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GENERAL

Welcome to the DOE Condition Assessment Survey (CAS) Program. In the next few pages you will
be introduced to a new way of seeing familiar things. As an introduction to CAS, this Program
Overview will explain how the various parts of CAS have been developed and integrated to meet
the needs of DOE sites, Field Offices, and Headquarters. Our discussion will center around three
broad topics:

. WHY CAS?

This section will discuss issues DOE has faced in previous inspection approaches and
explain the CAS goals of providing creative “standardized” solutions.

. WHAT IS CAS?

Here, key elements of the CAS Program and how they relate to each other will be examined.

L] HOW IS CAS IMPLEMENTED?

Strategies for beginning to use CAS and the key roles facility managers and CAS inspectors
play within the CAS process are detailed.

Again, welcome to the CAS Program. Your role in this program is essential to its overall success.

Rev. 05/93 i-7
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WHY CAS? = The State of DOE

The use of standards, from simple weights and measures to complex computer language, has
been a fundamental part of human development. Because of standards, we can be assured that
a meter of length in one place is the same in another. This question of standards has become
increasingly important for DOE. Over the past 50 years, DOE and predecessor agencies have
been at the forefront of the nation’s technical advances. This investment has left the department a
vast array of facilities under its care. With 10,000 facilities and 15,000 miscellaneous structures
comprising over 100,000,000 square feet at 52 sites across the country, the problem of design,
construction, and maintenance of all DOE physical plants is acute. Add aging facilities, revised
missions, and changing technology, and condition assessment becomes a vital tool to use to
ensure facilities will continue to meet DOE’s and the nation’s program goals.

The current state of condition assessment across all DOE assets is mixed. While DOE regulations
dictate facility assessments be made, no one methodology is mandated to conduct them. As a
result, DOE surveys have varied from site to site, with some locations providing exhaustive in-depth
analysis while others have used a more limited approach. Because of such different
interpretations, it is difficult to judge the validity and comparability of data being provided. This, in
turn, has led to funding requests that cannot be fully substantiated to Congress.

This lack of standards for use in the facility assessment process and the resultant inconsistencies
in developing program budgets have convinced DOE that a standardized, clearly defined
methodology for condition assessment is essential to support DOE's program missions.

Rev. 05/93 i-9
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WHY CAS? - Four Key Requirements

In today’s economic environment, it is essential that the DOE knows with confidence the condition
of its vast asset inventory. To accomplish this, a method to review all DOE assets in a
“standardized” approach is required. In designing guidelines for such a program, DOE
established four key requirements:

Assess Physical Condition of All Assets:

To be valid, all sites eventually must be included in the program. Universal participation will ensure
that all DOE sites and installations will be using the same “score card.”

Standardize Inspection Programs:

To remove the problem of inconsistent and misinterpreted facility inspection data, a “standard”
evaluation method used by all DOE sites is required. Results from such a program will allow DOE
to determine a “base condition” for all of its assets.

Identify Repair/Replacement Funding:

Using inspection data from all sites, a general picture across all DOE assets and programs can be
used to direct limited resources to crucial areas. Standardized reports form “a level playing field” to
ensure that all programs and missions will receive a fair analysis.

Develop Supportable Funding Requests:

In today’s atmosphere of fiscal constraint, requests for funds from Congress require extensive
justification, backed up by reliable, consistent field data, if such programs are to be successfully
supported.

Rev. 05/93 i1
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WORK BREAKDOWN STRUCTURE
@ FACILITIES DIVIDED IN TWELVE SYSTEMS

CAS MANUALS

@ 12 CAS SYSTEM MANUALS CONTAINING
DEFICIENCY & INSPECTION STANDARDS

CAIS DATA PROGRAM

CAIS DATA SUPPORT CAS
INSPECTION ANALYSES

STATE-OF-THE-ART HAND-HELD COMPUTER

@ HAND-HELD COMPUTER INSPECTION
PROGRAM BASED ON 12 CAS MANUALS
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WHAT IS CAS? - The Work Breakdown Structure (WBS)

The CAS system has been developed to answer the critical questions facing DOE. Using state-of-
the-art hand-held computers and system software programs, the CAS process will establish a
systemized, standard approach to facility and asset evaluations. This program will help DOE
provide the necessary assets as it seeks to bring our nation’s premier research and development
agency into the year 2000 and beyond.

The condition assessment process involves evaluating separate building “systems” that comprise
the entire facility. These systems traditionally fall under three broad professional disciplines:
architectural (including structural), mechanical, and electrical.  Specialty assessments (e.qg.
industrial hygiene, chemical engineering) are usually performed as adjuncts to these primary
disciplines when required. The WBS employed under CAS is based on the 12 system assemblies
that R.S. Means employs in its square foot cost analysis. Using this system as a foundation to
define assemblies and components in the CAS Program will create a direct link to a broadly
accepted industry-wide standard.

TABLE ONE
WORK BREAKDOWN STRUCTURE CONSTRUCTION SPECIFICATIONS

SYSTEM {R.S. MEANS CAT.) CONTRO |. NO. DIVISION (MASTERFORMAT) DESCRIPTION
FOUNDATIONS & FOOTINGS.. ........ 0.01 SYSTEM 01000 oo, GENERAL REQUIREMENTS
SUBSTRUCTURE ..o 0.02 SYSTEM 02000 oo SITEWORK
SUPERSTRUCTURE.. .ccooniiieereen. 0.03 SYSTEM 03000 CONCRETE
EXTERIOR CLOSURE.. .....cccooenuennen. 0.04 SYSTEM 04000  ciiiiiieee e MASONRY
ROOFING.. oo 0.05 SYSTEM 05000 oo METALS
INTERIOR FINISHES & 06000 oo WOOD & PLASTICS
CONSTRUCTION ........... 0.06 SYSTEM 07000 ... THERMAL& MOISTURE PROTECTION
CONVEYING SYSTEMS 0.07 SYSTEM 08000 oo DOORS & WINDOWS
MECHANICAL SYSTEMS .....ooovvveeenne. 0.08 SYSTEM (010 oL N FINISHES
ELECTRICAL SYSTEMS ....ccocvenne 0.09 SYSTEM 10000  cereririiiiri e SPECIALTIES
*PROD/LAB/OTHER EQUIPMENT... 0.10 SYSTEM 11000 s EQUIPMENT
SPECIALTY SYSTEMS...................... 0.11 SYSTEM 12000 oo, FURNISHINGS
SITEWORK ....cooooviiivivieiiiiiiiii 0.12 SYSTEM 13000 ... ... SPECIAL CONSTRUCTION
14000  coeerieeee e CONVEYING SYSTEMS

15000 e MECHANICAL
16000  tieriereirieee e ELECTRICAL

The WBS of the CAS Program will be linked to the MASTERFORMAT system developed by the
Construction Specifications Institute (CSI) and used as the basis for the DOE Design Guide (DOE
6430.1A). These CSI numbers will be referenced after each system assembly and component in the
CAS Manuals as follows:

EXAMPLE: Roofing (CSI 07000)

*NOTE: This section supersedes Means 0.10 category and includes FIS 700 Series Asset Codes.

Rev. 05/93 i-1 3
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DEFICIENCY STANDARDS & INSPECTION METHODS MANUAL
® DEVELOPED SEPARATELY FOR EACH SYSTEM

® DEFICIENCY STANDARDS CONTAIN NARRATIVE AND GRAPHICS FOR
DESCRIBING DEFICIENCIES AFFECTING SYSTEM ASSEMBLIES

# INSPECTION METHODS CONTAIN PROCEDURES TO IDENTIFY TYPE,
SEVERITY, AND PERCENT COVERAGE OF EACH COMPONENT OR
SYSTEM DEFICIENCY ILLUSTRATED

CAS MANUAL - VOLUME ONE
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WHAT IS CAS? - DOE CAS Manual Format

Using these 12 systems as the basic organizing principal, the DOE CAS Manual will contain Deficiency Standards and
Inspection Methods. It will be divided into 12 volumes corresponding to these established WBS systems, The internal
organization of manuals is outlined below:

SECTION 1 - SYSTEM INFORMATION

1.1 Asset Determinant Factor/CAS Repalr Codes/CAS Cost Factors - Discusses the Asset
Determinant Factor (ADF), a decision matrix used to provide a graded approach to inspections commensurate
with the use and relative importance of the asset inspected. Also addresses the CAS repair codes, and a general
overview of cost estimating techniques.

1.2 Guide Sheet Tools & Materials Listing - Contains tools and materials groups used in conjunction with
the inspection methods process for the system outlined in each volume.

1.3 Testing Methods - Contains the specific requirements for testing methods applicable to the systems
1.4 inspection Frequency - Schedule of CAS inspection frequencies for systems/components.

1.5 Standard System Design Life Tables - Standard design life tables for the system
assemblies/components.

1.6 System Work Breakdown Structure (WBS)- Complete listing of all assemblies/components.

1.7 General System/Material Data - General material data relevant to system deficiency problems. (Optional,
not included for all systems.)

SECTION 2 - DEFICIENCY STANDARDS

Each major assembly/component is defined by a brief narrative and accompanying graphic(s) that visually illustrate the
general characteristics. Major deficiencies affecting this assembly/component are described, including probable failure
points. A deficiency characteristics profile and graphic illustrations are provided with each deficiency defined.

SECTION 3 - INSPECTION METHODS

This section contains discussions of methods and procedures involved in inspecting each of the WBS systems. Each
system contains an Inspection Method, including a narrative and a System/Component Inspection Guide Sheet Listing that
provides a general overview for each defined major assembly/component type. This information will be developed for
Standard and Non-Standard Inspections and testing methods that would be used in conjunction with Standard or Non-
Standard Inspection Methods. Also included is a simulated example, “walking’ the inspector through the data collection
process.

