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INDIAN POINT 3 NUCLEAR POWER PLANT

SYSTEM INTERACTION STUDY-

CHAPTER 1

I NTRODUCT ION

This report documents an effort to 
interactions. The identification, 
of adverse systems interactions, if 
from the continued operation of the

address the concerns of systems 
evaluation, and correction or modification 
any, will enhance the levjel of safety 
Indian Point 3 Nuclear Power Plant.

This report was prepared by the Power Authority of the State of New York in 
conjunction with Ebasco Services Incorporated and consists presently of 23 
volumes. Described in this report are the general methods used to identify 
and evaluate systems interactions (volume I) and, in particular, the applic
ability of these methods to twenty three (23) systems determined to be im
portant to plant safety.



INDIAN POINT 3 NUCLEAR POWER PLANT

SYSTEMS INTERACTION STUDY 

CHAPTER 2 

2.0 BACKGROUND 

From a historical point of view it is noted that the Nuclear Regulatory 
Commission's (formerly AEC) General Design Criteria (GDC) for nuclear power 
plants and the Indian Point 3 Nuclear Power Plant (IP-3) design were developed 
concurrently during the late 19601s and early 1970's. The.GDC are now 
incorporated in'the NRC's regulations as Appendix A to 1OCFR Part 50.  

While Criteria 2, 3 and 4 of the GDC require that structures, systems and 
components important to safety be able to accommodate natural phenomena such 
as earthquakes, the effects of fires, and other environmental effects without 
loss of capability to perform their intended safety functions, the systems 
interaction issue was not specifically raised as a potential concern until the 
Advisory Committee on Reactor Safeguards (ACRS) formally raised the question in 
1974.  

In 1977 systems interaction formally appeared as NRC Generic Task Action Plan 
A-17. The first phase of this NRC plan has just recently been completed with 
the publication of the Sandia Report "Final Report - PHASE I Systems Interaction 
Methodology Applications Program". TMI-2 events have to a large extent been 
factored into this systems interaction plan. Additional detail on the 
regulatory developments on systems interaction are found in: 

a) Generic Task Action Plan A-17 (NUREG 0606 Rev. 2) 

Systems Interaction In Nuclear Power Plants.  

b) NUREG 0510 

Identification of Unresolved Safety Issues Relating To 
Nuclear Power Plants.  

c) NRC Information Notice 79-22 

Potential Interactions Between Non-Safety Related Control 
Systems And Safety Systems.  

d) NUREG 0585 

TMI-2 Lessons Learned Task Force Final Report 
Recommendation 9 - Review Of Safety Classifications And 
Qualifications.



2.0 BACKGROUND (Cont'd) 

e) NUREG 0660 

Action Plans For Implementing The Recommendations Of the 
President's Commission And Other Studies Of TMI-2 Accident.  

TASK II.C.I - Systems Engineering, Reliability Engineering And 
Risk Assessment.  

The NRC in the spring of 1981 distributed three reports prepared by in
dependent laboratories which address the different methodologies being utilized 
by various utility groups, consultants, etc. They are, NUREG/CR-1859, UCRL
53016, Systems Interaction: "State-of-the-Art Review and Methods Evaluation", 
prepared by Lawrence Livermore Laboratory for NRC-ONRR, November, 1980; 
NUREG/CR-1901, BNL-NUREG-51333, "Review and Evaluation of System Interactions 
Methods", prepared by Brookhaven National Laboratory for NRC-ONRR, January, 
1981;,NUREG/CR-BMI-2055, R-2 "Report on Review of Systems Interaction 
Methodologies", prepared by Battelle Columbus Laboratories for NRC-ONRR, 
January, 1981.  

Discussions between the industry via the Atomic Industrial Forum (AIF) and NRC 
continued throughout 1981 without specific guidelines being generated for use 
in evaluating system interactions. With the formation of the Systems 
Interaction Section of the Reliability and Risk Assessment Branch (RRAB) the 
first evidence of specific guidance was formulated. Over the past year and 
specifically during that period of time while the preliminary issue of this 
report was being reviewed by the SI Section of RRAB, there has been an effort 
to provide a reasonable boundary for the overall SI topic and thereby focus in 
on those key issues which would make an SI study both meaningful and effective.  

In order to derive a working definition of systems interaction, it is 
necessary to consider a number of associated concepts. In the design of a 
nuclear power plant provisions are made to make the release of radioactivity 
to the environment an extremely unlikely event by providing independent ways 
in which a safety function can be performed. These provisions are expressed in 
terms of redundancy and diversity so that multiple independent system failures 
would not necessarily result in a safety function failure. Systems which 
support safety functions may be'designed to interact with each other. These 
interactions are intentional. An "interaction" of concern results when the 
conditions in one system affect (degrade) the ability of another system to 
perform its safety function. Therefore, system interactions are those events 
that affect the safety of the plant by one system acting upon one or more 
other systems in a manner not intended by design with emphasis on non-safety, 
safety types of interactions. A systems interaction analysis involves (1) the 
systematic search for hidden or inadequately analyzed interconnections or 
couplings that link safety and non-safety systems in the reactor plant, and 
(2) the evaluation of the effects of a non-safety system failure (or 
maloperation) propogated into the safety system by such interconnections/ 
couplings.



It is important to recognize that the systems interaction process is an 
attempt to reevaluate in a systematic fashion those potential events whose 
direct effect or natural cascading features could reduce plant safety margin.  
The criteria employed are considered new only to the extent that effects of 
nonsafety systems on safety systems are considered in a more thorough 
fashion. Currently, neither the NRC nor any industry body (such as AIF or 
ANS) have published any accepted methodology for performing systems interaction 
analysis.
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INDIAN POINT 3 NUCLEAR POWER PLANT

SYSTEM INTERACTION STUDY 

CHAPTER 3 

3.0 OBJECTIVES AND SCOPE 

3.1 OBJECTIVES 

The objectives of this study are (1) to develop the methodology and evaluation 
criteria to be used to* identify and evaluate systems interactions and (2) to 
apply these criteria to a systems interaction review of twenty-three (23) 
identified systems. (See Auxiliary Diagrams 1 through 23) 

During review of the preliminary issue of this report by the SI Section of 
RRAB, it was agreed explicitly that the threshold for identification of 
adverse SI's will be a nonsafety system or component failure that leads to the 
defeat of one train. of a safety system or engineered safety feature, even if 
the remaining train(s) of the affected safety system or ESF could perform the 
intended safety function. This is the most stringent application of the 
single failure criterion currently used in the licensing review process; but 
it was emphasized that it is only to be used as a SI search criterion. SI's 
identified by applying this search criterion will be evaluated considering the 
licensing basis for IP-3.  

The adoption of such a stringent search criterion is a result of the SI 
staff's objective of assessing the effectiveness of existing deterministic 
criteria in achieving independence between safety and nonsafety systems.  
Through a comprehensive evalution of potential SI's found using this search 
criteria it is expected that nonsafety/safety system 
independence/dependencies will be demonstrated and/or found. This objective 
forms an important part of the rationale for determinations of adequate safety 
for IP-3 considering the nonsafety failure effects.  

3.2 SCOPE 

For the "connected system" or process coupled portion of this study, a"de
pendency analysis" technique is used as the primary means for identifying SI's.  
In addition, Event Tree/Fault Tree information for individual systems, 
available through the Z/IP-3 Probabilistic Safety Study (PSS) performed 
by Picket Lowe and Garrick (PL&G), will be considered when evaluating SIs.  
For the "nonconnected system" portion of the study, Ebasco investigated the 
possibility of adverse interactions transported via spatial or physical 
proximity considerations during design basis events such as earthquake, 
tornado, fire, high energy pipe rupture, internal or external flooding and 
internally or externally generated missiles. These latter events were 
investigated for interactions via the plant walkdown and by a review of reports 
previously prepared on these subjects.



OBJECTIVES AND SCOPE (Cont'd)

3.2 SCOPE (Cont'd) 

In addition to the above scope, the SI staff during their review emphasized 
that consideration of operating experience is an important element in the 
systems interaction analysis. It was concluded that the operating experience 
at IP-3 can be extrapolated from events that have actually occurred. The 
suitability/workability of a proposed SI analysis methodology can be de
monstrated if it can be shown that application of that methodology will 
identify links to what has already actually occurred, or that these methods 
would have identified SI's similar to those that have occurred in the past.  
To this end the scope of this study was expanded to include a review of the 
Licensee Event Reports (LER') and Significant Occurrence Reports (SORs) that 
had been reported during 1980 and the first half of 1981 for the IP-3 facility.  

Although this approach appeared to be a satisfactory method for determing 
the effectiveness of the proposed methodology, its true value can only be 
assessed upon completion of the study.  

Another suggestion that was made by the SI staff was the investigation of 
using the IP simulator for uncovering system interaction dependencies for the 
treatment of "first-order" types of SIs. The SI staff believed that to the 
extent that such a training simulator accurately models at least direct 
interconnections between safety and nonsafety front line systems and their 
support systems, it may be possible to do more comprehensive and systematic 
analysis of their failure effects more easily and efficiently by use of the 
simulator. It was agreed that as part of the SI effort, an investigation 
would be made to examine the possibility of using the training simulator on 
a very preliminary basis. To this end the SI staff was invited to observe 
and participate in initial trials on September 23-24, 1981 at the Indian 
Point simulator facility. Subsequent to those trials it was arranged to 
further investigate the use of the IP simulator for specific malfunctions 
modeled into the simulator. This activity was accomplished on October 29, 
1981. In general the results obtained during the initial trials and the 
malfunction tests confirmed that the use of the simulator does not effective
ly uncover SIs between safety and nonsafety systems. This was primarily 
due to the fact that the simulator is modeled as a training tool consistent 
with the current operator training programs. Hidden dependencies between 
safety and nonsafety systems and components is not part of the software 
package of the simulator.  

A complete sunary report of the activities of the initial trials and 
specific malfunction tests that followed will be presented in a separate 
report. The actions taken on this matter fully address the recommendation 
by the NRC staff for simulator review and that it has been demonstrated 
that simulator use is not a useful tool for identifying adverse SIs for the 
IP-3 facility,



STUDY TEAM ORGANIZATION (Cont'd)

4.1 PASNY TEAM ORGANIZATION (Cont'd) 

The plant walk through team was comprised of the Task Force Leader, Site 
Engineer, Nuclear Operations Engineer and the Ebasco Systems Interaction 
multi-disciplinary team personnel, 

Figure 4-1 indicates the structure of the AuthorityPs reporting relationships 
among the Systems Interaction Task Force.  

4.2 EBASCO TEAM ORGANIZATION 

Within the Ebasco Organization, Systems Interaction Study for, the Indian 
Point 3 Nuclear Power Plant is administered by the Mechanical .  
Engineering Department under the direction of a Project Manager. Personnel 
from various Ebasco Engineering and Design disciplines are assigned to the 
project and take functional directions from the Project Engineer.  

Figure 4-1 also indicates the reporting relationships among Ebasco Engineering 
and Design personnel who fulfill the key roles in the Systems Interaction 
Study.  

The responsibilities within the Ebasco Study Team are outlines as follows: 

PROJECT MANAGER 

The role of the Ebasco Project Manager is to provide central leadership, 
planning, scheduling, budgeting and coordination of all services supplied by 
Ebasco to the Authority in addition to developing and administering controls 
to achieve schedule and budget compliance.  

SYSTEMS INTERACTION PROJECT ENGINEER 

The role of the Project Engineer who reports to the Project Manager, is to 
provide advice, guidance, and support to the Project Team in performance of 
their function, manage the overall engineering effort, and intergrate the 
multiple engineering activities.  

His responsibilities include the following: 

a. Writing the System Interaction Study description.  

b. Coordinating the efforts of other Ebasco engineering and 
design disciplines who are preparing the study, preparing 
implementing procedures, determining study inspection and 
evaluation criteria, and reviewing resoluti-ons proposed by 
the Interaction Team.  

c. Providing functional and technical direction to the 
Interaction Team.

