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1. PURPOSE 

The primary purpose of this document is to develop a preliminary high-level hctional and 
physical control system architecture for the potential repository at Yucca Mountain. This 
document outlines an overall control system concept that encompasses and integrates the many 
diverse process and communication systems being developed for the subsurface repository 
design. This document presents integrated design concepts for monitoring and controlling the 
diverse set of subsurface operations. 

The Subsurface Repository Integrated Control System design will be composed of a series of 
diverse process systems and communication networks. The subsurface repository design 
contains many systems related to instrumentation and control (I&C) for both repository 
development and waste emplacement operations. These systems include waste emplacement, 
waste retrieval, ventilation, radiological and air monitoring, rail transportation, construction 
development, utility systems (electrical, lighting, water, compressed air, etc.), fire protection, 
backfill emplacement, and performance confirmation. Each of these systems involves some 
level of I&C and will typically be integrated over a data communications network throughout the 
subsurface facility. The subsurface I&C systems will also interface with multiple surface-based 
systems such as site operations, rail transportation, security and safeguards, and electricallpiped 
utilities. In addition to the I&C systems, the subsurface repository design also contains systems 
related to voice and video communications. The components for each of these systems will be 
distributed and linked over voice and video communication networks throughout the subsurface 
facility. 

The scope and primary objectives of this design analysis are to: 

e 

a 

e 

0 

e 

e 

Identify preliminary system-level hct ions and interfaces (Section 6.2). 

Examine the overall system complexity and determine how and on wh-t levels the 
engineered process systems will be monitored, controlled, and interfaced (Section 6.2). 

Develop a preliminary design for the overall Subsurface Repository Integrated Control 
System hctional architecture and graphically depict the operational features of this 
design through a series of control system hctional block diagrams (Section 6.2). 

Develop a physical architecture that presents a viable yet preliminary physical 
implementation for the Subsurface Repository Integrated Control System hctional 
architecture (Section 6.3). 

Develop an initial concept for an overall subsurface data communications network that 
can be used to integrate the various control systems comprising the Subsurface 
Repository Integrated Control System (Section 6.4). 

Develop a preliminary central control room design for the Subsurface Repository 
Integrated Control System (Section 6.5). 
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Identify and discuss the general safety-related issues and design strategies with respect 
to development of the Subsurface Repository Integrated Control System (Section 6.6) 

0 Discuss plans for the Subsurface Repository Integrated Control System’s response to 
off-normal operations (Section 6.7). 

Discuss plans and strategies for developing software for the Subsurface Repository 

A series of previous analyses have focused primarily on two specific control systems for the 
subsurface repository, namely the Waste Emplacement System (DIRS 19, DIRS 22, DIRS 23, 
DIRS 24, and DIRS 25) and the Performance Confirmation System (DIRS 21). There are a 
number of repository systems for which I&C design work has not yet been initiated, including 
systems such as fire protection, utilities, and others. As stated earlier, this design analysis is an 
initial effort to develop a control system design that integrates the entire subsurface repository. 

Integrated Control System (Section 6.8). 

The method used in the development of this document consists in identifying the various 
subsurface process controllmonitoring functions and communications requirements, examining 
some key implementation strategies, and developing a preliminary conceptual design based on 
available and emerging technologies. This analysis is an initial effort to develop concepts related 
to a subsurface facility-wide process monitoring, control, and communications system. As such, 
the methodology of this analysis combines examination of the System Description Documents 
(SDDs), evaluation and identification of existing systems and technologies, and discussion and 
preliminary analysis of key issues and ideas related to integrated subsurface monitoring, control, 
and communications. 

The general approach in developing this analysis is to: 

Identify and review the key design input source documents (the SDDs). 

0 Perform preliminary analyses and design activities. 

0 Summarize key findings. 

0 Provide recommendations. 

This document supports the development of Section 2.0 of the SDDs cited in Section 6.2.2 of 
this analysis which, in turn, will support the Site Recommendation Consideration Report. 

2. QUALITY ASSURANCE 

The Subsurface Repository Integrated Control System, which is part of the Monitored Geologic 
Repository (MGR) Operations Monitoring and Control System, has been classified in accordance 
with QAP-2-3, Classijkation of Permanent Items, and found to be quality affecting (DIRS 31). 
This design activity has been evaluated in accordance with QAP-2-0, Conduct of Activities 
(DIRS 28), and has been determined to be quality affecting subject to the requirements of the 
Quality Assurance Requirements and Description (DIRS 29). This design analysis has been 
prepared in accordance with an approved development plan (DIRS 71). 
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3. COMPUTER S0FII;vARE AND MODEL USAGE 

This section is not applicable. There are no applicable computer software or models that are 
used in support of this analysis. 

4. INPUTS 

4.1 DATAANDPARAME 1 TERS 

This section is not applicable. There are no numerical, scientific, or performance assessment 
values that are applicable to this analysis. 

4.2 CRITERIA 

The criteria identified in this section are the only applicable portions of the SDDs related to the 
preliminary design concepts presented in this analysis. Other SDD criteria will become 
applicable at more refined levels of I&C system design, but do not impact the designs presented 
herein. 

4.2.1 

4.2.2 

4.2.3 

4.2.4 

4.2.5 

The Performance Confirmation Emplacement Drift Monitoring System shall monitor 
emplaced waste packages, emplacement drift environmental conditions, and 
emplacehecover drift test coupons. Refer to the Performance Confirmation 
Emplacement Drift Monitoring System Description Document (DRS 5), Volume I, 
Sections 1.1.1 through 1.1 S, p. 6; (used in Section 6.2.2.4). 

The Waste Emplacement System shall receive loaded waste packages, transport waste 
packages to the subsurface, emplace waste packages, provide remote control capability 
for waste transport, emplacement, recovery and removal operations, provide remote 
visual surveillance of transport and emplacement operations, and interface with other 
MGDS systems. Refer to the Waste Emplacement System Description Document (DIRS 
2), Volume I, Sections 1.1.1 through 1.1.7, p. 7; (used in Section 6.2.2.2). 

The Subsurface Ventilation System shall generate and control air flow in development 
and emplacement areas, control air temperature in development and emplacement areas, 
maintain air quality in development and emplacement areas, provide air cleanup and 

dispersion, control human access to emplacement areas, provide monitored status of 
system operation, control the spread of combustion products due to fire, and provide 
operation parameters and air-related environmental data to facility control systems. 
Refer to the Subsurface Ventilation System Description Document (DIRS l), Volume I, 
Sections1.1.1through1.1.7,1.1.1O,and 1.1.1lYp.6;(usedinSection6.2.2.8). 

filtration in development and emplacement areas, limit radioactive con taminant 

The Waste Retrieval System shall retrieve emplaced waste packages under normal and 
abnormal conditions. Refer to the Waste Retrieval System Description Document 
(DIRS 6), Volume I, Sections 1.1.1 through 1.1.4, p. 7; (used in Section 6.2.2.6). 

The Backfill Emplacement System shall transport backfill material to the subsurface 
facility and place backfill material in the emplacement drifts. Refer to the Buc@ll 
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Emplacement System Description Document @IRS 7), Volume I, Sections 1.1.2 and 
1.1.3, p. 6; (used in Section 6.2.2.7). 

4.2.6 

4.2.7 

4.2.8 

The Ground Control System shall monitor the behavior of ground control components 
and the host rock. Refer to the Ground Control System Description Document @IRS 
4), Volume I, Section 1.1.3, p. 6; (used in Section 6.2.2.14). 

The Performance Confirmation Data Acqukitionhlonitorhg System shall monitor, 
test, and collect data on repository excavation, borehole parameters, and waste package 
parameters. Refer to the Performance Confirmation Data AcquisitiodMonitoring 
System Description Document @IRS 8), Volume I, Sections 1.1.4 and 1.1.5, p. 8; 
(JBV-407); (used in Section 6.2.2.5). 

The MGR Operations Monitoring and Control System shall provide for the centralized 
monitoring and control of essential activities and safety-related systems throughout the 
subsurface repository. Refer to the Monitored Geologic Repository Operations 
Monitoring and Control System Description Document @IRS 3), Volume I, Sections 
1.1.1, 1.1.2, 1.1.3, 1.1.6 through 1.1.14, 1.1.16, and 1.1.17, pp. 8-9; (TBV-3759). The 
individual system functions are listed below by section and page number of this 
document insofar as they apply to subsurface operational activities: 

0 From a central control room, the system monitors, controls, and interfaces, as 
necessary, with all operating subsurface systems. Refer to Section 1.1.1, p. 8; (used 
in Section 6.5). 

The system provides supervisory control of the subsurface ventilation system under 
normal, emergency, and “off-normal” conditions. Refer to Section 1.1.2, p. 8; (used 
in Section 6.2.2.8). 

0 The system provides supervisory control of the subsurface utilities such as power 
distribution. Refer to Section 1.1.3, p. 8; (used in Sections 6.2.2.12 and 6.2.2.13). 

0 The system controls the orderly shutdown of subsurface systems. Refer to Section 
1.1.6, p. 8; (used in Section 6.7.3). 

0 The system monitors the status of the subsurface operational safety systems involving 
waste emplacement. Refer to Section 1.1.7, p. 8; (used in Sections 6.2.2.2 and 
6.2.2.3). 

The system monitors and controls safety systems, and responds to and recovers from 
off-normal events and Category I and I1 Design Basis Events. Refer to Section 1.1.8, 
p. 8; (used in Sections 6.2.2.1 and 6.7.1). 

The system monitors and controls operational startup of the subsurface facility 
following a routine or off-normal operations shutdown. Refer to Section 1.1.9, p. 8; 
(used in Sections 6.2.2.1 and 6.7.3). 
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0 The system provides alarms when off-normal conditions are detected by systems 
providing data to it. Refer to Section 1.1.10, p. 8; (used in Sections 6.2.2.1 and 
6.7.3). 

0 The system monitors subsurface equipment performance and diagnostics to ensure it 
is operating within the established design limits. Refer to Section 1.1.1 1; p. 8; (used 
in Section 6.2.2.1). 

0 The system interfaces with other MGR systems to exchange information for 
integrated control and monitoring of subsurface operations. Refer to Section 1.1.12, 
p. 8; (used in Section 6.2.2.1). 

The system provides a centralized capability for generating, accessing, monitoring, 
processing, and managing subsurface voice, audio, video, and data communications. 
Refer to Section 1.1.13, p. 8; (used in Section 6.2.2.1 1). 

0 The system provides monitoring, tracking, and trending of radioactive effluents which 
may be accidentally released to the subsurface environment. Refer to Section 1.1.14, 
p. 9; (used in Section 6.2.2.5). 

0 The system monitors, reports, and stores subsurface environmental data. Refer to 
Section 1.1.16, p. 9; (used in Section 6.2.2.9). 

The system completes, by remote control, all waste emplacement and performance 
codirmation operations. Refer to Section 1.1.17, p. 9; (used in Sections 6.2.2.2 and 
6.2.2.4). 

The MGR Operations Monitoring and Control System shall initiate local and remote 
alarms in response to subsurface radiation hazards. Refer to the Monitored Geologic 
Repository Operations Monitoring and Control System Description Document @IRS 
3), Volume I, Section 1.2.1.9, p. 10; (used in Section 6.2.2.9). 

4.2.10 The MGR Operations Monitoring and Control System shall monitor and initiate an 
alarm for low differential pressure between all emplacement drifts and the related 
emplacement drift turnouts. Refer to the Monitored Geologic Repository Operations 
Monitoring and Control System Description Document @IRS 3), Volume I, Section 
1.2.1.11,~. ll;(usedinSection6.2.2.8). 

4.2.9 

4.2.1 1 The MGR Operations Monitoring and Control System shall monitor the status of the 
emplacement drift isolation doors and initiate alarms to warn control room operators if 
personnel attempt to enter the emplacement drifts with a high radiation potential. Refer 
to the Monitored Geologic Repository Operations Monitoring and Control System 
Description Document @IRS 3), Volume I, Section 1.2.1.15, p. 11; (used in Section 
6.2.2.2). 

4.2.12 The MGR Operations Monitoring and Control System shall provide for simultaneous 
real-time monitoring and control of all remote operations. Refer to the Monitored 
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4.2.13 

4.2.14 

4.2.15 

4.2.16 

4.2.17 

4.2.18 

4.2.19 

4.2.20 

Geologic Repository Operations Monitoring and Control System Description Document 
(DIRS 3), Volume I, Section 1.2.1.22, p. 12; (used in Section 6.2.2.1). 

The MGR Operations Monitoring and Control System shall provide backup data storage 
of critical operational monitoring, alarm status, environmental conditions, and safety- 
related data. Refer to the Monitored Geologic Repository Operations Monitoring and 
Control System Description Document (DIRS 3), Volume I, Section 1.2.1.23, p. 12; 
(used in Section 6.2.2.1). 

The MGR Operations Monitoring and Control System shall have the capability for 
hardware and software expansion with minimum impact on existing hardware, 
applications software and the real-time operating system. Refer to the Monitored 
Geologic Repository Operations Monitoring and Control System Description Document 
(DIRS 3), Volume I, Section 1.2.1.27, p. 12; (used in Sections 6.2.2.1 and 6.3.1.10). 

The MGR Operations Monitoring and Control System shall provide diversity, 
separation, or other means to reduce the likelihood of common-cause failures of 
redundant controls and status indications important to safety systems. Refer to the 
Monitored Geologic Repository Operations Monitoring and Control System Description 
Document (DIRS 3), Volume I, Section 1.2.2.1.9, p. 17; (used in Section 6.3.1.4). 

The MGR Operations Monitoring and Control System shall provide the capability to 
monitor area radiation levels (direct radiation, gaseous, and airborne particulate) during 
normal operations and credible design basis events. Refer to the Monitored Geologic 
Repository Operations Monitoring and Control System Description Document (DIRS 
3), Volume I, Section 1.2.2.1.17, p. 1 8; (used in Section 6.2.2.9). 

The MGR Operations Monitoring and Control System shall initiate a radiation alarm 
system to warn of significant increases in radiation levels and concentrations of 
radioactive materials in the air. Refer to the Monitored Geologic Repository Operations 
Monitoring and Control System Description Document (DIRS 3), Volume I, Section 
1.2.2.1.19, p. 18; (used in Section 6.2.2.9). 

The MGR Operations Monitoring and Control System shall be designed such that a 
single failure of the redundant communications between the master control unit and the 
RTU will not affect monitoring and remote control of ITS operations. Refer to the 
Monitored Geologic Repository Operations Monitoring and Control System Description 
Document (DIRS 3), Volume I, Section 1.2.2.1.20, p. 18; (used in Sections 6.3.1.4 and 
6.6.2.1). 

The MGR Operations Monitoring and Control System shall monitor and alarm for low 
differential pressure between the emplacement and development areas. Refer to the 
Monitored Geologic Repository Operations Monitoring and Control System Description 
Document (DIRS 3), Volume I, Section 1.2.2.1.21, p. 18; (used in Section 6.2.2.8). 

The Subsurface Fire Protection System shall provide personnel and system, structure, 
and component protection fiom identified in-situ and transient fire hazards, and fiom 
the effects of fire suppression agents. Refer to the Subsurface Fire Protection @stem 
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Description Document (DIRS 9), Volume I, Section 1.1.1, p. 7; (used in Section 
6.2.2.10). 

4.2.21 

4.2.22 

4.2.23 

4.2.24 

4.2.25 

4.2.26 

4.2.27 

4.2.28 

4.2.29 

The Subsurface Fire Protection System shall provide the means to control, prevent 
propagation, and extinguish subsurface fires. Refer to the Subsurface Fire Protection 
System Description Document (DIRS 9), Volume I, Section 1.1.2, p. 7; (used in Section 
6.2.2.10). 

The Subsurface Fire Protection System stall provide means for the detection and 
annunciation of subsurface lires. Refer to the Subsurface Fire Protection System 
Description Document (DIRS 9), Volume I, Section 1.1.3, p. 7; (used in Section 
6.2.2.10). 

The Subsurface Fire Protection System shall distribute and provide the means to deliver 
lire suppression in the subsurface areas. Refer to the Subsurface Fire Protection System 
Description Document (DIRS 9), Volume I, Section 1.1.4, p. 7; (used in Section 
6.2.2.10). 

The Subsurface Fire Protection System shall provide the means to detect, control, and 
mitigate credible unplanned subsurface explosion hazards. Refer to the Subsurface Fire 
Protection System Description Document (DIRS 9), Volume I, Section 1.1.5, p. 7; (used 
in Section 6.2.2.10). 

The Subsurface Fire Protection System shall provide occupant notification of 
subsurface fue emergency/evacuation conditions. Refer to the Subsurface Fire 
Protection System Description Document (DIRS 9), Volume I, Section 1.1.6, p. 7; (used 
in Section 6.2.2.10). 

The Subsurface Electrical Distribution System shall distribute electrical power during 
construction, operation, caretaker and closure phases of the repository. Refer to the 
Subsurface Electrical Distribution System Description Document (DIRS lo), Volume I, 
Section 1.1.1, p. 7; (used in Section 6.2.2.12). 

The Subsurface Electrical Distribution System shall monitor incoming power quality, 
system operating parameters, and equipment status. Refer to the Subsurface Electrical 
Distribution System Description Document (DES lo), Volume I, Section 1.1.3, p. 7; 
(used in Section 6.2.2.12). 

The Subsurface Electrical Distribution System shall provide normal and standby power. 
Refer to the Subsurface Electrical Distribution System Description Document (DIRS 
lo), Volume I, Section 1.1.5, p. 7; (used in Section 6.2.2.12). 

The Subsurface Electrical Distribution System shall distribute and transform electrical 
power for the subsurface facility. Refer to the Subsurface Electrical Distribution 
System Description Document (DIRS lo), Volume I, Section 1.1.6, p. 7; (used in 
Section 6.2.2.12). 
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4.2.30 The Subsurface Electrical Distribution System shall provide lighting, grounding, and 
lightning protection for the subsurface facility. Refer to the Subsurface Electrical 
Distribution System Description Document (DIRS lo), Volume I, Section 1.1.7, p. 7; 
(used in Section 6.2.2.12). 

4.2.3 1 The Subsurface Excavation System shall excavate the subsurface openings necessary to 
gain access and conduct operations in the underground environment for waste 
emplacement and associated operations. Refer to the Subsurface Excavation System 
Description Document (DIRS l l) ,  Volume I, Section 1.1.1, p. 8; (used in Section 
6.2.2.14). 

