are available 
at the RSP.  

RCS pressure control will be achievable from the RSP with the 
addition of the PORV (CV-546) and Block valve (CV-530) remote 
controllers and transfer switch. The operator will be required to 
maintain pressure within acceptable limits as defined in the 
emergency procedure.  
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TABLE 3-1 

INSTRUMENTATION 

Function Range Location Safety Class New or Existing 

RCS TAVG Wide RSP 2 E 

RCS * Wide RSP 2 E HOT 
RCS TCOLD Wide RSP 2 E 

Pressurizer Pressure Wide RSP 2 E 

Pressurizer Level Wide CHP 2 N 

Neutron Flux Source RSP 2 E 

Steam Generator Level Wide RSP 2 E 

Wide AFV 2 E 
AFW Pump Flow Wide AFV 2 N 

Radioactive Effluent Wide AFP 2 N 
Monitor 

Steam Generator Pressure Wide AFP 2 N 

RCP Seal Water Flow Narrow DH 1 E 

Main Steam Header Wide RSP 2 N 
Pressure Wide 

AFP - Auxiliary Feedwater "Letdown" Line 

AFV - Auxiliary Feedwater "Throttle" Valves 

C - Containment 

CHP - Charging Pump Room 

RSP - Remote Shutdown Panel 

DH - Dog House 

* Signal presently available at remote shutdown panel but not indicated 
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TABLE 3-2 

CONTROL VALVES 

New or 
System Mark No. Valve Location Controller Location Existing 

Main Steam CV-76-79 Atmospheric Dump RSP E 

RCS CV-530 Containment RSP N 

RCS CV-546 Containment RSP N 

CVCS* FCV-1112 Doghouse local E 

CVCS* FCV-1115A,B,C Doghouse local E 

Sampling CV-953 Containment local E 

* May be manually overridden 
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4.0 PLANT MODIFICATIONS 

The required plant modifications to implement the proposed safe shutdown 
system are discussed in the following sections. Refer to Figure 3-7 for a 
general plant layout.  

4.1 Reactor Coolant System 

There are only three reactor coolant system modifications required to 
make the system operable for the dedicated safe shutdown system. The 
first requires upgrading of the power supply to the solenoid valves for 
the Power Operated Relief Valve (CV-546) and Block Valve (CV-530) to 
allow the operator a positive means of controlling reactor coolant system 
pressure. As can be seen in Figure 3-4, the pressurizer pressure must be 
reduced to stay below the nil ductility transition temperature (NDTT) 
requirements.  

The upgrade would require that the Solenoid Pilot Valves for CV-530 and 
CV-546 be provided with emergency power from the dedicated safe shutdown 
electrical system. A backup, safety-related nitrogen bottle supply is 
available for required valve operation. New control switches need to be 
added to the remote shutdown panel.  

The second modification will provide the ability to add nitrogen to the 
pressurizer head for pressure control. This would be needed only if the 
operator lost the ability to maintain a steam bubble in the pressurizer 
at low RCS pressure. A nitrogen connection is already available outside 
containment through the test connection from the east sphere nitrogen 
test header. However, this would require that valve CV-953, which is 
inside containment, be opened. There are two alternatives for opening 
CV-953. First, CV-953 can be manually opened which would require 
containment entry. Since CV-953 is not required until after 72 hours, 
entry should be possible. The second alternative would be to provide the 
Solenoid Pilot Valve to CV-953 with emergency power and to hook up an 
emergency bottled nitrogen source or take credit for the emergency 
diesel-driven air compressor to allow valve operation.  

The third modification would affect the pressurizer heater circuits for 
group D. A transfer switch will be installed at pressurizer heater 
cabinet #2 to make it possible to energize the heater in group 0 from the 
dedicated source. Some cable rerouting may be necessary. Also, 
depending on the fire postulated other actions may be necessary in the 
form of post-event casualty procedures.  
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4.2 Chemical Volume and Control System 

Components in the CVCS are required in the dedicated safe shutdown system 
for reactor coolant inventory control and reactivity control. Makeup to 
the primary system is provided by the reactor coolant pump seal injection 
lines through FCV-1115A, 1115B and 1115C. These valves can be manually 
opened by failing the air supply to the valve operators. Seal injection 
flow can be balanced manually by throttling the upstream and downstream 
isolation valves around the flow control valves. This approach precludes 
the need to provide power to the flow controllers.  

During initial cooldown, additional charging may be required through the 
normal charging line. FCV-1112 can be forced open manually or opened 
with air/nitrogen from a portable source so no modifications are 
necessary. No changes are required for CV-304, since the valve is 
designed to permit charging pump discharge pressure to overcome the 
closing force exerted by valve operator when in a failed condition.  

In order to take credit for Charging Pump 8A, a transfer switch needs to 
be installed to provide emergency power from the dedicated safe shutdown 
electrical system for the charging pump and its bearing oil cooling fan.  
A preliminary assessment of the fire potential in the charging pump room 
indicates that a new spray shield/radiant heat shield be placed between 
Charging Pumps 8A and 8B. The shield would be seismically designed and 
mounted on angle iron supports so that they are easily removable for pump 
maintenance. The exact dimensions of the shield will be determined after 
examining the spray pattern from the 8B pump lubricating oil reservoir.  

Extending from the spray shield should be a small curb (on the order of 
1/2" high).to prevent pooling of sprayed or leaking oil from the 88 pump 
from draining to the 8A pump and vice-versa. A small curb should also 
extend from the existing shield between charging pump 8A and test pump 
G-42 for the same reason. A cable tray running along the north side of 
the room should be wrapped with Kaowool or Cera Blanket with a 1 1/2 hour 
fire rating to eliminate it as a potential fire source. Any required 
Appendix R exemption requests will be provided.  

4.3 Auxiliary Feedwater System 

The Auxiliary Feedwater Pump is already controlled from the Remote 
Shutdown Panel, which will be provided with emergency power. Therefore, 
the only modifications required to make it operable for the dedicated 
safe shutdown system is a transfer switch to provide the auxiliary 
feedwater pump G-10S and its auxiliaries with emergency power from the 
dedicated safe shutdown electrical equipment. FCV's 3300, 2301, 3301 and 
2300 can be manually operated.  
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4.4 Atmospheric Steam Dump Valves 

The steam dump valves CV-76 through -79 are required for decay heat 
removal in the dedicated safe shutdown system. They are already 
controlled from the remote shutdown panel, which will be provided with 
emergency power from the dedicated safe shutdown electrical equipment.  
Air to operate the dump valves is already provided by an emergency 
diesel-driven air compressor.  

4.5 Steam Generator Feedwater "Letdown" 

When the steam generators are used in the single phase cooling mode 
(approximately 72 hours after the fire), the steam line to the turbine 
driven auxiliary feed pump will be used to letdown the auxiliary 
feedwater. The manual valve downstream of CV-113 as well as the 24" 
manual isolation valves on the main steam lines outside containment will 
be manually closed prior to initiating this cooling mode. For feedwater 
letdown during the single-phase mode of operation, a piping tee, manual 
valve, and manifold need to be added just upstream of CV-113. The 
manifold would provide a series of connections to attach fire hoses.  
Calculations will have to be performed to determine if the piping and 
supports can withstand approximately 20 ft/sec fluid velocity.  

4.6 Electrical System 

The modifications to the electrical system for the dedicated safe 
shutdown system are described in Section 3.4 of this report. Studies 
will have to be performed to determine the most economical method of 
transferring fuel from the emergency diesel generator fuel oil tanks to 
the "abandoned" 2000 gallon diesel fuel storage tank. The optimum design 
for the electrical system will be determined during Phase II to locate 
equipment and route cable. This will be done in conjunction with a fire 
hazards analysis of affected plant areas.  

Emergency 8-hour lighting (battery-powered) will have to be provided for 
all required equipment in accordance with Appendix R requirements.  