4.0



INDIAN POINT 3 NUCLEAR POWER PLANT

SYSTEMS INTERACTION STUDY 

CHAPTER 4 

4.0 STUDY TEAM ORGANIZATION 

4.1 PASNY TEAM ORGANIZATION 

The Authority retained Ebasco Services Incorporated to assist in the study of 
systems interactions for Indian Point 3 Nuclear Power Plant.  

The Nuclear Support PWR (NS-PWR) Division of the Nuclear Generation (NG) 
Department in the White Plains office (WPO) has the primary responsibility for 
accomplishing the Systems Interaction Study.  

The Authority's Director of Project Engineering appointed a Task Force Leader 
from his staff with the concurrence of the Vice President-Nuclear Support PWR, 
and the Executive Vice President-NG. For the Systems Interaction Study the 
Authority's IP-3 Supervisory Engineer was the Task Force Leader.  

The Task Force Leader is responsible for monitoring and controlling day to day 
activities and to ensure a sound multi-disciplinary review of work done by 
Ebasco. This was accomplished by choosing the following Authority personnel to 
be part of the review team: 

Senior Operations & Maintenance Engineer-Nuclear Operations 
& Maintenance NS-PWR, NG, WPO.  

Nuclear Licensing Engineer-Nuclear Licensing NS-PWR, NG, WPO.  

Senior Structural Engineer-Design & Analysis Division, Engineering 
Dept. WPO..  

Site Engineer-Technical Services Department, IP-3 Site 

QA Engineer-QA Dept, WPO.



STUDY TEAM ORGANIZATION (Cont'd)

4.2 EBASCO TEAM ORGANIZATION (cont'd) 

SYSTEMS INTERACTION PROJECT ENGINEER 

d. Reviewing and approving the resolutions proposed by the 
Interaction Team.  

e. Preparing interim reports and the final program report.  

f. Communicating the activities of the Interaction Team and 
the results of the program to the Project Manager.  

The Project Engineer will use in-house engineering and design desciplines to 
recommend technical decisions, provide administrative assistance, recommend 
resolutions, and provide analysis as needed. All engineering and design 
disciplines will report to the Project Engineer.  

PROJECT QUALITY ASSURANCE ENGINEER (PQAE) 

The PQAE is responsible for the implementation of the Quality Assurance 
* Program for the System Interaction Study. He reports directly to the Chief 
Quality Assurance Engineer and has the authority and responsibility to 
identify quality related problems, tointiateor recommend solutions to 
control conformances until properly dispositioned and to verify implementation 
of approved dispositions. For a description of the quality assurance program, 
see chapter 7.  

INTERACTION TEAM 

The interaction team members are required to have considerable experience in 
their area of assignment. They have been involved with various aspects of 
systems interactions studies on other nuclear projects.  

a. The Interaction Team comprises the following discipline 
Lead Engineers and their staffs: 

(1) Mechanical Engineering 
(2) Instrumentation and Control Engineering 
(3) Electrical Engineering 
(4) Civil/Structural Engineering 
(5) Heating, Ventilating, and Air Conditioning Engineering 
(6) Licensing 
(7) Quality Assurance 

b. The discipline Lead Engineers are selected from the staff 
of the engineering and design departments and are under the 
technical direction of the Discipline Chief Engineer.



Figure 4-1 
POWER AUTHORITY OF THE STATE OF NEW YORK 

INDIAN POINT 3 NUCLEAR POWER PLANT 
SYSTEMS INTERACTION STUDY

NUCLEAR GENERATIOh 
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ENGINEER I NE E NGIEE

* Denotes an organizational modification which required a Technical Specification change.  
The proposed change to the Technical Specifications was submitted in the Authority's 
letter dated March 8, 1983, IPN-83-21.



INDIAN POINT 3 NUCLEAR POWER PLANT 

SYSTEMS INTERACTION STUDY 

CHAPTER 5 

5.0 METHODOLOGY 

5.1 PURPOSE 

This section describes the methodology and documentation process to be used 
for performing the systems interaction study for the Indian Point 3 Nuclear 
Power Plant, 

Through an evaluation of methodology techniques prescribed by state-of-the-art 
reviews, it was concluded that any one method can not perform an adequate 
review for determining adverse systems interactions, However, all of the 
methods evaluated included a process of "sifting-out" adverse systems 
interactions by 1) selecting specific systems for detailed evaluation, 2) 
the identification of dependencies or commonalities, and 3) evaluation of 
the systems interactions through the determination of their relative importance 
to safety. It is this three-step process which provided the foundation for 
performing a systems interaction study for the Indian Point No. 3 Nuclear 
Power Plant.  

5.2 INITIAL ACTIVITIES 

.The initial task of this study was to determine if an adverse systems 
interaction could occur and if so, whether or not a significant impact of 
the degradation of the reactor core and the release of unacceptable levels of 
radioactivity to the site environs could result. Those conditions considered 
to be adverse and have a significant potential for leading to core damage are, 
failure to achieve or maintain reactor subcriticality, failure to remove decay 
heat, failure of the reactor coolant system pressure boundary and containment 
integrity. The Functional Tables describe the safety functions associated 
with reactor subcriticality, decay heat removal, reactor coolant pressure 
boundary and containment integrity and the corresponding systems and major 
components for the Indian Point 3 Nuclear Power Plant.  

5.3 INTERCONNECTED SYSTEMS INTERACTIONS 

5.3.1 IDENTIFICATION OF INTERCONNECTED SYSTEMS 

Interconnected-systems are defined as those mechanical and electrical complexes 
which are process coupled to one another physically via piping, instrumentation 
tubing or electrical wiring. Included in this definition is HVAC equipment, 
which although not physically connected, may be necessary to support the 
continuous safe operation of interconnected systems, e.g., an air handling 
unit which has been specifically designed to cool an essential safety related 
pump/motor set.



5.0 METHODOLOGY (Cont'd)

5.3 INTERCONNECTED SYSTEMS INTERACTIONS (Cont'd) 

5.3.1 IDENTIFICATION OF INTERCONNECTED SYSTEMS (Cont'd) 

The first steip in "sifting-out" or searching for adverse systems interactions, 
the selection of specific systems for evaluation, is accomplished by developing 
a functional table and logic diagram (See Logic Diagram Section) for each of 
the four safety goals. The logic diagrams are based upon the FSAR, system 
descriptions, instrumentation and control logic diagrams and electrical schematic, 
block and wiring diagrams. In addition important information about system 
interfaces is obtained at the site by inspecting physical facilities and by 
meeting with plant personnel familiar with the design, operation and maintenance 
of the system.  

Having established those front line systems that must function in whole or in 
part to satisfy the foursafety goals, it is then possible to identify all 
necessary subsystems. These subsystems are required to operate in whole or 
in part in order that the primary systems operate properly. The relationship 
between the primary systems or subsystems is defined on the auxiliary diagram.  
(See Auxiliary Diagram Section) 

The functional tables, logic diagrams (FT-LD), and auxiliary diagrams (AD) 
are the primary documents developed for identifying the safety and support 
systems (including nonsafety systems) that are to be analyzed for interactions.  

5.3.2 PLANT OPERATING MODE 

The systems interaction study for interconnected systems is conducted for 
Condition I, II, III and IV events as described by the N-18 Committee of 
the American Nuclear Society (ANS/N-18).  

5.3.3 ANALYSIS TECHNIQUES FOR INTERCONNECTED SYSTEMS 

5.3.3.1 GENERAL 

For interconnected mechanical or electrical complexes (process connected 
systems, dependency analyses will form the basis for the systems interaction 
analysis. The FT-LD's and AD's, described the combinations of systems which, 
if loss of redundancy is an unacceptable failure, would result in loss of 
any of the four basic goals, ie, reactor-subcriticality, decay heat removal, 
reactor coolant pressure boundary, or containment integrity and, by assumption, 
result in possible core damage. These documents are the vehicles for the 
identification and evaluation of systems interactions which could significantly 
compromise the safety of the Indian Point 3 Nuclear Power Plant.  

In addition to the above, as a supplemental device for the evaluation of SI's 
identified, consideration will be given to the use of fault trees on individual 
systems already available from the Z/IP-3 PSS analysis. It is expected that 
most SI's identified will not require the use of fault trees for evaluation; 
engineering judgement, based on'an appropriately reflecting existing' 
deterministic criteria, will be used in most cases.



5.0 METHODOLOGY (Cont'd)

5.3 INTERCONNECTED SYSTEMS INTERACTIONS (Cont'd) 

5.3.3.2 FUNCTIONAL TABLE & LOGIC DIAGRAMS 

Having defined the safety goals and the specific plant safety systems the 
next step is to identify the required components of the Safety System.  
that must function in order to accomplishthe safety goal. The sensed variables 
are identified that cause or require the system repsonse. In cases where 
the system does not-automatically respond, the operator action required 
to initiate the safety system (e.g., starting a pump locally or from the control 
room) is identified. As the safety systems and their action are identified, 
they are arranged to indicate alternative success paths, leading to the required 
safety function. The arrangement of success paths becomes the Logic Diagram 
(LD) for the event.  

The logic diagrams are arranged at the system level rather than at the 
component level. The reason for this decision is that the design of most 
safety related systems includes the concept of "single failure". Therefore 
if a potentially unacceptable interaction exists within a given safety related 
system, the subsequent application of the single failure criteria will render 
that system inoperable. Therefore no credit can be taken for redundancy of 
components within any given system, the redunancy (if it exists), must be at 
the system level.  

5.3.3.2.1 AUXILIARY DIAGRAMS 

After completion of the FT & LD for each of the four goals, each safety system 
identified is analyzed to determine the specific support requirements necessary 
to produce its safety action. Examples of these support requirements are 
electric power, component cooling, or instrument air supply. The analyst refers 
to the System Design Descriptions, flow diagrams, one line'diagrams, FSAR, etc 
to determine every sequence in which a safety system is required, thereby en
suring all support requirements are identified. These systems are the 
Auxiliary Safety System. An Auxiliary Diagram is then prepared on which the 
prime safety system and its auxliary safety systems are displayed.  

In developing the Auxiliary Diagrams the analyst determines whether the 
support system design is functionally redundant by developing design in
formation about the plant sufficient to positively identify the auxiliaries 
essential for the required response of the safety' system.  

To complete the Auxiliary Diagram the analyst must review the Logic Diagrams 
for the four postulated goals to identify all safety sequences in which the 
subject auxiliary safety system appears.



5.0 METHODOLOGY (Con'td) 

5.3 INTERCONNECTED SYSTEMS INTERACTIONS (Cont'd) 

5.3.3.2.2 Interconnected Matrix (IM) 

After completion of the Functional Table, Logic Diagrams and Auxiliary Diagrams, 
a safety system component identification process'begins. The responsible dis
cipline analyst conducts a detailed review of the system. Utilizing the system' 
flow diagrams and FSAR etc, an identification of each component of the system 
is made. In addition, the analyst define and assesses the relationship of each 
component to all components to which it is physically connected or has a functional 
dependence. This relationship is defined as a process coupling.  

5.3.3.2.3 Non-Connected Matrix (NCM) 

Each safety related system component identified in the Interconnected Matrix, 
is listed on a corresponding non-connected matrix. This *document is utilized 
to record the results of the plant walkdowns, which will identify spatial 
interactions. A separate spatial evaluation will be completed for each spatial 
interaction identified. The acceptability of the interactions will be based 
upon acceptance criterion listed in section 6.2 and will also utilize the 
engineering judgement of the highly skilled personnel performing the reviews.  
For additional discussion see section 5.4.  

5.3.3.2.4 Commonality Diagram 

After completion of the Functional Table & Logic Diagram for each postulated 
event and the Auxiliary Diagrams, the Interconnected & Non-connected Matrix's 
Commonality Diagram (CD) for each Safety System is developed. This diagram 
identifies the number of Auxiliary Safety Systems which are affected by a 
single category of interaction. The CD is developed mainly as an information 
diagram, rather than a primary design review diagram. The CD allows 
evaluation of the overall plant susceptibility to systems interactions 
relative to each Auxiliary Safety System.  