4.3 CODES AND STANDARDS 

4.3.1 

4.3.2 

IEEE Std 352-1987 

IEEE Std 577-1976 I 

IEEE Std 730-1998 

IEEE Std 730.1-1995 

IEEE Std 828-1990 

ANSVIEEE Std 829-1983 

American Society of Mechanical Engineers (ASME) 

ASME NQA-1-1997 Quality Assurance Program Requirements for 
Nuclear Facility Applications (1 997) (DIRS 36) 

Institute of Electrical and Electronics Engineers (IEEE) 

IEEE Std 7-4.3.2-1993 IEEE Standard Criteria for Digital Computers in 
Safety Systems of Nuclear Power Generating 
Stations (1 993) (DIRS 37) 

IEEE Guide for General Principles of Reliability 
Analysis of Nuclear Power Generating Station 
Protection Systems (1 987) (DIRS 3 8) 

IEEE Standard Requirements for Reliability 
Analysis in the Design and Operation of Safety 
Systems for Nuclear Power Generating Stations 
(1976) (DIRS 39) 

IEEE Standard Criteria for Safety Systems for 
Nuclear Power Generating Stations (1 99 1) (DIRS 
40) 

IEEE Standard for Software Quality Assurance 
Plans (1998) (DIRS 41) 

IEEE Guide for Sofhyare Quality Assurance 
Planning (1 995) (DIRS 42) 

IEEE Standard for Sofware Configuration 
Management Plans (1 990) (DIRS 43) 

IEEE Standard for Software Test Documentation 
(1983) (DIRS 44) 

IEEE Std 603-1991 
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IEEE Recommended Practice for Software 
Requirements SpeciJications (1 993) @I= 45) 

IEEE Std 830-1993 

IEEE Std 1008-1987 IEEE Standard for Software Unit Testing (1987) 
@IRS 46) 

IEEE Std 1012-1986 IEEE Standard for Software Ver$cation and 
Validation Plans (1986) (DIRS 47) 

IEEE Recommended Practice for Software Design 
Descriptions (1987) (DIRS 48) 

IEEE Std 1016-1987 

IEEE Std 1023-1988 IEEE Guide for the Application of Human Factors 
Engineering to @stems, Equipment, and Facilities 
of Nuclear Power Generating Stations (1 988) 
(DIRS 49) 

IEEE Standard for Software Reviews and Audits 
(1988) (DIRS 50) 

IEEE Std 1028-1988 

IEEE Std 1042- 1987 Configuration IEEE Guide to Sofiware 
Management (1 987) (DRS 5 1) 

IEEE Guide for Software Verification and 
Validation Plans (1993) (DIRS 52) 

IEEE Std 1059-1993 

IEEE Std 1063-1987 IEEE Standard for Software User Documentation 
(1987) (DIRS 53) 

IEEE Standard for Developing SoNare Lfe Cycle 
Processes (1995) (DIRS 54) 

IEEE Std 1074- 1995 

4.3.3 U. S. Nuclear Regulatory Commission 

NuREG/CR-6 1 0 1 Soflware Reliability and Safety in Nuclear Reactor 
Protection @stems (November 1993) (DIRS 56) 

High Integrity Software for Nuclear Power Plants 
(June 1995) (DIRS 57) 

NUREG/CR-6263 

NUREG/CR-6278 

NUREG/CR-6294 

Survey of Industry Methodr for Producing Highly 
Reliable Software (November 1994) (DIRS 58) 

Design Factors for Safety-Critical Software 
(December 1994) (DIRS 59) 

I 
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NUREG/CR-642 1 

NUREG/CR-6463 Rev. 1 

NUREG/CR-6465 

Regulatory Guide 1.1 52 Rev. 1 

Regulatory Guide 1.1 53 Rev. 1 

Regulatory Guide 1.168 

Regulatory Guide 1.169 

Regulatory Guide 1.170 

Regulatory Guide 1.17 1 

Regulatory Guide 1.172 

Regulatory Guide 1.173 

A Proposed Acceptance Process for Commercial 
W-the-Shelf (COTS) Software in Reactor 
Applications (March 1996) (DIRS 60) 

Review Guidelines for Software Languages for Use 
in Nuclear Power Plant Safety Systems (October 
1997) @IRS 61) 

Development of Tools for Safety Analysis of Control 
Software in Advanced Reactors (April 1996) @IRS 
62) 

Criteria for Digital Computers in Safety Systems of 
Nuclear Power Plants (January 1996) @IRS 63) 

Criteria for Safety Systems (June 1996) @IRS 64) 

Verijication, Validation, Reviews, and Audits for 
Digital Computer Software Used in Safety Systems 
of Nuclear Power Plants (September 1997) @IRS 
65) 

Configuration Management Plans for Digital 
Computer Sofiware Used in Safety Systems of 
Nuclear Power Plants (September 1997) (DIRS 66) 

Somare Test Documentation for Digital Computer 
Sojhvare Used in Safety Systems of Nuclear Power 
Plants (September 1997) @lRS 67) 

Software Unit Testing for Digital Computer 
Software Used in Safe& Systems of Nuclear Power 
Plants (September 1997) @IRS 68) 

Sofiare Requirements Specifications for Digital 
Computer Software Used in Safety Systems of 
Nuclear Power Plants (September 1997) (DIRS 69) 

Developing Software Lfe  Cycle Processes for 
Digital Computer Software Used in Safety Systems 
of Nuclear Power Plants (September 1997) (DIRS 
70) 

5. ASSUMPTIONS 

5.1 The Subsurface Emplacement Transportation System shall provide remote rail switching 
throughout the subsurface facility (used in Section 6.2.2.3). It is expected that this 
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5.2 

5.3 

5.4 

5.5 

5.6 

5.7 

5.8 

system function will be included in the forthcoming Subsurface Emplacement 
Transportation System Description Document p V - 4 0 6 )  (DIRS 12). 

The Subsurface Emplacement Transportation System shall provide train collision and 
derailment protection throughout the subsurface facility (used in Section 6.2.2.3). It is 
expected that this system function will be included in the forthcoming Subsurface 
Emplacement Transportation System Description Document (TBV-406) (DIRS 12). 

The Subsurface Emplacement Transportation System shall provide an electrification 
system to power rail vehicles throughout the subsurface facility (used in Section 6.2.2.3). 
It is expected that this system function will be included in the forthcoming Subsurface 
Emplacement Transportation System Description Document (TBV-406) (DIRS 12). 

The Subsurface Compressed Air System shall provide for the distribution of compressed 
air throughout subsurface areas (used in Section 6.2.2.13). It is expected that this system 
fhction will be included in the forthcoming Subsurface Compressed Air System 
Description Document (TBV-409) (DIRS 13). 

The Subsurface Water Distribution System shall provide for the distribution of both 
potable and non-potable water throughout subsurface areas for underground construction 
and development activities (used in Section 6.2.2.13). It is expected that this system 
function will be included in the forthcoming Subsurface Water Distribution System 
Description Document (TBV-4 15) (DIRS 15). 

The Subsurface Water CollectionRemoval System shall provide for the collection of 
water from subsurface areas (used in Section 6.2.2.13). It is expected that this system 
function will be included in the forthcoming Subsurface Water CollectiodRemoval 
System Description Document (TBV-411) (DIRS 14). 

The Subsurface Water CollectiodRemoval System shall provide for the removal of 
collected water from the subsurface (used in Section 6.2.2.13). It is expected that this 
system function will be included in the forthcoming Subsurface Water 
CollectiodRemoval System Description Document (TBV-4 1 1) (DIRS 14). 

The Subsurface Water CollectiodRernoval System shall provide for the treatment of 
water removed fiom the subsurface (used in Section 6.2.2.13). It is expected that this 
system function will be included in the forthcoming Subsurface Wuter 
CollectiodRemoval System Description Document (TBV-411) (DIRS 14). 

5.9 The Muck Handling System shall provide for the transportation of excavated rock from 
subsurface areas to the surface (used in Section 6.2.2.14). It is expected that this system 
function will be included in the forthcoming Muck Hading System Description 
Document (TBV-417) (DIRS 16). 

5.10 The Subsurface Development Transportation System shall provide for rail transportation 
to and fiom development throughout the subsurface facility (used in Section 6.2.2.14). It 
is expected that this system function will be included in the forthcoming Subsurface 
Development Transportation System Description Document (TBV-12 13) (DIRS 17). 
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6. ANALYSIS 

6.1 INTRODUCTION 

This analysis discusses preliminary design concepts for a subsurface facility-wide integrated 
monitoring and control system, known as the Subsurface Repository Integrated Control System. 
Functions related to subsurface control are identified primarily from the SDDs listed in Section 
6.2.2. These functions are organized systematically in functional block diagrams (Section 6.2). 
These diagrams show the basic data flow and system separation of subsurface activities and 
fhctions. These functions are organized in a logical manner to be implemented by the 
equipment shown in the physical architecture diagrams (Section 6.3). Both the functional and 
physical diagrams show a control hierarchy in a layered setup. In the functional block diagrams, 
these layers separate the high-level functions, based on the SDD descriptions, from lower level 
sub-functions. The physical architecture diagrams depict the control and monitoring hierarchy 
and show the different levels of control. The scope of this document does not include site-wide 
integration. 

The data communications system, which correlates to the physical architecture, is discussed in 
Section 6.4. A preliminary control room layout design for the Subsurface Repository Integrated 
Control System is presented in Section 6.5. Section 6.6 discusses safety-related issues pertaining 
to the Subsurface Repository Integrated Control System design. A plan for addressing off- 
normal operations is given in Section 6.7. Section 6.8 discusses plans and strategies for 
developing and managing s o h a r e  for the Subsurface Repository Integrated Control System. 

6.2 SUBSURFACE REPOSITORY INTEGRATED CONTROL SYSTEM 
FUNCTIONAL ARCHITECTURE 

This section presents a preliminary functional architecture for the Subsurface Repository 
Integrated Control System. It presents a series of control system functional block diagrams that 
correlate key high-level functions identified in the SDDs to specific equipment and components 
being designed by the Repository Subsurface Design Group. In essence, the functional block 
diagrams map SDD functions into the individual systems, structures, and components (SSCs) 
being developed to satisfj. subsurface repository operations. 

The preliminary functional block diagrams for the MGR systems are graphically represented by 
the group of figures located at the end of this section (see Figures 1 through 18). Each figure 
depicts an eight-level vertical hierarchy of I&C or communications-related SSCs located 
throughout the repository. Each level (or layer) contains functional elements that tend to become 
more specific or specialized in moving from top to bottom through the hierarchical structure. 
The functional block diagrams identify primary system-level functions and interfaces, and 
identi@ on what levels these systems will be controlled and integrated. They also provide an 
indication of the overall size and complexity involved in developing an integrated control system 
for the subsurface repository. 

6.2.1 Overview of Control System Functional Block Diagrams 

The conceptual and graphical format for the functional block diagram figures appearing in this 
design analysis were adapted in part from a methodology for developing a logical hierarchical 
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architecture developed by the National Institute of Standards and Technology. The National 
Institute of Standards and Technology methodology has been applied to the design of various 
complex systems including automated control systems in the mining industry. Refer to the 
Mining Automation Real-Time Control system Architecture Standard Reference Model 
(MSREW @IRS 18) for more information regarding the National Institute of Standards and 
Technology hierarchical structuring technique. 

The development strategy for organizing the functional architecture presented in Figures 1 
through 18 was to correlate items at the system level of the hierarchy with the process systems 
related to the subsurface operations of the MGR outlined in the SDDs. On each control system 
functional block diagram is one or more double-lined blocks. A double-lined block indicates 
that its depicted lower level hierarchical tree is both graphically and functionally rooted at this 
point. 

The elements appearing on the site, facility, system, and primary function levels graphically 
represents all of the peer system interfaces and functional subsystems described in the various 
SDDs shown on the figures as double-lined blocks. Usually, the block elements on the site, 
facility, and system levels carry their corresponding SDD reference number in the upper right- 
hand comer. The various process elements linked together throughout the remaining 
equipmendsubsystem, operation, monitoringlcontrol, and device levels of the hierarchy denote 
functional SSCs described in various design analyses, technical reports, or drafl documents. 

The hierarchical levels or layers of the functional design architecture for the subsurface 
repository are defined and described in general in this section. Also noted here are examples of 
the types of items that appear on each layer and how each layer interfaces with the layers above 
and below it. 

The “Site Level” identifies SDD systems that have a functional range extending throughout the 
MGR. These site-wide SDDs encompass both surface and subsurface functions and operations. 
These SDD systems interface primarily with the subsurface portion of the MGR Operations 
Monitoring and Control System (OMCS), known as the Subsurface Repository Integrated 
Control System, appearing on the facility level. 

The “Facility Level” identifies SDD systems whose I&C-related functions impact the subsurface 
facility as a whole and interface directly with site-level SDD systems. The primary element on 
this level is the subsurface portion of the MGR OMCS, known as the Subsurface Repository 
Integrated Control System. This system will functionally serve in a supervisory capacity for the 
entire subsurface repository and, as such, will coordinate, monitor, and control all key 
operational, performance, and safety-related activities. 

The “System Level” identifies each subsurface SDD system that includes I&C-related functions 
and shows primary interfaces to facility and site-level SDD systems. Key functions for each 
system-level SDD systems are represented on the primary function level below. 

The “Primary Function Level” contains the main or primary I&C-related functions allocated to 
each of the SDD systems located on the system level. Where available, these items are taken 
directly from the “System Functions” section (Section 1.1) of each SDD. The SDD subsection 
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number for each function appears in the lower right-hand corner of the block element. Not all 
functions identified in the SDDs are depicted in the functional block diagrams. Only the primary 
functions logically related to the Subsurface Repository Integrated Control System are 
considered in this analysis. Also, since not all subsurface-related SDDs have been completed to 
date, appropriate TBVs have been assigned for tracking purposes. The primary functions can, in 
turn, be described in terms of groups of functionally related equipment or subsystem items 
working together at the equipmenthbsystem level to perform the specified function. 

The “Equipment/Subsystem Level” identifies the major equipment, subsystems, and components 
currently being developed by the Repository Subsurface Design Group to perform the functions 
identified on the primary function level above. The primary function level above contains the 
design requirements, while the equipmentlsubsystem level identifies design solutions. 

The “Operation Level” identifies the basic operational functions that each piece of equipment or 
subsystem is to accomplish. Each equipmentlsubsystem level item can be described by the 
group of operations it performs. These various operations may occur either simultaneously, 
sequentially, or in some combination of the two. The operational items are generally realized 
through the components at the monitoringlcontrol level that have been designed to carry them 
out. 

The “MonitoringKontrol Level” identifies the specific functional descriptions of primary 
process monitoring or control activities. The items identified on this level are functionally 
responsible for executing the operations identified on the operation level above through the 
workings of the physical process or communication devices identified on the device level below. 

The “Device Level” identifies discrete and analog I&C-related or communication components 
that physically carry out the functional activities identified at the monitoringlcontrol level. 
Device level interfaces will primarily be by means of analog and digital electronic signals, but 
may also include pneumatic signals as well. These elements serve primarily as inputs or outputs 
to the monitoringlcontrol level functions. As individual inputs to a process, they supply 
information to SSCs located on the monitoringkontrol level. As process conditions change, the 
state of the information sensed by these devices undergoes a change and these devices, in turn, 
report the change to the monitoring/control system for the process. As individual output devices, 
they receive information from the SSCs located on the monitoringhntrol level. As control 
functions change (usually in response to changes in process conditions), the physical state of 
these devices undergoes a change. In other words, the control system for the process effects the 
changes to these devices. The names given to each device on this level, along with the context of 
its functional hierarchy, are generally sufficient to determine whether it is an input or an output 
device. 

6.2.2 Control System Functional Block Diagrams 

This section describes a series of block diagrams that collectively present a preliminary 
functional architecture for the Subsurfm Repository Integrated Control System based upon 
functions specified in SDDs related to the subsurface of the MGR. At the present time, all of 
these SDDs fall into one of the following status categories: (1) summary only, (2) draft form, (3) 
approved, (4) baselined. The following table summarizes the current status and QA 
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SDD Reference QA 
Level 

MGR Operations Monitoring DlRS 3 QL-2 

Waste Emplacement DlRS2 QL-1 

Waste Retrieval System DlRS6 QL-1 
@S21) 
Subsurface Ventilation DlRS 1 CQ 
System (SS05) 
Backfill Emplacement DlRS7 QL-2 
System (SSl8) 
Performance Confirmation DlRS5 QL-3 
Emplacement Drift 
Monitoring System (SS14) 
Ground Control System DlRS4 QL-2 
jSS03) 
Subsurface Electrical DlRS 10 CQ 
Distribution System (SSO6) 
Subsurface Excavation DlRS 11 CQ 
System (SS25) 
Subsurface Fire Protection DlRS 9 CQ 
fSS26) 
Performance Confirmation DlRS8 QL-3 
Data AcquisitiodMonitoring 
System (SU55) 
Subsurface Emplacement NIA CQ 
Transportation System 
(SS24) 
Subsurface Development NIA CQ 
Transportation System 
(SS16) 
Subsurface Compressed Air NIA CQ 
System (SSO8) 
Subsurface Water NIA CQ 
CollectionlRemoval System 
ISS20) 
Subsurface Water NIA CQ 
Distribution System (SSOS) 
Muck Handling System NIA CQ 
ISSl5) 

and Control System (SU57) 

System (SSl7) 

classification levels of all SDDs represented in the functional architecture for the Subsurface 
Repository Integrated Control System. 

Status 
Summary Drafted Approved Baselined 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Table 1. SDD Status and System QA Classification 
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6.2.2.1 MGR Operations Monitoring and Colmtrol System 

The MGR is composed of the Waste Handling System (WHS), the Waste Isolation System 
(WIS), and the Operational Support System (OSS). A key system supporting the OSS is the 
MGR OMCS. The hierarchical structure of these systems is described and shown in the 
Monitored Geologic Repository Architecture document @IRS 27). 

The control system functional block diagram for the subsurface portion of the MGR OMCS, 
known as the Subsurface Repository Integrated Control System, appears in Figure 1. As 
indicated in this figure, the Subsurface Repository Integrated Control System is the focal point 
for all key subsurface monitoring, control, and communication functions. In fact, virtually all 
subsurface-related process systems (safety as well as non-safety) will be remotely monitored 
and/or controlled fiom the OMCS facility. Among these systems are those represented by SDDs 
that appear on the system level of the figure. Other process systems and all subsurface 
communications systems are shown at the equipmenthbsystem level. 

A number of human-machine interface (Hh4I) workstation computers identified on the device 
level in Figure 1 will provide real-time feedback to operations personnel, giving them a global 
perspective on the overall operational status and performance of various subsurface process 
systems. These workstations will provide operators with the capability to control and/or 
shutdown key processes under both normal and off-normal conditions. These same workstations 
will also allow operators to initiate a recovery sequence or a re-start of these Same systems. Also 
shown on the device level are operator input and data output devices. These are the control 
switches that would typically accompany the workstation computers to enable operations 
personnel to perform their monitoring and control activities. Operator input devices are items 
such as keyboards and mouse controls, while data output devices generally include video 
monitors and printers. The device level also includes data storage devices, which are computer 
workstation and network server components such as disk and tape drives used for application 
program storage and data archiving. Finally, the group of components located on the device 
level termed process monitoring and control devices are the distributed control systems @CSs), 
programmable logic controllers (PLCs), and specialty monitoring panels and process controllers 
located throughout the subsurface facility. It is through these components that primary process 
monitoring and control takes place. 