4.7 Instrumentation and Control 

Instruments taken credit for in the dedicated safe shutdown system are 
listed in Table 3-1. Only four new instruments have to be added.  
Routing of power and control cables for the instrumentation will be 
finalized after a fire hazards analysis.  
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4.8 Auxiliary Systems 

Taking credit for opening certain valves may require the use of backup 
air from the diesel driven emergency air compressor or the use of 
nitrogen. In all cases, credit will first be taken for existing 
equipment and manual actions. If this cannot be done, appropriate 
connections to the air/nitrogen supply lines will be made to make use of 
nitrogen bottles.  
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* 1 5.0 CONCLUSIONS 

5.1 System Feasibility 

5.1.1 Technical 

The proposed system satisfies the requirements of Section III.L of 
10CFR50 Appendix R as a "dedicated" safe shutdown system. This 
system can safely shutdown and cooldown the plant within 72 hours 
assuming a loss of all normal, emergency and offsite A.C. power.  
Existing plant equipment, which is assumed as part of the 
"dedicated" system, is not disabled by any Appendix R fires which 
also disable the plant normal and emergency, power systems.  
Therefore, SONGS I can comply with the safe shutdown requirements 
of Appendix R.  

The proposed system can be placed in operation in a timely fashion 
to establish positive control. over: 

Decay Heat 
Reactivity 
Primary Coolant Inventory 
Primary Coolant Pressure 

The number of operators required for operation of the proposed 
system is within normal shift complements. Containment access is 
not required within 72 hours or until cold shutdown has been 
achieved.  

Boron can be injected to establish and maintain a 5% shutdown 
margin without reliance on the Boric Acid Storage Tank, Mixing 
Tank, Injection or Transfer systems.  

Water is available from onsite sources to achieve cold shutdown in 
72 hours and maintain cold shutdown for at least 9 days.  

The "dedicated" electrical system can provide A.C. power to 
required system components indefinitely. Diesel fuel is available 
on site for up to 1000 hours of full power operation.  

Credit has been taken for one of the existing diesel-driven air 
compressors. This compressor can supply sufficient air for all 
required valve operations.  

A positive means of pressure control exists during all phases of 
plant shutdown and cooldown. In addition, extended operation at 
cold shutdown using a nitrogen bubble in the pressurizer is 
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achievable using onsite equipment and personnel,. The proposed 
method of pressure control will preclude local boiling and void 
formation during hot shutdown, cooldown and extended operation at 
cold shutdown.  

5.1.2 Schedule 

The proposed system can be designed, procured, installed and 
tested prior to the end of the 1986 refueling outage. The safety
related equipment is limited to transfer switches, instrument 
power supplies and isolation devices. No excavation or major 
structural modifications are required. Only one minor piping 
modification is anticipated.  

Modifications to the existing electrical distribution system, to 
comply with the physical and electrical separation requirements of 
Appendix R, are limited to the following: 

2 valves in containment 
* Charging pump room 
* Aux feed pump 

Remote shutdown panel 
Instruments outside containment 
Non-safety related power, instrumentation and control cables 

Therefore, the 4KV and 480V switchgear rooms will not be affected.  

5.1.3 Cost 

The proposed system makes maximum use of existing equipment and 
therefore reduces major equipment purchases. The proposed 
electrical system is non-safety related with the exception of the 
safety-related transfer switches (manual). The expected costs of 
the proposed system (engineering, procurement and construction) Is 
5 million dollars.  

5.2 Licensability 

The proposed system will satisfy the dedicated safe shutdown requirements 
of Appendix R. The NRC staff has previously reviewed this approach for 
the Yankee Atomic Electric Company Rowe station and accepted it in 
principal.  

The only licensing issue unique to this design is use of transfer 
switches for safety-related equipment. The design of the electrical 
system will ensure that the normal and emergency plant A.C. systems are 
not affected by the "dedicated" system. Manual safety-related transfer 
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switches will ensure electrical separation of safety and non-safety 
buses. The "dedicated" electrical system will only be energized after a 
loss of normal, emergency and offsite power.  

The single phase heat transfer approach for cold shutdown is technically 
defensable as discussed in Section 3.0 and Appendix A.  

In summary, this system should be acceptable to the staff as an 
alternative to the previously recommended system in the Engineering 
Report on Safe Shutdown Capability Relating to Appendix R of 10CFR50.  
The approach is technically and operationally feasible and meets the 
applicable schedular constraints.  
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Enclosure 

Additional Information for NRC Review of SEP Topic II-4.F 

Item 1 

Justification for separating the settlement of loose fill as seismic
settlement taking place during the seismic event and post-seismic-settlement 
taking place after the seismic event.  

Response 

In loose saturated sands, seismically induced volume reductions are restricted 
from occurring due to the presence of the water. The tendency towards a more 
compact particle arrangement due to seismic shaking causes the pore water 
pressure to increase. Any excess residual pore water pressure will eventually 
dissipate along some drainage path after the earthquake. The sand 
permeability is not high enough to allow for an instantaneous dissipation of 
the excess pore water pressure. The rate of dissipation will depend on the 
drainage characteristics of the soil profile and complete dissipation may take 
from a few minutes to several hours after the earthquake has ended. See the 
following references: (1) Lee and Albaisa, "Earthquake Induced Settlements in 
Saturated Sands," Journal of the Geotechnical Engineering Division, ASCE, 
v.100, no. GT4, April 1974, (2) Seed, Martin and Lysmer, "The Generation and 
Dissipation of Pore Water Pressures During Soil Liquefaction," Report 
No. EERC 75-26, August 1975, and (3) Woodward-Clyde Consultants, "Report on 
the Results of Analyses Performed on Well 8 at the SONGS Units 2 and 3, San 
Onofre, California", forwarded by letter from K. P. Baskin (SCE) to 
R. Baer (NRC) dated August 25, 1978. The dissipation of this excess pore 
water pressure will be,accompanied by volume reductions, and the corresponding 
settlements at the ground surface.  

Two documented cases are discussed below to illustrate the timing of events: 
1) the SONGS 2 and 3 Well 8 report; and 2) calculated and observed phenomena 
at Niigata, Japan in 1964. Case 1 is based on seismic response/pore water 
dissipation analysis of conditions similar to those prevalent at San Onofre 
Unit 1, and Case 2 is based on pore water dissipation as well as actual 
observation of earthquake response.  

Case 1: Conditions similar to those existing at the SONGS 1 site are also 
encountered locally at the SONGS 2 and 3 site at some dewatering well 
locations (WCC's 1978 Report on the Results of the Analyses Performed on 
Well 8 at SONGS Units 2 and 3). The finite element model and the ground 
motion input for that analysis ,are shown in Figures 1 and 2.  

Pore water pressure development and dissipation for the design earthquake 
(duration = 80 seconds) are shown for times: 12 seconds, 30 seconds, 
80 seconds, 3 minutes, 30 minutes, and 60 minutes in Figures 3 through 8, 
respectively. Increasingly higher pore pressures were obtained at 12, 30, and 
80 seconds during earthquake shaking (Figures 3 through 5). At time 3 minutes 
(about 2 minutes after shaking had ceased) the size of the liquefied zone
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decreased considerably (Figure 6) due to the dissipation of pore water 
pressures. At 30 minutes, the dissipation was considerable, with only a small 
area having ru slightly higher than 0.5. At 60 minutes, the dissipation was 
completed. In this case, settlement would only occur in the cavity infill 
area and only upon dissipation of pore water pressure in this area within 
about 1 hour after the earthquake.  

Case 2: A complete description of the generation and dissipation of pore 
water pressures at Niigata was presented by Seed, Martin, and Lysmer (1978).  
A summary of the calculated and observed surface phenomena, showing the 
dissipation of pore water pressures is presented in Figures 9 through 12 and 
Table 1. Signs of dissipation of pore water pressure were observed at the 
surface between 3 minutes and one-half hour after the earthquake, as indicated 
from actual observations documented in Table 1. This is in agreement with the 
results of analyses also documented in Table 1. Though the pore water 
pressures were being generated (Figures 10 through 12) during earthquake 
shaking, no surface observation (Table 1) of ground cracking, sand boils, or 
settlement occurred during this time because these phenomena are a result of 
pore water pressures being dissipated through drainage.  

The timing of the settlements was also considered by the consulting board in 
estimating settlement as shown in Table 2. It was the consensus, considering 
the foundations are lightly loaded, that settlement of soils below the water 
table would occur after ground shaking has ceased and upon drainage of excess O water pressures caused by liquefaction. It was the consensus of the 
consultants that the settlements of sand above the water table, however, would 
occur during seismic shaking because the volume change would not be restricted 
due to the presence of pore water.  

Item 2 

Degree of accuracy in estimating the settlement of loose granular fill due to 
SSE at this site.  