5.3.3.3 Criteria for Selecting Random Equipment/Component Failure 

5.3.3.3.1 The Scope of Failure To be Excluded are: 

- Operator Induced Failures, and 
- Equipment Unavailability Due To Testing Or Maintenance, and 
- Sabotage 
- Act of war 

The subject of operator induced failures in system interaction studies have 
been excluded from this criteria. The subject of the operator's influence on 
plant safety is not, however, being neglected since much of the available 
industry resources have been directed at improving operator training, 
developing advanced simulators, improving the human-machine interface through 
additional instrumentation and control room reevaluation and the development 
of improved operational procedures.



5.0 METHODOLOGY (Cont'd) 

5.3 INTERCONNECTED SYSTEMS INTERACTIONS (Cont'd) 

5.3.3.3 Criteria for Selecting Random Equipment/Component Failure (Cont'd) 

5.3.3.3.1 The Scope of Failures To Be Excluded are:(Cont'd) 

Equipment unavailability due to testing or maintenance is also excluded from 
the scope of this study since generally technical specifications limit the 
time safety related equipment may be removed from service while the plant is 
in the operating mode.  

5.3.3.3.2 The scope of Failures/Malfunctions does include the consideration 
of: 

Failures caused by adverse interactions of interconnected systems and components 
that result as a direct consequence of off-normal events or actions for which 
the effected equipment has been prescribed to operate. The off-normal events or 
actions which will be considered in this study are: 

- Loss of Power (both motive and control power of the 

electrical, hydraulic and pneumatic type) 

- Seismic Induced Failures 

- Cooling (including HVAC equipment) 

5.4 NONCONNECTED SYSTEMS INTERACTIONS 

5.4.1 Identification of Nonconnected Systems 

Nonconnected systems are defined as all safety and nonsafety mechanical, 
electricalinstrumentation and civil systems which are associated with the 
physical' arrangement or spatial coupling of each other.  

The identification of nonconnected spatially coupled systems is based upon the 
review of plant general arrangements and piping drawings. The plant general 
arrangement and its association with spatially coupled systems is determined by 
performing a systematic plant "walkdown" of the areas comprising the system 
function described in Table 5-1.  

5.4.2 Plant Operating Mode 

The systems interactions study for nonconnected or spatially coupled systems 
is conducted for those Design Basis Events described in Section 5.4.3 for the 
corresponding plant operating mode.



5.0 METHODOLOGY (Cont'd)

5.4 

5.4.3

NONCONNECTED SYSTEMS INTERACTIONS (Cont'd)

Failure Criterion

When considering systems interactions of nonconnected systems for the design 
basis events described herein, the structures, systems and components which are 
required to satisfy each of the four safety goals shall not be prevented from 
carrying out their required safety functions because of physical, mechanical, 
fluid or electrical interactions caused by the event induced failure of 
equipment not qualified/designed to withstand event consequences. The 
structures, systems and components important to safety shall not lose their 
redundance required to compensate for single failures, because of event 
induced interactions.  

In this report "an event" will include the following:

1) Earthquake: 

2) Pipe Failure: 

3) Physical Impact: 

4) Flooding:

up to and including the safe shutdown 
earthquake.  

pipe whip, jet impingement, jet reaction, 
severe environment - (temperature, pressure, 
humidity) 

from missiles generated internally and 
externally.  

from internal failures (pipe and tank 
failure) or external effects due to rain, 
snow, etc

5) Tornado Depressurization/Overpressurization 

6) Fire 

7) Loss of offsite power

8) LOCA or Main Steam Line Break 

5.4.4 Analysis Techniques 

For nonconnected systems interactions the first step is to classify nonconnected 
spatially coupled systems, components and structures as either a "source" or a 
"target".  
Target Definition: 

Equipment which requires protection from potential event induced interactions are 
designated as targets. Structures, systems and components of Auxiliary Safety 
Systems defined during the interconnected phase of the study are considered targets.



5.0 METHODOLOGY (Cont'd) 

5.4 NONCONNECTED SYSTEMS INTERACTIONS '(Cont'd) 

5.4.4 Analysis Techniques 

5.4.4.1 Seismically Induced Systems Interactions 

Source Definition: 

For seismically induced events, the sources of detrimental interactions are 
any non seismically supported or qualified structures, systems or components 
which, by their proximity and/or connection to targets, may interact through 
physical, mechanical, electrical or enviromental means to compromise the 
integrity or operability of the target.  

5.4.4.1.1 Interaction Walkdown 

A plant walkdown will be performed by an interdisciplinary team of experienced 
engineers. During the inspection, all possible interactions will be postulated 
for source. equipment that might affect the target system to be protected.  
Consideration will be given to local equipment arrangement and geometry, and 
the possible results of these failures. The interaction team, after identifying 
the potential interactions between source and target equipment, will utilize the 
established criteria in Chapter 6 to determine if these interactions are 
credible. Once the field system evaluation has been completed the following 
information will be documented.  

a. Location of the potential interaction.  

b.. Components and systems involved in the potential interaction 
are identified on a nonconnected matrix form and documented 
on the nonconnected evaluation sheet.  

c. The specific criteria used for the evaluation (which includes 
the type of interaction) is documented on the evaluation sheet.  

d. A photographic record of each identified interaction is made.  
The photograph number forms a part of a unique number which 
identifies the Auxili'ary Safety System involved and the 
specific target and source under consideration. This inter
action number is included in the evaluation sheet. A small 
arrow indicates the general location of the target(s) and/or 
sources. A key plan (background) is made indicating the 
general location of the interaction.  

e. Recommendation of the interaction team. This may take the 
form of one of the following:
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5.4 NONCONNECTED SYSTEMS INTERACTIONS (Cont'd) 

5.4.4l.I Interaction Walkdown (Cont'd) 

(1) Finding whether or not an interaction occurs 

(2) Determine that, if interaction does occur, no 
safety function is impaired 

(3) Recommendation for further evaluation. (Potentially 
Unacceptable) 

The Interaction Team will consider failures to non-essential systems (e.g., 
loss of electricity and pressure) which may have an effect on the operation of 
target equipment.  

During the plant walkdown, each component on the nonconnected matrix will be 
inspected by the Interaction Team. Each unit of source equipment in the 
vicinity of the item will be considered to fail by any or all of the specific 
mechanisms listed in the criteria (Chapter 6). These mechanisms will be 
considered to act singly and in combination. When failure has been postulated, 
it will be possible during the inspection or, afterwards by offsite analyses, 
to determine interactions with the target equipment. All such interactions 
will be listed and evaluated using the established failure criteria as described 
in Section 5.4.3.  

The plant walkdown by the interdisciplinary team will consider the effects of 
intercompartmental interactions. The potential intercompartmental 
interactions will be identified and relevent data such as location will be 
documented. The walkdown team will physically inspect all adjacent compartments 
that may have interaction effects. Items such as fire, flooding, electrical, 
pressure, and dynamic effects will be considered. Further interaction effects 
that may be determined from evaluation of the data base information may require 
a second intercompartmental walkdown.  

5.4.4.1.2 Interaction Criteria 

An interaction is identified whenever the event induced behavior of a source 
could lead to detrimental effects on a nearby target. Pairings of targets and 
sources are based on physical proximity or direct system connection. Then an 
assessment is made of the possible event induced behavior of the sources. An 
interaction is not identified by the field walkdown team if it can be established 
by inspection that no credible failure mode can be induced in the sources by 
events of credible severity, which would violate the acceptance criterion.
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5.4 NONCONNECTED SYSTEMS INTERACTIONS (Cont'd) 

5.4.4.1.2 Interaction Criteria (Cont'd) 

In general, event induced interactions identified will be in one or more of the 
following categories: 

a. Contact between a source and a target that would compromise 
operability of the target.  

b. Fluid leakage from one or more sources that would degrade the 
environment of the target component and thereby prevent it 
from proper functioning.  

c. Contact between a missile generated by a non-safety 
related source and initial target that would compromise the 
pressure boundary of a second target component.  

d. Contact between a missile generated by non-safety related 
source and aninitial target that would compromise operability 
of a second target component.  

e. Failure of non-safety related electrical equipment that would 
compromise the operability or integrity of target equipment.  

f. Secondary effects or cascading influences (mechanical, 
electrical or fluid) caused byanyof the above interactions 
are considered to the extent that they result in the failure 
or misoperation of a specific Auxiliary Safety System target(s).  

5.4.4.2 Pipe Failure Induced Systems Interactions 

The methodology employed for determining the effect of pipe failure induced 
systems interactions is consistent with the guidelines provided in NRC 
Standard Review Plans 3.6.1 and 3.6.2 and Regulatory Guide 1.46.  

5.4.4.3 Missile Induced Systems Interactions 

The methodology employed for determining the effects of internally and 
externally generated missile induced systems interactions is consistent with 
the guidelines provided by NRC Standard Review Plans 3.5.1, 3.5.2 and 3.5.3.  

5.4.4.4 Flooding Induced Systems Interactions 

The methodology employed for determining the effects of flooding induced 
systems interactions is consistent with the guidelines provided by NRC 
Standard Review Plans 3.4.1 and 3.4.2.
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5.4 NONCO14NECTED SYSTEMS INTERACTION (Cont'd) 

5.4.4.5 Fire Induced Systems Interactions 

The methodology employed for determining the effects of fire induced systems 
interactions is consistent with the guidelines provided in NRC Standard Review 
Plan 9.5.1 and companion Branch Technical Position APCSB 9,5-1.  

5.4.4.6 Severe Environment Induced Systems Interactions 

The methodology employed for determining the effects of severe environment 
induced systems interactions is consistent with the guidelines provided by NRC 
Standard Review Plans 3.3, 3.4, 3.5, 3.6, and 3.11.



INDIAN POINT 3 NUCLEAR POWER PLANT

SYSTEM INTERACTION STUDY 

CHAPTER 6 

6.0 EVALUATION CRITERIA 

As stated in Section 3.0 a systems interaction analysis involves the systematic 
search for hidden or inadequately analyzed interconnections or couplings, 
and the evaluation of the effects of nonsafety system failure (or malfunction) 
propagated into the safety system by such interconnections/couplings. Section 5.0 
provided the methodology for searching for adverse systems interactions which was 
characterized as being more stringent thatn the current criteria applied in the 
licensing process. This section prescribes the evaluation criteria or acceptance 
criteria to be used for analyzing identified potentially unacceptable systems 
interactions consistent with Section 5.0. It is important to note that unlike 
the search criteria presented in Section 5.0 the evaluation/acceptance criteria 
to be employed for evaluating identified system interactions are consistent with 
the licensing basis for this plant. That is to say the single failure criterion 
as it was applied to the licensing of IP-3, governs.  

In addition, the results of the Z/IP-3 PSS analysis will be reviewed for its 
applicability to evaluate certain system interactions using probabilistic 
techniques.  

6.1 INTERCONNECTED SYSTEMS 

The evaluation of interconnected system interactions and their effects on 
plant safety will be based upon satisfying the system operability requirements 
as reflected in the FT & LD and in the interconnected evaluation sheet.  
Postulated system interactions induced by random failures of safety related 
components are considered acceptable since it should not compromise the 
functional capability of the system to perform its intended safety function.  

6.2 NONCONNECTED SYSTEMS 
6.2.1 Evaluation of Sources 

The evaluation of event induced systems interactions and their effects on plant 
safety rests heavily on experienced engineering judgement. Reliance is 
placed'on assigned engineering and design personnel in various relevant 
disciplines applying their knowledge and experience in evaluating the problems.  

Potential sources are evaluated as part of the program to determine if events 
can credibly lead to detrimental interaction with targets. They are categorized 
in one of the following: 

a. Event will not lead to interaction because of defensible 
qualificaiton of the sources by analysis, test, or experience 
with the same or similar items.