SECTION 4 « REFERENCES

All major reference standards used and/or associated with the system are described, including government, industry, and
DOE references.

APPENDICES
Appendix A  Abbreviations - All abbreviated terms contained in the CAS manuals.

Appendix B Glossary - All technical terms directly related to the particular systems discussed will be defined in this
subsection.

Appendix C  Technical Bulletins/Updates/Advisories - This subsection contains technical information
issued by the government and/or private industry that may affect specific data as developed in the
particular volume. DOE guidelines may also be included in this subsection.

Appendix D Rewvislons Summary - All revisions listed in chronological sequence. The last revision listed will be
the most current modification.

Rev. 05/93 i-1 5
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STATE-OF-THE-ART TECHNOLOGY STREAMLINES FIELD CONDITION
ASSESSMENT SURVEY PROCESS
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OF COVERAGE, LOCATION, ETC. FROM "MENU" SYSTEM
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WHAT IS CAS? - State-Of-The-Art Technology

At the outset of this introduction, we talked about a “new way” of seeing familiar things. The traditional
methods of facility assessment inspection, using hard copy forms then entering data either by laptop
or into a PC, have given way to a new, exciting technology: The Pen-Based Computer. This
hardware, and the Condition Assessment Information System (CAIS) software developed to support
it, form the heart of the DOE CAS data collection process. Using the CAS manuals as the basis to
develop the inspection process, CAIS software will create pre-stocked survey “menus”. These will be
used to record defined deficiencies in terms of severity and coverage. With this user-friendly device,
inspectors will simply use a pen-like device to record their observations directly on the prompted
inspection screens developed for each system.

The advantages in using this technology for the DOE CAS Program are exceptional. The efficiency
gained by using the hand-held computer technology to prompt the inventory and facility inspection
process will be significant. This eliminates the manhour-intensive and error-prone process of
converting manually developed data into an automated database. This technology system ensures
that all pertinent data is collected, guiding the inspector through each step of the process. This
method will significantly enhance the effectiveness of quality assurance/quality control of the DOE
CAS Program, permitting editing as data is entered, eliminating illogical or erroneous choices.

In short, the CAS process will be conducted in a carefully structured, “standardized” manner to ensure
that the quality of raw inspection data is consistent throughout all DOE installations.
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HOW IS CAS IMPLEMENTED? - Support Roles

While CAS manuals, hardware and the CAIS database are the main building blocks of the CAS
Program, CAS support personnel will form the standing framework. Your role in the implementation
process is crucial if the CAS system is to succeed. In reviewing this process, three key support
groups are highlighted.

CAS Contractor Support Personnel:

In conjunction with DOE managers and Site Management & Operations (M&O) contractors, CAS
contractor support personnel will work closely with DOE in setting up and conducting the training
program, installing CAIS, and validating CAS through a Quality Assurance (QA) program. This team
of CAS trainers, CAIS programmers, and QA engineers and architects will form, along with DOE M&O
personnel, the strong team required to support the CAS Program as it proceeds.

Manager Support:

No group is more important in implementing CAS than the DOE managers and M&O contractors.
Their in-depth knowledge of the sites and their personnel will help guide and strengthen the entire
CAS system.

CAS Inspectors:

Without highly skilled, knowledgeable inspectors, the CAS Program will not succeed. The integrity of
these inspectors and their expertise will ensure that the base data supporting the entire CAS process
will be an accurate reflection of the condition of the DOE inventory of facilities and assets.
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WHAT IS CAS? - The CAIS Connection

Asset condition information is uploaded directly to the PC and the CAIS program, eliminating the
laborious hand input of data. If the hand-held is the “eyes and ears” of CAS, then the CAIS database
is the “brain.” In the program, raw data is sorted and analyzed to create CAS reports. Several key
factors are determined during the process:

Deficiencies Affecting Survey Assets:

The inspector describes each deficiency noting its severity and coverage, i.e. how much of the
component or assembly reflects the deficiency. The inspector also codes each component or
assembly as to condition and the urgency and purpose of proposed repair or replacement actions.

Corrective Repairs:

Based on these recorded deficiencies, corrective actions and their associated repair codes are
defined and processed by the CAIS database.

Project Costs:

Costs to accomplish repairs and replacements are generated by the manipulation of field data in the
CAIS program, which employs several methods including determining cost as a percentage of total
replacement and/or direct entry of costs. (See Section 1, Subsection 1.1 for discussion of cost
development.)

Asset Reports:

Preformatted reports and tables are generated by the CAIS System. Report types include “universal”
reports listing all deficiencies and observations recorded by the Inspector, summary asset reports,
and summary site reports. Data within the CAIS system can also be manipulated readily to create
“custom” reports.
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HOW IS CAS IMPLEMENTED? « CAS Support Resources

We have spoken generally of the CAS Process and those resources (manuals, hardware, CAIS
software) required to implement the system. Additionally, the CAS contractor will supply all of the
technical personnel to support, implement, and guide the CAS Program. Among those key
professionals are:

CAS Training Instructors:

Professionals with a technical background and well-versed in training methods, will train CAS
inspector candidates. Their mission will be to instruct and guide CAS inspector candidates through
the entire process, supervise field exercises, and provide final testing. Their goal is that all candidates
will be successful participants in the CAS Inspection process.

CAIS Programmers:

A key CAS Program element is the CAIS. Expert programmers will supervise the installation of the PC-
based program and provide guidance and instruction for DOE M&O managers in using the system.
CAS/CAIS Hotline:

The Contractor will provide support resources in order to field questions from various site locations.
Expert engineers, architects, and computer programmers will answer with written and/or verbal
responses all inquiries originating from the field.
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HOW IS CAS IMPLEMENTED? - The Management Role

The critical role DOE M&O managers will play in the CAS process cannot be overstated. Their
understanding and direct input will guide the construction of the CAS Program. Their chief
responsibilities are:

Initial Implementation:

CAS start-up will include a general briefing by the CAS contractor at designated sites to instruct all key
managers in the process and their responsibilities. DOE M&O management actions include training
site set-up (to hold maximum of 25 students), arrangements for required A/V equipment (overheads,
slide projectors, etc.), and CAS inspector candidate selection (see Guidelines for Implementation of
CAS Certification Training under separate cover).

Setting Up CAIS:

In conjunction with CAIS programmers, DOE M&O managers will be instructed in the function and
various uses of CAIS software. Data input, system operation, report generation with predetermined
report format, and how data can be manipulated to customize reports, will be examined during this
training.

ADF Selection & CAS Schedule:

A vital element of the CAS Program is the development of a CAS “strategy.” DOE M&O managers will
be instructed in the use of the Asset Determinant Factor (ADF) to sort site assets into varied
inspection effort levels. See Section 1, Subsection 1 .1 Asset Determinant Factor (ADF), CAS Repair
Codes, and CAS Cost Factors. The ADF will guide the DOE M&O managers in scheduling the survey
and assigning CAS Inspectors to various assets.

Report Analysis:

The process of up-loading CAS field data to the PC-based CAIS program will be demonstrated to the
M&O CAS managers. Analysis processes will be examined using predetermined, formatted reports.
Final management project “sorts” and prioritization schemes, and construction of summary reports for
higher authorities, will comprise the basic CAS report development sequence.

Rev. 05/93 i-25
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HOW IS CAS IMPLEMENTED? CAS Inspector Certification

While the CAS manuals, hand-held computer, and CAIS software program are the tools of the CAS
system, the CAS Inspector is the system “operator.” The old adage, “The data output is only as good
as the data input,” truly applies to the inspectors’ role in the CAS process. As part of the effort to
assure accurate, consistent results, the CAS Program includes an Inspector training phase that will
“certify” all candidates in the use of the CAS system. It should be noted that it is not the training
course’s intent to train personnel to be inspectors: it is assumed that candidates will come to the CAS
Program with a strong background and past experience in the disciplines they will inspect (see
Guidelines for Implementation of CAS Certification Training (GICT) under separate cover for detailed
information). Key phases of the course include:

Prequalification:

Based on experience levels set by GICT, candidates are selected by the M&O contractors and sent to
the CAS training program.

Classroom Training:

Classroom instruction will be conducted at the sites selected by DOE. Course materials, based on
the Deficiency Standards and Inspection Methods sections in the manuals, will clearly demonstrate
the nature of the CAS system and how it is to be used. Hand-held computers will be used during the
course. At course conclusion, these units will be turned over to the inspectors for use in the CAS
Program and become the property of the site that the inspectors represent.

Field Exercise:

During the training course, a field exercise using the hand-held will be conducted at a predetermined
test asset. This survey and its results will be an integral part of the inspection education program.
Certification Test:

At the completion of the CAS training, each candidate is required to take and pass a written
examination based on the material covered in the class. It is the goal of the training team to pass
100% of the candidates. Those having difficulty will receive additional instructor attention during the
class as required. After passing this examination, candidates will be fully certified CAS Inspectors.
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HOW IS CAS IMPLEMENTED? = The Survey Process

At the completion of CAS training and upon the M&O managers’ ADF asset selection and
development of survey schedules, certified CAS inspectors will be assigned assets to inspect. This
step initiates the CAS process, which will involve several major phases.

start-up:

The objective during start-up is to prepare a profile information file for the asset being surveyed and to
verify preloaded information (RPIS data, name, and address, etc.). Such a review might include part
and/or all of the material listed below:

As-built and/or construction documents

Square footage, type of construction, and age of each building
Existing studies, surveys, and reports; and

Existing repair, alteration, or construction projects

Conduct CAS Inspection/Evaluation:

With the benefit of the information contained in the asset file, the CAS Inspector will perform a
thorough evaluation of the WBS systems required for each of the assigned assets. The Inspector will
initially review the asset file to note particular problems. With this accomplished, the CAS Inspector
will methodically survey each of his assets and record deficiencies (in terms of severity and coverage)
and other observations on the preprogrammed hand-held computer. He accomplishes this data
recording through “menu” screens contained in the CAS hand-held computer software, which will
guide the CAS Inspector through the process (see Section 3 for full detailed information outlining
step-by-step the CAS inspection process).