Response 

Seismically induced settlements at the site were estimated using the 
procedures presented in Appendix 0 of the soil conditions report submitted to 
the NRC by letter dated April 18, 1983. These procedures considered two 
conditions: 1) soil above the water table; and 2) soil below the water 
table. The backfill soils below each foundation were conservatively 
characterized based on the information available and the procedures indicated 
in Appendix D were applied to calculate settlements. After these calculations 
were made, the conditions of each foundation (the geometry and density of the 
backfill, the location of the water table, and the intensity of foundation 
loading) and the calculated settlements were reviewed with a consulting board 
comprised of Drs. I. M. Idriss, H. B. Seed, and R. L. McNeill. Each 
consultant was then asked for his conservative estimate of settlements for 
each foundation considering the data available. A summary of each consultants
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estimate for each foundation is presented in Table 2. Also, shown in Table 2 
is the settlement documented for the various foundations in Table 5-1 of SCE's 
September 1, 1983 letter to the NRC. These estimates were considered 
conservative and accommodate variation expected from computed values. Where 
uncertainty or variations in subsurface conditions were greater, a more 
conservative range of values was given.  

Item 3 

Additional settlement, if any, caused by the footing load on loose granular 
fill during a SSE event.  

Response 

In considering the effects of the loading imposed by the various footings in 
Table 2 in the response to Item 1 above, it was noted that for soils above the 
water table, the presence of vertical load does not significantly affect 
settlements for a given induced shear strain (Silver and Seed, "Settlement of 
Dry Sands During Earthquakes", Journal of the Soil Mechanics and Foundation 
Division, ASCE, V.98, No. SM4, April 1972). For soils below the water table, 
the increase in pore water pressure due to liquification by definition , 
accommodates all applied overburden and foundation pressures. Because the 
resulting settlement is only a function of relative density of the soil and 
the fact that liquefaction has occurred, the effects of foundation loads are 
automatically considered.  

Item 4 

Copy of a table presenting the settlement of structures due to a SSE event, as 
estimated by members of the review panel (Drs. H. Seed, I. Idriss and 
R. McNeill).  

Response 

See the response to Items 1 and 2 above.  

Item 5 

Plot of low and high bounds of shear modulus as a function of shear strain, 
used by Bechtel in the SSI analysis.  

Response 

The variation of soil properties used in soil structure interaction analysis 
has been discussed with the NRC in meetings on July 28 to 30, 1982 and 
November 10, 1982. Detailed information was also provided in SCE's letter to 
the NRC dated September 15, 1982.



-4

O Item 6 
Provide available information regarding soil compaction in the vicinity of the 
diesel generator building.  

Response 

Information regarding soil compaction in the vicinity of the diesel generator 
building is provided in the attached report from Woodward-Clyde Consultants 
dated July 15, 1977.  

Item 7 

Provide justification or back-up data for the coefficients of earth pressure 
for the dynamic conditions used in the seawall analysis.  

Response 

The earth pressure coefficients were developed by Woodward-Clyde Consultants 
(WCC) in accordance with the information presented in Appendix B to SCE's 
letter from K. P. Baskin to 0. M. Crutchfield dated September 15, 1982. The 
actual coefficients used in the seawall analysis were provided in letters from 
WCC dated November 30, 1981 and June 9, 1982. Copies of these two letters are 
attached.  

Item 8 

Perform a new equivalent static analysis by using the peak spectral 
acceleration multiplied by a factor of "1.5" as input. In addition, evaluate 
the adequacy of the seawall by modelling the wall as a vertical cantilever 
beam.  

Response 

The requested calculation is attached. This calculation concludes that the 
seawall meets the seismic reevaluation criteria.  

Item 9 

Provide the actual elevation of the top of seawall, particularly in the 
vicinity of the seawater intake conduit pipes.  

Response 

The elevation of the top of the seawall was verified by a field survey on 
March 16, 1984. The results of this survey are shown on Figure 13. The 
elevation of the top of the seawall was found in all cases to be above the 
design elevation of 28.2 feet.
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Item 10 
For the case of the seawall under tsunami loading, the analysis should include 
hydrostatic pressure on the sea side of the wall, between the elevations +5.0 
ft. and 15.6 ft. Provide calculations to show the new (or revised) factor of 
safety.  

Response 

The material below the beach walkway on the ocean side of the seawall was 
considered to be saturated and the forces associated with this water pressure 
were accounted for in the analysis of the seawall. This is shown on page 16 
of the calculations provided to the NRC at the February 8 and 9 meeting.  

Item 11 

Provide calculations for soil parameters in the vicinity of the seawall.  

Response 

Calculations of the soil parameters at the seawall are provided in a letter 
from Woodward-Clyde Consultants dated April 30, 1984. A copy of this letter 
is attached.  

JLR:1182F



Table 1. Comparison of Computed Rate of Pore Pressure Development and 
Observations of Surface Phenomena at Nilgata 

Computed Observed 

0-50 sec. Earthquake 0-50 sec. Earthquake 

20-50 sec. Liquefaction between depths of 15 0-50 sec. Liquefaction at some depth below 
and 40 ft. ground surface 

1-4 min. Development of essentially liquefied 
condition between depths of 3 and 
15 ft.  

=5 min. At depth of 3 ft. water pressure =3 min. Ground cracking and some eruptions 
becomes equal to overburden pressure. of water near school building 
Cracks likely to develop in top 3 ft.  
of soil with water boiling up through 
cracks and cavities.  

=12 min. Water table rises to ground surface. =8 min. Sudden upward flow of water in 
Water emerges generally from ground cracked area.  
surface. Surface becomes 'quick'.  

=13 min. Heavy water flow at surface to 
=17 min. Pore pressures begin to drop at ground heights of above 3 ft.  

surface--surface begins to stabilize 
but water continues to flow to surface. =14 min. Several inches of water 

accumulated on ground surface.  
=60 min. Pore pressure ratio in all layers has 

dropped to 0.1 to 0.3. All soils =28 min. Water still flowing at ground 
stablized but small flow of water surface.  
continues at surface.
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ESTIMATUD SFTAtENLTff RES S (1F Pil. IND"R FMITI l4f Fl RMMtWIwLTON AND SrT'ICJRAl, 074oT*3ls 

Settlement (inches) 

Table 5-1 
Soil Crnditions Report Consultants Evaluation (IMI - 1. M. Idrisst IBS - H. B. Seed( RIM - R. L. Mctdeill) 7 April 1983 Meeting 

During 
Daring Seismic Shaking After Seismic Shaking Total 

Itan Seismic 
Nseer Description Shaking Total IM H RIM IM IBS RIM IMI FIS RIM Notes 

1 Aux. Feedwater Pape 1 2-3 1 1 1 1-1/2 1-1/2 1 2-3 2 2 
2 Aux. Feedwater PLAe 1/2 - 1 1-1/2 1 1/2 1/2 1-1/2 1 see ote 2-3 1-1/2 1/2 Potetial tilting towarl north 3 E-W DLuct Bank, East of 1/2 3-5 <1/2 <1/2 <1/2 3-5 3-5 3-5 3-5 3-5 3-5 

Intake Strture 
4 Air Cesspressor * 0 0 0 * * 5 Air Receivers ** * 0 0 0 

D Dxut Bank to North Tsunami Gate 1/2 3-5 1/2 - 1 1/2 1/2 3-5 3-5 3-5 3-5 3-5 3-5 
7 Potor Control #3 1-1/2 1-1/2 1 1 1 1 1 1 
8 thaduit Duct Bank 1-1/2 1-1/2 1/2 1/2 1/2 * 1/2 1/2 1/2 Potatial for tilting townard southwest 
9 Turbine Coolers 1' 3-5 1 1 1 1-2 2-5 2-5 2-3 3-6 3-5 