EVALUATION CRITERIA (Cont'd)

6.2 NONCONNECTED SYSTEMS (Cont'd) 

6.2.1 Evaluation of Sources (Cont'd) 

b. Events may lead to damage or failure of the sources, but the 
credible failure modes are not a threat to the safety function 
of the target.  

c. Events may lead to a credible failure mode of the source 
which has the potential to cause adverse interaction.  

These generic categories have been expanded to a more detailed list which is 
contained in the system nonconnected Auxiliary Safety System evaluation form.  

6.2.1.1 The following criteria provide minimum guidance for evaluation of 

sources for seismically induced events: 

a) Structural Source Evaluation 

All structural sources are evaluated by the single failure 
criterion: 

Any non-safety related structural element determined to be a 
potential source will be assumed to fail, unless seismic 
qualification by analysis, test or comparison to similar 
previously qualified elements has been performed to ensure 
integrity.  

b) Mechanical Source Evaluation 

The following is a setof failure modes for mechanical 
equipment which must be considered when evaluating potential 
sources in these categories.  

In addition to the specific failures below, complete loss of 
power for all source equipment and control power has been 
postulated. Relative motion between the source and target 
are considered during the walkdown examination.  

Overturning of tank, pumps, filters or other unsupported 
equipment where the center of gravity location as measured 
from the base is longer than one-half the base width in 
all directions. Each direction will be evaluated independ
ently. A horizontal acceleration equivalent to at least 
that value associated with the plant SSE, would be required 
to overturn an unsupported component whose height is less 
than base width from the base. Overturning is not considered 
where the distance from the base to the center of gravity 
is small. Further conservatism is obtained because mechanical 
equipmentis held down by bolting, brackets, etc.

6.0



EVALUATION CRITERIA (Cont'd)

6.2 NONCONNECTED SYSTEMS (Cont'd) 

6.2.1.1 (Cont'd) 

b) Mechanical Source Evaluation (Cont'd) 

However, if any component structure or system 
experiences a horizontal acceleration of greater than 
the SSE, it will be evaluated on a case by case basis.  

All non-seismically qualified valves, pumps, tanks and 
vessels are assumed to fail in the "worst credible mode" 
possible. (E.g., partial failure of valves and operation 
of pumps below design flow rate have to be considered).  

The "worst credible mode" will be based on sound 

engineering judgement.  

c) Electrical Source Evaluation 

Several categories of failure type must be considered with 
regard to seismic effects on electrical sources (equipment 
and cabling). They are discussed below: 

c.l Electrical Equipment 

c.l.l Overturning of cabinets, transformers, switchgear 
or other unsupported equipment where the center of 
gravity location as measured from the base is 
longer than one-half the base width in all 
directions, Each direction will be evaluated 
independently, 

The same considerations discussed in regard to 
overturning of mechanical equipment apply to 
electrical equipment, i.e., overturning is 
assumed only for cases where the distance to the 
center of gravity is significant compared to the 
base width.  

c.l.2 All nonseismically qualified electrical equipment 
(except cable trays) will be assumed to fail in 
the worst credible mode possible. The "worst mode 
failure" will be based on sound engineering 
judgement.  

c.l.3 All nonseismically supported electrical equipment 
(except raceways) will be assumed to be a source 
of the "worst possible" physical and electrical 
interaction.

6.0
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6.2 NONCONIECTED SYSTEMS (Cont'd) 

6.2.1.1 (Cont'd) 

c) Electrical Source Evaluation (Cont'd) 

c.2 Cable Trays 

c.2.1 Seismically Supported Cable Trays 

Cable trays that are determined to be seismically 
supported/restrained are assumed to remain physically 
intact in the event of an SSE (i.e., they do not 
become a source) and also that they will develop no 
electrical faults as built.  

c.2.2 Non-Seismically Supported Cable Trays 

A non-seismic cable tray in the vicinity of 
essential safety related equipment is to be a 
potential source and assumed to collapse. Also 
cables contained within the tray are assumed to 
develop electrical faults. The "vicinity" is 
defined by the criteria assumed and illustrated in 
Figures 6-1 & 6-2.  

c.3 Conduits 

Non-seismically supported/restrained conduits are assumed 
to be the source of mechanical and electrical interactions 
in an SSE.  

d) HVAC Source Evaluation 

d.l Non-seismically supported ductwork that run directly over 
essential safety related target's will be considered a 
source of potential interaction. The interaction boundary 
envelope is illustrated in Figure 6-3.  

d.2 While considering systems interaction of HVAC systems, the 
effects of ductwork crimping, adverse operation (or 
non-operation) of non-safety related fans that might spread 
combustible or toxic fumes through the ductwork has to be 
considered.  

d.3 Failure of in-line HVAC equipment will follow the source 
evaluation criteria for mechanical equipment. Support 
failure resulting in tipping, falling, sliding or over
turning may occur. Overturning will be assumed possible when 
the distance as measured from the base to the center of 
gravity is more than one-half the width of the base. Each 
direction will be evaluated independently.

6.0



EVALUATIONJ CRITERIA (Cont'd) 

NONCONNECTED SYSTEMS (Cont'd) 

(Cont'd) 

e) Piping System Source Evaluation

High energy pipe rupture, jet impingement, flooding and 
internal missile analyses are not included in this seismically 
induced interaction assessment except in the cases where these 
effects are seismically induced.  

All piping and associated components identified as an 
essential safety related component fall under the category of 
targets. Also they are assumed to be seismically supported or 
restrai'ned and hence will not become seismically induced sources.  

Non-seismically designed piping will be considered as a source 
in the following context:

Physical Impact: 

Flooding: 

Environmental:

All non-seismically designed/supported 
piping running in the vicinity of targets 
could fall or physically impact the target 
within the pipe's volume of influence.  
The volume of influence is defined as five 
(5) pipe diameters or five (5) feet which
ever is greater, laterally from the pipe 
center line. The pipe is assumed to fail 
anywhere along the piping run, during or 
post SSE. This criteria is based upon 
reasonable engineering judgement and is 
illustrated in Figure 6-4.  

A non-seismic piping run in the vicinity of 
target equipment will be assumed to have a 
circumferential or longitudial rupture during 
or post SSE that could flood the room 
(attention must be paid to the instrumentation 
cabinets, motors, etc. in the room), or flood 
any Cable tray runs immediately above or below 
the piping run.  

Piping failures or a resulting chain inter
action could cause unacceptable environmental 
conditions enveloping a target equipment, 
(e.g., auxiliary steam line failures could 
result in a steam environment with elevated 
temperatures and high humidity). Specific 
targets could either cease functioning or 
malfunction in this environment.

6.2.1.1



EVALUATION CRITERIA (Cont'd)

6.2 NONCONNECTED SYSTEMS 

6.2.1.1 (Cont'd) 

f) Instrumentation and Control, Source Evaluation 

All instrumentation that is not seismically qualified will be 
assumed to malfunction in the "worst credible mode".  
Instrumentation that is not seismically mounted will be assumed 
to fail strcturally. The "worst credible mode" will be based 
on engineering judgement.  

6.2.1.2 The following criteria provide minimum guidance for evaluation of 
sources for pipe failure induced events.  

The criteria provided by the NRC Standard Review Plans 3.6.1 and 3.6.2 with 
companion Branch Technical Positions BTP APCSB 3-1 and MEB 3-1 were used to 
evaluate systems interactions associated with pipe failure induced events Table 
6-1 summarizes the acceptance criteria for external and internal challenging 
events relative to the system, component or structure being evaluated.  

6.2.1.3 The following criteria provide minimum guidance for evaluation of 
sources for missile(internally and externally) generated induced 
events.  

The criteria provided by the NRC Standard Review Plans 3.5.1, 3.5.2 and 3.5.3 
were used to evaluate systems interactions associated with the effects of 
internally and externally generated missile systems interactions. Table 6-1 
summarizes the acceptance criteria for challenging events relative to the system 
component or structure being evaluated.  

6.2.1.4 The following criteria provide minimum guidance for evaluation of 
sources associated with flooding induced events.  

The criteria provided by the NRC Standard Review Plans 3.4.1 and 3.4.2 were used 
to evaluate adverse systems interactions associated with the effects of flooding.  
Table 6-1 summarizes the acceptance criteria for challenging events relative to 
the system, component or structure being evaluated.  

6.2.1'.5 The following criteria provided minimum guidance for evaluation of 
sources resulting from the effects of fire induced events.  

The criteria provided by the NRC Standard Review Plan 9.5.1 with companion Branch 
Technical Position BTP APCSB 9.5-1 were used to evaluate adverse systems interact
ions associated with the effects of fire. Table 6-1 summarizes the acceptance 
criteria for challenging events relative to the system component or structure 
being evaluated.

6.0
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6.2 NONCONNECTED SYSTEMS 

6.2.1.6 The following criteria provide minimum guidance for evaluation of 
sources resulting from the effects of severe environment.  

The criteria provided by the NRC Standard Review Plans 3.3, 3.4, 3.5, 3.6 and 
3.11 were used to evaluate systems interactibns resulting from severe I 
environmental conditions. In addition the guidance provided by IE Bulletin 
79-OIB was used to the degree practicable for this evaluation. Table 6-1 
summarizes the acceptance criteria for challenging events relative to the system, 
components or structure being evaluated.  

6.2.2 Modification Criteria 

Modifications may be required to resolve identified event induced adverse systems 
interactions. These modifications may be any of the following: 

a. Modification of the source to eliminate the adverse behavior 
by bracing, supporting, or reinforcing the source component.  

b. Shielding or relocation of the target to preclude the physical 
interaction.  

c. Modification of the target to permit retention of the 
required safety function in spite of the interaction.  

d. Alteration of system design to provide alternate means of 
accomplishing the safety function.  

The criteria for structural or mechanical modifications are the same as 
documented for safety related structures and equipment.  

For relocation or modification of non-safety related equipment, the criterion for 
acceptability is that the modified configuration, when re-evaluated for interac
tions using the evaluation criteria previously stated, is found to have resolved 
the original interaction and not created any new interactions.  

6.2.2.1 Interaction Effects Evaluation Criteria 

Once an interaction is identified as sufficiently credible to require more 
evaluation than can be done from inspection, it must be resolved in an acceptable 
manner and the resolution documented. Interactions considered are direct physical 
interactions such as target impact from a falling or moving source. Typical 
interactions are listed below.  

Mechanical: 

- impact from falling bodies 

- pipe whip 

. missiles



EVALUATION CRITERIA (Cont'd)

6.2 NONCONNECTED SYSTEMS (Cont'.d) 

6.2.2.1 Interaction Effects Evaluation Criteria (Cont'd) 

Electrical: 

- unwanted open circuit (loss of control power) 

- unwanted closed ci'rcuit 

- unwanted energization 

Pneumatic: 

- loss of pressure (loss of control) 

unwanted pressurization 

- jet impingement 

- hostile gas 

Hydraulic: 

- loss of pressure 
(a) loss of control 

(b) loss of lubrication 

- unwanted pressurization 

- jet impingement 

- flooding 

- hostile fluids 

Environmental: 

- elevated temperatures 

- humidity 

- radiation 

Interactions are evaluated for their impact on the required safety functions and 
redundancy of identified targets. The results of the evaluation will then deter
mine the method of resolution. In order of preference, the following are categories 
of acceptable methods of resolution of identified interactions.  

a. Target Operability Evaluation: 

The first approach to resolution is to show that the target's safety 
function is not impaired. This may be accomplished by studying the 
means by which impairment occurs and the possible extent of the

6.0
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6.2 NONCONNECTED SYSTEMS (Cont'd) 

6.2.2.1 Interaction Effects Evaluation Criteria (Cont'd) 

a. Target Operability Evaluation (Cont'd) 

impairment. For example, a pneumatically operated valve may 
be required to close durino shutdown, but falling equipment 
could sever the air line so air supply to the operator is lost.  
If the valve is a'"fail open" type, then shutdown capability is 
compromised, but if the valve is a "failed closed" type, then 
shutdown capability is not compromised even through the air 
supply is lost. In this example it is also necessary to consider 
consequences of crimping the air line, as well as the effect of 
a lost air line.  