CAS Report Generated by CAIS:

After completing the CAS Inspection, information is uploaded to the PC-based CAIS system.
“Universal” reports showing all asset deficiencies, observations, associated cost, scheduling priorities,
and repair purposes will be produced. As part of the QA, the Inspector will review this information
with the manager to ensure that all aspects of the inspection asset information are correct.
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HOW IS CAS IMPLEMENTED? - Report Development

With the completion of the CAS Inspector's survey, data uploaded into the PC-based CAIS program is
analyzed to provide the survey reports. The primary preformatted reports include:

‘Universal’ Report:

This document contains all the information recorded concerning deficiencies found in the WBS
systems surveyed in each asset. The report lists all deficiencies and observations system by system.
The summary section provides the cost of repairing surveyed asset deficiencies and repair codes
showing condition, purpose, and urgency. Costs are calculated in CAIS based on deficiencies noted.
Inspectors can also directly input repair costs either as a percentage of replacement costs or as an
absolute dollar value.

Asset Summary Report:

This report contains summary asset deficiency data at the WBS system level only. The report lists
deficiency/corrective repair action by codes (see Subsection 1.1 for more information). All assets
surveyed by the Inspector will be listed here. Manager input to these reports includes resorting the
priority list (including additions and/or deletions) and recommendations.

Site Asset Summary Report:

After all inspector surveys have been processed, analyzed, and final recommendations input by the
manager, this preliminary site-wide report lists all assets included and preliminary manager sorts
(Asset Summary Report). Manager input includes selecting of final projects recommended for the
budget cycle, including cost and priority schedules.

Sits Summary Report:

This report, issued to DOE Headquarters, contains a site project summary and synopsis of back-up
data. This report will serve as the basis for establishing the site maintenance and repair backlog
which in turn supports funding recommendations to OMB and Congress.

OTHER REPORTS

QA Report:

As part of the QA process, the contractor QA team will randomly select assets inspected by site CAS
Inspectors. Results will be analyzed to determine both accuracy and content of the CAS Program to
ensure the validity of CAS procedures.

Custom Reports:

Data within the CAS/CAIS database can be manipulated to create various reports. Examples might
include a report showing all site roofs, cost magnitude, and/or by building type.
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THE CAS SYSTEM: - A Summary

In summary, the CAS System has been designed to support the vital process of creating a facility
condition baseline that is founded on recognized, fully defined Standards. This established baseline
will determine the direction and cost of future assets required to define the DOE’s changing mission
against a background of government fiscal constraint. As you have seen, your role in this overall
program is vital if the CAS framework is to be created and supported. The CAS System is your tool
for constructing the essential, realistic requirements needed to obtain budgetary funding. Obtaining
these funds is the final measure of whether a site program will move forward or be eliminated.

We began this introduction by promising you a “new way” of seeing familiar things. The CAS
Program’s combination of state-of-the-art technology and the DOE M&Q's talented professionals will
be the essential mix to successfully initiate and sustain the CAS process.
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ASSET DETERMINANT FACTOR/CAS REPAIR CODES/GAS COST FACTORS

GENERAL

The CAS Program is built on the physical analysis of each asset through the inspection of the
major systems as defined by the WBS. System-specific deficiencies (as defined for each
assembly/component in the Deficiency Standards section of this Manual) and the extent of their
severity “bracket” the general asset conditions as of the inspection date. Recording actual
deficiencies, however, is only part of the process. The CAS process also documents the urgency
and purpose of repairs or replacements as well as the overall condition of the
assembly/component surveyed.

The following elements are important parts of the CAS process and will be discussed in detail in
this subsection:

o ASSET DETERMINANT FACTOR (ADF): Discusses various possible levels of CAS inspections,
and the manager’s role in determining the type survey appropriate for each asset.

« CAS REPAIR CODES: Describes categories used by the inspector to document the urgency
and purpose of repairs and replacements, and the general condition of the assembly/-
component.

o« CAS COST FACTORS: The general overview of CAS cost development and the factors used to
build project costs are outlined in this section.

CAIS Interface;

As outlined in the Introduction “A CAS Program Overview,” the Condition Assessment Information
System (CAIS) is a key element. CAIS software will provide critical data analyses required to
process CAS raw field data, including repair codes and costing factors for recorded facility asset *
conditions. The CAS Manuals, the hand-held data collection device and software, and the CAIS
Program together form the foundation of the CAS process.

In DOE’s vast inventory, asset conditions vary widely in terms of age and use, new or renovated
facilities are mixed with assets built during the 1940s and 1950s. It is therefore recognized that not
all assets at a given site require the full CAS inspection. The ADF has been developed as a tool
that provides site facility managers with a means to categorize each site asset by identifying the
type of survey to conduct.

CAS Survev Levels:

For the purposes of allowing flexible CAS Program implementation, three broad categories of
asset inspections are defined:

. CAS - Base Level: Assessment is primarily a visual inspection (augmented in some instances
by simple testing; eg., light level measured by light meter) recorded at the assembly level of the
Work Breakdown Structure (WBS). Deficiencies typical to each assembly are recorded in
terms of severity and coverage.

« CAS - Component Level: Provides more extensive inspection information based on
conducting the assessment at a component level. Components are defined as major parts of
an assembly.

« CAS - Limited: Survey not requiring assessments of all systems for a given asset.
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ASSET DETERMINANT FACTOR (ADF)

Ten key categories to be used as ADF guidelines are illustrated below. These classifications are
sensitive to key DOE criteria, including short-term and mothballed facilities.

ADF# Guidance Descrintion Systems
1 Existing asset (>3 years), | Full CAS Inspection (base CAS - ALL
program projected to last 5 years [ assembly level or  optional
component level)?
2 Existing temporary asset (>3 | Limited CAS Inspection (base CAS ALL
years) program projected to last | - assembly level only)
<b years
3 Asset decommissioned - “warm | ARCH(ext), MECH & ELEC (base | 0.04, 0.05,
mothball” (maintained for future | CAS - assembly level or optional 0.08, 0.09
unidentified function) component level)’
4 Asset decommissioned - “cold | Exterior envelope (base CAS -| 0.04, 0.05
mothball” (to be removed, | assembly level only)
dismantled, destroyed at some
future date)
5 Asset ROOF inspection only ROOF inspection (base CAS - 0.05
assembly level or  optional
component level'
6 Asset ARCHITECTURAL only ARCH/STRUCTURAL inspection | 0.01, 0.02,
(base CAS - assembly level or [ 0.03, 0.04,
optional component level)? 0.05, 0.06,
and 0.11
7 Asset MECHANICAL only MECHANICAL inspection (base | 0.07, 0.08
CAS - assembly level or optional
component level including
incidental electrical)!
8 Asset ELECTRICAL only ELECTRICAL inspection (base CAS 0.09
- assembly level or optional
component level)’
9 Asset SITE inspection only SITE inspection (base CAS - 0.12
assembly or optional component
level) 1
10 As developed by each site As constructed bv site? As Required

GENERAL NOTES:

1. Survey may combine levels (eg., ADF #1, Systems 0.01-0.06, 0.11, and 0.12 Assembly level survey; 0.07, 0.08,
and 0.09 Component level survey.)

2. Other surveys may be structured on an as-required by sites.

3. ADF values are guidelines only and systems may be added to base ADF values as required.

1.1-2
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ASSET DETERMINANT FACTOR (ADF) (Continued)

ADF # [ Definition

1 Assets within this factor represent “typical” DOE facility assets. These assets are
over three years old and serve current programs projected to last over five years.
A full CAS inspection at the assembly level is required. Component level CAS
may be conducted as resources permit.

2 For temporary facilities supporting short-term programs (less than five years), a
limited CAS inspection at assembly level involving all systems.

3 For currently unused assets that will be considered for future program
development. In this case, only exterior envelope and interior mechanical and
electrical systems are assessed at the assembly level.

4 For facilities deemed unfit for future use, a limited CAS inspection is
recommended. This would involve exterior envelope only to ensure that asset will
not deteriorate prior to scheduled decommission and disposal action (eg.,
destroy, dismantle).

5 Covers circumstances when only a roof inspection is required.

6 For assets requiring architectural survey only, including 0.01 Foundations and
Footings, 0.02 Substructure, 0.03 Superstructure, 0.04 Exterior Closure, 0.05
Roofing, and 0.06 Interior Finishes and Construction, and 0.11 Specialty

Systems.

7 For assets requiring mechanical survey only, including 0.07 Conveying, and 0.08
Mechanical.

8 For assets requiring electrical survey only, 0.09 Electrical.

9 General site survey system 0.12 Site Systems only.

10 This factor allows sites to build their own inspection. These will be reviewed by

Headquarters for possible addition to the ADF Guidelines.
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Refer to the following page for definitions of the three (3) major CAS Repair Codes.
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CAS REPAIR CODES

One of the key aspects of the assessment process, once significant deficiencies are recorded, is
determining the repair category. CAS defines three major repair codes: condition, purpose, and
urgency. Condition is derived both by the CAIS algorithm based on raw deficiency data and by the
inspector’'s subjective judgment. Purpose and urgency are each selected by the inspector.
Definitions for each major code are listed as follows:

(CAS Repair Codes are guidelines only. Codes may vary as required by sites.)

CONDITION
CODE DEFINITION

A Excellent: Performs to original specifications as measured using non-standard tests; easily
restorable to “like new’ condition; only minimal routine maintenance required at cost <2% of
replacement value.

B Good: Performs to original specifications as measured using historical data and non-
standard tests; routine maintenance or minor repair required at cost <5% of replacement
value.