10 Intake Culverts 3-5 * * * 3-4 4-5 3-4 3-4 4-5 3-4 
11 Spent Fuel Pit Psap I 1 1 1 1 see rote 1 1 I Potential for tilting toward north 
12 Refuelirn Water Pars I 1 1 1 1 see rote 1 1 1 Potential for tilting towmr1 north 
13 Pipe matnneL 1/2 2 1/2 1/2 1/2 1-1/2 1-1/2 1-1/2 2 2 2 
14 48tN blitchgear Roa 1 2-3 1 1 1 2 1-1/2 1-1/2 2-3 2 2-1/2 
15 Qulumnn Fboting for Piping Supports 1 2-3 1 1 1 2 1-1/2 1-1/2 3 2-1/2 2-1/2 
16 Colami Pooting for Piping Supports 1 2-3 1 1 1 2 1-1/2 1-1/2 3 2-1/2 2-1/2 
17 Coltuinn Sating for Piping iRpports * * * ** 
Id Colunn Ioting for Piping Supports * * * * * * 
19 bluws Vouting for Piping Supports 
20 OLawt lboting for Piping Supports 1 1 - 2-1/2 1 1 1 0 - 1-1/2 0 -'1-1/2 0 - 1-1/2 1 - 2-1/2 1 - 2-1/2 1 - 2-1/2 Potential for tilting north 
2L Olhun FRoting for Piping Supports 1/4 1/4 1/4 1/4 1/4 - - - 1/4 1/4 1/4 
22 N-S IMict Bank, East of intake 1/2 2 1/2 1/2 1/2 1-1/2 - 2 1-1/2 1-1/2 2 2 2 
23 Hefueliny Water Storage Tank 1 1/2 1 1/2 1 1 1 - - - 1 1 I 24 Aux. 1Isadter Piping Trench 1/2 3-5 1/2 1/2 1/2 3-4 3-5 3-5 3-4 3-5 3-5 
25 Aux. Feea.ter Tank * * * a * a a a * a 
26 Salt Water ooling Line a 3-5 a a 4 4-5 3-5 4- 5 3-5 
27" Refueling Water Filter Pmap am 1/2 1/2 Potential for tilting north 

Refueling Water Filter 

Vent Building (see Figure 4-2b) use It of thick- use 1-1/21 of thickness of soil sammtion of during aryl after 
ness of soil above below the water table seismic shaking 
the vater table 

Sea Wall a 3-6 a a a 3-5 4-5 4-5 3-5 4-5 4-5 No iampact on qeawall because 
this type of -eawn11 was 
developed to acnmu..late 
differential nnvenents mch 
larger than 3 to 5 inches 
without structural distress 

* ieligjit>Le < 1/4 irn'h 
L dids elutiianet seti ailert dhuring 7 April 1983 meeting
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Post Office Box 1149 WoodwardClyde Consultants 4000 West Chapman Avenue 
Orange,California 92668 
714-634-4440 

Hilton Center 
900 Wilshire Boulevard, Suite 404 
Los Angeles, California 90017 
213-581-7164 

15 July 1977 
B684F 

Southern California Edison 
P. 0. Box 800 
Rosemead, California 91770 

Attention: Mr. John C. Yen 

SUBJECT : SOIL TESTING SERVICES PROVIDED DURING CONSTRUCTION 
OF SONGS UNIT 1 STANDBY POWER ADDITION 
SAN ONOFRE, CALIFORNIA 

Gentlemen: 

As authorized under your Purchase Order No. U0695003, and in 
accordance with the scope of services presented in our letter of 1 Jan 76, soil testing services have been provided for the 
subject project.' This report presents a description of the soil testing services provided, earthwork performed, test results, and other pertinent data.  

Soil Testing Services 

1. An experienced soils technician observed and tested backfill placement on an as-required basis, in accordance with the project specifications (82-6220 and S023-210-14). Field work performed by the soils technician was supervised by a project engineer.  
Observations by these personnel were made of all structural 
subgrade areas and areas to receive backfill.  

2. All soil testing services for safety-related construction 
were performed in accordance with the Woodward Clyde Consultants (WCC) Soil Testing Services Quality Control Manual for Quality Class II Construction, SONGS Units 2 and 3, Rev. 1, dated 1 May 75 (and all updates as applicable). This manual has been reviewed and approved by SCE Quality Assurance personnel for use on this project.  

3. Laboratory tests were performed in support of field testing, as required.  

Consulting Engineers, Geologists 
and Environmental Scientists 

Offices in Other Principal Cities
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15 July 1977 

Page 2 

4. Documentation of daily activities was provided by 
photographs and by preparation of a daily written report which 
included a description of work in progress, test results and 

other pertinent data. The photographs and originals of field 

reports are maintained in our files. Copies of the daily field 

reports were submitted to Mr. R. Paz of SCE on site during 
construction.  

Earthwork 

Soils testing services for this project began on 26 Sep 75 and 

were completed on 13 May 77. The initial phases of earthwork 

primarily involved making excavations in native undisturbed San 

Mateo Sand to provide foundations for structures. All foundation 
excavations were carefully inspected to verify conditions, and 
field density tests were made to determine in-situ soil density.  
These tests indicated 122 to 125 pcf, which represent a relative 

compaction (ASTM D-1557-70) of 101 to 104%. Test results are 
included on Table 1.  

Other primary excavations included those for underground diesel 
fuel storage tanks and utility ducts. In each of these areas the 

invert level was inspected and tested as required.  

After placement of structures in each of the areas discussed 
above, backfill was placed and compacted. Compaction equipment 
included a vibratory sheepsfoot roller pulled by a bulldozer, and 
hand compaction equipment (rollers, wackers, powder-puffs). All 
areas which received backfill were inspected by Bechtel QC 
personnel who then directed WCC personnel to inspect, probe, and 
test the backfill. All field test results are summarized on 
Table 1. An explanation of abbreviations used on Table 1 is 
given on Table 2. Test locations are given on Fig. 1.  

Concrete was placed in lieu of soil as backfill in some locations 
on the site (to expedite construction). Bechtel QC has recorded 
the locations of concrete backfill.  

It is our understanding that Quality Class 2 backfill placement 
has been completed for this project. All test results and 
inspections made indicate this backfill has been compacted to the 
specified density. We understand there are some surficial non-
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safety related areas in which backfill has not yet been compacted 
to the specified density. However, we also understand this 
compaction will be done under a separate maintenance contract by 
others.  

We have enjoyed working with your staff on this important 
project. If you have any questions, or require further 
information, please contact the undersigned at your convenience.  

Very truly yours, 

John A. Barneich Andrew M. Worswick 

JAB:AMW:ls 
Attachments



TABLE 1 Field Data eet Sheet No: 

Job Name: SONGS DIESEL GENERATOR BUILDING Job Number: B684F 

Field Dry '0 Max. Rel. Spec. Orawing 1975 Test Retest Retest Grid Density Moist. -8 Lab. Comp. Reg. o Quality 
Date Number by of Number Location of Test Elev. (pcf) % _ (pcf) % Spec. Class.  

Sep 26 1 S10+35. Storm drain 14 118 10 SC 120 995 5149204 2 *2 ________W3+00 Stor 99420 2_*2 

2 S7+40 Temp. Access (subg.) 23 118 6 " " 98 90 " *1,2, 
S8+15. 0i " 3 W3+00 "i " 20 117 10 " " 98 " ",*1,2, 

4 S8+60 " " 17 115 9 " " 96 " " *1,2,! 
of 5S8+30 2+00 Temp. Ramp 23 116 10 " " 97 95 "*12 

6 W8+80 " 20 118 8 " " 98 " " "*1,2,! 
Se30 10+00- -- - - -

Sep 30 7 W2+90 0.G. 19 124 2 " " 103 -- " O.G.  
Oct 01 8 W + 19 122 3 " " 101 -- " 0.G.  

St Oct 08 9 w + Bldg. Pad 16 119 S" " 99 95 "2 *2 
of S10+02 it tito 10 3+74 " 16 122 8 " " 102 " " " *2 

W11 " " 17 121 9 " " 101 " " " *2 
Oct 09 12 W H 18 121 9 " " 101 " " *2 
Oct 10 13 14 W2+ Site Area 17 113 9 " " 94 " " " *2 

it__ 14 13 S9+ i 731 
"_14_13 W2+4 " " 17 117 9 " 97 " " " *2 

Oct 14 15 S9+85 Bldg. Pad 19 120 8 " " 100 " " " *2 
"t 16 39+18 

W3+00 " " 19 126 8 " " 105 " " " *2 
Oc 5 7SIO+25 

I Oct 15 17 -W2925 Front Admin. Bldg. 19 117 6 " " 97 " " " *2 
n___ 18 1311+10 

18 19 W3_+1_ Storm Drain 19 111 7 " " 93 " " " *2 

Oct 16 19 18 11+0 " 19 125 9 " " 103 " " " *2 
if 20 W2+65 Near Guard Gate 22 124 8 " " 104 " " *2 

21 S1+40 Storm Drain 19 122 9 " " 102 " " *2 
Remarks: *1 Temporary backfill *2 Test requested by SCE *5 Area tested as directed by SCE 

0.G. Original Ground 

Class 1 & 2 Reviewed By: 

Class 3 & 4 Reviewed By:



E d Field Dat et Sheet 2 

Job Name: SONGS DIESEL GENERATOR BUILDING Job Number: R684F 

Field Dry M o. RelN uSpec. awing 1975 Test Retest Retest Grid Fi y Dst Lab. Cop Quality.  
Date Number by of Number Location of Test Elev. s i. Class.  N --.-. .. ... (pcf )pf p 
Nov 4 2 S9+85- - - --Nov 04 22 F.P. Trench 17 120 6 SC 120 100 95 514920 2 *2 

Nov 05 23 S9+50 19 W2+78 " 19 114 5 " " 9 0"* 
S10+25 Nov 10 24 W34 Fire hydrant area 19 114 5 95 95 *2 

Nov 12 25 S10+20 W3+30 0.G. 13 125 4 104 D.V. _.G.  