The MGR OMCS comprises both surface and subsurface monitoring and control operations. 
These two integrated control systems will likely need to share status and control parameters for 
dispatched rail traffic movement between surface and subsurface locations during emplacement, 
retrieval, construction development activities, and backfilling operations. Also shown in the 
figure are several site-level systems that the Subsurface Repository Integrated Control System 
(the subsurface portion of the MGR OMCS) interfaces with. The Subsurface Repository 
Integrated Control System interfaces with the Site Communications System via a site-wide local 
area network for archival storage of operational data, and on-site and off-site digital 
communications. The Site Communications System will also provide the Subsurface Repository 
Integrated Control System with on-site and off-site voice communication via a private automatic 
branch exchange telephone system link, a site-wide public address system, and a site-wide radio 
system. The Subsurface Repository Integrated Control System interfaces with the Safeguards 
and Security System to provide system operational status and emergency alarm indications. The 
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Subsurface Repository Integrated Control System interfaces with the Site Operation System to 
provide site-wide acquisition of data for analyses and reports, historical information for trends, 
and utility information for plant operation. The Site Operation System will also provide the 
Subsurface Repository Integrated Control System with operating plans and procedures. These 
interfaces are described in the summary section of the Monitored Geologic Repository 
Operations Monitoring and Control System Description Document @IRS 3). 

6.2.2.2 Waste Emplacement System 

Figures 2 through 4 show control system functional block diagrams for the Waste Emplacement 
System @IRS 2). The Waste Emplacement System has been the focus of several other design 
documents and, as developed in the figures, represents a higher level of design detail than that 
shown for some of the other systems (see DIRS 19, DIRS 22, DIRS 23, and DIRS 24). The 
operational capabilities and parameters of the transport locomotives, waste package transporters, 
emplacement gantries, and emplacement gantry carriers are described in the references cited. 

As shown at the operation level of Figures 2 through 4, the onboard radiological monitoring 
system for the locomotives, transporters, and gantries interfaces with that portion of the 
subsurface radiological monitoring system (Figure 13) responsible for the radiological 
monitoring of mobile vehicles. Also shown on the same level, the onboard fire detection system 
for these same vehicles interfaces with that portion of the Subsurface Fire Protection System 
(Figure 14) responsible for detecting mobile vehicle fires. As shown in Figure 11, the 
temperature and air quality controls for the subsurface emplacement area ventilation system 
provide interlocks for the door controls. Also interlocked at this level, as shown in the figures, 
are the brake and alignment controls for the waste package transporter and emplacement gantry 
carrier coupled to a transport locomotive. Thus, when the locomotive brakes are applied, the 
brakes of the emplacement vehicles coupled to it are also applied. The brakes of the waste 
retrieval covered shuttle car, waste retrieval utility rail car, and backfill shuttle car, are also each 
interlocked with the brakes of the locomotive transporting them (Figures 9 and 10). The 
locomotive brakes are interlocked with its own drive controls so that the locomotive will not 
continue throttling once its brakes are applied. As shown in Figure 5, the locomotive brakes and 
drive controls are also interlocked with the collision avoidance system for subsurface rail traffic, 
which automatically maintains a safe stopping distance between it and other rail traffic that may 
be present on the same section of track. 

6.2.2.3 Subsurface Emplacement Transportation System 

Figure 5 depicts the control system functional block diagram for the Subsurface Waste 
Transportation System. The functions associated with this system have not been finalized and 
are subject to change or revision (see Assumptions 5.1, 5.2 and 5.3). Equipment, 
instrumentation, signaling, operational sequences and parameters, and alarm features pertaining 
to the overhead trolley and third rail power systems are described in DIRS 25. 

As shown at the controVmonitoring level of Figure 5, the system that monitors the location of 
each train underground is interlocked with the speed controls for all trains. A train’s speed 
controls for collision avoidance are, in turn, interlocked with the throttle and brake controls of its 
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locomotive as shown in Figure 3. These interfaces ensure that minimum safe distances are 
maintained at all times between aI1 trains throughout the subsurface to prevent collisions. 

6.2.2.4 Performance Confirmation Emplacement Drift Monitoring System 

The control system functional block diagram for the Performance Codmation Emplacement 
Drift Monitoring System @IRS 5 )  is shown in Figure 6. This system has been the focus of 
other design documents @IRS 21) and, therefore, some design detail is available. The 
operational sequence and control system details pertaining to the remote inspection gantry 
components are described in the Performance Confirmation Data Acquisition System @IRS 21). 

6.2.2.5 Performance Confirmation Data AcquisitiodMonitoring System 

Figure 7 depicts the control system block diagram for the Subsurface Performance Confirmation 
Data Acquisition and Monitoring System @IRs 8). This system is currently categorized as a 
surface-related SDD. However, as indicated in the figure, a significant majority of the 
operations associated with this system are performed throughout the subsurface repository. 
Previously, the functions associated with this system were combined into a single subsurface 
system covering the entire performance codinnation program. Additional design information 
can be obtained h m  the Performance Confirmation Data Acquisition System design document 
@IRS 21). 

The monitoring/control level in Figure 7 identifies several monitoring interfaces between the 
Performance Confirmation Data AcquisitionMonitoring System and the subsurface ventilation 
system for emplacement areas. These performance confirmation monitoring operations utilize 
data gathered fiom the various air temperature, relative humidity, radioactive particulate, and 
radon gas monitoring devices as shown in Figure 11. The Performance Confirmation Data 
Acquisitionhlonitoring System also collects emplaced waste package data via a remotely 
operated inspection gantry. A functional diagram of this gantry is given in Figure 6. 

6.2.2.6 Waste Retrieval System 

The control system functional block diagram for the Waste Retrieval System @IRS 6) is shown 
in Figures 8 and 9. The equipment for normal waste package retrieval will be the same as that 
for waste package emplacement. Furthermore, control system operations for normal waste 
package retrieval are essentially the same as those for waste package emplacement, except in 
reverse sequential order. As such, the operations associated with normal waste package retrieval 
are interfaced at the equipmentkubsystem level with waste package emplacement equipment as 
shown in Figures 3 through 4. In Figure 9, the utility rail and covered shuttle car brakes are 
interlocked at the monitoringkontrol level with the brake controls of the locomotive transporting 
them. Preliminary control system design concepts for off-normal retrieval scenarios are briefly 
outlined in another design document @IRS 33). 

6.2.2.7 BackfJll Emplacement System 

Figure 10 depicts the control system functional block diagram for the Backfill Emplacement 
System @IRS 7). Equipment, instrumentation, and control system details pertaining to the 
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transportation and placement of backfill material within the emplacement drifts are still in the 
development stages. 

The operations associated with the transportation of loaded backfill material aboard shuttle cars 
to the subsurface areas are interfaced at the equipmenthbsystem level with transport 
locomotives used for waste package emplacementlretrieval as shown in Figure 3. The shuttle car 
brakes are interlocked at the monitoringlcontrol level with the brake controls of the locomotive 
transporting it. Mobile conveyors are then used to transport the backfill material from the shuttle 
cars to the emplacement drifts. These operations are briefly described in Section 5.3.1 of the 
Viability Assessment of a Repository at Yucca Mountain - Preliminary Design Concept for the 
Repository and Waste Package, Volume 2 @IRS 32). 

6.2.2.8 Subsurface Ventilation System 

The control system functional block diagram for the Subsurface Ventilation System @IRS 1) is 
shown in Figures 11 and 12. For protection from possible radionuclide contamination, the 
ventilation system is divided into two separate and isolated systems, one covering only the 
construction development area (see Figure 12), and one covering only the emplacement area (see 
Figure 11). The design details of the ventilation control system, as well as determination of the 
quantities and operational sequences of the fans, valves, and dampers for the subsurface air 
delivery system, are still in the process of development. An overview description of the 
Subsurface Ventilation System is presented in Section 4.2.4 of the Viability Assessment of a 
Repository at Yucca Mountain - Preliminary Design Concept for the Repository and Waste 
Package, Volume 2 @IRS 32). 

As shown at the equipmentlsubsystem level of Figure 11, human access to the emplacement 
drifts is controlled through operation of the drift isolation doors depicted in Figure 2. The door 
controls are also interlocked at the monitoringlcontrol level of the emplacement area ventilation 
system, with the temperature, air quality, and isolation valve controls as shown in Figure 11, 
since these ventilation system parameters are directly affected by the various combinations of 
door positions. The emplacement area ventilation system interfaces with the Subsurface Fire 
Protection System (Figure 14) at the monitoringlcontrol level of Figure 11 by incorporating data 
from smoke and combustible gas detectors as part of the emplacement ventilation system air 
quality controls. The emplacement area ventilation system also maintains a reporting interface 
with the subsurface air monitoring system (see Figure 13) at the monitoringlcontrol level of 
Figure 11 by providing the subsurface air monitoring system with subsurface air quality data. 
Control system interlocks at the monitoringlcontrol level within the emplacement area 
ventilation system include the actuator and drive controls for the various air flow valves, 
isolation valves, regulating dampers, booster fans, and exhaust fans as part of the temperature 
and air quality control systems. Clearly, these interlocks are necessary to allow regulation of air 
temperatures and to maintain air quality throughout the subsurface facility during waste 
emplacement operations. Finally, the emplacement area ventilation system interfaces with the 
Performance Confirmation Data Acquisition and Monitoring System (Figure 7) at the 
monitoringlcontrol level of Figure 11 by supplying the performance confirmation system with 
data gathered from the various air temperature, relative humidity, radioactive particulate, and 
radon gas monitoring devices as shown in Figure 11. 
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Like the emplacement area ventilation system, the development area ventilation system shown in 
Figure 12 interfaces with the Subsurface Fire Protection System (Figure 14) at the 
monitoringlcontrol level by incorporating data from smoke and combustible gas detectors as part 
of the development ventilation system air quality controls. Also depicted at this point is a 
reporting interface with the subsurface air monitoring system (see Figure 13), which provides the 
subsurface air monitoring system with subsurface air quality data. Furthermore, control system 
interlocks at this same level within the development area ventilation system include the actuator 
and drive controls for the various air flow valves, regulating dampers, construction fans, and 
booster fans as part of the temperature and air quality control systems. These interlocks are 
essential for regulating air temperatures and maintaining air quality throughout the subsurface 
facility during its construction stages. 

As shown on the monitoringlcontrol level of Figures 1-1 and 12, a reporting interface is 
maintained between the emplacement area ventilation system and the development area 
ventilation system. This interface is provided just in case it becomes necessary for one system to 
monitor the air quality control parameters of the other system during upset conditions or in an* 
emergency situation. 

6.2.2.9 Subsurface Radiological and Air Monitoring Systems 

Figure 13 depicts the control system functional block diagram for the radiological and air 
monitoring systems throughout the subsurface facility. As shown in the figure, air quality data 
are provided to the air monitoring system at the controVmonitoring level &om the air quality 
controls for both the emplacement area and development area ventilation systems (Figures 11 
and 12). Shown at the operation level of Figure 13 are reporting interfaces to the radiological 
monitoring system from the mobile vehicles used for waste emplacement and retrieval operations 
(Figures 2 through 4). 

6.2.2.10 Subsurface Fire Protection System 

Figure 14 depicts the control system functional block diagram for the Subsurface Fire 
Suppression System @IRS 9). Equipment requirements, instrumentation, operational sequences, 
and control system details pertaining to the subsurface vehicle and facility fire protection 
subsystems are still in the process of development. The functions associated with this system 
have not been finalized and are subject to change or revision. 

Appearing at the operation level of Figure 14 are reporting interfaces to the Subsurface Fire 
Detection and Notification System fkom the mobile vehicles used for waste emplacement and 
retrieval operations (Figures 2 through 4). The monitoringlcontrol level of the figure shows 
reporting interfaces to the emplacement and development ventilation systems (Figures 11 and 
12) from the smoke and combustible gas detectors used for fire detection. The combustible gas 
detectors are interlocked with the circuit breaker trip controls for the Subsurfwe Electrical 
Distribution System (Figure 16) at the monitorhglcontrol level of Figure 14. The purpose of this 
interlock is to shut off electrical power in areas where an explosive atmosphere is detected so 
that electrical arcing is eliminated as a possible ignition source. 
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6.2.2.11 Subsurface Communications 

Figure 15 depicts the control system functional block diagram for subsurface voice, video, and 
data communications. Quantities, distribution and arrangement, and control system details 
pertaining to voice and video communications equipment throughout the subsurface are still in 
the process of development. However, a prelimhary design concept for subsurface facility-wide 
voice and video communications networks is presented in Section 6.3 of this document. Other 
analyses and reports have evaluated various concepts for portions of the subsurface data 
communications network @IRS 19 and DIRS 24) and a preliminary design concept for a data 
communication system integrating the entire subsurface repository is presented Section 6.4 of 
this document. 

Appearing at the equipmenthbsystem level is a voice communications link between the site 
Private Automatic Branch Exchange telephone system and the subsurface page/party 
communications system. This interface gives both local and long distance calling capability to 
the subsurface page/party system handsets, thus eliminating the need for an additional 
distribution network of telephone handsets throughout the subsurface facility. There is also 
another voice communications link at the equipmentlsubsystem level between the site public 
address system and the subsurface page/party system. This interface allows the public address 
system to utilize the page/party system’s network of amplifiers and loudspeakers. 

6.2.2.12 Subsurface Electrical Distribution System 

Figure 16 depicts the control system functional block diagram for the Subsurface Electrical 
Distribution System (DIRS 10). The functions associated with this system have not been 
finalized and are subject to change or revision. Quantities and arrangements pertaining to 
electrical power distribution equipment located throughout the subsurface facility are described 
in DXRS 26. 

As shown at the monitoringlcontrol level of Figure 16, mea combustible gas detectors for the 
Subsurface Explosive Hazard Detection System (Figure 14) are interlocked with trip controls for 
circuit breakers delivering power throughout the subsurface facility. The purpose of this 
interlock is to shut off electrical power in areas where an explosive atmosphere is detected so 
that electrical arcing is eliminated as a possible ignition source. 

6.2.2.13 Subsurface Utilities 

Preliminary control system functional block diagrams of subsurfbe compressed air, water 
distribution, and water collectionhemoval systems are depicted in Figure 17. Equipment 
requirements, operational sequences, and control system details pertaining to these subsurface 
utilities are still in the process of development (see Assumptions 5.4,5.5,5.6,5.7, and 5.8). The 
functions associated with these systems have not been finalized and are subject to change or 
revision. 

As shown in Figure 17 for the monitoring/control level of the Water CollectionRemoval System, 
the level monitoring system for the water collection sumps is interlocked with the sump pump 
controls for water removal. Specifically, a high sump level will automatically start its associated 
water removal pump. Shown at the equipmenthubsystem level of the figure is a surface-based 
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treatment system for the water that collects in these sumps and is pumped out. The required 
equipment and operational features of this system have not yet been considered. 

6.2.2.14 Subsurface Construction Development Systems 

Figure 18 depicts a preliminary control system functional block diagram for the Subsurface 
Excavation System @IRS ll), the Muck Handling System, and the Subsurface Development 
Transportation System. An overview of the major equipment items pertaining to these systems 
is presented in DIRS 30. 

Equipment requirements, operational strategies and sequences, and control system details 
pertaining to these systems are still in the process of development (see Assumptions 5.9 and 
5.10). The functions associated with these systems have not been finalized and are subject to 
change or revision. 

The functional diagram for the Ground Control System @IRS 4), is shown in Figure 18. 
Primarily a measurement and sensing system, the Ground Control System will utilize specialized 
geophysical instrumentation to detect potential stress buildup in the rock mass throughout the 
subsurface. The quantities and types of geophysical pressure instrumentation are still in the 
process of development. See also Section 7.7.1 of DIRS 21 for some types of in-situ devices that 
are likely to be used throughout this system. 

The functional diagram for the Subsurface Development Transportation System is shown in 
Figure 18. The brakes of the rail haulage car are interlocked at the monitoringkontrol level with 
the brake controls of the locomotive transporting it. 

6.23 Control System Functional Block Diagram Summary 

The control system functional block diagrams presented at the end of this section (Figures 1 
through 18) provide a valuable basis for examining the overall size, complexity, and interfaces of 
the Subsurface Repository Integrated Control System. 

These figures are expected to have several important uses as the design of the overall subsurface 
control system continues to evolve. First, the most obvious and perhaps most immediate purpose 
for these figures lies in their illustrative utility as companion diagrams for the SDDs from which 
they are derived. They graphically demonstrate the functional hierarchy, peer system interfaces, 
and monitoringlcontrol interlocks for each of their respective SDDs. Secondly, these figures 
help ensure that SDD functions are appropriately mapped onto physical process components. 
Insofar as these diagrams identify the functions of SSCs associated with a given process system, 
they will supply the necessary information for developing more detailed equipment and 
instrumentation lists as the design effort progresses. Thirdly, given that they show the various 
peer system interfaces for each SDD system, they will assist in determining primary control 
interfaces and interlocks between subsurface systems that are hctionally separated from one 
another. Finally, as hierarchical diagrams depicting the functional interconnections within a 
given system, they will provide an important resource for developing I&C process and 
instrumentation diagrams and the Boolean structure of control system logic diagrams. This 
information, in turn, will assist in generating detailed input and output lists for the Subsurface 
Repository Integrated Control System design. 
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Subsurface Repository Integrated Control System Design 

I 

6.3 SUBSURFACE REPOSITORY INTEGRATED CONTROL SYSTEM PHYSICAL 
ARCHITECTURE 

This section examines a preliminary target configuration of a physical architecture for the 
Subsurface Repository Integrated Control System. The target configuration will be dynamic and 
will be evolving over time in order to accommodate additional design details, changes in 
repository design concepts, and changes in available technology. 

6.3.1 Physical Architecture: Defiiition, Purpose, and Approach 

The physical architecture for the Subsurface Repository Integrated Control System is represented 
by a schematic of the overall process monitoring/control and communications systems. It 
provides the design development team with a high-level view of system and subsystem 
components, describes system connectivity, establishes boundaries and the link relationships of 
components to each other, and allows the development team to visualize the various 
communication paths and data flow between systems and components. The architecture also 
allows an observer to visualize how the electronic systems and components will map onto the 
physical facility being designed and illustrates how the functions previously defined in the 
functional block diagrams will be accomplished with the physical hardware. The physical 
architecture also serves as the foundation for determining the detailed physical layout of the 
Subsurface Repository Integrated Control System. 