C Adequate: Performance meets requirements; some corrective repair and/or preventive
maintenance required at cost < 10% of replacement value.

D Fair: Performance fails to meet code or functional requirement in some cases; failure(s) are

inconvenient; extensive corrective maintenance and repair required at cost <25% of
replacement value.

E poor: Consistent substandard performance; failures are disruptive and costly; fails most
code and functional requirements; requires constant attention, renovation, or replacement.
Major corrective repair or overhaul required at cost <60% of replacement value.

F Fail: Non-operational or significantly substandard performance. Replacement required
because repair cost is >60% of replacement cost.

PURPOSE
CODE* DEFINITION
P2 PRG: Capacity
H2 H&S: Industrial Safety
E2 ENV: Solid Waste Management
S$4 S&S: Security
¥ Partial list based on CAMP Order DOE 4330.4A dated 1 O-1 7-90.
URGENCY
CODE DEFINITION
1 Repair Immediately: Asset condition critical; initiate corrective action immediately.
2 Repair within 1 Year: Asset condition serious: initiate corrective action within 1 vear.
3 Repair in 1 to 2 Years: Asset condition degraded; initiate repair in 1 - 2 years.
4 Repair in 3 to 5 Years: Asset stable for period; integrate repairs into appropriate schedules.
5 No Repairs Necessary: Continue life cycle maintenance actions.
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ASSET DETERMINANT FACTOR/CAS REPAIR CODES/CAS COST FACTORS

The following illustrates the cost development process for the Department

of Energy CAS/CAIS Project and the various processes involved.

COST DEVELOPMENT PROCESS
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END OF SUBSECTION
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GUIDE SHEET TOOL & MATERIAL LISTING

SAFETY REQUIREMENTS
GENERAL

Inspections shall comply with all Federal, State and Local regulations and all applicable safety and
health regulations or requirements (including reporting requirements) of DOE.

TOOLS

This subsection contains tool and material listings for use in standard and non-standard
inspections in addition to the basic tool group outlined below.

Standard inspection methods are primarily non-invasive visual observations. The accomplishment
of the activities identified in the maintenance guides and inspection guides requires tools: basic or
craft (standard) and specialized (non-standard). Specialized tools included in the non-standard
tool group consist of special instruments and unique tools, and are identified in the guides.

All crafts involved in the inspection and maintenance of sitework systems employ a standard or
basic tool set. This basic tool group may vary somewhat between equally qualified personnel;
however, the following is a representative set of common tools.

BASIC TOOL GROUP

Architectural/Civil Electrical Mechanical
Flashlight Flashlight Flashlight
Measuring tape Measuring tape Measuring tape
Mirror Mirror Mirror

Pocket knife Pocket knife Pocket knife
Rags Rags Rags
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STAINDARD TOOL GROUP

Architectural/Civil

Electrical

Mechanical

20-0z Masonry hammer

3x5 card stock to indicate photograph locations

6-0z Geologist pick

6" Drag chain

Aerosol can of bright colored paint to mark
deficiency locations

Assorted center & drift punches, steel chisel

Awl/Icepick

Ball peen hammer

Binoculars

Broom

C-Clamps

Caliper

Camera

Claw hammer

Crack comparator

Crescent wrenches, 4” & 8"

Drive socket set & ratchet

Emery cloth

Extension cords & inspection lights

File

Grease guns & oilers

Hack saw & spare blades

Hand brace & bits - to bore suspect areas of
timber elements

Level, 4

Lumber crayon

Measuring tape, 100’ nonmetallic

Metal square

Open & box end wrenches, 1/4" & 3/8"

Permanent black marker, lumber crayons

Pipe wrenches to 14"

Pliers - vise grip (2), slip joint, needle-nose,
diagonal, cutting, side cutters

Plumb bob

Probing awl w/handle

Shovel

Small crowbar

Small set of Allen wrenches

Standard & Phillips head screwdrivers - various
sizes

Stiff bristle brush

Straightedge, 2’ to 3

Switch & signal keys

Torpedo level

Track gauge & level rod

Various cleaning tools - brushes, scrapers, putty
knife, etc.

Wire brush

Adjustable wrench set

Allen wrench set

Ammeter, Clamp-on, 0-100 A
Scale

Ball peen hammer

Cleaning materials

Electrical Insulation materials

Electrician's  knife

Extension cord

File

Flashlight

Hack saw with blade assortment

Hammer, ball peen

Infrared Camera

Infrared Thermometer

Locks

Measuring tape, non-metallic

Pipe wrench

Pliers: vise grip, slip joint, lineman

Portable light

Socket set, 3/8-inch with ratchet

Standard & Phillips head
Screwdrivers

StaticScope, 5000 Volt

Tags, caution & hold

Tape, Measuring, Non-metallic,
10 feet

vibration analyzer

Volt-Ohm-Ampere Meter, Pocket
Size, Analog or Digital

Wrench set, open end

Wrench set, box end

All_Trades

3/8" drive socket set & ratchet

Assorted center & drift punches,
steel chisel

Ball peen hammer

Crescent wrenches, 4" & 8"

Emery cloth

Extension cords &
inspection lights

File

Grease guns & oilers

Hack saw & spare blades

Open & box end wrenches,
1/4" & 3/8"

Pipe wrenches to 14

Pliers - vise grip (2), slip joint,
needlenose, diagonal cutting,
side cutters

Small level & square

Small set of Allen wrenches

Standard & Phillips head
screwdrivers - various sizes

Various cleaning tools - brushes,
scrapers, etc.

Wire brush
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NION-STANDARD TOOL GROUP

Architectural/Civil Electrical Mechanical
Acoustical emission analyzer Ammeter, precision Acoustical analyzer
Borescope or fiberscope Borescope Borescope

Core driller

Curve string lining apparatus

Dye penetrant

Eddy current

Infrared measuring device

Lighted magnifying glass (eg., five
times &ten times)

Magnetic scanning device

Microwave absorption scanning
device

Moisture detection devices

Nuclear analysis mechanism

Paint film gauge

Plane surveying equipment

Rail profiling device

Thermometer

Tiltmeter & protractor

Ultrasonic measuring device

Ultrasonic rail flaw detection
equipment

Video camera

X-Ray or Radiography testing device

Circuit breaker test set

Constant current test set

Constant Voltage test set

Contact resistance test set

Current transformer, laboratory
standard

Eddy current test set

Gas analyzer

Ground resistance test set

Growler

High potential test set

High voltage rubber gear

High voltage sticks

Industrial analyzer

Insulation materials

MegOhmmeter

MicroAmmeter, precision

Micrometers

MilliAmmeter, precision

MilliVoltmeter, precision

Nitrogen

Oil analyzer

Oscilloscope

Potential transformer, laboratory
standard

Power Factor meter

Protective relay test set

Protective relay tool set

Recorder, Timer, Voltage &Ampere

Sample bottles &thief

Slings

Statiscope

Thermometer, precision

Timer, electric

Turns ratio test set

Vibration analyzer

Voltmeter, precision

Watt-hour meter standard

Wattmeter

Displacement gauges

Dye penetrants

Eddy current techniques

Gas Detector

InfraScope

Moisture Detector

Sample Bottles for Chemical Analysis
Shock Pulse Monitor

Smoke capsules

Stroboscope

Tracer gases for leak detection
Ultrasonic  Analyzer

Ultrasonic Flowmeters
Ultrasonic Noise Meter
vibration Analyzer

video camera

Refriaeration

Clamp-on ammeter

Crescent wrenches to 14

Flaring tools

Leak detector - electronic or halogen
Packing kit & packing

Pliers, cutting and side cutters
Pocket thermometer

Refrigeration gauges

Tubing cutters
Voltmeter-Ohmmeter-Milliammeter

Plumbing

3/4" socket set

Crescent wrenches to 14
Flaring tools

Packing kit & packing
Pipe wrenches to 24
Small acetylene outfit
Tubing cutters

NOTE: It is not the intent of this manual to have sites perform non-standard tests. These guidelines may be used in the event
standard inspection is not sufficient to determine system condition. Such non-standard inspections will be provided by
others (eg., consultants, outside labs).
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END OF SUBSECTION
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TESTING METHODS

GENERAL

During the course of the CAS, various tests will be employed to better ascertain the condition of the
assets. These are indicated on the Component Specific Guide Sheets included in Section 3 of this
Manual.

The critical nature of concrete, masonry, metal, or wood and their overall condition cannot be
understated. Concrete, masonry, metal, or wood compressive strength is vital to maintain
structural integrity. Where direct characteristics can be observed, surface deficiencies such as
cracks, spalling, and exposed reinforcing may indicate hidden problems. In this case, underlying
deterioration can be determined by further test measures. Testing materials in-situ seeks to gauge
current conditions including position and size of any reinforcement, poor consolidation areas,
voids, cracks, honey-combing, material integrity, degree of rot or decomposition, and moisture
content to quantify current strength, durability, and elastic parameters as they exist in view of
observed physical deficiencies.

Testing methods do not specify the following:

Expertise of user (to use the instrument or interpret results).

The advantage of one testing method versus another.

The limitations of the testing method.

Whether the user must be trained and licensed to operate (such as the Nuclear Moisture
Meter test, which requires licensing).

Standard vs Non-Standard

Inspection Methods are classified as Standard versus Non-Standard based on techniques
employed.

The Standard Methods are generally quick, visual, hands-off walk-throughs not requiring a
component to be taken out of service or consist of limited tests such as voltage and current
measurements using small hand-held devices. Few tests are required in the associated Guide
Sheets. Where tests are indicated, they are non-invasive. Examples include vibration analysis and
thermographic  observations.

The testing methods associated with the Non-Standard Inspection of a facility go beyond the
visual and non-contact process and involve invasive and possibly destructive testing procedures.
Given the invasive nature, the non-standard survey should be accomplished in conjunction with
scheduled maintenance to ensure that the system is fully serviceable and operable on completion
of the survey. Specific non-standard electrical tests are described in greater detail in NFPA 70B.