Nov 13 26 27 2W+60 Fire ProtectionSys. 19 110 3 92 95 2 
27 28 26 S8+50 of" 19 112 6 94 * 

Nov 14 28 27 " " " 19 124 7 103 *2 it 29 3+45 Fire hydrant area 19 115 6 96 *2 
"S0 10+30 

9 
___ _ 30 W_ _ _+73 Fire Protection Sys. 19 119 9 *2 

Nov 17 31 S1O+45 Steam Line 17 119 5 99 *2 
------- W2+85 Fire Protection Sys. 18 115 5 *2 

N o v 1 8 3 3 5 8 + 8 0 ,, 1 9 1 2 , 6 1 0 * 2 
W?4t"" 19 120 610_ 

_ Nov 2 34 3+10 Nov 24 34 __W3+20 Sump Excavation 3 123 11 103 *2 
Dec 16 35 SV290 0 6 120 9 100 *2 

36 W326 8 118 4 98 *2 1 S9+10 -- -Dec 17 37 38 39+ Sump Tank 10 109 79 
" 38 S9+10 -f 38_ 37 W3+15 " " 10 116 8 96 *2 

Dec 18 39 40 S8+92 12 il 7 93 *2 
40 S8+92 __ 12 111 7 103 *2 

40 39 W3+05 _ _" _12 125 
Dec 24 41 W3+20 3+200 . 14. 114995* 
Dec 30 42 310+30 c4 3 0 M Manhole 715 & 707 11 118 8 
Remarks: *2 Test requested by SCE 0.G. Original _Ground 

Class 1 M 2 Reviewed BY: 
Class 3 4 Reviewed By:



Field Data Sheet 
Sheet No: 3 Job Name: SONGS DIESEL GENERATOR BUILDING 

Job Number: B684F 

Field Dry 2 Max. Rel. Spec. awing 1975 Test Retest Retest Grid Dnsity Most. Lab. Comp. Regn Quality 
Datey of Number Location of Test Elev.(pf) (pcf) % 4 Spec. Class.  

Dec 31 43 310+05 .  
_W3+20 Manhole 705 & 706 13 125 9 SC 120 104 95 5149204 

" 44 89+95 9t SC 12 10 95 5490 - *2 

19 9+ 95 8 15 123 7 " " 102 " " " *2 
Jn 82 45 W3+20 "17 125 11 ' " 104 "t to it* 

Jan 05 46 S10+27 *2 
W3+25 Manhole 707 &715 19 126 9 *2 Jan 09 47 89+50 " 105 "" "A 
wJ+A_ Manhole 701 13 127 9 " 

48 -92 - 105 "" "*2 48 S9+20 Manhole 702 13 125 8 " " 
_3 ±2D___ 

- -
___810 Jan 12 4 9 S 9+1 I - -- --- -- -- --i04f *2 

5 49 3+ 0 . 15 126 7 " " 105 " " " *2 
50 _ _ _ _0 +50 Manhole 701 151 56 "~iQ~ 

Jan 13 51 2 Ma 15 ... _15 12.5 6 " 1 I04 "*2"a 
J3+a 3 Manhole 707.& 715 13 120 6 " " Jan 14 52 S9+00 - 100 " t n *2 
W3+10 Sump Fill 16 125 6 " " 104 of *2 " 53 310+ 0 14 '" "* 

a5 3 _ ____ __ _Manhole 715 15 123 6 " " 102 " " " *2 
1 5_ _ ___1+10 ump Fill 15 126 5 105 *2 55 S10+40 

+ Manhole 715 17 114 6 95 Jan 19 56 510+10 *2 
W + Manhole 703 12 130 8 " 108 I of *2 

Jan 22 57 S 9+00 ------ --- 818 """ * 
S 2 5 U Sump Fill 16 121 9 " " 101 " " "*2 

03I - W3+76 Manhole 714 13 115 6 " " 96 " *2 eb 04 59 SW +50 *2i -
e b 4 9 60W + 9_ _ _1 . Eas t foo ting 14 111 9 " " n*2 

" 0 61 _3+7_ Manhole 714 15 126 7 " " 105 " " " *2 
61 +_ Electrical trench 16 120 8 " " 100 

eb 06 62 S9+50 10 2 
e b-0 6-6 2-S-+ 8M n h o l e 7 0 1 1 5 1 1 8 9 9 8 * 2 eb 09 63 S1O+30 98 " W3+81 Electrical trench 20 121 7 " " *2 

Remarks: *2 Test requested by SCE 

Class 1 & 2 Reviewed By:



TABLE 1 ( d) -atr 
Sheet No: 4 

Job Name: SONGS DIESEL GENERATOR BUILDING Job Number: B684F 

Field Dry Max. Rel. Spec. rawing 
1976 Test Retest Retest Grid Density Moist. Lab. Comp. Reg. . Qality 
Date Number by of Number Location of Test Elev. (pcf) (pcf) % pec. Class.  

S9+50 
Feb 11 64 W2+95 East footing 14 122 10 SC 120 101 95 5149204 2 *2 

65 S10+25 
65____ _______ W3+80 Manhole 703 18 124 7 " " 103 " " *2 

Feb 1 66 9+65 Feb 13 66 39+950 East footing 16 124 8 " " 103 " " " *2 

67 S9+35 Electrical trench 19 126 7 " " 105 " " " *2 

Feb 17 68 S9+60 East footing 18 117 5 " " 98 " " " *2 

Feb 18 69 MTN Manhole 702 18 127 8 " " 105 " " " *2 

Feb 24 70 S9+85 Manhole 705 18 121 8 " " 101 " " *2 

Mar 02 71 5_4+4% South footing 17 122 8 10 *2 
Mar 03 72 S10+20 , 18 120 7 " " 100 " " " *2 

73 _9+00 North footing 18 121 9 " " 101 " " " *2 

Mar 04 74 W3+70 19 121 9 " " 100 " "*2 
S11+64 

Mar 10 75 W+37 Manhole 708 & 709 11 124 5 " " 103 " " " *6 

" 76 6W 3, "I 13 114 6 " " 95 " " "*6 

Mar 12 77 S11+65 " 15 125 6 " " 104 " " " *6 
_____W3+37- 15________ _ 125__ 6__ 104 

Mar 15 78 S11+67 " " 17 126 9 " " 105 " " " *6 
Mar 29 781S12+20 
Ma_9 79 81 1 0 Manhole 711 7 104 4 " " 87 " " "*6 

S 12+15 itiitt 80 W3+80 " 8 117 4 " " 971" " "*6 

Apr 05 81 79 "0 a n 7 115 7 " " 96 " " " *6 
______ ______ ______ W3+80_ _ __ _ _ _ _ _ 

it 8 10+68 
82 3+35 Electrical trench 19 117 7 " " 97 " " " *6 

S8 512+15 
83 W3+80 Manhole 711 9 119 9 " " 99 " " " *6 

" 84 S10+48 
S3+27 Electrical trench 19 117 5 " " 98 " " '' *6 

Remarks: *2 Test requested by SCE *6 Test requested by SCE OC 

Class 1 4 2 Reviewed By: 

Class 3 & 4 Reviewed By:



TABLE 1 ( 'd) Field Data eet S e o 
Sheet No: 5 

Job Name: SONGS DIESEL GENERATOR BUILDING Job Number: B684F 

Field Dry oMax. Re. Spec, awing 1976 Test Retest Retest Grid it Moist.  
Date Number by of Number Location of Test Elev. (nsity 