The example is typical of the reasoning process that is necessary 
in the evaluation of each interaction. A substantial degree of 
engineering judgement is, of necessity, expected to be used.  
Decisions based on judgement, along with the rationale, are 
documented.  

b. Source Behavior Evaluation: 

The second approach to resolution is to perform a more careful 
evaluation of the source behavior resulting from an event. If 
tests, analysis, or applicable experience can be developed to demonstrate that the item in question is qualified to withstand 
the postulated event, the interaction can be declared resolved on the basis that it will not credibly occur. Identification and 
resolution of indirect or chain-reaction source events shall use 
individual source failure criteria for each component source.  

c. Modification: 

If resolution is not possible by analysis or by test, the 
Interaction Team will recommend that physical modifications be made 
to prevent detrimental interaction. The range of possible 
modifications includes guard structures, protective covers, and 
restraining structures. The criterion is to prevent impairment of 
function.  

d. Change of Procedures: 

The last method of resolution is by reordering the operating 
procedures or defining alternate means of providing the required 
safety functions. The Interaction Team will not specify procedural 
changes to resolve an adverse systems interaction, other than to 
present generic options.
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6.2 NONCONNECTED SYSTEMS (Cont'd) 

6.2.2.1 Interaction Effects Evaluation Criteria (Cont'd) 

The evaluation and resolution methods are discussed below in 
more detail.  

Evaluation of Direct Interaction Effects 

Where evaluation is directed to showing that the safety function 
of a target is not impaired by an i'dentified direct interaction, 
the following guidance has been established. For cases not covered, 
criteria are developed and documented to privide an analogous level 
of rigor to the guidance herein provided.  

a. Dynamic effects of breaks in piping are evaluated using the 
criteria in Section 6.2.1.2. For example one criterion to be 
used i's that no damage will result if the target pipe size i's 
at least equal to the size of the source pipe nd the wall 

thickness of the target pipe is at least equal to that of the 
source pipe.  

b. Direct impact of missiles or failing objects on structures and 
components are evaluated when necessary using the criteria of 
Secti'on 6,2.1.3. Care inust be taken to consider such 

appurtenances as instruments, power connections, cooling and 
lubrication connections.  

c. Direct impact of missles or falling objects on HVAC ducts have 
to be evaluated on a case by case basis.  

.d. Flooding effects of broken or leaking pipes are evaluated 
usi-ng the criteria of Section 6.2.1,4.  

e. The effects of fire are evaluated using the criteria of 
Section 6.2.1.5.  

f. Environmental effects of broken or leaking piping, tanks, etc.  
are evaluated by comparison of the estimated environment with 
the target's qualification profile. Helpful criteria and data 
are contained in Section 6.2.1.6.  

Evaluation of Secondary Effects or Cascading Influences 

Two types of secondary effects on cascading influences are 
considered; chain-reaction failures and degraded operation.

6.0
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6.2 NONCONNECTED SYSTEMS (Cont'd) 

6.2.2.1 Interaction Effects Evaluation Criteria (Cont'd) 

Evaluation of Secondary Effects or Cascading Influences 

For the chain-reaction events, the criteria for evaluation are the 
same as for the direct interactions and are successively applied 
to each member of the Chain. It must be remembered that each step 
in chain scenarios has an associated probability less than one and 
that judgement must be applied to consider only credible scenarios.  

In order for the plant to safely shut down, it is necessary for 
the required safe shutdown valves and drive elements to operate in 
the required manner, or fail in the required position, For this 
to occur the control systems must remain i'ntact after the 
interaction event, or else be damaged only in such a way to fail in 
the design failure mode. For example, if an air operated valve is 
required to fail in a certain mode, the design is such it will go to 
that failure mode on loss of air. If, however, the air line between 
the control device and the valve were to be impacted during a 
seismic event, the line might be pinched. This could prevent the 
venting of air and thereby prevent the valve from failing in its proper 
mode.  

In electrically operated devices, a non-qualified component could 
impact the signal cable and cause damage which would adversely 
affect proper operation.  

Walkdown will identify process tubing, instrumentation, 
electrical cables and cable trays requiring protection from 
unacceptable interactions.  

When questionable secondary interactions are identified which'are 
not readily evaluated to be acceptable, the resolution then becomes 
one of modification such as redesign or replacementof the source 
equipment or the rerouting or upgrading of control and electrical 
wiring and/or process and air tubing.

6.0



INDIAN POINT 3 NUCLEAR POWER PLANT 
SYSTEMS INTERACTION STUDY 

NON-CONNECTED SYSTEMS INTERACTION-EVALUATION CRITERIA 
TABLE 6-1

Common Cause Event

A. Earthquake

B. Pipe Failure

C. Missile a.  

b.  
c.  
d.  
e.

D. Flooding 

E. Fire 

F. Severe

Follow-On Event

a. structural failure 

b. pipe failure 
c. flooding 
d. severe environment 
e. missile 

a. missile 
b. flooding 
c. severe environment 
d. structural

pipe failure 
flooding 
fire 
severe environment 
structural failure

a. severe environment 
b. structural failure 

a. severe environment 

a. flooding 
b. fire 
c. temperature 
d. humidity 
e. radiation 
f. wind 
g. missile 
h. depressurization

Acceptance Criteria 
Relative Location of Challenging Event Relative 

To System Component Being Evaluated 
External Internal

See Chapter 6.0

structure, system, component 
capable of withstanding the 
resulting effects of pipe 
whip, jet impingement, flood
ing and severe environment 

structure, system, component 
capable of withstanding the 
resulting efects of pipe 
failure, flooding, fire, 
severe environment, impact 

structure/compartment design
ed to adequately prevent 
flooding entry 

Fire resistant construction 
No communicating paths 
Limited combustibles 

Structure/compartment capable 
of withstanding the resulting 
environmental condition 
No communicating paths

See Chapter 6.0

Whip restraints 
Barriers/Shields 
Separation 

Barriers/Shields 
Separation

Corresponding Standard 
Review Plan/Regulatory Guide Criteria 

1OCFR part 50, Appendix A CDC 2 
Regulatory Guide 1.29 "Seismic Design 
Classification" Standard Renew Plan 
3.2.1, Seismic Classification 

Standard Review Plan 3.6.1/APCSB 3-1 
Standard Review Plan 3.6.2/MEB 3-1 
Regulatory Guide 1.46

Standard 
Standard 

Standard

Drainage system capable of handling 
maximum expected flood rate 
Components capable of functioning 
in submerged (flooded) environment 

Fire Detection and Suppression 
Systems 
Limited Combustibles 

Equipment/component qualified to 
the resulting environmental 
condition 
Compartment environment controlled

Review 
Review 

Review

Plan 3.51 
Plan 3.52 

Plan 3.53

Standard Review Plan 3.4.1 
Standard Review Plan 3.4.2 

Standard Review Plant 9.5.1/ 
BTB APCSB 9.5-1 

Standard Review Plan 3.3 
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INDIAN POINT 3 NUCLEAR POWER PLANT

SYSTEMS INTERACTION STUDY 

CHAPTER 7 

7.0 QUALITY ASSURANCE 

In order to assure that the SystemsInteraction Study project meets the 
requirements of the Quality Assurance Program, the Project Quality Assurance 
Engineer shall assign qualified internal auditors to review the inprocess 
activities of the SIS Project personnel. Results of these audits shall be 
distributed to the SIS Project Manager and the PQAE for information and 
corrective action if required.  

7.1 GENERAL 

The contractor shall have in operation, over the duration of this contract, a 
system or program with supporting proceduresas necessary which addresses the 
Quality Assurance requirements imposed in this section, and elsewhere in the 
contract.  

7.2 ANALYSIS CRITERIA AND BASIS 

The basic document which identifies the applicable regulatory requirements, 
design bases, codes and standards and other criteria shall be a requirement and 
specified in the Cor~tractor's Engineering Procedures. The basic document shall 
be prepared at the outset of any analysis effort by the responsible engineering 
organization, and revised and approved in accordance with the applicable 
engineering procedure. The initial issue of the basic document is not intended 
to provide all the detailed requirements to be incorporated into analysis 
documents, but to provide sufficient basic requirements to permit the analysis 
process to proceed. As additional criteria are developed, they shall be 
incorporated into the basic document, following the review and approval prescribed 
by the applicable engineering procedure.  

7.3 INTERNAL ANALYSIS REVIEWS 

Internal Analysis Reviews shall be used during the analysis process, as defined 
in applicable engineering procedures, to assure acceptability of the document 
prior to the analysis verification process. These reviews shall consist of 
checking and approval of applicable calculations, system descriptions, design 
specifications, and other documents as required. Errors and deficiencies 
identified shall be documented and appropriate corrective action instituted to 
preclude repetition, as specified in engineering procedures.



7.4 ANALYSIS VERIFICATION 

Analysis verification shall be referred on all final analysis documents by 
individuals or groups other than those who performed the original analysis work, 
in accordance with applicable engineering procedures, to assure compliance with 
applicable analysis bases, regulatory requirementscodes and standards. The 
authority and responsibilities of personnel performed these reviews shall be 
identified and controlled by engineering procedures.  

The analysis verification process shall be performed in accordance with a plan 
which considers the importance of the engineering tasks, structure, system, or 
component, and is accomplished through one or more of the following actions: 

- Independent review or special review of analysis documents.  

- Alternate calculations necessary to assure the analysis meets the specified 
criteria.  

The results of all analysis verification activities shall be documented, and 
reviewed by congnizant management personnel in accordance with applicable procedures.  

7.5 DATE PACKAGE 

A formal engineering data package review shall be established and consist of 
(as a minimum) the following: 

A. Identify and list documentation on a Document List with revisions which 
are included in the data package.  

B. The final review by the responsible engineers shall-include sign-off on 
the "Document List", which attests that the engineering scope, including 
the support engineering data, relative to the assigned tasks have been 
completed.  

C. A final supervisory review and approval sign-off of the engineering data 
package.  

7.6 RECORDS 

Analysis documents and reviews, records and changes thereto shall be collected, 
stored, and maintained as part of the official project records, in accordance 
with applicable record procedures.  

7.7 TYPES OF DOCUMENTS 

For the purposes of control, three types of documents shall be considered as a 
minimum: 

- Documents supplied or referenced by the Authority for use by the Contractor.  

- Technical documents prepared by the Contractor for delivery to the Authority, 
including design analysis report, drawings, and design documents.



TYPES OF DOCUMENTS (Cont'd)

- Documents for the control of contractor of sub-contractor activities, 
including the Engineering Manual, Quality Assurance Manual, and Procedures.  

7.8 STORAGE AND SECURITY OF RECORDS 

Records shall be stored in facilities which minimize the potential for their 
destruction by-fire, flooding, theft, and deterioration from environmental 
conditions.  

7.9 AUDITS 

Audits shall be performed by the Contractor on activities which relate to the 
quality of the service performed, in accordance with a quality assurance procedure.  

These audits shall include internal audits of the project organization and inter
facing organizations. The audit procedure shall include provisions for planning, 
performance, evaluation, and reporting.  

7.10 AUDIT RESULTS, EVALUATION AND REPORT 

Audit results shall be documented, and then reviewed with management having 
responsibility in the area audited. The audit report shall include the 
following: 

- Description of audit scope 

- Identification of auditors 

- Persons contracted during the audit 

- Summary of audit results, including an evaluation statement regarding the 
effectiveness of the quality assurance program, applicable to the areas 
audited.  

- Description of identified non-conformances 

- Recommendations for corrective action, when applicable 

7.11 REAUDIT 

When warranted by audit results; deficient areas shall be reaudited on a timely 
basis to verify the effective implementation of corrective action.  