Non-Standard Methods are generally those that require a component to be taken out-of-service,
locked down, deenergized, or are destructive in nature to allow internal inspections or variations in
operation not allowed while in service; they should be accomplished as part of a scheduled
outage. Examples include Circuit Breaker Time Travel Analysis, Core Sampling, Flat Jack testing,
Insulating Liquid Analysis, Smoke testing, Transformer Polarity test, etc.

Some tests could be conducted as part of either type inspection. For discussion purposes, they
will be classified according to their “out-of-service” requirements; i.e., if a test can be conducted
while equipment is in service, it will be listed under Standard Test Methods.
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TESTING METHODS

STANDARD TEST METHODS

e Acoustic Emission Testing e  Pick Test
e Acoustic Resonance e Shock Pulse Monitoring
e Chemical Analysis e  Stress Monitor Analysis
e Correlation Water Leak Testing e Stroboscopes
e Drag Chain Test for Invert e Surface Hardness Testing
e Gas Detection-Gas Leak Detection with e  Thermography
Tracers e Ultrasonic Flowmeters
e Ground Penetration Radar Test e Ultrasonic Testing
¢ Ground Radar Moisture Tracer ¢  Velocity/Volume Flowmeters
e Infrared Testing (Mechanical)
e  Moisture Tracer e Vibration Analysis
¢ Noise Recording and Analysis e Visual Crack Classification
e Pavement Deflection Testing

STANDARD TEST DESCRIPTION

Acoustic Emission Testing

Acoustic waves are generated at weak points in a structure under stress. This may result from the
propagation of the fault itself (cracking of metal or concrete) or the expansion of a liquid or gas
through the fault. Sonic detectors may be used to monitor these emissions and locate the fault.
Although useful in identifying cracks and voids, this method is best used to identify leaks.

Acoustic Resonance

The application of energy to a structure (single impact or cyclic) will establish a resonant vibration
in the structure. The resonant frequency emissions will differ in areas with faults. Sonic detectors
may be used to monitor these emissions and locate the fault. Primarily used to identify cracks and
voids.

Chemieal Analysis

Most fluids and gases used in mechanical systems have a prescribed chemical content. Routine
sampling of actual content and analysis through visual, chemical, and/or spectrometric means can
identify improper chemical maintenance levek, wear products, and contamination. Excellent for
analysis of piping systems, bearings, and gears.

Correlation Water Leak Tasting

A special application of acoustic emission techniques using multiple sonic detectors and applying
signal processing methodology can determine leak position relative to detector location.

Drag Chaln Test

A drag chain is held by inspection personnel and slowly moved over the inverted surface, a tunnel,
or other structure. Hollow sounds indicate delamination or voids in the surface material.

Gas Detection - Gas Leak Detection with Tracers

A generic term used for a series of mechanical, chemical, and/or electronic devices that are
sensitive to specific gas environments.

In most, a sample is drawn with an aspirator or an electric pump into a reaction chamber where
the it is exposed to various chemicals. The reaction causes a visible change in color or volume or
changes the resistance of an electronic circuit that subsequently displays a reading proportional to
the gas content. These devices are particularly useful in identifying gas leaks in refrigeration
systems, determining the efficiency of fueled boilers and furnaces, etc.
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STANDARD TEST DESCRIPTION (Continued)

Ground Penetration Radar Test

This test employs a device that is positioned over the surface and directs radar waves down
through the material that reflect back to measure existing defects or voids.

Ground Radar Molsture Tracer

Applying short pulse radar emissions to structures allows imaging. Waves are reflected off
structural interfaces. This technique is especially useful in identifying flaws such as delaminations
in concrete and locating piping by detecting cracks and leaks.

Infrared Testing

Infrared testing measures heat loss or gain. The areas of the superstructure that absorb water will
not insulate. Heat is lost more rapidly through these water absorbing areas, so higher
temperatures are detected with an infrared scanner. Cracks, voids and other discontinuities in the
surface all affect heat emissions: scanners can show the difference between sound and unsound
surfaces. Also used as a process in which the temperature of an electrical or mechanical device is
derived based on the remote sensing of infrared radiation. Infrared is accomplished by scanning
the surface with a hand-held instrument.

Molsture Tracer

Moisture trapped in materials affects the material's electronic conductance. By passing low
frequency radio signals between a transmitter and a receiver traversing the questionable material,
moisture can be detected. This technique identifies moisture in roofing without cutting into the
membrane.

Noise Recording & Analysis

This test measures of the noise level and frequency emitted from a piece of operating equipment.
The noise level and frequency contain information that may refine survey data.

Pavement Deflection Testing

This testing involves several methods of using pulse, static, vibrating, or impulse loading to cause
deflection in the pavement surface. It is measured and then analyzed to generate data such as
remaining life, limitations on loading, and overlay requirements. Various types of devices are
employed including the Benkelman Beam, Dynaflect, and “falling weight deflecto-meter.”

Pick Test

The Pick test is a standard test for trackwork and consists of inserting any pointed tool, such as an
ice pick, into the surface of wood to lift a sliver. A sharp break indicates sound wood and a brash
break suggests decay. Lack of resistance or excessive softness to penetration also indicates
decay. The pick is also inserted into splits and cavities of railway ties to determine their extent and
severity.

Shock Pulse Monitoring

Bearings transmit very weak mechanical shock waves throughout their housing as they go through
each compression cycle. Ultrasonic transducers can be calibrated to sense these waves and
differentiate them from other equipment vibrations. Analysis of the monitor output allows operator
to determine bearing condition and remaining useful life.
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STANDARD TEST DESCRIPTION (Continued)

Stress Monitor Analysis

Stress analysis consists of documenting the presence, location, pattern, depth, and width of
foreign materials and elevation differences between two cracked concrete or masonry masses and
other horizontal or vertical surfaces. Determine if crack is active or dormant by following the steps:

Mark the end of the crack and check after a few days to see if it has extended past mark.
Note direction.

Place a notched piece of tape across the crack, wait for a period of a month of more. If the
tape tears or compresses (wrinkles) the crack is active, and if the tape shows no apparent
change the crack is dormant.

Apply pins and gauge points on either side of crack. Measure distance between points at
regular intervals with vernier calipers to determine the extent of movement.

Stroboscopes

By varying the frequency of illumination on an object in motion, it is possible to produce a freeze
frame or slow motion image of the object. Application allows inspection of operating equipment,
showing leakage, distortion, vibration, etc. that would not be evident during shutdown. This can
also be used to determine equipment rotating speed.

Surface Hardness Testing

This test (sometimes known as sounding test) consists of impacting the concrete or masonry
surface using standard devices to gauge with given energy pulse and measuring the size of
rebound. A rebound hammer is the most commonly used method. Problems and limitations of
this test are affected by concrete surface smoothness carbonation, moisture condition, size, age,
and aggregate type. A similar test is striking a wood surface with a hammer. A sharp ring usually
indicates sound wood, and a dull or hollow sound usually indicaties decay or rot. This is not a very
reliable test, so additional testing should be performed if deterioration is suspected.

Thermography

Thermal radiation is emitted by all bodies in proportion to the temperature of the body. This
radiation can be filtered with optical lenses to allow discrimination by the human eye. It can also
be focused on sensors and processed to provide temperature readouts and/or graphical displays
of temperature distribution. It is more commonly used to produce energy loss profiles of
structures, ascertain water leakage in roofing, and identify overheated connections in electrical
distribution systems.

Ultrasonic Flowmeters

Bubbles and suspended solids in flowing liquid cause agitation, which produces sound.
Transducers can be clamped to piping to monitor intensity and direction of this sound.
Microprocessors can be used to convert this information into velocity, and given the piping
dimensions, determine volumetric flowrate. Although primarily used in balancing water distribution
systems and process monitoring, these devices can be used to ascertain restrictions in
distribution systems and piping corrosion.

Ultrasonic Testing

Ultrasonic emissions are attenuated by materials during transmission and are reflected by material
interfaces; generated pulse echo can be monitored to identify interface location. Measurement of
the velocity and attenuation of the pulse can be used to determine characteristics of the material.
Commonly used to identify flaws in metal structures. Ultrasonic testing is not a standard test for
Section 0.12.04.
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STANDARD TEST DESCRIPTION (Continued)

Velocity/Volume Flowmeters (Mechanical)

Various piping configurations (pitot tubes) can be inserted into a gas/fluid stream to determine
static and velocity heads produced by the media. Using known piping or duct characteristics,
these data are readily converted to velocity and volumetric flow rates. Many devices currently on
the market are portable and contain parameter processors to allow immediate readout. Although
primarily used in balancing water distribution systems and process monitoring, these devices can
be used to ascertain restrictions in distribution systems and piping corrosion.

Vibration Analysis

Probes in contact with, or transducers mounted on, operating equipment can sense motion
(vibration) in terms of displacement, velocity, and acceleration. Instrumentation can convert these
signals into digital/analog readouts and graphical displays of signal strength (amplitude) at
various frequencies. By measuring and recording these parameters at key points on equipment,
an equipment signature can be developed. Periodic monitoring will allow changes (trends) and
rates of change in the signature to be identified. Worn or broken parts will change the vibration
signature frequency. These techniques can be used as precursors to equipment failure and
predict remaining useful life.

Visual Crack Classlflcatlon

Cracks are inspected visually and divided into categories according to width. Widths are
determined with a plastic crack comparator.