S - - - -(pc - -

Apr 5 85S9+75 
_Apr 05W2+94 East footing 17 120 7 Sc 120 100 95 5149204 2 *2 

Apr 06 86 S9+12 i Apr06 6W3+00 Manhole 708 & 709 17 114 95 *6 
Apr 0 87S19+12 Apr 08 87 W3+0 North footing 17 123 7 102 *2 

Apr 19 88 S11+70 cal trench 
W36 Electrialteh 17 119 4 " " 99 "" "*6 

Apr 21 89 S_ _ 2_15 Manhole 711 11 114 5 95 *6 
of 90 S12+27 it W3+0" 13 116 8 " 96 " *6 

Apr 23 91 31-: 116
_ W3+85 15 124 8 103 *6 

" 92 
n "? F 17 117 10 97 *6 'S12+'4 

Apr 26 93, AWS3+8 19 120 6 100 6 
Apr 27 94 S11+68 W3+77 Electrical trench 19 122 5 102 *6 
Apr 28 95 Fire line trench 17 114 6 "95 *2 

f 96 3+7 Manhole 710 9 117 10 " i 97 *6 
Apr 29 97 Fire line trench 17 121 101 *2 
May 06 98 99 S14+20ofi 

a5+57 Waste line trench 14 112 6 93 3 & 4*6 
" 99 100 98 45 0 " " " 14 110 5 92 *6 

" 100S14+20 
9 101 7" " " 14 116 8 97 "*6 

May07 101 5+60 " " " 16 116 8 9 *6 

" 102 103 S1200112 _____ 10513 10 " '16 112 5 " "93 "" *6 
May 10 103 102 S1+10 16 115 4 96 6 

" 104 5+130 " " " 18 119 9 
" 105 T9+6 

W3+73 Fire Protection Line 19 120 100 " .2 
Remarks: -*2 Test requested by SCE *6 Test reguested by SCE O 

Class 1 M 2 Reviewed By: 

Class 3 ( 4 Reviewed By:



TABLE 1 'd)F ie ld D a t a S eetS h e No6 
Job Name: SONGS DIESEL GENERATOR BUILDING Job Number: B684F 

R e t e s t et .s riField Dry o0 Mx . Rel. Spec . awing u i 1976 Test Retest Retest Grid Dit Dy Msat. - x.  Date Number by of Number Location of Test Elev. nM Lab. C onI g Class.  ~ (pcf) % pec. C a s 
- --------- ----- *-(c-f- (p-f

Ma 11 106 S12+18 
.3+17 Manhole 712 11 114 7 J20 95 9 514920 

May 12 107 108 S12+10 to7 C 2 Ma1 io 108+24 
13 110 5 " " 92 ' ~ ' *6 .108 107 11 22 5 " "1 

May 13 109 7 ,, 15 114 7 ' " 
3+ 

15 114 7 
a110 S13+48 110-- ------ W5+60 Waste line trench 1 121 . .  

May 14 1l1 S14+20 10 
W4+90 " 17 120 9 100 *6 

" 112 S4+20 i--- -- - ---- --... 99 " " 19 121 9 *6n 113 3 06 Manhole 710 11 114 5 n 
May 19 114 115 i1+t 5 _ 

13 108 5 " 

Ma 20 16 S12+18 15 123 7 "* 

May 21 117 S1+ 1 96 
-+8 "17 122 8 101 *6 118 S12+07 -91-9--------------* 

May 24 119 Slf+ 50 12i9t W3+15 Electrical trench 19 123 5 " "*6 
Jun 03 120 81+12 

7 W3+60 " " 14 113 4 95 *6 Jun 08 121 S 12+11
W3+56 " " 18 117 3 " "*6 Jun 16 122 39+90 

2+57 Fuel tank (south) 5 121 8 n 1 123 S10+13 5 12 0 5 10 0 100 *2 
. 3+00 5 120 5 "00 -2 Jun 17 124 S9+80 2+020 " " " 7 1 9 " "*2 

125 S10+20 _ __ _ 0 -3 

2 +84 " "7 119 -1 9 99 *2 126 S19+80 
- W*2 W2+55 " "117 98 *2 Remarks: *2 Test requested by SCE *6 Testrequested by SCE OC 

Class 1 ~ 2 Reviewed By: 
Class 3 C 4 Reviewed By:



TABLE I (C d) Field Data t Sheet No: 

Job Name: SONGS DIESEL GENERATOR BUILDING 
Job Number: B684F 

Field Dry 0 Max. Rel. Spec. awing 
1976 Test Retest Retest Grid Density Moist. 4 Lab. Comp. Reg. ya .i 

Date Number by of Number Location of Test Elev. (pcf) % > (pcf) % pc. Class.  
-- -S-0-+-5 

Jun 17 127 W3+5 Fuel tank (south) 9 120 9 SC 120 1.00 95 5149204 2 *2 

Jun 18 128 S9+95 11 119 8 " " 99 " " " *2 
____ _ _ ____ __ ___ W2+85_ _ _ _ _ _ _ _ 

129 _011 n " 11 124 8 " " 103 " " " *2 

S 130 W+15 " " 13 121 9 " " 101 " " " *2 

" 131 . " " " 13 120 9" " 100 " "*2 

Jun 21 132 1 0 3 15 115 7 " " 96 " " " *2 

n 133 134 S9+74 " " 15 111 7 " " 92 "" "*2 

" 134 133 " " " 15 115 9" " 96 " " "*2 

Jun 22 135 +994 " " "17 111 7 " 97 " " *2 

" 136 " " " 19 121 12" " 100 " " "*2 

Jun 23 137 MB Oil sump trench 16 119 8 " " 99 " " " *2 

Jun 24 138 S2+3 EMH #713 11 125 8 " " 104 " " " *6 

" 139 S12+18 I" 13 120 9" " 100 " " "*6 

_ 140 W335 15 115 9" 96" "*6 

Jun 28 141 S12+20 a n 17 121 8" " 101 " " "*6 
______ _______ W3+03__ _ _ _ _ _____ _ _ _ 

Jul 12 142 Electrical trench 17 118 8 " " 98 " " " *6 

Jul 19 143 W1+20 1 " 9 " " " *6 

Jul 21 144 S8+75 Fuel tank (north) 5 123 7 " " 102 100 " " *2 

145 S9+20" " " 5 124 7" " 103 " " "*2 

146 S8+95 
146 0 " " " 7 124 11 " " 103 95 " " *2 

" 147 O " " " 7 127 11" " 106 " " "*2 

Remarks: *2 Test requested by SCE *6 Test requested by SCE OC 

Class 1 4 2 Reviewed By: 

Class 3 & 4 Reviewed By:



TABLE 1 ( d) ld Dat eet 
Sheet No: 8 

Job Name: SONGS DIESEL GENERATOR BUILDING Job Number B684F 

1976 Test Retest Retest Grid Field Dry 0 ax Rel Spec. rawing 1976 Test Ret st R test Gri Den ity Moist. '4 Lab. Comp. R gQ al t Date Number by of Number Location of Test Elev. y (pcf) t C 

Jul 21 148 Fuel tank (north) 9 121 7 SC 120 101 95 5149204 2 *2 
149 S8+89 
149 W3+02 " " " 9 121 7 "101 *2 

Jul 22 150 S8+7 

1519+11 
__ 11 ___W2+81 " " "11 114 8 " 95 *2" 

" 152 _9 1_1 
'1_ _ _W2+58 " " 13 .121 11 " " 100 It " *2 

153 S8+90 
W2+90 13 122 11 " " 102 " *2 

Jul 23 154 S t 1 Ju23 15W3" 15 123 8 ~' " 102. " *2 
155 S9+ 10 17 I 2 

'9 I' 17 115 2__ _ 96__*2 
Jul 26 156S98 Ju 2 16W2+97__ __ Fuel Pipe trench 16 119 8 99 "" *2 

" 157 39i __ 17 __ ___Fuel water riser 17 1120 9 " ' 100 " *2 
158 _ _ _ _ _ Fuel tank (north) 19 119 8 " 99 *2 

Jul 28 159 __F p t 18 121 10 
Aug 02 160 __ _ __ West footing 19 105 *2 

" 161 161 ___ __ Anode wire trench 19- 125 9 " 104 """ *2 
Aug 09 162S3+ Au 09 161+6 Electrical trench 17 120 7 " 100 3 & 34 *2 
Aug 13 163 S3 11 1 i Au g 13 1 3 _ _ __ _ __ _ N 1 19 1 125 7 1 t1 104 n" *2 

Ag 14 164 165 S11_28 Manhole 716 & 717 3 113 5 1 95 100 2 *2 
Aug 15 165 164 S6 +0 - " " 3 120 4 100 " *2 

Aug 17 166 I2 -t Au 7 1 6 _ _ _ _ _ _ _ _W2+97 Air, vent 16 124 7 " " 103 95 *2 
167__ Old Fuel line 15 125 8 " " 104 " *2 " 167 SVU 

8+ 7,, , 
,, 

18 W2+73 " " 17 118 7 98 *2 
kRem'arks:. *2 Test requested by SCE 

Class 1 W+2 Reviewed By: 

Class 3 F, 4 Reviewed fty: _______



TABLE 1 ( 'd) Field Data eet S 

Job Name: SONGS DIESEL GENERATOR BUILDING Job Number: B684F 

Field Dry Max. Rel. Spec. awing 
1976 Test Retest Retest Grid Dniy Moist. La.Cm.Rg0olt Density Mos.-I- Lab. Comp. Reg. Quality.  