The physical architecture basically consists of process control and communication hardware 
components connected together and distributed over several vertical “layers.” The layers show a 
network hierarchy, ranging from two supervisory layers through a monitoringkontrol layer and 
eventually reaching the lowest level, which is called the process layer. The fi-equency of 
communication (see Section 6.3.1.5) and volume of data usually increases as one moves 
downward and into the monitoringlcontrol layer. The components and systems on the 
monitoringlcontrol layer are usually the busiest because it is at this level that the routine data 
acquisition and control activities take place. Also, the quantity of data being communicated 
decreases as one moves upward through the Various layers. Only a limited amount of data 
reaches the highest level due to the decreased need for process monitoring and control 
information at this point in the hierarchy. Therefore, given the overall distribution of data, the 
network must operate at increasing greater speeds in moving from the higher to the lower levels 
of the network. 

Generally, the physical architecture equipment at the monitoringhntrol and process layers 
carries out the activities described by the functional block diagrams at their monitoringkontrol 
and device levels (Section 6.2, Figures 1 through 18), and communicates process information to 
other levels of the network hierarchy to achieve integrated monitoring and control. With respect 
to the functional block diagrams, the physical architecture identifies and describes the hardware 
components and their physical connections within a hierarchical network structure for process 
monitoring, control, and communications. 

The physical architecture layout design presented herein is preliminary and conceptual in nature. 
It is likely that detailed refinements will arise from M e r  analysis of that presented. 
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The primary factors considered in the design of the physical architecture are described in the 
sections below. 

6.3.1.1 Data Communications Connectivity 

The physical architecture must provide connectivity between the various systems and 
subsystems. Design consideration must be given to ensure that the routing of various 
communication media for a network is inclusive of all nodes requiring network services. 
Furthermore, if two independent control systems located on different networks must share or 
exchange information, a communication path must be available between the two networks; either 
as a direct path between the two or as a path routed across other networks. 

6.3.13 Network Bandwidth and Throughput 

The network bandwidth is essentially the capacity of the network. It is determined by the 
maximum amount of traffic that will pass through the network in a given time period. The 
throughput is an end-to-end measurement that includes the data communications equipment (and 
its limitations) as a factor in determining the overall bandwidth. Bandwidth is a critical issue 
because it determines how much information can be transmitted in a timely fashion. The 
frequency and quantity of information the network is expected to handle dictates the necessary 
bandwidth required of the network. 

6.3.1.3 Network Segmentation 

Segmentation is the tool that is used to properly balance the networks and t rek flow. In some 
cases, busy networks must be separated to allow more eficient bandwidth (or capacity) 
utilization, and at the same time must be logically united to allow traffic to flow to and from a 
particular segment so that communication between devices is accomplished on demand. 
Segmentation also allows logical separation of devices when communication is not needed, Le., 
when a particular device is not required to receive certain information. 

6.3.1.4 Redundancy 

Redundancy in equipment, physical transmission media (wire, fiber optic cable, etc.), and 
systems is an important consideration in design. The concepts of spares, alternate paths, and 
diverse authority are represented in redundancy. The theory is simple: if something fails, 
something else must be in place to function in its place. The design must therefore accommodate 
alternate paths, alternate equipment, and alternate physical media that would function in the 
event of a single component failure that would otherwise impact the function of multiple items 
within the system. Thus, a redundant system prevents common-cause failures. Redundancy 
issues are identified in the Monitored Geologic Repository Instrumentation and Control System 
Strategy document (DIRS 35). 

6.3.1.5 Data Acquisition Frequency 

The fiequency at which data are taken also' dictates part of the design of the physical 
architecture. The job of the network is to get information from one node (a device or location) to 
another in a timely fashion. Certain segments of the network will require higher speeds 
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(bandwidth, throughput, etc.) because of higher data acquisition frequency. The faster the data 
are injected into the network, the faster the network must transmit data to the destination. 
Because of the higher data rates at the lower levels, that network segment must be made to 
operate faster. At the higher levels, the network need not operate as fast for reasons stated earlier 
in Section 6.3.1 regarding the distribution of information throughout the network hierarchy. 

6.3.1.6 Determinism 

A network is said to be deterministic when it can guarantee that a specific piece of data can reach 
its destination in a predetermined time interval. Each station can be guaranteed the right to 
communicate within a certain time Erame. This is important for data that are time-critical. At the 
lower levels, where data acquisition and control takes place, a deterministic network is required. 
At higher levels, where administration-oriented data are transmitted, the K i n g  is less critical 
and traditional LANs (local area networks) may be employed. 

6.3.1.7 Supervisory Functions 

Flexible HMI workstation placement will be required for supervisory function. The workstations 
will likely be placed on both the surface and within the subsurface facility. A supervisory 
workstation is an overseeing authority that is not concerned with the automatic and routine 
operations of the facility, but can monitor various process parameters and can assume certain 
control and override capabilities under secured circumstances. Supervisory stations are typically 
connected directly to the main control networks. 

6.3.1.8 Administrative Functions 

Administrative functions are those commonly associated with the business aspects of the facility. 
Typically, HMI workstations engaged in these functions would be directly connected to the 
higher levels of the network hierarchy, It is expected that they would have routed access to the 
lower network levels under secured circumstances. Access to the lower levels would be 
necessary to interface the business functions (e.g., production planning, inventory reconciliation, 
etc.) to process engineering data. Administrative access would likely be fiom both site and 
offsite locations, again, under secured circumstances. Surface administrative functions are 
identified in the Site Communications and Control Systems Technical Report (DIRS 20). 

6.3.1.9 Safety 

Functions that are “important to safety” must be given additional consideration. Segregation and 
isolation from routine control functions, added redundancy, and special attention to reliability are 
necessary treatment measures. Safety issues are identified and discussed in the Monitored 
Geologic Repository Instrumentation and Control System Strategy document (DIRS 35). 

6.3.1.10 Modularity 

The design of the network must lend itself to modular upgrades, and easy modification and 
expansion. The implementation schedule of the subsurface control systems will no doubt require 
modular development of the various data communication networks. Physical distances might be 
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an associated factor. The ability to segment, add, remove, and relocate network modules as 
construction development proceeds is important. 

6.3.1.11 Maintenance 

Maintenance procedures and practices must be considered. Redundant networks and alternate 
media paths are important, especially if any critical communications devices must be 
periodically removed h m  service for maintenance purposes. 

63.1.12 Troubleshooting 

Ease of troubleshooting is an important consideration. As with any physical or electronic 
system, the more complex a network topology is, the more difficult and time consuming it is to 
troubleshoot and diagnose problems. Complexity is determined by the number of nodes on a 
given network as well as by the total number of networks communicating with each other. 

6.3.1.13 Replacement 

As data communications technology evolves, the flexibility to upgrade and replace portions of 
the overall network is important. From preliminary design to implementation, technological 
advances will continuously occur. 

6.3.1.14 Reliability 

Simplicity and redundancy can impact the reliability of a network. If these and other aspects can 
enhance the reliability of the communications equipment and network as a whole, such design 
features should be implemented. Reliability issues are identified and discussed in the Monitored 
Geologic Repository Instrumentation and Control @stem Strategy document @IRS 35). 

63.1.15 Physical Distance Considerations 

The large physical distances encountered in the repository require special consideration in 
network design. In this respect, the repository differs h m  other types of industrial facilities 
such as chemical manufacturing plants or power generating stations. 

6.3.1.16 Physical Media Requirements/Constraints 

Before final design, an evaluation must be undertaken to consider any special environmental 
impact on the physical media used throughout the network infrastructure. Topics for study 
should include thermal and radiological effects on the transmission media and electronics 
equipment. 

6.3.1.17 Installation Requirements/Constraints 

The physical routing of the network transmission media is important. For instance, media should 
not be routed through areas that are not designated for human access. A media failure in this 
area would pose a serious maintenance problem. 
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Layer No. Layer Name 
4 Site Supervisory 

3 Subsurface Supervisory 

2 Monitoring /Control 

1 Process 

6.3.1.18 Human-Machine Interface 

Layer Description 
Site Operations System supervisory hardware and sofhvare 

Subsurface Repository Integrated Control System supervisory 
hardware and software 
Process monitoring and control hardware and software 
Process VO devices and instrumentation, and communication 
equipment 

The HMI is an important factor to consider in the design of physical architectures. Providing 
efficient, convenient, and straightforward methods for humans to monitor and respond to process 
system operations is essential to a successll design. 

Each of the above factors must be weighed and balanced against each other throughout the 
development stages of the design. 

63.2 Physical Architecture Layer Descriptions 

The following table describes the layers depicted in the physical architecture diagrams. 

6.3.3 

A preliminary conceptual physical architecture design that integrates the various subsurface 
monitoring, control, and communications systems is presented in Figures 19 through 24. Section 
6.4.1 should be consulted for a definition of terms used on these diagrams and throughout the 
following discussion of the physical architecture design. While specific types of control and 
communications equipment are shown on the diagrams, the final decisions concerning the exact 
nature of these devices will necessarily depend upon further definition of the MGR as well as on 
evolutionary trends among hardware and software products within the process control and data 
communications industries. Thus, it is understood that the process control and data 
communication technologies, and protocols offered by these diagrams are subject to change or 
refinement according to developments in the MClR design. 

Introduction to the Physical Architecture Design 

The physical architecture diagrams for the process control and data communications systems 
(represented in Figures 19 through 22) of the Subsurface Repository Integrated Control System 
are divided vertically into the layers named and described in Table 2. Since no preliminary 
physical architecture has been developed to date for site operations, no attempt has been made to 
depict any equipment for the site supervisory layer in these figures. However, an interface 
between the site supervisory and subsurface supervisory layers is represented by two data 
communication links from data communications equipment for the Subsurface Repository 
Integrated Control System to similar equipment for site operations. These links are shown in 
Figure 19. With respect to the monitoringkontrol layer of Figures 20 through 22, a variety of 
microprocessor-based process control equipment is shown for carrying out the various 
monitoring and control functions presented in the control system functional block diagrams 
discussed in Section 6.2. It should be pointed out that the specific equipment types and 
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quantities shown at this layer for a typical network node for subsurface data communications are 
strictly conceptual. A variety of monitoring and control devices are depicted solely for the 
purpose of showing the types of devices currently available for the applications defined by the 
control system functional block diagrams. 

Regarding the process layer of Figures 20 through 22, at the most basic level of the physical 
arrangement of the Subsurface Repository Integrated Control System, no inputloutput devices 
wired to the various controllers on the monitoringkontrol layer are named or shown. There are 
two reasons for this arrangement. The first is that the types of devices that would otherwise have 
been depicted here are those devices named on the device level of most of the functional 
diagrams. The second is that the location, arrangement, and distribution of the various motors, 
valves, transmitters, sensors, switches, etc., for the various systems depicted in the functional 
diagrams cannot be determined at what is now a preliminary stage in the design of these systems. 

The layer stratification concept outlined above is not applicable with respect to the physical 
architecture of the Subsurface Repository Integrated Control System voice and video 
communication networks shown in Figures 23 and 24. Instead, the equipment proposed for the 
voice and video systems is shown as divided, according to location, between the subsurface 
operations monitoring and control room at the surface, and all other subsurface areas. 

6.3.4 Physical Architecture Design 

The physical architecture design for subsurface process data communications employs two 
subsurface-wide fiber distributed data interface (FDDI) local area networks (LANs) as shown in 

As shown in Figure 20, one FDDI LAN is a single-ring network (one cable, two fibers) made up 
of a number of nodes that link area specific Ethernet LANs which, in turn, are connected to those 
subsurface process systems that this analysis considers to be of a non-critical nature with respect 
to safety. As shown in Figure 21, the other FDDI LAN is a dual-ring network (two cables, two 
fibers per cable) composed of a number of distributed nodes linking area-specific Ethernet and 
specialty LANs which, in turn, are connected to subsurface processes regarded as critical to 
safety by this analysis. In the case of the FDDI LAN for safety-critical systems, all links to the 
Ethernet LANs shown on the subsurface supervisory layer are doubly redundant. Furthermore, 
all links to personal computers (PCs), PLCs, DCSs, and other control devices shown on the 
monitoringkontrol layer are also doubly redundant. Due to the preliminary conceptual nature of 
the FDDI LAN network design, complete equipmentlcabling redundancy requirements and 
details between the LAN hubs on the subsurface supervisory layer and the various inputloutput 
devices on the process layer have not been specified or fully developed. 

As shown in Figure 19, what is termed “Node #1” on each of the two FDDI LANs provides a 
link to an Ethernet star topology LAN which, in tum, is linked to supervisory control equipment 
for the Subsurface Repository Integrated Control System to be housed in the Central Control 
Center at the surface. With the exception of the various process monitoring and control devices, 
this equipment corresponds to the equipment shown on the device level of the functional block 
diagram for the Subsurface Repository Integrated Control System (the subsurface portion of the 
MGR OMCS), (see Figure 1). As can be seen in Figure 19, the supervisory control equipment is 

. Figures 19 through 22. 
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grouped into supervisory consoles according to the types of process systems for which each is 
responsible. These systems are presented in the functional block diagrams (Figures 2 through 
18) and are discussed in Sections 6.2.2.2 through 6.2.2.14. 

The ventilation system supervisory console is singularly responsible for the Subsurface 
Ventilation System. Next, the waste transportation, emplacement, and retrieval operations 
supervisory console is dedicated to the Subsurface Emplacement Transportation System, the 
Waste Emplacement System, and the Waste Retrieval System, respectively. The supervisory 
console for the construction development and backfill operations oversees the Subsurface 
Excavation System, the Muck Handling System, the Subsurface Development Transportation 
System, the Ground Control System, and the Backfill Emplacement System. The utilities and 
energy management supervisory console is responsible for the Subsurface Compressed Air 
System, the Subsurface Water Distribution System, the Subsurface Water Collection System, and 
the Subsurface Electrical Distribution System. The performance confirmation supervisory 
console is dedicated to the Performance Confirmation Data AcquisitionNonitoring System and 
the Performance Confirmation Emplacement Drift Monitoring System. Finally, the safety and 
fire protection supervisory console incorporates the Subsurface Radiological and Air Monitoring 
Systems, and the Subsurface Fire Protection System. A control room layout for the Subsurface 
Repository Integrated Control System showing the proposed arrangement of these consoles is 
depicted in Figure 27. 

Figure 22 shows Node #1 of the non-safety-critical FDDI LAN linked to a leaky feeder network 
that extends throughout the subsurface facility for radio-based data and video communications to 
and from remotely operated rail vehicles. A leaky feeder system is a radio-based communication 
system which utilizes a dedicated signal transmission cable called a leaky feeder. It is composed 
of a number of unidirectional radio frequency bands carried on a repeater network. The coaxial 
cable has partial shielding allowing only selected radio signals to “leak” fiom and to the cable. 
This same leaky feeder network is represented in Figure 23, where it is also used for radio-based 
voice communications among personnel working underground, and between these personnel and 
subsurface operations control room operators. The subsurface voice-radio communications 
system also provides for a radio link with surface and site operations personnel via a base station 
transceiver with a fixed antenna located at the subsdace surveillance and security console 
within the control room for the Subsurface Repository Integrated Control System. It is intended 
that a number of hand-held transceivers (located within the same control room) offering similar 
communications capabilities will be distributed for operator use among the various other 
supervisory consoles. 

Figures 23 and 24 show the subsurface wire-based voice communication systems and the 
subsurface video monitoring systems, respectively. Although today’s communications 
technologies provide for the propagation of voice, data, and video signals over a single network, 
the maximum number of individual channels available for each signal type is severely limited, at 
the present time, due to the bandwidth constraints of integrated systems. Thus, in an attempt to 
preserve flexibility with respect to upper limits on the number of communication channels 
(attached devices), a more conventional network design is presented for the voice and video 
communication systems. In this design, data, voice, and video communications are configured 
across separate networks. Furthermore, all communication and monitoring devices (or groups of 
such devices) are shown as individually wired from a central distribution point. Therefore, this 

I 
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configuration is subject to a significant change in network design as bandwidth technology 
improves for short-distance communication applications in harsh industrial environments. 

Clearly, the number of page/party system zones (and the number of devices attached to each 
zone) will depend upon the number and locations of subsurface areas requiring immediate access 
to voice communications equipment. A similar situation exists with respect to the number of 
video cameras distributed throughout the subsurface. As shown in Figure 24, a number of video 
monitors are grouped together and housed in what is called the subsdace surveillance and 
security console. The number of video monitors for subsurface surveillance purposes will 
primarily be determined by the total number of video cameras that will be required. 

An in-depth discussion of the data communication technologies employed throughout the 
physical architecture is presented in Section 6.4. 

6.3.5 Physical Architecture Summary 

The evolving components of computer technology, together with innovative developments in 
process instrumentation, are forcing process control system manufacturers to introduce new 
products and related technologies at an unprecedented rate. This exploding growth in technology 
is rendering today’s process instrumentation and control systems obsolete in just a few years. 
The maturing of non-proprietary or “open system” standards and manufacturer compliance with 
them will improve flexibility and reliability, and should lower costs. An open system design 
allows computer-based devices of various types fiom different manufacturers to communicate 
with one another in accordance with a publicly available standard for data encodingldecoding. 
Because of rapidly evolving control system technologies, the physical architecture design 
proposed in this document is to be considered preliminary and should not be understood to serve 
as the definitive solution for the Subsurface Repository Integrated Control System. It does, 
however, reflect much of today’s “state of the art” in the process controls industry, and can be 
used as the starting point for detailed design and the development of documents for cost 
estimating, planning, etc. It will be necessary to monitor regulatory requirements and work 
closely with major control system product manufacturers to update the emerging control system 
design if the project schedule and expected license application requirements are to be met. 
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6.4 SUBSURFACE REPOSITORY INTEGRATED CONTROL SYSTEM DATA 
COMMUNICATIONS 

This section looks at the data communication networks for the subsurface repository facility. In 
Section 6.2, Subsurface Repository Control System Functional Architecture, functional block 
diagrams for subsurface control functions are presented based on the primary functions given by 
the SDDs. In Section 6.3, the physical architecture control and communications equipment for 
the Subsurface Repository Integrated Control System are grouped in a systematic order to fit the 
repository layout and its functionality, establishing the integrated control system hierarchy 
according to the functional roles of the various devices. In this section, a data communications 
design for the subsurface repository is introduced. This data communications network links the 
process devices, controllers, Fontrol computers, and supervisory workstations together and 
connects them with other computer and data communications networks. Data communications 
in a control system play a major role not only in getting information to and fiom human 
operators, but also in providing commands and signals that are required for process systems to 
function. Also, the reliability and safe operation of the integrated control system relies on the 
integrity of the data communications network. 