7.12 AUDIT PROGRAM REVIEW 

Audit data shall be analyzed by the Chief Qual'ity Engineer on a periodic basis 
and reported to responsible management personnel for reviews and assessment.



INDIAN POINT 3 NUCLEAR POWER PLANT 
SYSTEMS INTERACTION STUDY 

CHAPTER 8 

8.0 Reference Documents 
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T/B FIRE PROTECTION-STANDPIPE SECT. & DET.  
T/B FIRE PROTECTION-STANDPIPE SECTIONS 

MISC DRN PLT AREA PLANS, SECT'S & DET's 

CONTR & DIESEL GEN. BLDG'S DOOR OPENING DET'S & SCH.  
FAN HOUSE & PIPE PENETRATION-AREA PLAN AT 54'-0 & 
67'-6 
FAN HOUSE & PIPE PENETRATION AREA SECT'S & DET'S
SHT NO. 1

DRAWING NO.  

9321-F-40013 
9321-F-40023 
9321-F-40033 
9321-F-40043 

9321-F-40083 
9321-F-40093 
9321-F-40103 

9321-F-40113 

9321-F-13823 

9321-F-13943 

9321-F-13963

REV.



UOD coW 
itPoL 

SYSTEM 
t& STl EAM 
SYSTEM 

-U EDO WITAZ 

-ASC OfRCEIColPOAE Oe uon Ti FNWY 

,ikCiEE t AIO ot..  

NUL-R OP.PAJT Z0 .0 

P--oT P Su cRYIAIY S~ iEA vo u 

ISAtEYOE PIoECTIOI O 
SYSTE7  L 

IDACO SERHVICES ICOPOATED't r :WER ,UTIOITI( TATE- OF NEW YOR K Rv 
i A ..... ,D l .NOl/&M,, POoW-T WO. 5 .v 

t.... ftLa¢_l_ Z o.zo I . CLEAR POWEF PLht.4T 7t, - 0 
A...J F lv.. 'd

o l t -
EH,0PtEM INTERACTION STOVY 514, 4 1(li LoI ICR.MI I f : 4



0

I ERASCO SERVICES INCORPORATEDI POWER AUTHORITY MTJEJr OF NEW OR 
IMOIAMdl POIWT MO. 3 

DIV NUCLEAR POWER PLANT 
1,. r"I 5&EM INERCTIO4 STuOY

#CHI

REV. 0 

5NZOF4



a

CH-EMICAL VOLUME & 
CONTROL '54TEM

MAINTAIN 
REACTOR COOLANT 
PRESSURE BOUNDA

EBASCO IERVICKB INCORPORATED POWER AUT14ORIT Y OF STATT NEW YORK 
INDIMJ PONIT NO!' 

I .,v,~Sit t~LANO ~,N UCLEAR POWER PLAI'JT 

.tL- -------- clO.tt . SYSTEM INTERACTION 51TDY 

DATE 7 Q-2 2Yf&t9# IA Loc,tC DIA.(,ZAM

_0,



-1 IUO IP W 

ICONTAIMMAE1T 

CON.Z A SYSTUA II'TE RA EO TON 5-4O 

-2LCONL t RiRCi __sWFETY I CJJECTIONM 

MBASCO SERVICEs INCORPORATED POWER AUTWORITY OF Srb,,t 1rCw YORK DIV.~iolt APR, NNPOiNT NO.3 
e~vl~lC~lo,,. _F_ ..... | NUCLF-,R POWER PL4, NT O° 05 
e.. |t/j '~tvoltto5°'l TF-| TM INTER Ac.TION 5TUv-( I O 

o,.F() I'," I-c c Vl e I



'l, 

GoAL RE-(UIRED FUNCTION SYSTEM/PeOcESS p.EWNRKS 

HCIEVE t MAIWTkIVJ A) UMIT TRIP I.)REACTOZ P.OTECTIOWl SNSTEM -PROVIDES SENSING AMD 
REACQOR SU!,CPITICALITY _KIUAIION. SIGNAL 

?.ROD CONTROL SYS1EU , -DROPS COWI.OL RODS 
!.) PRESSUCP-OE CTROL QI) IEACTO. COOLAT sYSEM -PRESSUIZEIZ POWER OPEA,1ED 

RELIEF VALVES l I1T ANY PRESSURE 
Ey(CUp.SION 

Z) CHEMICAL VOLUME a COIP-.oL -LETDOWN (NO ZCS OR SECOUDAZY 
SYSTEM SYSTEM LIWE IEBEAK.S) 

- PRESSUPIZER AUXILIAZY SPEW/Y 
(NO EC5 EWEAlKS) 

C.) LEVEL CONTiROL 1.) CHEMICAL VOLuME t COWIOL -MAKEUP VIA CNARGIWG LINES (NO 
SySTEM RCS o SECONDAZY SYSTEM LINE 

BEEAILS) 
?) SAFEY INJEClIOl oSYSTEM -3OF4 ACCUMULAToSp(LARcE LOCN) 

-ZoF ! HIGH PRESSUZE PUMPS 
(MEDIUM LOCA) 

-IOP5 HIGH PRESSUEe PUMPS 
(SMALL LOCA OZ SECONDAZY 
SYSTEU 5ReEAK-) 

3)RESIDUAL HEAT REMOVAL SYS. -I OF- Z RHP PUMPS (LARCE LocA) 
4,)REACOPQ COOLAlIT SYSTEM -FLOW PAiH FOR. MAKEUP WTER 

D).EMOVE- HEA" L) RECIO-. CLO ANT SYSTEM -AIURAL C. CULAkVO 
2) AUYILIXRY FED.WATEZ SYSTEM -IOF 5 PUMPS To I OF 4 S/G's(LOSS 

OF NORMNL FW) REQUIZES POWER 
OPEl2ATEE A4MOSPHEZIC RELIEF 
VALV ES.  

5) MAIN STEAm SYSTEM -POJER OPElZ&jED ATMOSPH|ERIC 
RELIEF VALVES USED IM CON

_ JU,,CTION WllH AUX. FEEDWATE.  
E) CHEMICAL ADDITIO, I) CHEMICAL VOLUME 4 CO-TOL -LEED t FED(CHEMICASL 

SYSTEM REkCIIVIT1 CONTFOL - NOPVAL 
5UUIDOWN) 

2.) SAFETY INJECTION SYSTEM -INJECTIONl OF lOONI (CHEMICAL 
REACTIVITY coNTR:oL- P-cs oR 
SECOUDA,,y byStEU bPREMAS)

ZPASCO SERVICE INCORPORATEI PoJE- AUWORIr" STmE OF 'eW) yORK 

,,,v. I.~I . INDIAKI PolNTW0o,JO P 57O9.05 
4 P,.,t.,4s FA~;K~I FUUCTIOIJAL "&P -T-E SH I OF 4-

INCH@$ . .. . i !



0,

lip 

GOAL P-EQUIPED FUIJCIOM S EM /PE OCE.SS 2E M AP- YS 

MAIkITA.hJ COkJTAIMMEIJT A) ISoLA1E COITAIMMEJT I) COkIJAlMMEUT IsoLAr1owl Sys. -OuT?-(OA.D ISOLAIOwl VA.LvEs M.  

I"lTEGRITY -It,.0OAxD I-OLA1IO,. VALVES oz 
CLOSED SYSTEM INSIDE COfITAKI

6) REDUCE COtITAUIJMEWlT I) COWT&IMWMEi4T SPP'-Y SYS[ EM OP-IOF z Cs PUMPS & 3OF5 F"4J 
PRESSUeE $ TEMPr:ATU:E COr[IMMEWT PECIRCUL/OTIO,. COLEZS 02, 

SYSTEM -?OF? cs PUMPS o, 
-5 OF !) FA cOOLErS 

2.).P-1- sYSl'EM AuD/ORz -PECIRCULAIE SPRpAY A', PUPIURE 
SAE.1 IIJECTIOl SYSIEM LIQUID AFTEP. EMPTYII( THE RP.rT 

-IOF .RECI PC PUMPS Op- I Or-Z 
RHP PUMPS 

-1OP 3 HIGH PRESSURE PUMPS 
(LARr GE. LOC, OwLY) 

C.)DILUTE HyDROrEI 1.1 HYDR0Cr Il PECOBINE-- -IOF-Z P.ECOMBI1IERS

EI'ASCO SERVICES INCORPORATED POSE. AU-ITO|IY STIE O' "E.( 

,,,ec. , i 1m.I hJDIMIOP"JTAJO!' E, 52OY Z5 MO 

-.1KT, ~ eI~~ FuUCTIOUA&L rAAN.e 5H1 ZOF 4

OH Sj

0



. 0
'U

GoAL REQUIRED FUMCIlIOVA SYSTEM/PE'OCESS RE% RYS 

REMOVE DECAY HEAT A) MANIJIN CIRCULNTIOM IW )SET INAJCTIOWJ SYSIEM -IOFZ RECl~cULXTIOm PUMPS Ov, 
THROUGH AMD cOOLIM(3 OF Z)RESIDUAI tEAI] REMOVAL SYS -lOF Z RH PUMPS AWDb 
THE R-E-AcOR. -IOF 2 R-HR HEA " ECHAWjGE:s

KflA9CO SERItVCES INCORlPORATEo P(r.t AUIH(OlyIJYIE 31E 01MF WJ#t 

.... o.J _I ...... IVJOIIU POW4 t WQ 5Q OPP 5209.005 
. I 1 FUtil-10ML TA1LE 5H 1 OF 4

0-.



GOAL REQUI-ED FUMJCTIO, SYSTE/PROCESS eEMA,. 5S 

MAIMIT&IN REACTOR COOLANT A)PREVEWIT ONERIPE5SURE I.) REACTOR CooLAWJT SYSTEM -POWUE OPERA1ED iRELIEF VALVES 
PRESSURE ISOUNDAEY PCV 4S5C 0R 415G 

-PP'ESURIZER CODE SAFE'y VALVES 
6) ISOLAE AWY LIME RUPIURE 1) SAFETY I'NJECTIKIo SYM-4Et -CHARGING LINE CHECK VA.VES 

OR LEA 2E- -AUX SPIAY CtlECK VALVE 
-EXCESS LETDOWN ISOLATION 

2.)CHE~micALvoLumE 4copoL VALVES 213A t 213 B SYSTEM -LETDOWN ISOLATION VALVES 
LCV-459 9, LCV-4GO 
-CHECK VALVES ON SAFETY 

3)AEACIOR COOLAUIT SYSTEM INJECTION LINES 
-POWER OPERATED RELIEF VALVES 
PCV-455C OR 45( 

-PRESSURIZER CODE SAFETY 
_ _ _ _ _VALVES 

C) SEAL REACTOR COOLANT I) CHEMICAL VOLUME t CONTROL -SEAL WATER INJECTION 
PUMP SYSTEM 

1) COMPONENT COOLING -MAINTAIM 11TEGRITY OF RCP 
SEALS -

KBASCO SERVICES INCORPORATED Po ]:P. AUIHOPITY STATE or- wpvjFrr 
lDlv.MF_: APP L ,,ovz I M 4 l P011, " IJWO.5 IT.  

jv I FUW~CT 1OIWJL TARI-F, SI-4 OF4
... _2 - #IfCF-PA

INC" I . .I I C ..