NON-STANDARD TEST METHODS

High Potential Test

Infrared Testing

Insulating Liquid Analysis Test
Insulation Power Factor Test
Insulation-Resistance Test
Magnetic Testing

Maturity Concept Analysis
Microwave Absorption Scanning
Nuclear Analysis

Acoustic Emission Testing

Ballast (Track) Resistance Test
Borescopic or Fiberscopic Inspections
Boring

Brinell Hardness Test

Charpy Impact Test

Circuit Breaker Time Travel Analysis Test
Contact Resistance Test

Core Sampling

Delamination Detection Machinery Pick Test
Dielectric Absorption Test Polarization Index Test
Displacement Gauges Pol-Tek

Protective Device Test
Radiography (X-Ray Testing)

Rail Defect Testing

Rotating Machinery Tests

Smoke Testing

Television Inspection

Transformer Polarity Test
Transformer Turns Ratio Test
Ultrasonic Pulse Velocity Testing
Vibration Test or Vibration Analysis

Dye Penetrants

Eddy Current Technigues

Electrical Resistivity Testing
Equipment Ground Impedance Test
Fault Gas Analysis Test

Flat Jack Testing

Flood Testing

Gas Leak Detection with Tracers
Grounded Conductor Neutral Test
Grounding Electrode Resistance Test
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TESTING METHODS

NON-STANDARD TEST DESCRIPTION

Acoustic Emission Testing

Acoustic Emission testing measures the acoustic or stress emissions from cracks or surfaces
under strain. The stresses are detected as small displacements by sensors positioned on the
surface. This type of testing has been used in recent years; however, its major drawback is that it
can only be used during periods of high stress and deformations and does not work for static
loading conditions.

Ballast (Track) Resistance Test

Ballast (Track) Resistance is used to measure current leakage from rail into the ballast and ground.
A minimum resistance between rail and ground, normally provided by the wood ties, is necessary
for proper operation of the signal system. The test is conducted by applying a voltage at one end
of a rail section and determining the voltage drop at the other end of the rail. Rail-to-ground
resistance and current leakage can then be calculated.

Borescopic or Fiberscopic Inspections

Using a combination of lens and fiber optic cables, light can be directed to areas otherwise
inaccessible to the human eye. The reflected image is usually magnified by the borescope,
enhancing detection capabilities. Excellent tool for small tank and pipe inspections and internals
of engines, pumps, and masonry to locate deficiencies such as cracks or material deterioration.

Boring

Boring is the most dependable and widely used method for detecting internal decay in timber.
Boring permits direct examination of an actual sample from a questionable member. An increment
borer is used to extract wood cores for examination.

Brinell Hardness Test (Stool Bridges: Destructive Test)

The Brinell Hardness test measures steel resistance to penetration. A hardened steel ball is
pressed into the test coupon by a machine-applied load. The applied load and the surface area of
the indentation are used to calculate steel hardness.

Charpy impact Test

This test is usually performed on a controlled core field sample in a laboratory. The impact test
determines the amount of energy required to fracture a specimen.

Circuit Breaker Time Travel Analysis Test

This test is employed only on medium and high Voltage circuit breakers and measures the
effectiveness of breaker operation.

Contact Resistance Test

A test to determine the resistance in the contacts of a switch or circuit breaker. The test is normally
accomplished using a special instrument capable of measuring resistances of 10 microOhms or
less. The test may be accomplished using ammeters and Voltmeters if these devices are of
sufficient accuracy. Contact resistance should be kept as low as possible to minimize heat
damage to the contacts.
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NON-STANDARD TEST DESCRIPTION (Continued)

Core Sampling

Core Sampling involves taking core samples at various controlled sections to ascertain (by
laboratory mechanical/chemical analysis), the condition or strength of the material. Sample holes
must be patched immediately. Actual concrete strength and quality can be determined only by
removing a concrete core and performing such laboratory tests as:

Compressive strength
Cement content

Air voids

Static modulus of elasticity
Dynamic modulus of elasticity
Splitting tensile strength

Delamination Detection Machinery

Delamination Detection Machinery is based on sonic responses and can be used to inspect
concrete decks. An instrument is moved across the deck as acoustic signals are passed through
it. These signals are then received and electronically interpreted, and the output is used to
generate a plan of the deck showing delaminated areas. This method can be used on asphalt
covered surfaces, although accuracy decreases.

Dielectric Absorption Test

Dielectric Absorption testing is similar to insulation resistance testing except that much higher
Voltages are used in the test process. It is not unusual to have Voltages in excess of 100,000
Volts.

Unlike the insulation resistance test, dielectric absorption testing is independent of temperature
and volume of the insulation.

Displacement Gauges

A generic term used to cover a group of devices that measure the relative motion between two
points. Employs electro-optical equipment for large structures and mechanical or electrical
gauges for closely spaced points. Primarily used in mechanical testing for identifying warpage,
distortion in shafting, wear in bearing, etc.

Dye Penetrants

Certain dyes have the ability to penetrate small surface cracks in materials. Examination, in some
cases under ultraviolet light, is used to identify faults not otherwise visible. Particularly useful for
stressed metals.

Eddy Current Techniques

When a coil is excited by a radio frequency current and moved along the surface of a metal
conductor, an electrical network is established that includes the metal conductor. The system has
a defined reference impedance. Changes in the surface of the metal conductor cause a change in
the system impedance, which can be measured. This technique is especially useful in identifying
pitting, surface cracks, and other discontinuities in tubing of heat exchangers.
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TESTING METHODS

NON-STANDARD TEST DESCRIPTION (Continued)

Electrical Resistivity Testing

Electrical Resistivity testing involves passing electrical currents through the material to determine
the resistance offered. This test is used to determine reinforcement corrosion and thickness of
concrete pavements. This method may also determine the moisture content or moisture
penetration of concrete surfaces and degree of decay in wood members. Even though this is a
relatively simple test method, it is highly dependent on moisture and salt content and the
temperature of the material.

Equipment Ground Impedance lest

This test is accomplished to determine the integrity of the grounding path from the point of test
back to the source point. It is very important to ensure personnel safety and to improve power
sources to microprocessor equipment.

Fault Gas Analysis Test

An analysis of the gases present in the nitrogen-filled cap of sealed pressurized oil-filled
transformers can provide potential failure information. When arcing occurs in the oil,
decomposition occurs. Some decomposition products appear as combustible gases, which rise
to the top of the transformer.

Flat Jack Testing

The Flat Jack method was originally developed to test the in-situ stress and deformation of rock
and is now being applied to masonry structures. A portion of the horizontal mortar joint is
removed, and the flat jack (an envelope made of metal) is inserted and pressurized to determine
the state of stress.

Flood Testing

[ . . . .
Flood testing involves forcing water at an exterior surface under pressure to locate any cracks or
penetrations by observing any water leaks on the interior surface.

Gas Leak Detection with Tracers

For systems where leakage does not produce easily monitored effluent, specific tracer gases may
be introduced into the system. Sensors that are sensitive to the particular tracer gas are then used
to identify leak location.

Grounded Conductor Impedance Test

A test used to determine the quality of the grounded conductor (neutral) from the point of test back
to the source. A low impedance neutral is necessary to reduce interference to microprocessors
and other similar devices from harmonic currents. Equipment used to conduct equipment ground
impedance tests are often used to conduct this test.

Grounding Electrode Resistance Test

A test to determine the effectiveness of the grounding system. The test is usually performed to
validate the effectiveness of a grounding system using driven ground rods.

The test is performed periodically because soil conditions do change, and may increase ground
resistance to a point where personnel and equipment are in jeopardy.

High Potentlal Tot

A High Potential test applies a Voltage across an insulation at or above the DC equivalent of the 60
Hertz operating crest Voltage. This test can be applied as a dielectric absorption test or a step-
Voltage test.
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TESTING METHODS

NON-STANDARD TEST DESCRIPTION (Continued)

Infrared Testing

Infrared testing measures heat loss or gain. Those areas of the superstructure that absorb water
will not insulate. Heat is lost more rapidly through these water absorbing areas, so higher
temperatures are detected with an infrared scanner. Cracks, voids, and other discontinuities in the
surface all affect heat emissions: scanners can show the difference between sound and unsound
surfaces. Also used as a process in which the temperature of an electrical or mechanical device is
derived based on the remote sensing of infrared radiation. Infrared is accomplished by scanning
the surface with a hand-held instrument.

Insulating Liquid Analysis lest

Regular tests conducted on insulating oils and askarels on a semiannual basis. The tests are
conducted in accordance with specific ASTM standards and the results are measured against
values established in NFPA 70B. The sampling process is critical to test accuracy.

Insulation power Factor Test

Insulation Power Factor testing measures the power factor of the charging Volt Amperes. This test
is sensitive to humidity and temperature. The test Voltage is always greater than 500 Volts, and a
desirable Voltage is at least 2500.

Insulation Resistance Test

Insulation is tested by applying a known Voltage across the insulation and measuring the resulting
current flow with a meter calibrated in Ohms. The Voltage source for most low Voltage testing is a
megOhmmeter (megger), and the results are volume sensitive.

Because insulation testing is often temperature sensitive, consistent testing conditions will ensure
better accuracy.

Magnetic Testing

Magnetic testing involves scanning concrete surfaces with a U-shaped magnetic core with two
coils in which an alternating current is passed through one coil and the current is measured in the
second. This test is used to measure the depth and detect position of reinforcement in concrete.
It should be noted that temperatures below freezing and heavily reinforced sections adversely
affect the performance and results.

Maturity Concept Analysis

The Maturity Concept used in measuring in-situ concrete is based on the fact that concrete
strength varies due to both time and temperature. These conditions are measured by
thermocouples and/or instruments.

Microwave Absorption Scanning

Microwaves are electromagnetic in nature and can be reflected, diffracted, and absorbed. Wave
absorption by water determines moisture content of the material. This is relatively new and
unproven; the technique based on the reflection of electromagnetic waves has been used
successfully. Although this method is fast and easy to perform, planning and skill are required to
interpret and evaluate the results.
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NON-STANDARD TEST DESCRIPTION (Continued)

Nuclear Analysis

Nuclear analysis is accomplished using a mechanism that scatters neutrons on the foundation or
footing. Where water is present, radiation or neutron energy is taken back into the unit. The
surface is squared off in a grid pattern and readings are taken from various points. Another
method (relatively new and underdeveloped) involves bombarding the concrete surface with
neutrons, which causes the surface materials to become radioactive. A comparative analysis is
performed as the radioisotopes decay to a stable state.