6.4.1 Data Communications Terminology 

The following specialty terms and acronyms are used throughout the following subsections 
describing the data communications system for the subsurface repository: 

backbone A network that links a number of LANs together. 

bridge A specialized device for inter-networking LANs (linking different 
LANs together) of the same type (e.g., Ethernet-to-Ethernet). 

concentrator A device with multiple ports into which FDDI nodes connect. 

Ethernet The most widely used LAN technology. Standard Ethernet runs at 
10 Mbps, Fast Ethernet runs at 100 Mbps, and Gigabit Ethernet 
runs at 1,000 Mbps. 

FDDI 

hub 

LAN 

An acronym for “fiber distributed data interface.” A token-passing 
(see below) LAN technology that runs at 100 Mbps over fiber 
optic cable configured in a ring topology. 

The central connection point for wiring an Ethernet LAN. All 
stations on an Ethernet LAN are linked to each other through the 
hub. 

An acronym for “local area network.” A high-speed 
communications system designed to link computers and other data 
processing devices together within a small geographic area. 

ANL-MGR-CS-000001 REV 00 63 January 2000 



Subsurface Repository Integrated Control System Design 

leaky feeder 

modem 

node 

ring topology 

router 

server 

star topology 

switch 

token passing 

A leaky feeder is a radio-based voice and data communication 
system that utilizes a dedicated signal transmission cable. The 
systems consists of a number of unidirectional radio frequency 
bands carried on a repeater network. The coaxial cable comprising 
the network allows only selected radio signals to “leak” fiom and 
to the cable. 

A contraction for “MODulation/DEModulation.” A device that 
converts a digital signal to an analog signal for transmission across 
a network, then converts analog to digital upon reception. 

An active device on a network. 

A network whose nodes are connected in a continuous loop. 

A specialized device for inter-networking LANs (linking different 
LANs together) of different types (e.g., Ethernet-to-FDDI). 

A computer that distributes data and provides various network 
services to a number of devices on a network. These attached 
devices may be other computers, printers, data communications 
devices, etc. 

A network whose nodes are connected via point-to-point circuits to 
the central or hub node. 

A hub with basic routing capabilities that connects multiple LANs, 
either of the same or disparate architectures. It manages traffic on 
the network by directing incoming packets of data to only those 
nodes addressed by the packets. 

The transmission of a digital signal consisting of a specific bit 
pattern across a network by a centralized master control station, 
indicating the status of the network as available or unavailable. 
The station in possession of the token is in control of access to the 
network. 

6.4.2 Introduction to the Data Communications Design 

A preliminary conceptual design for the data communications network for the Subsurface 
Repository Integrated Control System is presented in Figure 25. While specific types of 
communications equipment are shown on the diagram, the final decisions concerning the exact 
nature of these devices will necessarily depend upon further definition of the MGR design as 
well as evolutionary trends among hardware and software products within the data 
communications industries. Thus, it is understood that the data communication technologies and 
protocols offered by this diagram are subject to change or refinement. 
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The network structures shown in Figure 25 collectively represent the overall physical 
architecture system (shown in Figures 19 through 22) that combines the controls for the various 
subsurface process systems into the Subsurface Repository Integrated Control System. The 
subsurface repository data communications network basically consists of two FDDI ring 
backbone LANs linked together in a redundant manner-ne link at each of two separate nodes. 
One FDDI backbone is a single-ring network (one cable, two fibers) made up of a number of 
nodes that link area-specific Ethernet LANs, which, in turn, are connected to those subsurface 
process systems that this analysis considers to be of a non-critical nature with respect to safety. 
The other FDDI backbone is a dual-ring network (two cables, two fibers per cable) comprising a 
number of distributed nodes linking area-specific Ethernet and specialty LANs, which, in turn, 
are connected to subsurface processes regarded as critical to safety by this analysis. The number 
of nodes on each FDDI LAN, as well as the number of devices attached to each node, will 
depend upon the required physical distribution of process monitoring and control equipment 
throughout the subsurface. 

It is important to note in Figure 25 that the Ethernet LAN (along with its attached devices) that is 
connected to Node #5 of each FDDI LAN is representative of similar equipment connected at 
FDDI Nodes #2, #3, and #4, and at Nodes #6 through n. Furthermore, the various subsurface 
process systems associated with each Ethernet LAN, and listed under Node #5 of each FDDI 
LAN, are also typical for each of the other FDDI nodes mentioned previously. The non-safety- 
critical systems FDDI LAN includes the Subsurface Emplacement Transportation System, the 
Subsurface 'Electrical Distribution System, the Subsurface Ventilation System, the Subsurface 
Water Distribution System, the Subsurface Water Collection System, the Subsurface 
Compressed Air System, the Subsurface Excavation System, the Muck Handling System, and the 
Ground Control System. The safety-critical systems FDDI LAN includes the Subsurface Fire 
Protection System, the Subsurface Radiological Monitoring System, and the Subsurface Air 
Monitoring System. 

The subsurface leaky feeder network shown connected to Node #1 of the non-safety-critical 
systems FDDI LAN is unique to that same node. This is also true of the various subsurface 
process systems associated with this leaky feeder network. These systems include the Waste 
Emplacement System, the Waste Retrieval System, the Subsurface Development Transportation 
System, the Performance Confirmation Emplacement Drift Monitoring System, the Performance 
Codmation Data Acqukitionhlonitoring System, the Performance Coxfirmation Emplacement 
Drift Monitoring System, and the Backfill Emplacement System. Finally, the LAN and 
supervisory computer equipment shown residing within the control room for the Subsurface 
Repository Integrated Control System is unique to Node #1 of each FDDI LAN. 

6.43 Data Communications Design 

As mentioned earlier, the subsurface data communications system consists of two FDDI ring 
backbone LANs linked together in a redundant manner, one configured as a single ring for non- 
safety-critical data and the other configured as a dual ring for safety-critical data. The single ring 
uses two fiber optic strands, each transmitting the same data in opposite directions at the same 
time. This gives the ring the ability to heal itself in the event of a cable break at some point on 
the ring. The two rings in a dual-ring configuration each work as a single ring. Like the first 
ring, the second ring consists of two fiber optic strands usually contained within a separate cable, 
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and is simply used as a backup to the first in the event of a major communication failure. A dual 
ring operates m a dual counter-rotating manner. This means that they transmit the same data in 
opposite directions simultaneously. That is, the counter-rotating design ensures that all nodes 
attached to the rings will not be cut off fiom network services regardless of the location of the 
cable failure. Furthermore, the dual counter-rotating design allows the ring to wrap itself around 
any failed node on the ring. Also, by using concentrators at node locations, multiple nodes may 
fail without disrupting ring integrity. The two FDDI rings are linked together at two separate 
nodes in order to effect a redundant data path between the two backbone networks. The reason 
for this link is information sharing between the safety-critical and non-safety-critical systems, 
primarily for the purpose of providing control interlocks between the two different classes of 
systems. 

The primary reasons for choosing FDDI-based LANs for the two backbones making up the 
subsurface data communications system are inherent fault tolerance (due, in part, to the ring 
configuration), transmission speed, and ability to cover long distances. The fault tolerant 
characteristics of FDDI LANs were discussed briefly above. The data rate achieved by a typical 
FDDI ring is one hundred million bits per second (100 Mbps), which is a much higher data rate 
than standard Ethernet or other data communication technologies such as Token Ring. Although 
other communication services such as asynchronous transfer mode (ATM) offer data rates of 155 
Mbps or better and possess greater bandwidth, FDDI is presently recommended as the data 
communications backbone for the MGR subsurface primarily because of its current widespread 
use, strong vendor support, and mature set of standards. On the other hand, ATM is a relatively 
new and somewhat unproven technology at this time and its kture is unclear. Asynchronous 
transfer mode standards are still maturing and industry is just beginning to gain experience with 
ATM in production environments. Moreover, ATM solutions have few and somewhat 
precarious relationships with communications equipment vendors. Because of the use of fiber 
optic cable inherent in FDDI design, FDDI rings span greater distances than its wire-based 
counterparts. The total maximum ring length for a FDDI ring is one hundred kilometers (100 
km) and the maximum distance between nodes is two kilometers (2 km). The FDDI rings also 
allow a maximum number of one thousand attached nodes. 

Most of the individual nodes attached to the two FDDI ring backbones are each linked to an 
Ethernet LAN configured in a star topology. That is, the different devices on each Ethernet LAN 
are each connected to an intelligent central wiring hub by an individual segment of fiber optic 
cable. Through the use of intelligent hubs, Ethernet star topologies have been developed that are 
able to manage data flow and provide deterministic data transmissions. Such hubs provide data 
buffering and are capable of determining which network segments have devices that want data. 
As a result, data collisions and, thus, data retransmissions, are minimized. Perhaps the principal 
advantage of a star topology is that the failure of any individual node on the hub will not affect 
the remainder of the network. Moreover, it is a relatively simple matter to accommodate new 
devices or move existing devices from one location to another in a start topology. It is also less 
difficult to troubleshoot and isolate networking problems on a star LAN than many other 
topologies. Devices that are star-connected to each of the Ethernet LANs linked to each node of 
the safety-critical systems FDDI ring have redundant data paths in order to fiuther improve the 
overall fault tolerance of the sdety-critical systems network throughout. 
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At the present time, Ethernet is primarily used for information networks. However, Ethernet is 
rapidly emerging as a natural choice for data communications in the process control and 
automation industries, largely because transmission control protocovinternet protocol, known as 
TCP/IP, its most popular LAN protocol, is widely supported by most computer and industrial 
control product manufacturers. Recent innovations in Ethernet technology have improved the 
deterministic features and performance of Ethernet. 

The subsurface leaky feeder network attached to Node #1 of the non-safety-critical systems 
FDDI ring backbone represents just one of two candidate data communication technologies 
being considered for the monitoring and control of the transport locomotives and other 
specialized rail vehicles. The other data communication technology under consideration at this 
time is slotted microwave. The selection and depiction of a leaky feeder network shown in 
Figure 25 for the remote control of mobile rail equipment is strictly for illustrative purposes only. 
Although not shown in Figure 25, the communication links fiom the FDDI backbone to the other 
types of networks being considered for this purpose will be similar. The final selection of the 
actual data communication networks to be employed for the subsurface mobile rail vehicles is 
beyond the scope of this analysis. Additional details for these different communication 
technologies and a comparative evaluation are presented in Sections 7.4.2 and 7.4.4 of the 
Subsurface Waste Package Handling - Remote Control and Data Communications Analysis 
(DIRS 24). 
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6.4.4 Data Communications Cable Layout 

Figure 26 shows a preliminary data communications cable layout for the proposed subsurface 
repository. The cable routing design is conceptual only and is not intended for construction 
purposes. Both the non-safety-critical and the safety-critical FDDI backbone LANs will follow 
the same path as shown throughout the underground facility, and at the surface, through the 
control room for the Subsurface Repository Integrated Control System. As can be seen from the 
layout, the routing path of these fiber optic cables is unaffected by the different phases of 
emplacement drift construction and is therefore to be considered a permanent installation. 

As shown in Figure 25, the network nodes of each FDDI backbone consist of an Ethernet LAN 
linked to concentrators. Therefore, data concentrators and other LAN devices will have to be 
placed in various protected locations throughout the repository. 
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6.4.5 Data Communications Summary 

The evolving components of computer technology, together with improvements in LAN data 
management devices, network transmission media (e.g., fiber optics), and developments in 
integrated data, voice, and video systems, are forcing data communications system 
manufacturers to introduce new products and related technologies at an unprecedented rate. This 
exploding growth in technology is rendering today’s systems obsolete in just a few years. 
Because of these rapidly evolving data communication systems technologies, the data 
communications system design proposed in this document is to be considered preliminary and 
should not be understood to serve as the definitive solution for the subsurface data 
communications network. It does, however, reflect much of today’s “state of the art” in the data 
communications industry, and can be used as a starting point for detailed design and the 
development of documents for cost estimating, planning, etc. It will be necessary to maintain 
continued surveillance of Nuclear Regulatory Commission requirements and to work closely 
with major data communications product manufacturers to update the emerging data 
communications system design if the project schedule and expected license application 
requirements are to be met. 

6.5 SUBSURFACE REPOSITORY OPERATIONS CONTROL ROOM DESIGN 

Figure 27 presents a preliminary design layout for a control room within the Central Control 
Center for the subsurface portion of the MGR OMCS, known as the Subsurface Repository 
Integrated Control System. Subsurface monitoring and/or control functions are conducted by 
operations personnel fiom seven supervisory consoles, each consisting of several HMI 
workstation computers, telephone handsets, video monitors and recorders, and data printers. 
Generally speaking, each supervisory console is responsible for multiple process systems 
throughout the subsurface. The systems assigned to each console are described in Section 6.3.4. 
The number of modular sections that make up each console and the number of chaiioperators 
shown for each is conceptual only. The actual quantities of the various devices within a given 
console will be determined by the extent and complexity of the processes monitored and/or 
controlled from that console. Furthermore, the total number of operators permanently assigned 
to a given console will be determined by the number of HMI devices andor video monitors that 
comprise that console. Also shown in the figure, in an area separate from the subsurface 
operations floor, is an equipment room containing various data, voice, and video 
communications equipment not normally accessed by operations personnel. 

Each supervisory console for process monitoring and control that is shown in Figure 27 
corresponds to each group of devices shown on the subsurface supervisory layer (layer 3) of 
Figure 19. The subsurface surveillance and security console shown in Figure 27 corresponds to 
the group of video monitoring and recording equipment shown in Figure 24. This console will 
probably be located in an area apart from the other consoles, either in the same control room or 
in another room within the Central Control Center. It is intended that the different types of 
telephone handsets and portable radio transceivers shown as located in the control room for the 
Subsurface Repository Integrated Control System (Figure 23) should be distributed as required 
among the various supervisory consoles of Figure 27. That is, the operator(s) at each console 
should have a full complement of devices for voice communication at their disposal. It is also 
intended that a number of video monitors for subsurface operations be similarly distributed 
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among several subsurface process monitoring and control supervisory consoles. For example, 
the supervisory console for waste transportation, emplacement, and retrieval operations will 
house video monitors to assist remote operators overseeing or directly controlling these system 
activities. For similar reasons, video monitors will also be required for the supervisory console 
for the construction development and backfill operations, and at the supervisory console for 
performance confirmation. 
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6.6 SAFETY STRATEGIES AND REQUIREMENTS 

An overview of the pre-closure safety case strategy for the MGR is characterized in the 
Monitored Geologic Repository Instrumentation and Control System Strategy document @IRS 
35). 

6.6.1 Subsurface Repository Integrated Control System Safety-Related Features 

A major role of the Subsurface Repository Integrated Control System is to manage and control a 
number of safety-critical functions of various processes throughout the subsurface facility. A 
safety-critical function, for purposes of this analysis, is a function that can have a direct effect on 
the wellbeing of human life, equipment, or the environment. Therefore, it is important that the 
design development of the Subsurface Repository Integrated Control System, as well as the 
various process monitoring/control systems it integrates, proceeds with these safety-related 
issues in mind. The following items represent general strategic features or design aims of those 
portions of the Subsurface Repository Integrated Control System intended to perform safety- 
critical functions. 

Reliability is the probability of a system or component of a system functioning correctly over a 
given period of time under a given set of operating conditions. Here “functioning correctly” is 
taken to mean “operating as defined within its specification.” It is assumed that the component 
or system was functioning correctly at the beginning of the period in question. Thus, the 
reliability of a component or system varies with time. Therefore, when reliability issues are 
being assessed during the design of the Subsurface Repository Integrated Control System, it is 
very important to consider the performance of the system and its components over an appropriate 
length of service. Reliability is of particular relevance in portions of the Subsurface Repository 
Integrated Control System where continuous, uninterrupted operation is essential to safety. 

The availability of a system is the probability that the system will be functioning correctly at any 
given time. Like reliability, the availability of a system varies with time. However, unlike 
reliability, the availability of a system relates to a particular point in time rather than to a given 
period. Availability is of great importance in portions of the Subsurface Repository Integrated 
Control System and various local process control systems that are not used continuously. 

A fail-safe operation refers to a set of output states of a system that can be identified as being 
safe. The Subsurface Repository Integrated Control System, as well as the various process 
monitoringkontrol systems it integrates, should be designed to “fail safe” by ensuring that it 
adopts these outputs in the event of failure or the inability to recover fiom failure. 

System integrity refers to the ability of a system to detect faults in its own operation and to 
inform a human operator of such faults. System integrity is of particular importance in systems 
that possess fail-safe states. This is because it is desirable that a system be designed so that it 
will enter the fail-safe state if there is any uncertainty about the correctness of the system’s 
performance. 

Data integrity is the ability of a system to prevent damage to its own database and to detect, and 
possibly correct, errors that do occur. Data integrity will be of importance in the Subsurface 
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Repository Integrated Control System where data used by certain portions of the system are 
deduced and stored rather than measured directly. 

System recovery refers to the ability of a system to restart and return to its normal state of 
operations after failure due to a fault. Depending on the nature of the process operations 
involved, the recovery process of the Subsurface Repository Integrated Control System, along 
with the various process monitoringlcontrol systems it integrates, may need to determine current 
process status and take appropriate action to continue operation to maintain safety. 

The maintainability of a system is its ability to be retained in or returned to its designed 
operating state. The maintenance of portions of the Subsurface Repository Integrated Control 
System and portions of local process systems related to safety is greatly affected by the type of 
process being monitoredlcontrolled. In some cases, maintenance may be performed while the 
system is in service. This may entail performing repairs or preventative maintenance on a 
running system, or shutting it down temporarily. Alternatively, maintenance may only be 
possible between periods of service. 

Dependability is a property of a system that justifies the reliance placed on it. Dependability, 
quantified in terms of a number of the above features such as reliability and availability, combine 
to produce a dependable system. 

In addition to incorporating the design strategies discussed above, the Subsurface Repository 
Integrated Control System will have to satisfy certain specific safety requirements relating to its 
functions and characteristics in order to be able to properly control safety-related operations. A 
series of tasks must be performed to determine these system-specific requirements. The main 
stages of this process may be categorized as follows: 

Identification of the hazards associated with the system 

0 Classification of these hazards 

0 Determination of methods for dealing with the hazards 

0 Assignment of appropriate reliability and availability requirements 

To determine the characteristics that a system must have in order to be safe, it is necessary to 
understand the ways in which the system could harm persons, equipment, or the environment. A 
hazard is the capacity of a system to do harm to people, property, or the environment. As such, 
the formal task of hazard analysis should be undertaken in order to identify potential hazards 
associated with a given system. 