Or, 4k



ELECTRICAL 
TRAY 
SYSTEM 
(SEE AD-18) 

-PROVIDES 
CABLE 
ROUTING & 
SUPPORT

OPERATOR 
ACTION 

-PROVIDES 
MANUAL 
REACTOR 
TRIP

ELECTRI CAL 
DISTRIBUTION 
SYSTEM 
.(SEE AD-22) 

INTERRUPTS POWER 
TO THE MOTOR
GENERATOR SETS

/
CONTROL ROOM 
VENTILATION 
(SEE AD-7) 

- CONTROL ROOM 
COOLING

-SENDS SIGNAL TO 
TRIP REACTOR & 
DROP CONTROL 
RODS

EBASCO SERVICES INCORPORATED PEZ ALTNH0TY STATE OF IEA YORK 

DIV. Mc1-' DR.'-J APPROVED I, DI ,. POIJ" O3 JPPf zmc F ssvAAD- I 
DATE L 1. ' , ... , ,4K,/E !j l rv'lwjC7, 
SCALE vgg f j Vki) I P- AUYA,.y DIA% .P

SREACTOR 
PROTECTION 
SYSTEM 
(SEE AD-17)V 

z



ELECTRICAL TR 
SYSTEM (AD-I8 

-PROVIDES CABL 
ROUTING & 
SUPPORT

ELECTRICAL 
DISTRIBUTION 
SYSTEM 
(SEE AD-22) 

-PROVIDES ELEC 
POWER

REACTOR 
PROTECTION 
SYSTEM 

(SEE AD-17) 

-PROVIDES SAFETY 
INJECTION, SIGNAL 

DC 
POWER SYSTEM 

(SEE AD-12) 

-PROVIDE C.ONTROL 
POWER

:AY COMPONENT 
COOLING 

SYSTEM (SEE AD-9) 

-PROVIDES COOLING 
RFOR PUMPS & HEAT 

EXCHANGERS 

RESIDUAL HEAT 
INJECTION REMOVAL 
SYSTEM I SYSTEM(SEE AD-4) 
S YST, ELM.. AT"" V# ~ " ~

-LOW PRESSURE PUMI 

CONTROL ROOM 
VENTILATION (SEE 'AD-7) 

-CONTROL ROOM 
COOLING

PS

-MANUAL 
OPERATION

EBASCO SERVICES INCORPORATED POWER AUTHORITY S"TTE O" NEW YORK 

DIV.Id'tl DR.V-. APPROVED INDIkN PDINT NO."!2N.P 
SAFE.T' INJECTION SYSTSM AD-2 DATE2a ' . " "  AU\,IAR.'( D1AGAVI 

SCALE L.Ifjs ORA] i F'PA

04; 
z



COMPONENT 
COOLING 
SYSTEM ELECTRICAL 
(SEE AD-9) D:STRI BUTION 

-FLUID DRIVE COOLERS SYSTEM 
(SEE AD 22) 

-PROVIDES 
ELECTRICAL POWER

CONTROL ROOM 
VENTILATION 

(SEE AD-7) 

-CONTROL ROOM 
'COOLING

CHEMICAL 
VOLUMEE~ 
CONTROL 
SYSTEM 

A __

ELECTRICAL TRAY 
SYSTEM (AD-IS) 

-PROVIDE CABLE 
ROUTING & 
SUPPORT

DC 
POWER SYSTEM 

(SEE AD-12) 

-PROVIDE CONTROL 
POWER

- MANUAL.  
OPERATION

EBASCO SERVICES INCORPORATED PDWER AUTHDRITY 9TATE OF NEW YORK 

DIV.MECw DR.V.7, APPROVED INDIAN POINT NO.1N.PR 
CHEM CAL .VOLL)ME C0N"TRDL YGTEtm A D3 DATE 14 p. AUIL1,R"./.  SCALE __J____,___ / A XLIRY LA-RJK

0it,

o 

z



ELECTRICAL 
TRAY 
SYSTEM 
(SEE AD-18) 

-PROVIDE CABLE 
ROUTING & 
SUPPORT 

ELECTRICAL 
DISTRIBUTION p 
SYSTEM 
(SEE AD-22)

-PROVIDES 
ELECTRICAL 
POWER 

CONTROL ROOM 
VENTILATION 
(SEE AD-7) 

CONTROL ROOM 
COOLING

COMPONENT 
COOLING 
SYSTEM (SEE AD-9)

ESIDUA 
EMOVAL

-PROVIDES COOLING 
TO PUMPS & HEAT 
EXCHANGERS 

REACTOR 
L HEAT -PROTECTION: 

SYSTEM SYSTEM 
(SEE AD-17)

-STARTS PUMPS 

OPERATOR DC POWER 
ACTION SYSTEM 

" .( SEE AD-12) 

-MANUAL OPERATION -PROVIDE 

CONTROL 
POWER

EBASCO SERVICES INCORPORATED PDWER , kUTRORIT'Y -TMTE OPNEW YOI K 

DIV..Mr'. DR.V.Z. APPROVED INDIAN POINT N0.lNPP.  

DATE2~LtCK"LF wRESIDUAL NET REMOVAL STUDY A D-4 
SCALE tJ E .,U).LIA DIL&CAM

cli



CONTROL ROOM 
VENTILATION 
(SEE AD-7) 

-CONTROL ROOM 
COOLING '

-REMOVE CORE 
HEAT 

AUXILIARY 
FEEDWATER 
SYSTEM .  

(SEE AD-2-)

ELECTRICAL TRAY 
SYSTEM 
(SEE AD-I8)

-PROVIDE 
ROUTING

CABLE 
& SUPPORT

SAFETY 

INJECTION 
SYSTEM 
( SE E AD.2) 

-ACCIDENT MAKE-UP

ELECTRICAL 
DISTRIBUTION 

SYSTEM 
(SEE AD'-22) 

-PROVIDES 
ELECTRICAL 
POWER

NITROGEN TO 
THE P.OR.V 
(SEE AD-20) 

-SAFETY RELATED 
MOTIVE POWER 
FOR P.O.R.V'S

SCHEMICAL VOLUME 
'CONTROL SYSTEM 

,SEE AD-3 ) 

(-NORMAL SHUTDOWN 

MAKE -UP) 

DC 
/POWER SYSTEM 
(SEE AD -12) 

/-PROVIDE CONTROL 
/POWE R

&

RESIDUAL HEAT 
REMOVAL 
SYSTEM (SEE AD-) 

-REMOVE DECAY HEAT 

COMPONENT 
COOLING 

(SEE AD-9) 

-RCS SEALS 

OPERATOR 

ACTION 

-MANUAL OPERATION

EBASCO SERVICES INCORPORATED POWER AUJT7ORITY TkTE OFNEW 'YORK 

DIV.Mr-e- DR.V.Z. APPROVED INDIAN POINT NO.N.P.  
REACTOR COOLA NT &Y;TEM ADDATE "2' rP%-CH-K " " '' ~t,('2_ AUXILIARY DFAGEAM 

SCALEJ L e'____-

4

I Lo



CONTROL ROOM 
VENTILATION 

(SEE AD-7) 

-CONTROL ROOM 
COOLING 

ELECTRICAL TRAY 
SYSTEM 

(SEE AD-IS) K
-PROVIDE 
ROUTING

CABLE 
& SUPPORT

SAFETY INJECTION 
SYSTEM 
(SEE AD -2)

-RWST SUCTION TO 
SPRAY PUMPS 

- RECIRCULATION PUMPS 
FOR LONG TERM SPRAY

REACTOR CONTAI NMENT 

PROTECTION SPRAY 
SYSTEM I SYSTEM 
(SEE AD-17) I 

SPRAY 
ACTUATION 
SIGNAL 
(HI HI CONT. OPERATOR 
PRESS.) ACTION 

MANUAL OPERATION 

DC 
POWER SYSTEM 
(SEE AD-12) 

-PROVIDE CONTROL 
POWER

ELECTRICAL' 
DISTRIBUTION 
SYSTEM 

(SEE AD-22) 

ELECTRICAL 
POWER 

RHR SYSTEM 
(SEE AD- 4) 

.RHR PUMPS & 
HEAT EXCHANGERS

EBASCO SERVICES INCORPORATED POwER/ U'4OCtTY S' TE ONEW YORK 

DIV.t.4 E- Cw DR.V- APPROVED INDIkN POINT NO.INA.  
DATE CR %i11 CONTAkNMENT ;PkY SYSTEM AD6 
SCA LE O ' - [-(m I 1, lA,y DIG;P..,.,,2

N*

01 

z



-MANUAL 
ISOLATION 

OPERATOR 
ACTION,

TRAY SYS .(SEE AD-IB) 

SUPPORT

1~

SERVICE WATER 
SYSTEM 

(SEE AD-B) 

-COOLING FOR 
AC UNITS

CONTROL ROOM I 
VENTILATION I 

SYSTEM I

INSTRUMENT 
AIR SYSTEM

-CONTROL 
TEMPERATURE

-ELECTRICAL POWER

EBASCO SERVICES INCORPORATED PoWNER AU -loTIrTAE OF WL-W YORK 

DIV.MtcH- Dp '5 APPROVED IWJDIAN Po1T WJO WPP 
SAE C X.& U- : ".., ., C0T~o .oM ve LkTIOW c, AD- 7 SCALE 4 4we.. If. f . uXl.!, .,' P ,

ELECTRICAL 
DISTRIBUTION 
SYSTEM 

(SEE AD-22)~kI 
z



ELECTRICAL 
DISTRIBUTION 

SYSTEM (SEE AD-Z2) 

PROVIDE 

ELECTRICAL 
POWER 

OPERATOR. EVC 
ACTION I WATER I 

I SYSTEM I 

OPERATION 
Ir 

DC ELECTRICAL TRAY 
POWER SYSTEM SYSTEM 

N (SEE AD-12) (SEE AD-I8) 

-PROVIDE CONTROL -PROVIDE CABLE 
POWER ROUTING & SUPPORT 

z-

EBASCO SERVICES INCORPORATED POLUEP. AUTHCwP1 S7 'E: 0 WEW YO)r
DIV. "Me_6 DR..'-E APPROVED P Io. 5 NPP 

'PS.VICE WAR SYSTE AD-8 DATE e.CFLV,,V- :0 T L ,-& J.S.4, 
SCALE t'J /N I (IP. IW-,



SERVICE WATER 
SYSTEM 
(SEE AD-6)

-COOLS CC 
HEAT EXCHANGERS

OPERATOR 

ACTION 

-MANUAL 
OPERATION

-CONTROL ROOM 
COOLING

-PROVIDES 
ELECTRICAL 
POWER 

ELECTR ICAL 

_7 TRAY SYSTEM 

T (SEE AD-18) 

-PROVIDE CABLE 
R ROUTING & 

.SU PPORT 

bC POWER 
SYSTEM 
(SEE AD-12) 

-PROVIDES 
CONTROL 
POWER

EBASCO SERVICES INCORPORATED POWEZ AU'THDITY STATE 07 NEWYO)RK' 

DIV.E,L_ DV. *Z APPROVED INDIAN PINT NO.16N.PP.  
COMPONENWT COOLING WATER SYSTEm AD-9 DATE _tJ.C. . , In, AXILIA( "IA SCALE E / b J.k

ELECTRICAL 
DISTRIBUTION 
SYSTEM 
(SEE AD-22)

Ci z

CONTROL ROOM 
VENTILATION 

(SEE AD-7)



.-MANUAL 
OPERATOR 

OPERATOR 
ACTION 

NITROGEN 
BACKUP 

i SYSTEM 

NO SUPPORT SYSTEMS

EBASCO SERVICES INCORPORATED PDWER ,UTWORITA ST7,TE OF NEW YORVK 

DIV.H.. DR.V.-. APPROVED INDIAN POINT NO.IN..P.  
DATE CH.F E , NITROGEN BACKUP SY5TE1M AD-IO 
SAE'2 AUXILI&RY DIAGRA"~

*1

0 

z

+*



DC 
POWER 

SYS.TEM 
(SEE AD-12)

I-

OPERATOF 
ACTION 

-MANUAL 
. OPERATION

ELECTRICAL 
TRAY 

SYSTEM 
(SEE AD-I B) 

-PROVIDE CABLE 
ROUTING & 
SUPPORT

-FIELD 
DIESEL

FLASH ING 
_ CONTROLS 

i I CITY 

JE WATER 

-MAKEUP TO ~JACKET WATER

SERVICE 
WATER 
SYSTEM 

(SEE AD-B) 

-COOLS DIESEL JACKET 
& LUBE OIL

EBASCO SERVICES INCORPORATED PUEZ kJkTNOZiTY slA'T= OP QIEU YO..