Piek Test

Pick testing consists of inserting any pointed tool, such as an ice pick, into the surface of wood to
lift a sliver. A sharp break indicates sound wood and a brash break suggests decay. Lack of
resistance or excessive softness to penetration also indicates decay.

Polarization Index Test

The Polarization Index is a special application of the dielectric absorption test. The index is the
ratio of insulation resistance at two different times after application of the test Voltage. The interval
between readings is normally ten minutes. An index of less than one indicates that the insulation is
not adequate.

Pol-Tek

Pol-Tek is a sonic testing device used to detect rot or other low density regions in timber poles.
Starting about 6 inches below the ground line, probes are pressed on opposite sides of the timber
member. A trigger trips a hammer that sends a sound wave down one probe, through the
member, and up the other probe to a dial.

Protective Device Tests

There is no way to test fuse operation because excess current will destroy the fuse. The only
feasible test is a continuity test with a low-current device.

Circuit breaker testing is determined by the breaker type. Most molded-case circuit breakers are
not adjustable and therefore not tested for calibration. However, such breakers are tested to
ascertain trip currents and times. These tests are performed with special test equipment that
measures the current applied and the application time.

Other types of breakers (such as power circuit breakers) have adjustable devices or use protective
relays as current and time sensitive devices. These circuit breakers and protective relays are
tested using equipment to measure the applied current and the application time. The applied
current and application time are compared to established standards, manufacturer’s literature, or
an approved engineering study.

Radiography (X-Ray) Testing

Radiography testing involves passing radiation in the form of X-rays through an object to expose
photographic film on the opposite side to detect cracking, voids, or reinforcing position. It is
seldom used for these building systems due to the cost and dangerous equipment required.
Testing with gamma rays, on the other hand, is relatively portable and easier to use. The only
limiting factor appears to be high cost and safety concerns.

Rall Defect Testing

A modified rail car or other track mounted equipment is equipped with ultrasonic detectors
capable of locating internal rail defects. The equipment travels over the track and locations, of rail
defects are marked in-situ. This testing is generally performed by specialty contractors.
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NON-STANDARD TEST DESCRIPTION

Rotating Machinery Tests

Rotating Machinery tests are standard tests applied to rotating equipment of 600 Volts or less
using hand crank, rectifier, or battery-operated instruments . For equipment rated over 600 Volts, a
1000- or 2500-Volt, motor-driven or rectifier-operated test set is employed.

Rotating equipment should be tested immediately following shutdown while the equipment is hot
and dry. Temperatures should be recorded and converted to a base temperature to permit
comparisons over long periods of time.

In addition to the tests cited above, the following are applied to rotating equipment.

Qver-Potential Testing: A test in which an overvoltage is applied to the equipment insulation.
The test Voltage is normally 50 percent of the new equipment Voltage, which is twice the rated
Voltage plus 1000 Volts.

Surae Comparison Test: A test used to determine turn-to-turn, group-to-group, and phase-to-
phase winding flaws. These flaws are not detectable in overVoltage and insulation resistance
testing.

Other tests include slot discharge and corona tests, winding impedance tests, power factor value
test, and core loss tests. These tests are conducted in response to a specific need or to further
refine an analysis based on other tests. Such tests are normally supervised by an engineering
department.

Smoke Testing

Some chemical reagents produce smoke when introduced into the air; they are frequently supplied
in sealed pellet packages or liquid vials. By exposing these chemicals in an air stream, it is
possible to visually follow the air movement through a system. This technique is useful in
identifying blockages in ductwork such as duct collapses and failed dampers.

Television Inspections

Using remotely operated cameras and lighting systems, the inspector can scan and record
inaccessible surfaces. Excellent when used as a tool for large tanks and underground pipe
inspections.

Transformer Polarity Test

The Polarity test is used to determine the vectorial relationship of the various transformer windings,
which is very important in the protection scheme of transformers.

Transformer Turns Ratio Test

The Turns Ratio test is used to determine the number of turns of one winding relative to another
winding. The test is normally performed with instruments designed for that purpose.

If a turns ratio test set is not available, the test can be performed with two Voltmeters or two
ammeters. These devices should have an accuracy of at least 0.25 percent of full scale.

Ultrasonic Pulse Velocity Testing

Ultrasonic testing is performed by passing ultra-high frequency sound waves through a material.
An oscilloscope, chart recorder, or computer printout then records or displays the sound waves
converted into electrical signals deflected off the rear surfaces or any defects within the material
and can quantify strength characteristics (elastic moduli values).
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TESTING METHODS

Ultrasonic Pulse Velocity Testing (Continued)

The basic concept used in the Ultrasonic Pulse Velocity test consists of generating an ultrasonic
wave through the concrete, masonry, or wood and measuring the travel time. This technique is
excellent for establishing existing material (concrete, masonry, or wood) uniformity and strength. It
should be noted that concrete conditions such as age, moisture, aggregate to cement ratio,
aggregate type, and steel reinforcement placement location may adversely influence test results.

Vibration lest or Vibration Analysis

Probes in contact with or transducers mounted on operating equipment can sense motion
(vibration) in terms of displacement, velocity, and acceleration. Instrumentation can convert these
signals into digital/analog readouts and graphical displays of signal strength (amplitude) at
various frequencies. By measuring and recording these parameters at key points on equipment,
an equipment signature can be developed. Periodic monitoring will allow changes (trends) and
rates of change in the signature to be identified. Worn or broken parts will change the signature,
and that change may be used as a predictor.

END OF SUBSECTION
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INSPECTION FREQUENCY

CAS INSPECTION SCHEDULE

The following constitutes recommended inspection frequencies for the listed assemblies and
components. The purpose of these inspections is to support the Condition Assessment Survey
(CAS) and are not necessarily for maintenance purposes. Each site has the option of varying the
inspection frequencies to meet individual site requirements.

The recommended Base CAS inspection frequencies are listed below in Table One for the system
described in this manual. The base CAS constitutes standard inspection only and uses the
standard guide sheets as a reference. All Non-Standard inspections are optional for all
assemblies and components listed below unless specifically noted.

TABLE ONE
Assembly/Component Year One | Year Two | Year Three Year Five
Utility Distribution System
Plumbing
Concrete Tanks S NS
Conveyors (Belt, Bucket, Screw) S, NS
Manholes S
Underground Piping S NS
Central Heating
Dust Collector S, NS
Steam Turbines S NS
Stokers S, NS
Pulverizers S NS
Scrubbers S, NS
Central Cooling
Rotary Screw Chillers S NS
Electrical
Switchyards S NS
Substations S NS
Overhead Transmission System S NS
Underground Transmission System S NS
Utility Support Structures
Steel Towers & Poles S S, NS
Precast Concrete Poles S S, NS
Wood Poles S NS
Tower & Pole Foundations S
Utility Service Tunnels S
Utility Service Tunnels:
Dampproofing/Waterproofing S 3
Concrete Support Pads S
Paving Roadways/Walkways S
Tunnels S
Railways
Trackwork S
Signals & Communications S
Fountains & Pools S

S - STANDARD INSPECTIONS — NS - NON-STANDARD INSPECTIONS
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TABLE ONE
Assembly/Component Year One | Year Two Year Three Year Five
Security Gates & Fences S
Landscaping S
Bridges & Abutments S

S - STANDARD INSPECTIONS — NS - NON-STANDARD INSPECTIONS

END OF SUBSECTION

NOTES: 1. Severe weather or facility operational conditions may require additional inspections.
2. Non-Standard inspections will be Drovided on an “as required" basis unless noted otherwise.
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GENERAL

The Standard (nominal) Design Life of a given System Assembly/Component is defined as the
projected service design life measured from the date of installation to the date of replacement.
These time periods are based on manufacturers’ product specifications and tests that determine
the average “outside” time parameter a given System Assembly/Component will last. The Standard

Design Life Tables that follow list design life and replacement cost parameters for WBS. TABLE
ONE below illustrates key column headings.

TABLE ONE
Replacement percent
ITEM DESCRIPTION Lif e, Years* Replaced
Note 1: Used to document the
replacement life* of
significant WBS System
Assembly/Components.

Note 2: Used to estimate percent of WBS
System  Assembly/Component
cost replaced at the year spec-
ified (measured from installation
date to end date specified by the
replacement life period*).