Having identified the hazards associated with a system, it is useful to classifjl them by severity 
and nature. The severity of a hazard is related to the consequences of any accident that might 
occur as a result of that hazard. The importance of a hazard is related to both its severity and 
frequency of occurrence. These two factors combine within the concept of risk. This suggests 
that a formal risk analysis needs to be performed to determine the classification and acceptability 
of the risk associated with a given hazard. 
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Having identified all the hazards within a system, it is then necessary to identify methods for 
dealing with each of them. For each operation that a system can perform, it is necessary to 
decide the conditions for which that operation is safe. Once appropriate conditions for safety 
have been established, these then become part of the formal safety requirements of the system. 
The safety requirements of a system provide the basis for assigning reliability and availability 
requirements to the system. This is an assessment process that is accomplished through formal 
reliability modeling techniques. 

As a necessary part of the design for the Subsurface Repository Integrated Control System, it is 
recommended that the above tasks be topics for fbture analyses and models. 

6.6.2 Safety-Related Requirements for Computer-Based Control Systems 

As stated in the previous subsection, a major role of the Subsurface Repository Integrated 
Control System is to manage and control a number of safety-critical functions of various 
processes throughout the subsurface facility. Since the Subsurface Repository Integrated Control 
System is based on digital computer technology, it follows that a number of integral components 
of various safety-critical systems used throughout the subsurface repository for process 
monitoring and control are computer-based devices. Furthermore, since the monitoring and 
control of these systems takes place in a nuclear environment, it would be sound practice to 
examine the standards and regulations governing the use of digital computers in the safety 
systems of commercial nuclear power plants to determine the computer-specific requirements of 
the Subsurface Repository Integrated Control System at Yucca Mountain. Therefore, it is 
recommended that IEEE Standard 603-1991, “IEEE Standard Criteria for Safety Systems for 
Nuclear Power Generating Stations” (DIRS 40) and IEEE Standard 7-4.3.2-1993, ‘WEE 
Standard Criteria for Digital Computers in Safety Systems of Nuclear Power Generating 
Stations” (DIRS 37) (See Section 4.3.2 herein) be consulted to establish the functional and 
design requirements for the computer-based components of the Subsurface Repository Integrated 
Control System. These two standards have been endorsed by the U.S. Nuclear Regulatory 
Commission in Regulatory Guide 1.152, “Criteria for Digital Computers in Safety Systems of 
Nuclear Power Plants” (DIRS 63) and Regulatory Guide 1.153, “Criteria for Safety Systems” 
@IRS a), respectively (Section 4.3.3). 

The items listed below represent a number of safety system criteria cited within the two IEEE 
standards from which computer-specific requirements were developed for nuclear power 
generating stations. 

6.6.2.1 Single-Failure 

A single-failure analysis shall be performed. A single-failure analysis verifies that no single 
failure in either the hardware or software of the computer will cause failure in channels or 
actuation circuits that would cause the loss of a safety function. The single-failure analysis shall 
be performed in conjunction with a comprehensive facility analysis of the MGR. 

6.6.2.2 Completion of Protective Action 

The system logic for the safety systems shall be designed such that once initiated automatically 
or manually, the intended sequence of protective actions of the execute features shall continue 
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until completion. Deliberate operator action shall be required to return the safety system to 
normal. 

~ 6.6.2.3 Quality 

Computer hardware components shall be of a quality that is consistent with minimum 
maintenance requirements and low failure rates, and shall be designed, manufxtured, inspected, 
installed, tested, operated, and maintained in accordance with a prescribed quality assurance 
program, consistent with the requirements of ASME NQA-1- 1997, “Quality Assurance Program 
Requirements for Nuclear Facility Applications” (DIRS 36) (see Section 4.3.1). 

Computer software components shall be developed, modified, or accepted in accordance with an 
approved software quality assurance plan, consistent with the requirements of ASME NQA-1- 
1997, “Quality Assurance Requirements for Nuclear Facility Applications” (DIRS 36). 
Guidance for developing a software quality assurance plan may be found in IEEE Standard 730- 
1998, “IEEE Standard for Software Quality Assurance Plans” (DIRS 41) and IEEE Standard 
730.1-1995, “IEEE Guide for Software Quality Assurance Planning” (DIRS 42) (Section 4.3.2). 

The qualification process for commercially available computer hardware and software shall 
entail identification of functional and performance requirements necessary to provide adequate 
confidence that the safety functions can be achieved. In addition, the qualification process for 
hardware and software shall, wherever practicable, include an evaluation of the design process. 

Verification and validation shall be performed for the development and modification of computer 
software in accordance with IEEE Standard 1012-1986, “IEEE Standard for Software 
Verification and Validation Plans” (DIRS 47) (Section 4.3.2). This standard has been endorsed 
by the U.S. Nuclear Regulatory Commission Regulatory Guide 1.168, “Verification, Validation, 
Reviews, and Audits for Digital Computer Software Used in Safety Systems of Nuclear Power 
Plants” (DIRS 65) (Section 4.3.3). 

Computer software configuration management shall be performed in accordance with a software 
configuration management plan. Guidance for the development of a software configuration 
management plan may be found in IEEE Standard 828-1990, “IEEE Standard for Software 
Configuration Management Plans” (DIRS 43) and ANSVIEEE Standard 1042-1987, “IEEE 
Guide to S o h e  Configuration Management” (DIRS 51) (Section 4.3.2). These standards 
have been endorsed by the U.S. Regulatory Commission Regulatory Guide 1.169, 
“Configuration Management Plans for Digital Computer Software Used in Safety Systems of 
Nuclear Power Plants” (DIRS 66) (Section 4.3.3). 

6.6.2.4 Equipment Qualification 

Equipment qualification testing shall be performed with the computer functioning with computer 
software and diagnostics that are representative of those used in actual operation. All portions of 
the computer necessary to accomplish a safety function, or those portions whose operation or 
failure could impair the safety function, shall be exercised during testing. 
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6.6.2.5 System Integrity 

The computer shall be designed to perform the safety h c t i o n  when subjected to any condition, 
external or internal, that has a significant potential for defeating the safety function. 

The test and calibration function shall not adversely affect the ability of the computer to perform 
its safety functions. 

6.6.2.6 Independence 

Barrier requirements shall be identified to provide adequate confidence that the non-safety 
portions cannot interface with performance of the safety portion of the computer software. 

6.6.2.7 Capability for Test and Calibration 

Capability for testing and calibration of safety system equipment shall be provided while 
retaining the capability of the safety systems to accomplish their safety functions. 

6.6.2.8 Information Displays 

Display instrumentation shall provide accurate, complek, and timely information pertinent to 
safety system status. 

If the protective actions of some part of a safety system have been bypassed or deliberately 
rendered inoperative for any purpose other than an operating bypass, continued indication of this 
fact for each affected safety group shall be provided in the control room. 

6.6.2.9 Control of Access 

The design shall permit the administrative control access to safety system equipment. 

6.62.10 Repair 

The safety system shall be designed to facilitate timely recognition, location, replacement, repair, 
and adjustment of malfunctioning equipment. 

6.6.2.11 Auxiliary Features 

Auxiliary supporting features that (1) perform a function that is not required for the safety 
systems to accomplish their safety function, and (2) are part of the safety systems by association 
shall be designed to meet those criteria necessary to ensure that these components, equipment, 
and systems do not degrade the safety systems below an acceptable level. 

6.6.2.12 Human Factors Considerations 

Human factors shall be considered at the initial stages and throughout the MGR OMCS design to 
assure that the functions allocated in whole or in part to the human operatofls) and maintainer(s) 
can be successfully accomplished to meet the safety system design goals, in accordance with 
IEEE Standard 1023-1988, “IEEE Guide for the Application of Human Factors Engineering to 
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Systems, Equipment, and Facilities of Nuclear Power Generating Stations” @IRS 49) (Section 
4.3.2). 

6.6.2.13 Reliability 

An appropriate reliability analysis of the design shall be performed in order to confirm that 
quantitative and qualitative reliability goals have been achieved. Guidance for the development 
of a reliability analysis may be found in IEEE Standard 352-1987, “IEEE Guide for General 
Principles of Reliability Analysis of Nuclear Power Generating Station Protection Systems” 
@IRS 38) and IEEE Standard 577-1976, “IEEE Standard Requirements for Reliability Analysis 
in the Design and Operation of Safety Systems for Nuclear Power Generating Stations” @IRS 
39) (Section 4.3.2). 

6.7 OFF-NORMAL EVENTS AND RESPONSES 

6.7.1 Off-Normal Events and the Subsurface Repository Integrated Control System 

An off-normal event, as discussed in this analysis, is any occurrence or activity in subsurface 
repository operations that is either unexpected or different from what would otherwise be 
considered as part of normal operations, but is not as catastrophic as a design basis event. The 
Safety Analysis Group within the Repository Systems Operation organization has the primary 
responsibility for identifying design basis events and then analyzing each of them for the 
potential magnitude of their effect on the MGR. Based on the results of these analyses, design 
considerations will be communicated to other design organizations. Consequently, a discussion 
regarding design basis events will not be undertaken in this analysis. Design basis events are 
briefly discussed in the Monitored Geologic Repository Instrumentation and Control @stem 
Strategy document (DIRS 35). 

Subsurface off-normal events would include incidents such as electrical power losses, electrical 
power dips and surges, equipment and component failures, etc. How these types of events are 
recognized and handled is an important aspect of the Subsurface Repository Integrated Control 
System. Therefore, it is imperative that the impact and consequences of such events on 
subsurface repository operations be examined to ensure that they can be responded to in a safe 
and timely manner by the subsurface controls. Specifically, the Subsurface Repository 
Integrated Control System must have the necessary features to ensure an organized and planned 
response to off-normal events. The discussion in this section will assist in laying out a 
foundation for addressing off-normal events that will serve as a basis for further development by 
subsequent analyses. Operator response to off-normal events noted above will be developed in 
an emergency or alarm response system procedure. 

6.7.2 Responses to Off-Normal Events 

As a minimum, the major responses to an off-normal event by the Subsurface Repository 
Integrated Control System are: 

0 Minimize or prevent, to the greatest extent possible, disruptions to unaffected 
operations. 
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0 Shutdown and secure the necessary or required on-going processes in the proper order 
and in a timely manner. 

In an effort to achieve these two responses, the Subsurface Repository Integrated Control System 
design will need to incorporate the planned response@) to each off-normal event. Control 
system responses will affect the reliability, availability, and maintainability requirements of the 
Subsurface Repository Integrated Control System. For example, a defense-in-depth design 
would include features such as redundancy, independence, and diversity, which would play a 
significant role in assuring the reliability and availability of control system responses. Clearly, 
strategic features such as these are intimately related to the idea of risk with respect to the control 
of subsurface operations. Performing a risk assessment study for each identifiable off-normal 
event will greatly assist in determining the response requirements for each event. Depending on 
the number of risk factors associated with an off-normal event, the degree of stringency of the 
control system design criteria will be proportional to those risk factors. 

6.73 Responses to Off-Noma1 Events 

The manner in which the Subsurface Repository Integrated Control System handles and responds 
to off-normal events, while continuing its normal control operations for unafkted processes, is 
of utmost importance in the design development of this system. As a minimum, the design 
development phase should consider the following as means for effecting responses to various 
off-normal events: 

0 General alarm and personnel notification systems 

e Emergency shutdowns 

0 Emergency response plans 

0 Manualoverrides 

0 Backup power supplies 

Careful consideration will have to be given to the selection and location of alarm and personnel 
warning devices that would typically operate under off-normal conditions. Moreover, 
determining not only which personnel and interfacing systems need to be notified of an off- 
normal event, but also how they are to be notified, is essential to maintain the operational 
integrity, safety, and security of the entire MGR site. 

A response to an off-normal event that requires an emergency shutdown of some system or piece 
of equipment may include an orderly and safe shutdown of related but separate equipment and 
systems. A determination will need to be made as to which systems need to be shutdown and in 
what order for the off-normal event@) taking place. It is quite likely that a combination of both 
manual and automatic actions will carry out these shutdown operations. The process of 
determining what combinations of these actions are both safe and appropriate in response to the 
event(s) will involve further study and analysis. A related yet separate determination will need 
to be made as to both the means (manual or automatic) as well as the sequential order for re- 
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starting or recovering these same systems. This determination will also involve further study and 
analysis. 

Responses to off-normal events may have significant effects on the emergency response plans 
for the MGR site, particularly those plans governing the subsurface portion of the facility. It 
remains to be determined exactly how and to what extent the responses of the Subsurface 
Repository Integrated Control System to off-normal events will impact the various plans and 
procedures that comprise the emergency response system of the MGR. 

Manual overrides will be a necessary means for responding to certain types of off-normal events. 
The Subsurface Repository Integrated Control System will need to provide for manual control of 
certain equipment and systems that must continue to operate in the event of automatic controls 
failure. The control system must also provide for the manual override of automatic controls for 
certain processes or initiate specific emergency responses to system failures. A major 
consideration here is the design of the interface between the human operator and the process 
affected by the off-normal condition. 

An unintermptible power supply represents a complete and total response solution to the 
problem of an off-normal event that results from a loss of primary electrical power to some 
process equipment item or system. However, numerous constraints on the subsurface emergency 
power distribution system will no doubt prohibit a tie-in for each and every electrical equipment 
item and system. Therefore, only a few select equipment items and systems (including control 
systems) throughout the subsurface facility will likely have this backup power capability. The 
determination as to which systems will cany this feature will become an increasingly important 
issue as the control system design progresses for the subsdace facility. 

6.7.4 Off-Normal Events and Responses Summary 

The conceptual design for the Subsurface Repository Integrated Control System presented 
elsewhere in this analysis will be able to accommodate and support the design criteria and 
features required for responding to off-normal events. 

Several general procedures are recommended for approaching the design development of control 
system responses to off-normal events. Of paramount importance is that all design aspects of the 
Subsurface Repository Integrated Control System be thoroughly investigated and reviewed in 
accordance with these procedures for impacts from off-normal events. These procedures 
include, as a minimum: 

Identify and review the various I&C systems that are affected by off-normal events. 

Investigate and formulate I&C system requirements for responding to off-normal events. 

0 Consider personnel and public safety to be the overriding concern in defining responses 
to off-normal events. 

The ideas presented and discussed in this section merely identify issues and guidelines in 
connection with the treatment of off-normal events by the Subsurface Repository Integrated 
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Control System. As such, further investigation and refinement of these ideas and others as they 
are identified is in order and hence, should be the subject task of a fbture analysis. 

6.8 SOFTWARE DEVELOPMENT STRATEGIES 

Software planning and development for process control and communications represents major 
issues with respect to system design. In particular, software planning and development for the 
Subsurface Repository Integrated Control System will be a significant work activity in terms of 
both time and cost for the Project. A large number of different types of software development 
packages will likely be used to develop running programs for the various computer-based 
components of the system for process monitoring and control, as well as for data, voice, and 
video communications. Most of these various software development products will likely be 
available as commercial off-the-shelf development packages and tools fiom which most of the 
running application programs for the system will be created. However, it is expected that some 
of the system computer programs will have to be developed using low-level programming 
techniques, without the benefit of any commercially available application development platform. 
The need for such an approach would probably be due, at least in part, to the use of specialized 
hardware components within the system. Therefore, it is anticipated that an extensive and 
complex software configuration and programming effort will be required to achieve l l l y  reliable 
and efficient control and communications software programs for the Subsurface Repository 
Integrated Control System. 

6.8.1 Software Planning and Development Program 

A software planning and development program for the Subsurface Repository Integrated Control 
System is presented as a set of numbered work package activities and their descriptions in the 
Repository Subsurface Control Integration Plan (refer to DIRS 34, Attachment 11, Activities 31 
through 41). Taken collectively, these activities address a number of software-related design 
issues, such as programming methodologies, program approach and planning, quality controls 
and assurances, regulatory approval strategies, implementation and testing, life-cycle operations, 
verification and validation, and program technical support and maintenance. These issues will 
demand time and attention throughout the design, implementation, and startup phases of the 
Subsurface Repository Integrated Control System. 

In addition to the work activities referenced above that comprise the software planning and 
development program, the program may contain a number of other items that affect software 
planning and development. For example, the program may contain a general statement that gives 
an overview and philosophy (rationale) of the planning and development strategy. A statement 
describing the policy requirements for high-level project software may also be included. The 
program may also define software life-cycle terms, development phases and success criteria, 
milestone review criteria, specifications and review criteria of software end products, and the 
organizatioddivision of responsibilities among members of the development team. Of these 
items, perhaps one of the most fundamental is specification of the software development phases 
and the milestone reviews associated with each. 
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The following table provides a chronological list of development phases and milestone reviews 
that could be used to model the software life-cycle process for the Subsurface Repository 
Integrated Control System. 

Table 3. Software Life-Cycle Phases and Milestone Reviews 

2 

3 
4 

5 
6 
7 

8 
9 
10 

Phases 

System Requirements Analysis 

System Functional Design 

Subsystem Requirements Analysis 

Subsystem Functional Design 

Software Reauirements Analvsis 

Software Design 

Software Implementation and Test 

Subsystem Integration, Test, and Delivery 

Svstem Imdementation. Test. and Delivetv 

Operation and Maintenance 

Milestone Reviews 

System Functional Requirements 
0 System Management Plan 

System Functional Design 
0 Subsystem Work Implementation Plan 

Software Requirements 

0 Subsystem Functional Design 
0 Software Work Implementation Plan 

Software Requirements 

0 Software Design 

0 Implementation Status 
0 Sohare  Delivery 

0 Subsystem Delivery 

System Delivery - 
Software planning and development within the context of safety-critical systems takes on an 
added dimension in terms of strategic features and requirements. A detailed discussion of 
software planning and development for the control of safety-critical systems is presented in 
Section 6.6.2. 

6.8.2 SofWare Types and Levels 

The Subsurface Repository Integrated Control System contains a wide variety of computer-based 
control components for all process and communications systems throughout the subsurface 
facility. As a direct result of this, the system will require a range of both mandacturer-supplied 
and custom-developed software routines and programs, as well as various commercial off-the- 
shelf application development packages to perform all required monitoring, control, and 
communication functions. The categories or types of software programs and development 
packages roughly correspond to the types of hardware components they are used with and the 
operational functions they serve. These software types include: 

0 Graphics development packages for HMI workstations 

0 Application development packages and compilers for HMI workstations 

0 Application development packages and compilers for DCSs 

0 Application development packages and compilers for PLCs 

ANL-MGR-CS-000001 REV 00 83 January 2000 



Subsurface Repository Integrated Control System Design 

0 Application development packages and compilers for special purpose controllers 

Configuration software for programmable process control field devices 

Configuration and network management software for data communications equipment 

Operating systems for PCs and LAN servers 

Application management tools and miscellaneous add-ons for PCs and LAN servers 

0 Device drivers for PC and LAN-server peripherals and accessories, and special purpose 
controllers 

Many computer application programs will exist for process control and communications 
throughout the Subsurface Repository Integrated Control System. These software applications or 
program “blocks” are generally represented by the individual items shown on the 
monitoringlcontrol level of control system functional block diagrams (Figures 1 through 18). 