1Date Number by of Number Location of Test Elev. (pc%) % (pcf) % tpec. Class.  

S9+24 
Aug 18 169 W2+86 Fuel line 17 117 6 Sc 120 97 95 5149204 2 *2 

S 10+16 
Aug 20 170 W2+93 Air vent 18 123 8 " " 102 " " " *2 

Aug 25 171 4+04 Waste line trench 17 120 10 " " 100 " " 3&4 *2 

172 W2+9 " " 17 117 8 " " 98 " " "*2 

Aug 26 173 175 1 11 " 17 108 5 " " 90 " " " *2 

174 W3+11 Manhole 105 15 114 7 " " 95 " " " *2 

to S~~~11+01IIi i fi 175 173 W2+93 Waste line trench 17 118 " " 98 " " "*2 
6q17 Waste lin trnc 17 118 11__ 11______ __ 

Aug 27 176 q" " " 19 120 7 " " 100 " " "*2 
n S13+56 177 S293 " " 19 115 6 " " 5 " " "*2 

" 178 S13 Manhole 105 17 115 6 " " 96 " " " *2 

179 W2+9 Waste line trench .16 101 7 " " 84 " " " *2*7 

Aug 30 180 Sgy+9z Electrical trench 17 114 7 " " 95 " " *2 

181 S+5 " " 17 118 6" " 98 " " "*2 

182 .+7 Air vent 16 118 8 " " 98 " " 2 *2 

183 S+ 18 124 9 " " 103 " " " *2 

Aug 31 184 4+6 Waste line trench 16 115 9 " " 96 " " 3&4 *2 

"s 185 S27 n " 17 120 8 " " 100 " *2 

186 " " " 19 119 5 " " 100 " " " *2 

S13+03 
Sep02 187 " " " 17 120 8 " " 100 " " "*2 

"t 188 S14+00 " " 17 119 11 " " 99 " " "*2 

Sep 03 189 1W3+77 4KV trench 10 122 8 " " 102 " " 2 *2 

Remarks: *2 Test requested by SCE *7 Soil removed 

Class 1 & 2 Reviewed By: 

Class 3 & 4 Reviewed By:



TABLE 1 7C d 
_______ (cJ~d)Field Data etShe No0 

Sheet No. 10 

Job Name: SONGS DIESEL GENERATOR BUILDING Job Number: B684F 

Field Dry Max. Rel. Spec. awing 1976 Test Retest Retest Grid Density Moist. 0Lab. Comp. Reg. Quality 
Date Number by of Number Location of Test Elev. (pf) % (pcf) % pec. Class.  

S11+25 
Sep 04 190 191 W4+20 Manhole 716 & 717 5 111 5 SC 120 93 100 5149204 2 *2 

1S 1 11+25 191 190 W4+20 " " " 5 122 5 " " 102 " " " *2 

-192 S11+28 i 
192 W4+10 " " " 7 114 8" " 95 95 "*2 

311+19 
193 _W3+76 4KV trench 12 120 6 " " 100 " " " *2 

111+28 
194 W4+20 Manhole 716 & 717 9 123 9 " " 103 f " " *2 

195 511+00 4KV trench 10 119 11 " " 99 " " " *2 
Sep 07 196 "___ "t 12 115 12" " 96 " " "*2 
Sep 11 197 S 2_9_UPS trench 12 108 5 " " 90 " " "*2 

Sep 13 198 " " 14 120 9" " 100 " " "*2 
Sep 16 199 Waste line trench 17 119 7 " " 99 " " " *2 

Sep 21 200 4+77 Balcony footing 19 116 5" " 97 " " "*2 
Sep 22 201 ________ it__ _ _ _ _ _ _ _ ___ _ _ _ _ _ _ _ _ W409 Manhole 716 &717 7 118 8" 98 " *2.  

Sep 25 203' S O+)74i i Sep~ 23 2210 9 122 7 " " 102 "" "*2 

Sep 25 203 S4+40 UPS trench 11 124 9 " " 103 " " " *2 

Sep 27 204 S12+41 " 15 118 7 " " 98 " " " *2 __ __ _ __ __W3+92 15__ _ __ _ _ _ _ 118__ 7_____ 98___ *2 

Sep 30 205 S13+6-3 Fire line trench 13 122 8 " " 102 " " " *2 

Oct01 206 Fire " 19 120 8" " 100 " " "*2 

207 " " " 26 117 8" " 97 " " "*2 

" 208 W5+53 " " " 19 114 11" " 95 " "*2 

Oct 02 209 W5+52" 21 114 6" " .95 " " "*2 

Oct 04 210 5" W " " 23 124 9" " 103 " " "*2 

Remarks: *2 Test reguested by SCE *7 Soil removed 

Class 1 & 2 Reviewed By: 

Class 3 & 4 Reviewed By:



Field Data hee Sheet No: 

Job Name: SONGS DIESEL GENERATOR BUILDING Job Number: B684F 

Field Dry *gMax. Rel. -Spec. 'awing 
1976 Test Retest Retest Grid Density Moist. vrawinggQuality 1Date Number by of Number Location of Test Elev. (pf) % > (pcf) % EpSec. Class.  

S13+70 9ct 04 211 W5+64 Fire line trench 15 120 6 SC 120 100 95 5149204 2 *2 
212 S14+82 " " 25 117 9 " " 98 " " " *2 

n 814+7F9 213 W5+53 " " " 27 120 7 " " 100 " " " *2 
"S 214 14+84 , , 214 W5+56 " " 29 114 8 " " 95 " "*2 

Oct 07 215 UPS trench 13 114 8 " " 95 " " " *2 
216 S1"+27 " 7 120 " 0 " " "*2 

Oct 11 217 S13+7._ Manhole 105 19 119 8 " " 99 "3 & 4 *2 
Oct 12 218 _____ 'UPS trench 13 121 7 " " *2. " " 

Oct 18 219 W+36 i " 10 121 7 " " 101 "*2 
Oct 20 220 W4+19 " " 12 117 9 " " 98 " " " *2 

n S12+68 221 W5 69 Waste line trench 13 118 4 " " 98 " " 3&4*2 
Oct 22 222 W4+40 UPS trench 13 120 8 " " 100 " " 2 *2 
Oct 28 223 S11+5 Feed water footing 11 124 -3 " " 103 " " " *2 

+2246 " " " 12 121 10 " " 101 " " " *2 

S 13+ 73 9I t .1 Dec 16 225 W5+60 Oil sump trench 13 123 9 " " 102 " " 3&4 *2 
Jan 05 26__ Electrical trench 19 122 9 " " 101 " " 2 *2 
Jan 11 227 228 1 Root drain 18 108 6 " " 90 " " " *2 
Jan 12 228 227 3+34 " " 18 121 9 " " 100 *2 
Jan 18 229 S8+89 Cathodic protection 18 124 10 " " 103 " " " *2 
Jan 20 230 9" " 19 124 5 " " 103 " "*2 
Jan 21 231 S9+62 

*9, JW2+92 1 17 121 8 " " 100 " "*2 
Remarks: *2 Test requested by SCE 

Class 1 & 2 Reviewed By: 

Class 3 & 4 Reviewed By:



WOOD)WARD - LLYDL LINS"^" asw 

TABLE 1 (Cont'd) Field Data Sheet Sheet No: 13 

Job Name: SONGS DIESEL GENERATOR BUILDING Job Number: B684F 

Field Dry 0Max. Rel. Spec. awing 
1977 Test Retest Retest Grid Density Moist. . Lab. Comp. Reg. Quality.  
Date Number by of Number Location of Test Elev. (pf) % _ (pcf) % pec. Class.  