DIV. ME-" DR.-.J APPROVED ItQDlkw PO4T WO kJPP 
DTi eseL GrE;PATZ SY5T: AD-I DATE_ __ C 1 SCALE w eW0 r- -4' 1 101 ]P it. IU II,' IP

DIESEL 

GENERATOR 
CVCTC'M

oil 

z



ELECTRICAL 
DISTRIBUTION 

SYSTEM 
(SEE AD-22) 

-PROVIDES 
DC LOADS & ELECTRICAL 

TRAY SYSTEM CHARGING (SEE AD-18) 
POWER 

-PROVIDES CABLE 
ROUTING & SUPPORT 

S DC I 
POWER

EBASCO SERVICES INCORPORATED PO Z AUT-OZITY STkTE OF WEW YOM 
DIV.M '- "  DR!-- J  APPROVED ) D4IA , P01 T JO - PP AD -12 DATE')_t CA,4 M D- 12 
S C A L E N Jt e 4 , 1 _ _ _ _ _ _ _ _

W 

0o 0



-PROVIDE 
ROUTING

CABLE 
& SUPPORT

DC POWER 
SYSTEM 

(SEE AD-12) 

-PROVIDES CONTROL 
POWER 

-- -

CONTAINMENT I 
ISOLATION I 

SYSTEM 
________i

ELECTRICAL 
DISTRIBUTION 

SYSTEM 
(SEE AD-22) 

-PROVIDE ELECTRICAL 
POWER

EBASCO SERVICES INCORPORATED I OWE? ATNOZ1TY' ok 7 EOP .E .YO X..  

DIV. "--4 DR.-- APPROVED QDIAJ P01 UT WO 6 WPP 
CKA,-F IsoL4Tlow S',STEV AD- 13 DATE 2 SC. AuyLtAz. DlAGP,..AM 

SCALE W I9 4o,,..- L /)14 j4___,_,

ELECTRICAL TRAY 
SYSTEM 

(SEE AD -18)

0

LI 

z

E*



DC SYSTEM 
(SEE AD-12) 

PROVIDE CONi 
POWER 

NITROGEN -SAFETY MOTIVE 
BACK UP. POWER FOR 
SYSTEM !POWER OPERATED 
(SEE AD-lO) ATMOSPHERIC RV'S

TROL

REACTOR -CLOSE I I 
PROTECTION MAIN MAIN STEAM I 
SYSTEM STEAM SYSTEM, 
rcz-Ar -7 ') VALVES I _YTE

ELECTRICAL 
DISTRIBUTIC 
SYSTEM " 
(SEE AD-22) 

-ELECTRICAL 
POWER

-MANUAL VALVE 
CLOSURE 

.-PROVIDE CABLE 
SUPPORT & ROUTING

ELECTRICAL TRAY 
SYSTEM (AD-18)

EBASCO SERVICES INCORPORATED POWE;AUTKORIfTY STATE O NEW YORK 

DIV.mic-H D.V-. APPROVED INDIPN POINT NOSN.P.A L 
DATE C.T MAIN STEA.M SY5'rEM AD-14 DCAEWO~ A-.U .- I LF I,, A. V DlinP-&

N*

0 

z



ELECTRICAL TRAY 

SYSTEM (SEE AD'IS) 

-PROVIDE CABLE 
ROUTING & SUPPORT

I

ELECTRICAL DISTRIBUTION 

SYSTEM (AD-22.) 

- PROVIDE INSTRUMENT 
POWER

EED WATER 
VCT CM

Liiiii II

iREMOVES HEAT 
FROM S/G

AUXILIARY 

FEEDWATER

EBASCO SERVICES -INCORPORATED POWIER AUTKOPlJTY' STAT Dt N1.W YORK 

DIV.M' A'4 DR.V.Z. APPROVED INDIN POINT NO.IN.RR 
DATE ' " F-Z K 'fI EW ER SYS7F M AD-I 
SCALE No"Jr- U I ___ _ 1_"PI __UkI!IA Y

I 
z

I



-RECOMBINER 
SUCTION 

ELECTRICAL 
DISTRIBUTION 
SYSTEM 
(SEE AD-22) 

-PROVIDE 
ELECTRICAL 
POWER I

-TO MAINTAIN 
RECOMBINER FLAME 

r1 

OXYGEN 
SUPPLY 

-TO START & 
HYDROGEN OMAIN MAINTAIN 

" RECOMBINER HYDROGEN STABLE 

SUPPLY IRECOMBINER I F L AME 

"I SUPPLY 

I -SUPPLY PNEU 
LJ VALVES & 

INSTRUMENTS 
ASSUMING NO 

OPERATOR INSTRUMENT 
ACTION IAIR

ELECTRICAL TRAY 
SYSTEM (SEE AD-18)

-PROVIDE CABLE 
ROUTING & SUPPORT

OPERATION 
DC SYSTEM 

(SEE AD-12) 

-PROVIDE CONTROL 
POWER

EBASCO SERVICES INCORPORATED POWEIp ,UTWOR1Y ST7ZTE O NEW YCOAK 

DIV.rM'(1 DR.V.Z. APPROVED INDIAN POINT ND1N.RRI 
ok HYDROGEN P.EC0M,1NER SYSTEMI AD-16 DATE -  -,,_. AC RILIA.PY DIAPG ,A SCALE W1Ot F- Y_ m I w I'# " I

CONTAINMENT 
RECIRCULATION 
FANS 
(SEE AD-21)

u- I,

ill zq

:.I



ELECTRI CAL 
DISTRIBUTION 
SYSTEM 
(SEE AD-22) 

-PROVIDES AC 
POWER

DC POWER 
SYSTEM 

(SEE AD-12) 

-PROVIDES 
POWER 

t REACTOR ICONTROL ROOM 
I. ,ROTCTIO -IVENTILATION 

I "" "IO 'i% (SEE AD-7) 
I SYSTEM I CONTROL 

L 4- ROOM 
COOLING 

..... OPERATOR 
ACTION 

-PROVIDES 
MANUAL 
OPERATION

EBASCO SERVICES INCORPORATED CDMJ-P 4UTHOZITY STATE 0r kIEW YoPe 
DIV.mr=El-L DR.CJ APPROVED IWDIAF. klvr w, 7pp 

I IZ-.TCP. P-OTEZTIu 'sYTs AD-17 
DATE- 2 -CA =  .. . AUJLIA.Y lA,GPkM 
SCALE 0W- .L I I W _P_ I

0 

z



I TRAY 
I SYSTEM 

L.

- PROVIDES 
CABLE 
COOLING

EBASCO SERVICES INCORPORATED POWER AUTH0F!', STATE 0v NE44 YOR$K 

DI\' MECH DRPL APPROVED INDIA~N POINIT NO 5 
DATE 12-6CH_ TRAY 5Y5TEM AD-IS.  
SCALE NiONE- AUXILIPAP'Y DINGRM I

(4 
IJ~ 

A 

N 

o 0 
LI~ 

z



TRAY SYSTEM 

(SEE AD-I8) 

1 -CABLE ROUTING 
& SUPPORT

~1K

-ELECTRICAL POWER

EBASCO SERVICES INCORPORATED POWER AUTkORITY 5TATE OF NEWYORK 

DIV. 4AEL u DR." APPROVED IWDI , POIT MO3 

DATE 10-4 CKi.I l,.41VA - cz' ,. 

SCALE~ _____7_/rIwe~k

HVAC 

(ELEC' TUNNEL & CONT 
BLDG)

0I 
z

ELECTRICAL DISTRIBUTION 
SYSTEM 

(SEE AD-22)

_____J



I I 
NO SUPPORT SYSTEMS

EBASCO SERVICES INCORPORATED POJEz AUTPO ITY 5"ATE O WEJ-W YOZ.  

DIV." EY- DR.-:'-J APPROVED lDIA Q P JO3 Q0.5 VJPP 

DATE L'ZC 4'T- , TE"GEU ACTUATION cYTEm AD-20 
SCALE h4 o ULIA- I

NITROGEN 
ACTUATION

iL 

C



SERVICE WATER 
SYSTEM (SEE AD-B)

ELECTRICALI 
TRAY ,.  
SYSTEM I 
(SEE AD-18)I 

-PROVIDE CABLE I 
ROUTING & 
SUPPORT.

-PROVIDE 
COOLI N G

-PROVIDE 
ELECTRICAL 
POWER

ELECTRICAL DISTRIBUTION 
SYSTEM (SEE AD-22)

EBASCO SERVICES INCORPORATED poUJE~p A.T-OEATY S"TAE OF- 14Ej YOiv 

DIV.-- DR.K-EJ APPROVED I QOIt JT Q0 1 PP 
DATE--CHL.C" .,.4,0,T/, CIC F-Q u AD2 

NCALJ o E -  ' _U__LIAY D__A.  
SCAL Q0 101 I50A I VP,

CONTAINMENT 
RECIRCULATION FAN UNITS

z



DIESEL.  
GENERATOR 
(SEE AD-il) 

PROVIDES 
EMERGENCY 
ELECTRICAL 
POWER F 

ELECTRICA 

OFFSITE ELI. E 
POWER ! "DISTF 
SYSTEM Eu 
PROVIDES 

E PREFERRED SOU/RCE / 
OF EMERGENCY 
ELECTRICAL POWER/ 

ELECTRICAL 
TRAY SYSTEM i 
(SEE AD- IS) 

PROVIDES REACTOI 

CABLE SYSTEM 
ROUTING & (SE 

SUPPORT

R PROTECTION 

:E. AD - 17)

OPERATOR 
ACTION 

MANUAL 
OPERATION

DC POWER 
I SYSTEM 

(SEE AD- 12) 
PROVIDES 

CONTROL 
POWER & 
EMERGENCY 
POWER TO 
INVERTERS

CONTROL ROOM 
VENTILATION 

(SEE AD 7)

-CONTROL 
COOLING

ROOM

EBASCO SERVICES INCORPORATED ,>oujEwp. AUrjTho- SIg"E OF IdEW Yozr 

DIy.Nf"i DRYE-J APPROVED I DIkQ P3IKT WJO .AJPP 
DATE B CTPCH.AF -U Q.CI" L M -. WJ AD22 
SCALE t-c'F 0JJ~ 1 z PA,,-

:TRICAL 
RIBUTION 
IPMENT

4

2



ELECTRICAL TRAY 
SYSTEM 
(SEE AD-IB) 

-PROVIDES CABLE 
ROUTING & SUPPORT

MAIN STEAM 
SYSTEM 
(SEE AD-14) 

-STEAM SUPPLY 

TO AUX FEED 
PUMP TURBINE 

DC 
POWER SYSTEM .  
(SEE AD-12)

-PROVIDES " 
CONTROL POWER

OPERATOR 
ACTION 

- MANUAL 
OPERATION

AUXILIARY 
FEEDWATER 
SYSTEM

-ALTERNATE 
WATER SOURCE 

ELECTRICAL 
DISTRIBUTION 
SYSTEM (SEE AD-22 

-PROVIDES 
ELECTRICAL 
POWER

NITROGEN BACKUP 
(SEE AD-10)

AUX FEED 

WATE R F 
ACTUATION V ,SIGNAL., 

-INITIATES AUX 
FEEDWATER

IOTIVE POWER 
OR PNEUMATIC 

'ALVES

EBASCO SERVICES INCORPORATED [oUwE. kU'HO..'' s'ATE OF w4EWYOIr_ 

DIV.M c_ DR.YJ APPROVED IDIAN POINT Uid B PP 
AUXIL .Z FEz,w,7'mJ 5YSTEm AD-2 DATE _ 

'
_

- C. L - A.UKILlAoZY 01A-[.M 
SCALE ,.I t - I/ 1 0+,-

L
N 

~ 0 

z