The various types of software listed above may be hctionally organized into a triple-level 
pyramidal hierarchy as shown in Figure 28. The pyramid structure groups the software types 
into one of three different levels for the purpose of organizing each type according to its relative 
functional importance among the other types. These levels are the system level, the application 
level, and the application-support level. Each level in the pyramid is considered to be the 
platform or foundation for each of the levels resting on top of it. The system level or base of the 
pyramid is made up of the software types that allow all process computers to perform their 
elementary system functions, and to communicate with other devices as well as with each other. 
This software also, in a sense, integrates all monitoring and control programs for the Subsurface 
Repository Integrated Control System. It is where all process data throughout the subsurface are 
collected, managed, and distributed in the most fundamental ways. The application level 
represents the software required for the actual monitoring and control of all the different 
subsurface process systems. The application support level consists of whatever application 
development tools, diagnostic utilities, performance optimiiers, database management and 
analysis aids, etc., that might be employed to support or enhance the applications residing at the 
level below. 
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6.8.3 Regulatory and Industry Standards 

Inasmuch as the software-based monitoring and control functions performed by the Subsurface 
Repository Integrated Control System will take place in a nuclear environment, it would be 
sound practice to examine the standards and regulations governing the use of software in control 
systems of commercial nuclear power generating stations. Such an examination and study would 
assist in determining the specific software planning, development, and design requirements for 
the Subsurface Repository Integrated Control System. Therefore, is recommended that a number 
of the IEEE standards pertaining to software in the nuclear power industry be consulted in order 
to establish these requirements for the Subsurface Repository Integrated Control System. These 
standards include IEEE Standard 730 (DIRS 41), IEEE Standard 730.1 (DIRS 42), IEEE 
Standard 828 (DIRS 43), ANSIAEEE Standard 829 (DIRS 44), IEEE Standard 830 (DIRS 4 9 ,  
IEEE Standard 1008 (DIRS 46), IEEE Standard 1012 (DIRS 47), IEEE Standard 1016 (DIRS 
48), IEEE Standard 1028 (DIRS 50), IEEE Standard 1042 (DIRS 51), IEEE Standard 1059 
(DIRS 52), IEEE Standard 1063 (DIRS 53), and IEEE Standard 1074 (DIRS 54) (Section 4.3.2). 
Many of these standards have been endorsed by a number of U.S. Nuclear Regulatory 
Commission Regulatory Guides and NUREG reports. The Regulatory Guides include 1.168 
(DIRS 65), 1.169 (DIRS 66), 1.170 (DIRS 67), 1.171 (DIRS 68), 1.172 (DIRS 69), and 1.173 
(DIRS 70) (Section 4.3.3). The NUREG reports include NUREG/CR-6101 (DIRS 56), 

NUREG/CR-6421 (DIRS 60), NUREG/CR-6463 Rev. 1 (DIRS 61), and NUREGKR-6465 
(DIRS 62) (Section 4.3.3). 

NUREGKR-6263 (DIRS 57), NUREG/CR-6278 (DIRS 58), NUREG/CR-6294 (DIRS 59), 

Upon finalization of the compliance program guidance packages for the Yucca Mountain 
Project, all or some of these regulations and standards may define project design criteria and 
requirements for the Subsurface Repository Integrated Control System. Although these 
regulatory documents apply to the commercial nuclear power industry, it is likely that some 
portions of their content will be applicable to the Subsurface Repository Integrated Control 
System. Therefore, M e r  review and study of the Regulatory Guides and NUREG reports 
previously mentioned is recommended. 

7. CONCLUSIONS 

This analysis identifies the preliminary subsurface instrumentation, control functions, and 
interfaces as described in the SDDs. The data, voice, and video links between site-based systems 
and the Subsurface Integrated Control System are also identified. The Subsurface Repository 
Integrated Control System functional block diagrams (Figures 1 through 18) show all the 
applicable SDDs in the top three layers: Site, Facility, and System. The various process systems 
interface with one another as described in the SDDs. These diagrams will serve as the principal 
development guide for the Subsurface Repository Integrated Control System design. The 
functional architecture is discussed in Section 6.2. 

A number of SDDs used as input criteria in Section 4.2, are currently affected by TBVs. The 
impact of these TBVs on this analysis is that items on the primary function level of some of the 
functional block diagrams are unverified at the present time. The functional block diagrams 
affected depends upon which SDDs are affected by TBVs. All affected SDDs and their 
corresponding TBV numbers are given in Section 4.2. 
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The physical architecture of the Subsurfxe Repository Integrated Control System is based in 
part on the functions identified in the functional block diagrams. The physical architecture 
diagrams represent an initial effort to integrate all subsurface control systems and devices, and to 
establish the different levels of control that might be used in the subsurface repository. Also, the 
physical architecture diagrams provide an initial estimate of the complexity of the subsurface 
process control, voice communication, and video monitoring systems. These diagrams can also 
assist design engineers in planning their course of work more efficiently, as the Subsurface 
Repository Integrated Control System needs to be in place at the end of each cluster development 
cycle to complete the development of a cluster of emplacement drifts. The design presented in 
this analysis must be considered preliminary and will most likely undergo changes and 
refinements. The physical architecture is discussed in Section 6.3. 

The Subsurface Repository Integrated Control System data communications design reflects the 
overall data communications portion of the physical architecture. Data communications are 
considered a key component of the Subsurface Repository Integrated Control System. This 
network serves as the physical link between all of the systems and devices throughout the 
subsurface facility. Data communications are discussed in Section 6.4. 

The control room equipment arrangement and layout for the Subsurface Repository Integrated 
Control System is a modular concept designed according to system functionality. It comprises a 
number of supervisory consoles or expandable groups of operator monitoring and interface 
devices that are functionally related. Control room design for subsurface operations is discussed 
in Section 6.5. 

The safety-critical functions of the Subsurface Repository Integrated Control System shall 
conform to a number of design aims related to safety. These strategic features include reliability, 
availability, fail-safe operation, system and data integrity, system recovery, maintainability, and 
dependability. Furthermore, since the safety-critical functions of the Subsurface Repository 
Integrated Control System are computer-based and will take place in a nuclear environment, the 
design requirements for the system shall comply with the standards and regulations governing 
the use of digital computers in commercial nuclear power plants. Safety strategies and 
requirements are discussed in Section 6.6. 

The Subsurface Repository Integrated Control System must possess the capability to ensure an 
organized and planned response to what have been identified as off-normal events surrounding 
subsurface repository operations. Means of effecting responses to off-normal events shall 
include, as a minimum, alarm and notification systems, emergency shutdowns, emergency 
response plans, manual overrides, and backup power supplies. Off-normal events and responses 
are discussed in Section 6.7. 

Due to the anticipated size and complexity of the configuration and computer programming tasks 
faced by the developers of the Subsurface Repository Integrated Control System, a software 
planning and development program shall be produced and implemented. Furthermore, inasmuch 
as the system software-based monitoringlcontrol functions will take place in a nuclear 
environment, the system shall comply with the standards and regulations governing the use of 
control system software in commercial nuclear power plants. Software development strategies 
are discussed in Section 6.8. 
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Evolving technologies should be considered a key factor, in the Subsurface Repository Integrated 
Control System design, as the positive changes in technology could provide greater reliability 
and reduce system complexity. 

Some SDDs used in this analysis have a global to-be-verified (TBV) designation. However, 
these sources are offered as design inputs to this analysis since only primary system functions are 
cited and, thus, should not impact the conclusions of this analysis. The design configurations 
presented in this analysis will need to be re-evaluated after all the relevant SDDs receive Level 3 
Change Control Board approval. 

Specific conclusions that can be drawn h m  this analysis are as follows: 

0 The data communications backbone for the Subsurface Repository Integrated Control 
System shall have at least one redundancy level for all non-sdety-critical functions. 

0 The Subsurface Repository Integrated Control System shall conform to an open system 
architecture. 

0 The control functions of the Subsurface Repository Integrated Control System should be 
distributed (decentralized) in order to avoid single-point failures and provide easy 
maintenance and upgrades. 

0 The data communications for the Subsurface Repository Integrated Control System shall 
be deterministic. 

0 The data communications system backbone for the Subsurface Repository Integrated 
Control System shall have more than one redundancy level for safety-critical functions. 

The Subsurface Repository Integrated Control System shall be diverse in the design of 
its subsystems and components, and physical separation of system components shall be 
practiced in order to reduce common-cause failures. 

Future work shall be considered to develop or site-wide (surface and subsurface) 
network integration architectures. It is recommended that the Respository Surface, 
Repository Subsurface, and Repository Systems Operation groups collaborate in this 
effort. These integration issues are identified and discussed in the Monitored Geologic 
Repository Instrumentation and Control System Strategy document (DIRS 35). 

0 The design development of the Subsurface Repository Integrated Control System shall 
consider the application of human factors to system operations, and appropriate 
measures shall be taken to reduce the potential for human operational errors. 

0 The design development of the various process control computers and data 
communications networks of the Subsurface Repository Integrated Control System shall 
allow for the expansion of additional process control hardware and s o h e  with 
minimum impact to existing systems. 
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0 The design development of the Subsurface Repository Integrated Control System shall 
include a formal risk analysis. 

0 A formal specification of the safety requirements of the Subsurface Repository 
Integrated Control System shall be developed as part of the future design. 

0 A formal single-failure analysis shall be performed during the design of the Subsurface 
Repository Integrated Control System. The single-failure analysis shall be performed in 
conjunction with a comprehensive facility analysis of the MGR. 

0 A formal reliability analysis of the safety features of the Subsurface Repository 
Integrated Control System shall be performed as part of the future design. 

0 A computer software and hardware quality assurance plan shall be developed for the 
Subsurface Repository Integrated Control System as part of the future design. 

0 A software planning and development program shall be produced and implemented for 
the Subsurface Repository Integrated Control System as part of the future design. 

0 A computer software configuration management plan shall be developed for the 
Subsurface Repository Integrated Control System as part of the future design. 

0 A computer software verification and validation plan shall be developed for the 
Subsurface Repository Integrated Control System as part of the future design. 

0 The Subsurface Repository Integrated Control System design shall incorporate proven 
state-of-the-art technologies in controls and communications. Furthermore, the system 
shall be designed in a manner that can accommodate advancements and proven 
innovations in controls and communication technologies. 

ATTACHMENTS 
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4 
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CRWMS M&O 1998. Subsutface 
Venfilafion . Sysiem Description 
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G x q - q -  6.2.2.8 
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Air cleanup and filtration 

Air temperature control 

Containment of radioactive 
contaminants 

Human 8ccess control 

System 8nd equipment 
monitoring 

Vol. l.l.lo I, 1 NIA 1 6.2.2.8 

NIh 

WA 

NIA 

NIA 

NIA 

I I 

Vol. I, 1.1.4 

Vol. I, 1.1.5 

~ 

NIA 6.2.2.8 

WA 6.2.2.8 

Combustion products 
containment 

I N'A 

Air quality maintenance 

WA 

Data transfer to facility control 
Systems 

NIA I 
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Identifier@) with Version 
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2 
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2 
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Subsurface Repository Integrated Control System Design ANL-MGR-CS-0000011RN 00 I NIA 

I 8. TBV Due To I 
6. Input Description 5. Section 

Used in 
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Unqual. 

i 

6.5 X subsurface operations 
monitoring and control room 

2 

6.2.2.8 X ventilation 
system supervisory control 

Subsurface 
supenrisory control 

6.2.2.12 

6.2.2.13 
and 

X 

Vol. I. 1.1.6 TBV- -+- Vol. I, 1.1.7 TBV- 

2 X 6.7.3 Shutdown of subsurface 
systems 

Waste emplacement safety 
systems status monitoring 

6.2.2.2 
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6.2.2.3 

X 2 

3 1  
I 

VOl. I, 1.1.8 lBV- 
3759 

6.7.1 and 
6.2.2.1 

Subsurface safety systems 
monitoring and control 
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VOl. I, 1.1.9 Subsurface facility 
omrational startuD 

2 X TBV- 
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TBV- 
3759 

6.7.3 and 
6.2.2.1 

6.7.3 and 
6.2.2.1 

6.2.2.1 

VOl. I, 
1.1.10 

X 2 Alarms for off-normal 
conditions 

Subsurface equipment 
performance monitoring 

System Interfaces 

VOl. 1, 
1.1.11 

TBV- 
3759 

2 X 

VOl. I, 1.1.2 TBV- 
3759 

6.2.2.1 2 X 
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X 2 Subsurface remote 
operations monitoring 

Subsurface operations data 
storage 
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Subsurface Repository Integrated Control Sy 

6. Input Description 

6.2.2.14 

1-6 

Ground control components 
and rock monitoring 

em Design 

7. TBVlFBD 
Priority 

NIA 

Unqual. 

8. fBV Due To 

From 
Uncontrolled 

Source 

Un- 
confirmed 

January 2000 



Subsurface Repository Integrated Control System Design 

4. Input 
Status 

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifiil MolRev.: Change: Tile: 

5. Section 
Used in 

ANL-MGR-CSMXX)Ol/REV 00 I NIA 

Unqwl. 

8. TBV Due 5 

FrOm 
Uncontrolled 

source 

3. Section 

2a - vot. I. 1.1.1 CRWMS Ma0 1998. Performance 
Confirmation Emplacement &iit 
Monitoring System Oescnption 
Document. BCA~0-01717-1705- 
00020 Rev. 00. Las Vegas, Nevada: 
CRWMS Ma0 
ACC: MOL.19981117.0426. 

VOl. I, 1.1.2 

Vol. I. 1.1.3 

Vol. I, 1.1.4 

Vol. I, 1.1.5 

Subsurface Repository Integrated Control SI 

6.2.2.4 

NjA I 

6. Input Description 

Emplacement drift and waste 
package monitoring 

Emplacement drift 
environmental conditions 
monitoring 

Waste package conditions 
monitoring 

Emplacement drift and waste 
package data transfer 

Emplacement drift test 
coupons 

em Design 

7. l B V m D  
Priority 

NIA 

NIA 

N/A 

N/A 

NIA 

Un- 
confirmed 

ANL-MGR-CS-000001 REV 00 1-7 January 2000 



Subsurface Repository Integrated Control System Design 

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

I. Document Identifier No.lRev.: 

4NL-MGR-CS4OOOOl/RW 00 

Change: I NIA 

Title: 
Subsurface Repository Intearated Control System Design 

~~~ 

8. TBV Due To 
6. Input Description 

Input Document 
4. Input 
Status 

5. Section 
Used in 

7. TBVKBD 
Priority 

Unqual. From 
Uncontrolled 

SOUrCe 

Un- 
confirmed 

3. Section 2. Technical Product Input Source Title 
and 

Identifieas) with Version 
CRWMS M&O 1998. Waste Retrievel 
System Description Document. 
BCA000000-01717-1705ooO18 Rev. 
00. Las Vegas, Nevada: CRWMS M&O 
ACC: MOL.19980903.0869. 

VOl. I, 1.1.1 N/A 6.2.2.6 Normal waste padtage 
retrieval 

NIA 

6 

NIA NormaVabnormal select 
waste package retrieval 

NIA Vel. I, 1.1.2 6.2.2.6 

6 

Vol. I. 1.1.3 NIA 6.2.2.6 Abnormal waste padtage 
retrieval during emplacement 

NIA 

6 

Vel. I, 1.1.4 NIA 6.2.2.6 Debris and equipment 
removal 

NIA 

6 

January 2000 ANL-MGR-CS-000001 REV 00 



. -  

Subsurface Repository Integrated Control System Design 

OFFICE OF ClVlUAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

I. Document Identifir No.lRev.: Change: 

4NtMGR-CS-000001/REV 00 I NIA 

rite: 

Subsurface Repositow Intearated Control System Desian 

Input Document 
~~ ~ 

6. Input Description 

~~ 

8. TBV Due To 
4. Input 
status 

5. Section 
Used in 

7. TBVITBD 
Priority 

3. Section Unqual. From 
Uncontrolled 

source 

Un- 
confirmed 

2. Technical Produd Input Source Title 
and 

Identifier&) with Venion 
CRWMS M&O 1998. 8&fi// 
Emplecement System Demi tbn  

O0010 Rev. 00. Las Vegas, Nevada: 
CRWMS M&O 
ACC: MOL.19981111.0001. 

Document. BCAOoooOOl7l7-1705- 

Za Vol. I, 1.1.2 NIA 6.2.2.7 Backfill material transport NIA 

7 

Vol. I, 1.1.3 NIA 6.2.2.7. Backfill material 
emplacement 

NIA 

7 

1-9 ANL-MGR-CS-000001 REV 00 January 2000 



Subsurface Repository Integrated Control System Design 

1. Document Identifier NoJRev.: 

ANL-MGR-CS-OOO0011RN 00 
Change: 

NIA 

OFFICE OF ClViLlAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

Tile: 

Subsurface Repository Integrated Control System Design 
~~~ 

5. Section 
U k d  in 

8. TBV Due To 
6. Input Description 4. Input 

status 
3. Section 7. TBVITBD 

Priority 
Unqual. From 

Uncontrolled 
source 

Un- 
confirmed 

2. Technical Product Input Source Tile 
and 

IdentifieNs) with Version 
OCRWM 1999. Input Transmittal, Input 
Tracking No. ESB-SE189255.T for the 
P e h a n c e  Confimation Data 
Acquisition/ Monitoring System 
Description Document. BCBOOOOOO- 
01717-1705-00034 Rev. 00. Las Vegas, 
Nevada: OCRWM ACC: 
MOL.19990826.0071. 

2a Vol. I, 1.1.4 TBV-407 6.2.2.5 Excavation and borehole 
parameter monitoring 

2 X 

8 

Vol. I, 1.1.5 TBV-407 6.2.2.5 Waste package parameter 
monitoring 

2 X 

January 2000 ANL-MGR-CS-000001 REV 00 1-10 



1. Document ldent i r  NofRev.: 

ANL-MGRCSMX)OOl/REV 00 
Change: 

NIA 

- 

g 

CRWMS M8;O 1999. Subsurface Fire 
Protection System Description 

OOOO6 Rev 00. Las Vegas, Nevada: 
CRWMS M&O 
ACC: MOL19990720.0206. 

Document. BCAOoooM11717-1705- 

Subsurface Repository Integrated Control System Design 

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

T i i :  

Subsurface Reposftow Intearated Control S ern Design 

8. TBV Due To 
4. lnpui 
status 

6. Input Description 3. Section 5: Section 
Used in 

7. TBVITBD 
Priority Un- 

confirmed 
Unqual. 