Mar 03 253 + Valve box 16 124 12 SC 120 103 95 5149204 2 *2 
Mar04 254 S8+82 " 18 124 5 " " 103. " " *2 
Mar__ 04___ ____ W2+95____ ______ _____ __ ___ 

Mar 14 255 S8+66 10_ 

Mar__ 14_255_W2+61 Ramp area 23 126 8 " " 105 " " *2 

Mar 24 256 _____ OU sump line 18 124 6 " " 103 " " *2 
S 9+07 72 

Apr 05 257 258 W_+83 Fuel tank valve 19 112 5 " " 93 " " *2 

Apr 06 258 257 +3" " 19 119 6 " _" 99 " " *2 

S9F53 
Apr 12 259 W3+97 Catch basin 19 125 .5 " " 104 " " *2 

260 __+___ Drain line 19 120 .4 " " 100 "" " *2 

May 13 261 6 + Oil sump line 17 115 8 9i 3 & 4 *2 

Remarks: *2 Test requested by SCE 

Class 1 & 2 Reviewed By: 

Class 3 & 4 Reviewed By:



TABLE 2 

EXPLANATION OF ABBREVIATIONS USED 
ON TABLE 1 

Location 

D.V. - Design Verification in O.G.  
O.G. - Original Ground 
EMH# - Electrical Manhole 

Method (Type of Density Test) 

S.C. - Sand Cone (D1556-64-ASTM) 

Grid Number 

S - South Coordinate keyed to SCE grid system 
W - West 

Footnotes 

*1 Temporary backfill 
*2 Test requested by SCE 
*3 Specification requirement (%) as stated by SCE 
*4 Test Method - U.S. Bureau of Reclamation E-24 
*5 Area tested as directed by SCE Construction 
*6 Test requested by SCE QC 
*7 Soil removed
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Southern Califoria -Adis ~ ...

'... 0. Aox O 
Itosemead, Califorr4ia 91770 

Attention: Il. C. 41. Enarr 

SUBJECT OIL PAM RS FOR SEAWALL ANALYSIS.., 
BOPS - SEISMIC REEVALUATION PROGRAM 
SIONGS UI 
SANL ONOPRE, C.LAPONIUA

Gentlemen: 

As requested in your letter of November 18, 981, we have 
reviewed the soil pafameters for seaval analysis presented in 
he attachment to that letter. We concur with the parameters 
resenited exept for the effective Unit weight of backfill 

below water table oa the sea side" dfor Load Case 1-Seismic 
Conditions. As recommended in our letter of 3 August 1981, the 
total ant weight of the backf ill below water on sea side of the 

l should be 125 f or the effective unit weight of that 
backfill should be 61 pct in place of 46 pcf indicated in your 
letter.  

If you have any questions, please call 

Very t ely yours.  

ow.o 

Conmitng Enginees G.o 
EnvironmeOafs pnow 

a or_
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203 North Golden Circle Drive WVoodwrd.clyd Consultants 
Santa Ana, California 92705 
(714) 835-6886 
(213) 581-7164 
Telex 68-3420 

30 April 1984 

Mr. C. Michael Knarr 
Southern California Edison 
P. 0. Box 800 
Rosemead, California 91770 

SUBJECT: SEA WALL ANALYSIS PARAMETERS 
SONGS UNIT 1 
SAN ONOFRE, CALIFORNIA 

Dear Mr. Knarr: 

The seismic lateral pressure parameters used in the SONGS 1 
sea wall analysis presented in Table 1 were developed 
based on a pseudo static procedure similar to Coulomb's 
wedge analysis. This method has been used by Mononobe 
et al. (1929) and described and used by Seed and Whitman 
(1970). The procedure is a force-equilibrium analysis where 
the critical angle of slope of the base of the wedge is 
determined to obtain the maximum pressure on the wall and 
considers an earth pressure coefficient of 1.0 as a prac
tical maximum for the active case and minimum for the 
passive case. The basic steps involved in this analysis are 
presented in Appendix A. The supporting calculations to 
develop the lateral pressure coefficients are presented in 
Appendix B.  

We trust that this letter meets your current needs. If you 
have any questions, please call.  

Very truly yours, 

John A. Barne7ch 
Vice President 

JAB/ea 
Enclosures 

Consulting Engineers, Geologists 
and Environmental Scientists 

Offices in Other Principal Cities



TABLE 1 

Summary of Earth Pressure Coefficients 

KA (Active) Kp (Passive) 

DBE Due to Due to Due to Due to 
EARTHQUAKE 2 

LOADING DEGREES Ky Ky Kv Kv MATERIAL 

41.5 0.57 0.56 2.15 5.3 A 

Kh 0.47g ' 35 0.84 0.70 1.23 3.83 B 

K. 0.31g 30 1.0 0.84 1.0 3.0 C 

NOTEs As rest coefficient assumed minimum for fixed structure wal: for static 

condition use KA w 0.34 and 0.43 for materials A and B, respectivelyr Kp 
- 4.93 and 3.0 for materials A and C, respectively.  

2/3 peak values are used as high average for equivalent uniform pseudo

static parameters.  

Kh w seismic coefficient in horizontal direction.  
Kv - seismic coefficient in vertical direction.  

Arrow shows direction of Ky, upward or downward.  

A = San Mateo Sand in native state or at 95% compaction.  
B = San Mateo Sand at 90% compaction.  
C = Beach Sand or loose to medium dense fill.
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APPENDIX A 

Wedge Analysis -- Active & Passive Earthpressures due 
to Earthquake Loading. 

Horizontal Acceleration =Khg 
ACTIVE P..RESSURE 

Vertical Acceleration =Kvg 

KhW 
h w 

KyW 

. p 

ZV= o 

EH= o 

(1) W + W Kv=F cos (e.) 

F= W (1+K ) 

Cos (e-0) WK 

WKh 

(2) P= WK + F sin (e-0) 

+ (1+Kv) sin (e-0) 

cos (e-4) 

=W Kh* (1+Kv) tan 

= Th2 Cote [K +(1+Kv) tan (e-4)
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P 1/2 y 7 2 K 

WhereK = cot e [Kh+ (1+K ) tan (6-0) 

KAE is the maximum value at 9- Ocritical 

KAE cot ecr [Kh+(l+Kv)tan ( -)](1 

PASSIVE PRESSURE-

P 

F 

-- P 

F 1+KV W 

KvW 

KhW 

zV=o so, (1+Kv) = F cos (6+$) 

or F = W (1+Ky)/ cos (6+$) 

and ZH=o , so P+KhW = F sin (e+o) 

or P+ W (l+Kv)tan (9+0) - hW 

= W F1+Kv) tan(6+4) -Kh)1
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For the critical value of e, the lateral pressure 

P should be minimum.  

min 2 cot cr Cl+K ) tan (ec6 +0)-Kh 
2 c 

a-yh2 

-K 
2 PE.  

Where KPE (1+KYv) tan (ecr+0) -Kh] cote (2) 
cr 

ecr can be found numerically so as to give minimum 

value KPE 

Using the above equations (1) and (2), computed values 

KAE and KPE,-along with values of ecritical for the two 

earthquake loadings and different angles of friction are 

shown in Table A-1. The calculations to support these 

values are attached in Appendix B.



TABLE A-1 

SUMMARY OF RESULTS 

KA and 9cr Kp and 9cr 

Kv (4) Kv (4) Kv (4) Kv (b) 

DBE ecr 9cr ecr Ocr 
eqk degrees Ka (degree) Ka (degree) Kp (degree) Kp (degree) 

Kh=0.47g 41.5 0.57 27.5 0.56 49.5 2.15 15 5.3 20.5 

Kv=0.31g 35 0.84 8.5 .0.702 43.5 1.23 7 3.83 22 

30 1.0 * 0.84 37.5 1.0 * 3.0 22 

* Indeterminateused KA and Kp = 1.0 as practical maximum and minimum values.



APPENDIX B 

SUPPORT CALCULATIONS
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