Vol. I, 1.1.1 WA 6.2.2.10 Personnel and equipment 
protection from subsurface 
fires 

2 X 

VOl. I, 1 .1.2 NIA 6.2.2.10 2 X Control of subsurface fires 

Vol. I. 1.1.3 NIA 6.2.2.10 Detection and annunciation of 
subsurface fires 

2 X 

~~ 

Vol. I, 1.1.4 NIA 6.2.2.10 
~ ~~ 

Subsurface fire suppression 2 X 

Vol. 1, 1.1.5 NIA 6.2.2.10 Detection, control. ' and 
mitigation of subsurface 
explosion hazards 

2 X 

Vol. I. 1.1.6 NIA 6.2.2.10 X Notification of subsurface 
fires 

2 

ANL-MGR-CS-000001 REV 00 . .  
J-I 1 January 2000 



I. Document Identiiw NoJRev.: 

9NL-MGR-CS0000011RRI 00 
Change: 
NIA 

Subsurface Repository Integrated Control System Design 

OFFICE OF ClViLlAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

Title: 

Subsurface Repositow Intenrated Control Si 

8. TBV Due To 
6. Input Description 4. Input 

Status 
5. Section 
Used in 

7. TBV/TBD 
Priority 

3. Section Unqual. . From 
Uncontrolled 

source 

Un- 
confinned 

2. Technical Produd Input Source Title 
and 

Identifier(s) with Version 
CRWMS M&O 1999. Subsudace 
Uedricel Distribution System 
Description Document. B c A d o o ~  
01717-170500005 Rev 00. Las Vegas, 
Nevada: CRWMS Mi30 
ACC: MOL.19990609.0155. 

VOl. I, 1.1.1 NIA 6.2.2.12 Subsurface electrical power 
distribution 

2 X 

~~ 

Vol. I, 1.1.3 WA 6.2.2.12 2 X Subsurface electrical power 
monitoring 

10 

- 

10 

Vol. I, 1.1.5 WA 6.2.2.12 Subsurface normal and 
standby power distribution 

2 
~ 

X 

Vol. I. 1.1.6 NIA 6.2.2.12 2 X $ubsurface electrical power 
distniution 

10 

Vol. I, 1.1.7 NIA 2 X Provisions for subsurface 
lighting, . grounding, end 
lightning protection 

6.2.2.12 

10 

- 

ANGMGR-CS-000001 REV 00 1-12 January 2000 



Subsurface Repository Integrated Control System Design 

1. Document Identifier NolRev.: 

ANLMGRCS-0000011REV 00 

OFFICE OF CIVILIAN RADlOACTiVE WASTE MANAGEMENT 

Change: 

NIA 

DOCUMENT INPUT REFERENCE SHEET 

2. Technical Product Input Source Title 

CRWMS M&O 1999. Subsurface 
~ c 8 v e f i o n  System Descnptbn 
Document. BCA000001717-1705 
oooO3 Rev 00. Las Vegas, Nevada: 
CRWMS M80 
ACC: MOL.19990429.0227. 

and 
Identifier(s) with Version 

ANL-MGR-CS-000001 REV 00 

3. Section 

VOl. I. 1.1.1 

4. Input 
Status 

NIA 

Title: 

subsurface 

5. Section 
Used in 

6.2.2.14 

1-13 

lepository Integrated Control S! 

6. Input Description 

Subsurface opening 
excavation 

em Design 

7.lBV/TBD 
Priority 

2 

8. T W  Due 70 
Unqual. 

X 

From 
Uncontrolled 

Source 

Un- 
confirmed 

January 2000 



Subsurface Repository Integrated Control System Design 

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

1. Document ldentier No./Rev.: Change: . 
ANL-MGR-CSM100011REV 00 NIA 

l a  

12 

2. Technical Produd Input Source Tile 
and 

Identifieas) with Version 
Initial Issue . 

I 

~ 

3. Section 

NIA 

4. Input 
status 

l-BV-406 

Title: 

Subsurface Repository Integrated Control Sy 

5. Section 6. Input Description 
Used m 

5 
~ ~~ 

Primary functions of the 
Subsurface Emplacement 
Transportation System 

em Design 
8. TBV Due Tc 

ANL-MGR-CS-000001 REV 00 1-14 

7. TBVmD 
Priority 

3 

Unqual. 

X 

From 
Uncontrolled 

Source 

X 

Ull- 
confirmed 

X 

January 2000 



Subsurface Repository Integrated Control System Design 

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

J Change: 1. Document ldentir NolRev.: 

ANLMGR-CS-0000011RW 00 N/A 
Input Document 

2. Technical Product Input Source T i  

Initial Issue ' 

3. Section 4. Input 
status 

NIA TBV-409 

r i :  
subsurface 

5. Section 
Used in 

5 

ANL-MGR-CS-00000 1 REV 00 1-15 

kpository Integrated Cocrtrol 

6. Input Description 

Primary functions of the 
Subsurface Compressed Air 
system. 

:em Design 

7. TBVITBD 
Priority 

3 

8. TBV Due To 

Unqual. 
~ 

FrOm 
Uncontrolled 

SOUrCe 

UW 
confirmed 

X X X 

. .  

January 2000 



Subsurface Repository Integrated Control System Design 

1. Document Identifier NoJRev.: 

ANL-MGRCS-0000011REV 00 

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

Change: 

WA 

Unqual. 

X 2a 

FrOm 
Uncontrolled 

Source 

X 

2. Technical Produd Input Source Tile 
and 

Identifier@) with Version 
Initial Issue ' 

3. Section 

WA 

4. lnpul 
status 

IBV-411 

Title: ~ 

Subsurface Repository Integrated Control SI 
I 

5. sedion 
Used in 

5 

6. Input Description 

Primary fundions of the 
Subsurface Water 
ColledionlRemoval System 

ANL-MGR-CS-000Q01 REV 00 1-16 

em Design 

7. TBVmD 
Priority 

3 

8. TBV Due To 

U* 
confirrned 

X 

January 2000 



Subsurface Repository Integrated Control System Design 

5 

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

Primary functions of the 
Subsurface Water 
Distribution System 

1. Dowment Identifier NoJRev.: Change: 

ANLMGRCSM)0001/REV 00 I WA 

me: 
Subsurface Repository Integrated Control Sy 

1 
em Design 

Input Document 8. TBV Due To 
5. Section 
Used in 

6. Input Description 4. Input 
status 

7. TBVITBD 
Priority 

3. Section 
~~ 

Unqual. 
~~ ~ 

From 
Uncontrolled 

Source 

Ull- 2. Technical Produd Input Source Tile 
and 

Identiir(s) with Version 
Initial Issue ' 2a 3 X X NIA lBV415 X 

15 

- 

, . ANL-MGR-CS-000001 REV00 1-17 January2000 . 



I 
! 

2. Technical Produd Input Source Title 
and. 

Subsurface Repository Integrated Control System Design 

3. 

OFFICE OF CIVILIAN RADIQACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier NoJFlev.: Change: 

- 
2a - 

16 

ANL-MGR-CS-00000 1 REV 00 

4. Input 
status 

TBV-417 

rile: 
Subsurfacr 

5. Section 
Used in 

1-1 8 

spository Integrated Control S 

6. Input Description 

Primaty fundions of the Muck 
Handling System 

bm Design 

8. TBV Due To 
7. TBVITBD 
Priority 

3 

Unqual, 

x 

From 
Uncontrolled 

source 

X 

Un- 
confirmed 

X 

January 2000 



Subsurface Repository Integrated Control System Design 

I. Document Identier No./Rev.: 

WL-MGR-CS-0000011ROI 00 

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

Change: 

NIA 

Unqual. 

X za 

8. TEN Due Tc 

FrOm 
Uncontrolled 

SOUrCe 

X 

~~ ~ 

2. Technical Product Input Source T i  
and 

IdentiKeNs) with Version 
Initial Issue 

ANGMGR-CS-000001 REV 00 

3. Section 

NIA 

4. Input 
Status 

TBV- 
1213 

Tile: 

subsurface 

5. Section 
Used in 

5 
~ 

1-19 

epository Integrated Control Sy 

.6. Input Description 

P w r y  fundions of the 
Subsurface Development 
Transportation System 

sm Design 

7. TBV/TBD 
Priority 

3 

U k  

X 

January 2000 



Subsurface Repository Integrated Control System Design 

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier No./Rev.: Change: rile: 

ANL-MGR-CSMK)OOl/REV 00 NIA Subsurface Reposttory Integrated Control System Design 
I I I Input Document 

2. Technical Produd Input Source Tile 
and 

Identifer(s) with Version 
Albus, J., Quintero, R., Huang. H., and 
Roche, M. 1989. NlST Technical Note 
1261 Volume 1 Mining A U t O m 8 h  
Real-Time Contrd System Architecture 
Standard Reference M d I  (MASREM). 
NlSlTN 1261, Volume 1. Gaithersburg, 
MD: National Institute of Standards and 
Technology. TIC 239469. 

8. TBV Due Tc 

From 
Uncontrolled 

source 

ANL-MGR-CS-000001 REV 00 1-20 January 2000 

Un- 
confirmed 



Subsurface Repository Integrated Control System Design , 

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier NoJRev.: Change: 

A N L - h 4 G R - C S ~ O l / R N  00 I NIA 
Input Document 

- 
2a 

19 

2. Technical Product Input Source Tile 
and 

Identiiefls) with Version 
CRWMS M&O 1997. Emplacement 
System contrd and Communication 
Anelyss. BCA000000-01717-O2OO- 
00016 R N  00. Las Vegas, Nevada: 
CRWMS M&O. ACC: 
MOL.19980113.0786. 

3. Section 

Total doc. 

4. Input 
Status 

NIA 

Tile: 

Subsurface Rewsitonr Intearated Control Svstern Desian 

5. W o n  
Used in 

1.0, 
6.2.2.2, 
6.2.2.11 

- -  
6. Input Desuiption 

Emplacement SP- 
quiprnent controls . 

7. ,TBV/TBD 
Priority 

NIA 

8. TBV Due To 

Unqual. From 
Uncontrolled 

source 

Un- 
confirmed 

ANL-MGR-CS-000001 REV 00 1-2 1 January 2000 



Subsurface Repository Integrated Control System Design 

1. Document ldenlifier No.lRev.: 

ANL-MGR-CS-000001RN 00 

, 

Change: 

NIA 

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

4. Input 
Status 

5. Section 
Used in 2. Technical Product Input Source T i e  

and 
Identikr(s) with Version 

CRWMS M&O 1998. Site 
Communications and Control Systems 
Technicel Report. BCBCOoooO-01717- 
5705-00002 REV 00. Les Vegas, 
Nevada: CRWMS M&O. ACC: 
MOL. 19980702.O410. 

3. Section 

~ 

Total doc. 

rile: I Subsurface Repository Integrated Control Svstern Desian 

6. Input Description 

surface administrative 
functions 

7. TBVTTBD 
Priority 

N/A 

Unqual. 

8. TBV Due TI 

FrOm 
Uncontrolled 

Source 

UW 
confinned 

ANL-MGR-CS-000001 REV 00 1-22 January 2000 



Subsurface Repository Integrated Control System Design 

1. Document Identifier NolRev.: 

ANL-MGRCS-000001/REV 00 

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

Change: 

NIA 

Input Document 

2. Technical Product Input Source Tdle 

C M S  Mho 1997. Performance 
Confitmation D8ta Acquisifion Sy~t8m. 

00. Las Vegas, Nevada: W S  M80. 
ACC: MOL.19980513.0133. 

ANL-MGR-CS-000001 REV 00 

3. Section 

Total doc 

4. Input 
Status 

NIA 

ri: 
Subsurface 

5. Section 
Used in 

1 .o, 
6.2.2.5, 
6.2.2.14 

1-23 

epositoty Integrated Control System Design 

6. Input Desuiption 

Perlonnance confirmation 
rystem monitored parameters 
rnd instrumentation 

I 5. TEW Due To 

From 
Uncontrolled 

Source 

Uk 

January 2000 



Subsurface Repository Integrated Control System Design 

I. Document Identifier No./Rev.: 

WLMGR-CS-0000011REV 00 

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

Change: 

NtA 

Input Document 

- 
2a - 

22 

2. Technical Product Input Source Title 
and 

Identifier(s) with Version 
CRWMS M&O 1997. Trensport and 
Emplacement €quipment Descn'ptions. 
BCAF00000-01717-57002 REV 
00. Las Vegas, Nevada: CRWMS M80. 
ACC: MOL.19980106.0571. 

ANL-MGR-CS-000001 REV 00 

3. Section 

Total doc. 

4. Input 
status 

NIA 

Title: 

Subsurface Repository Integrated Control System Design 

5. Section 
Used in 

1 .o, 
6.2.2.2 

1-24 

6. Input Description 

Waste emplacement system 
equipment 

7. TBVrnD 
Priority 

NIA 

8. TBV Due Ta 

Unqual. From 
Uncontrolled 

source 

Un- 
confinned 

January 2000 



Subsurface Repository Integrated Control System Design 

5. Section 
Used in 

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

6. Input Description 

1. Document Identifier NolRev.: Change: 

ANL-MGR-CS-OOOOOl/REV 00 I N/A 

2. Technical Product Input Source Title 
and 

Identifier@) with Venion 
CRWMS M&O 1997. Evaluation of 
Waste Package Transport and 
Empracement Equipment. BCAFOOOOO- 
01717-0200-00002 R N  00. Las Vegas, 
Nevada: C M S  M&O. ACC: 
MOL.19971201.0869. 

3. Section 

Total doc. 

4. Input 
status 

NIA 

Tile: 

Subsurface Repository Integrated Control Sy 

Waste emplacement system 
6.2.2.2 equipment I 

:m Design 

7. TBVmBO 
Priority 

NIA 

8. TBV Due To 

Un- 
confirmed 

ANL-MGR-CS-000001 REV 00 1-25 January 2000 



Subsurface Repository Integrated Control System Design 

I. Dowment Identifier No./Rev.: 

4NL-MGRCS00000l/REV 00 

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

Change: 

NfA 

I .o, 
5.2.2.2. 
1.2.2.1 1, 

Input Document 

2. Technkl Produd Input Source Title 

Emplacement system 
equipment controls and data 
communications 

and 
Identifier@) with Version 

3WM.S MkO 1997. Subsuflace 
Waste Package Handling - Remote 
Control and Data Communications 
4nafysis. BCAOOOOO~1717-0200- 
30004 REV 00. Las Vegas, Nevada: 
CRWMS M&O. ACC 
MOL. 1997071 4.0655. 

ANL-MGR-CS-000001 REV 00 

1. Section 

rota1 doc. 

1. Input 
status 

UIA 

Tile: 

I 
i. Sedion 
Jsed in 

6. Input Description 

1-26 

- 
'. TBV/TBD 
'riority 

NIA 

Unqual. 

8. TBV Due To 

From 
llncontrolled 

Source 

U k  
mnfirmed 

January 2000 



Subsurface Repository Integrated Control System Design 

1. Document Identifier NoJRev.: 

ANL-MGRCS-000001lREV 00 

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

Change: 

NIA 

2a - 

25 

2. Technical Product Input Source Tile ' 
:RWMS M&O 1997. Repository Rail 
E&M. i t ion Analysis. BCACOOOOO- 
)1717-0200-oooO2 RRI  00. Las Vegas, 
Jevada: CRWMS M&O. ACC: 
vIOL.19980122.0462. 

end 
Mentifier(s) with Version 

ANL-MGR-CS-000001 REV 00 

3. Section 

rotai doc. 

4. Input 
status 

r i :  
Subsurface Repository Integrated Control SI 

5. Section 
Used In 

6.2.2.3 

6. Input Description 

Rail transportation system 
power 

1-27 

!m Design 

I 8. TBV Due To 

NIA 

FrOm 
Uncontrolled 

Source 

UW 
confirmed 

January 2000 



Subsurface Repository Integrated Control System Design 

OFFICE OF CIVILIAN 
DOCUMENT 

1. Document Identifier No./Rev.: 

kNL-MGR-CS-0000011RN 00 

Change: 

NIA 

Input Document . 

2. Technical Product Input Source Title 
and 

Identifier@) with Version 
CRWMS M80 1998. Site Electrical 
System Technical Report. BCBC00000- 
017174705-OW03 REV 00. Las Vegas. 
Nevada: CRWMS M&O. ACC: 
MOL.19980702.0372. 

ANL-MGR-CS-000001 REV 00 
, 

3. Section 

Total doc. 

4. Input 
Status 

NIA 

RADIOACTIVE WASTE MANAGEMENT 
~NPUT REFERENCE SHEET 
Title: 

Subsurface Repository Integrated Control System Design 

5. Sedion 
Used in 

6.2.2.12 

6. Input Description 

Eledrical power distribution 
equipment 

7. TBVlTBD 
Priority 

NIA 

Unqual. 

8. TBV Due To 

From 
Uncontrolled 

source 

Un- 
confirmed 

1-28 January 2000 



Subsurface Repository Integrated Control System Design 

4. Input 
Status 

NIA 

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

5. Section 
Used in 

6.2.2.1 

1. Document Identifier NoJRev.: I Change: 

4NL-MGR-CSM)OOOlIREV 00 I NIA 

Input Oocument 

2. Technical Product Input Source Tile 
and 

Identifier($) with Version 
CRWMS M&O 1999. Monifored 
Geologic R e p i b y  Amhitectum. 

ICN 01. Las Vegas, Nevada: CFWMS 
M80 ACC: MOL19991 101.021 1. 

8 0 0 0 0 0 0 0 0 - 0 1 7 1 7 0 1  1 REV 03 

3. Section 

rile: I Subsurface Repository Integrated Control System Design 

6. Input Description 

MGR archiiechrre 

7. TBVITBD 
Priority 

NIA 

Ungual. 

8. TBV Due Tc 

From 
Uncontrolled 

source 

Un- 
confirmed 

ANL-MGR-CS-000001 REV 00 1-29 January 2000 



.. . . 

Subsurface ReDositorv Intemated Control Svstem Desimr 

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

I .  Document Identiir NoJRev.: Change: 

4NL-MGR-CSMXXX)lIRN 00 1 MA 
Input Document 

- 
Za - 

28 

2. Technical Product Input Source TiUe 
and 

Identifier(s) with Version 
CRWMS M&O 1999. Activity 
Evaluation, SS Transporf b 
Emplecement - g9 Work Padmge 
12012383M1. Las Vegas, Nevada: 
CRWMS MtO. hCC 
MOL.19990413.0017. 

3. Sedion 

Total doc. 

4. Input 
status 

NJA 

Title: 

Subsurface Repository Integrated Control System Oesim 

5. Section 
Used in 

2.0 

ANL-MGR-CS-00000 1 REV 00 . 1-30 

6. Input Description 

Condud of activities 

7. TBVllBD 
Priority 

NJh 

Unqual. 

8. TBV Due To 

From 
Uncontrolled 

Source 

Un- 
confirmed 

January 2000 



Subsurface Repository Integrated Control System Design 
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