*Note:  The term Replacement Life is synonymous with Design Life.
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TABLE TWO
Replacement Percent
ITEM DESCRIPTION Life, Years Replaced
0.12 SITEWORK
0.12.01 Utility Distribution System
PLUMBING
Concrete Tanks *NIA
Conveyors (Belt, Bucket, Screw) NIA
Manholes NIA
Underground Piping NIA
CENTRAL HEATING
Dust Collector NIA
Steam Turbines NIA
Stokers NIA
Pulverizers NIA
Scrubbers NIA
CENTRAL COOLING
Rotary Screw Chillers NIA
Chilled Water Distribution System NIA NIA
ELECTRICAL
Switchyards Life N/A
Substations Life N/A
Overhead Transmission System Life N/A
Underground Transmission System Life N/A
UTILITY SUPPORT STRUCTURES
Steel Towers & Poles 45 100
Precast Concrete Poles 75 100
Wood Poles 25 100
Tower & Pole Foundations Life N/A
Utility Service Tunnels Life N/A
Utility Service Tunnels: Dampproofing/Waterproofing 50 100
Concrete Support Pads Life N/A
0.12.02 Paving Roadways/Walkways
Curb 40 100
Walk 20 100
Roadway:
Asphalt 15 100
Concrete 25 100
Stone (Gravel) 2 25

*NOTE: NIA = No information available

1.5-2
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TABLE TWO
Replacement Percent
ITEM DESCRIPTION Life, Years Replaced
0.12.03 Tunnels
ELECTRICAL:
Service & Distribution Life N/A
Lighting 20 100
MECHANICAL:
Drainage 40 100
Ventilation 25 100
STRUCTURAL:
Arch Life N/A
Circular Life N/A
Columns Life N/A
Beams Life N/A
Walls Life N/A
Structural Slabs Life N/A
Joints Life N/A
Foundation Life N/A
FINISHES:
Walls 60 100
Ceilings 45 100
Floors 25 100
0.12.04 Railways
Trackwork NIA N/A
Signals & Communications NIA N/A
0.12.05 Fountains & Pools NIA N/A
0.12.06 Security Gates & Fences 25 100
0.12.07 Landscaping NIA N/A
0.12.08 Bridges & Abutments
APPROACHES:
Pavement, Asphalt 15 100
Pavement, Concrete 25 100
Guide Railing, Concrete 25 100
DECK ELEMENTS:
Curbs, Concrete 40 100
Mono Deck Surface, Concrete 25 100
Railings/Parapets, Concrete 25 100
Sidewalks/Fascias, Concrete 20 100
Sidewalks/Fascias, Steel 40 100
Wearing Surface, Asphalt 15 100
Wearing Surface, Concrete 25 100
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SYSTEM WORK BREAKDOWN STRUCTURE

GENERAL

Facilities are composed of various assemblies/components which, in turn, form the primary facility
systems. These systems, such as foundations, roofs, heating and cooling units, and electrical
distribution, have varying life spans. They require maintenance, repair, and renovation over a period
of time and do not all “fail” at the same time. Systems have varying life spans. Their condition may be
influenced by the deterioration of other assembly/component parts within the systems.

To consider each facility and their major systems, the CAS Program uses the Work Breakdown
Structure (WBS) based on the R.S. Means square foot costing system. This industry accepted
standard allows a logical “breakdown” of facilities into their major systems, assemblies, components,
etc. The WBS is a heirarchical structure; this concept is illustrated in Figure 1. The development of
project costs are then applied within this framework as shown in Figure 2.

The Work Breakdown Structure for this volume follows.
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SYSTEM WORK BREAKDOWN STRUCTURE

0.12 SYSTEM - SITEWORK

0.12.01 UTILITY DISTRIBUTION SYSTEMS

0.12.01 .01 PLUMBING

0.12.01 .01.01 Water Treatment Plant

0.12.01 .01.02 Water Distribution System

0.12.01 .01.03 Sewage & Drainage Collection System

0.12.01 .01.04 Waste Water Treatment Plant

0.12.01 .01.05 Gas Distribution System

0.12.01.02 CENTRAL HEATING

0.12.01.02.01 Fuel QOil Storage & Distribution System
0.12.01.02.02 Coal Handling System

0.12.01.02.03 Boilers

0.12.01.02.04 Elevated Temperature Water Distribution System
0.12.01.02.05 Steam Distribution & Condensate Return System
0.12.01.03 CENTRAL COOLING

0.12.01.03.01 Rotary Screw Chillers

0.12.01.03.02 Chilled Water Distribution System

0.12.01.04 ELECTRICAL

0.12.01.04.01 Switchyards

0.12.01.04.02 Substations

0.12.01.04.03 Overhead Transmission System

0.12.01.04.04 Underground Transmission System

0.12.01.05 UTILITY SUPPORT STRUCTURES

0.12.01.05.01 Steel Towers & Poles

0.12.01.05.02 Precast Concrete Poles

0.12.01.05.03 Wood Poles

0.12.01.05.04 Tower & Pole Foundations

0.12.01.05.05 Utility Service Tunnels

0.12.01.05.06 Utility Service Tunnels: Dampproofing/Waterproofing
0.12.01.05.07 Concrete Support Pads

0.12.02 PAVING ROADWAYS/WALKWAYS

0.12.03 TUNNELS

0.12.04 RAILWAYS

0.12.04.01 Trackwork

0.12.04.02 Signals & Communications

0.12.05 FOUNTAINS & POOLS

0.12.06 SECURITY GATES & FENCES

0.12.07 LANDSCAPING

0.12.08 BRIDGES & ABUTMENTS
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WBS LEVEL TABLE
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SYSTEM WORK BREAKDOWN STRUCTURE

WBS LEVEL TABLE WBS COST DEVELOPMENT HIERARCHY
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END OF SUBSECTION
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GENERAL SYSTEM/MATERIAL DATA

INTRODUCTION

With the increasing cost of new construction and equipment, it is becoming more of a necessity to
ensure that existing buildings and systems are maintained at regular intervals and repairs are
made to last over the long term. This section is composed of several tables consisting of Concrete
Deterioration, Deterioration of Structural Steel, Imperfections in Wood, Causes of Timber
Deterioration, Preservations, Effects of Chemicals on Concrete, and Common Paint
Finishes/Coatings irregularities.

The purpose of this section is to give a general description of damages, diagnosis, and causes of
deterioration of building materials such as concrete, structural steel, wood, and paint
finishes/coatings. This is oriented toward locating defects and potential material failure problems
prior to major damage or complete failure of systems/components. Recognition of Exterior
Closure defects and their effects on the building and its occupants and contents are stressed.
Special attention should be given to the causes and correction or repair of common defects. Data
herein should be used in conjunction with specific System/Assembly data that follows this general
section.
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COMMON CAUSES OF CONCRETE DETERIORATION
(Similar for Pre-Cast Concrete)

Damage Diagnosis Cause

Alkali-Aggregate Slight cracking to complete breakup. Chemical reaction between aggregate and
Expansion cement paste.

Cavitation Spalling around projections. Honey-combing. | Rapid movement of water or other liquids

Popping and cracking noises when water
moves over the surface.

across the surface.

Cracks (Active and
Dormant)

Before hardening
of the concrete:

After hardening
of the concrete:

Random, isolated or patterned cracks.

Patterned cracking, protruding aggregate,
popouts. Chemical analysis indicates deter-
ioration of cement paste.

Surface cracking, patterned.
Extreme change in measured temperatures

between inner and outer surfaces. Shallow
cracking.

Localized cracking.
Cracks, usually isolated.

Cracks can be isolated or patterned depend-
ing on crack-producing agent.

Construction movement, settlement, shrinkage
around reinforcement. Setting shrinkage due
to inadequate finishing and curing.

Chemical reactions, such as corrosion.

Physical, such as drying shrinkage.

Thermal changes (subjected to temperature
extremes, such as from freezing and thawing
cycles).

Stress concentration.
Structural design.

Accidents from overload, vibration, fatigue and
earthauake.

Corrosion of
Reinforcing Steel

Cracks will occur at the level of the
reinforcement and parallel to it. Rusting or
discoloration will be evident.

Insufficient cover of steel. Quality of concrete
Over-use of calcium chloride as admixture.

Crazing

Shallow cracks forming a hexagonal pattern.

Surface shrinkage more rapid than interior of
concrete to the surface and depositing salts.

Dusting

Appearance of a powdery substance on the
surface of the concrete.

Too wet of a concrete mixture. Premature or
excessive working of the surface. Organic
materials in the aggregate. Inadequate curing.

Efflorescence

Appearance of crystalline salts on the concrete
surface.

Water migrating from the interior mass of the
concrete to the surface and depositing salts.

Fire

Charred and spalled surfaces.

Fire.

Form Scabbing

Difficult to remove forms. Uneven, spalled
areas.

Form oil improperly applied.

Holes (Small and
Large)

Popouts, holes, random pattern or isolated in
extreme.

Chemical reaction.
and design.

Inadequate construction

Honeycombing

Surface defects-voids. Coarse aggregate
broken away from the surface.

Placing concrete aggregate with insufficient
type of mortar. Improper placing techniques,
such as inadequate vibration.

Source: Means Faclilities Maintenance Standards - "R.S. Means Co., Inc., Kingston, Massachusetts"
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COMMON CAUSES OF CONCRETE DETERIORATION
(Similar for Pre-Cast Concrete)

Damage

Diagnosis

Cause

Popouts

Breaking away of a particle near the surface.

Excessive amount of moisture or temperature
changes in the region.

Depressions left by material popping out.

Presence of disintegrated material near the
opout.

Sand Streaking

Vertical streaks of sand which appear on the
surface. most noticeable when forms are
immediately stripped.

Concrete mixed with a high water content or a
deficiency of finer sand sizes are placed in a
formwork that is not water-tight.

Scaling Flaking or peeling away of thin layers of | Severe freeze/thaw conditions. Improper use
concrete. of deicing salts. Repeated wetting and drying
of concrete. Improper finishing. Chemical
attack of concrete. Heat blast.
Spalling z Fragments of concrete that have been broken | Corrosion of reinforcement. Mechanical
from the surface. Corrosion of reinforcement. damage. Incorrect form removal. Shock-
waves.

Stain and Uneven
Color

Discoloration or
appearance.

lacking uniformity in

Chemical action of foreign materials on the
surface. Mixing of different types of cement
with each other. Reaction of materials
comprising the concrete mixture.

A SUMMARY OF THE TYPES & CAUSES OF DETERIORATION OF STRUCTURAL STEEL

Type of

Deterioration Cause

Abrasion Members subjected to contact with moving parts
Members subjected to wave action.
Members immersed in a moving liquid.
Worn, smooth appearance, general depression of the abraded area.

Corrosion Resulting from a chemical or electrc-chemical reaction which converts the metal into an oxide,
carbonate and sulfides.
Pitted, oxidized surface showing loose flakes, reddish-brown rust colored appearance.

Fatigue Repetitive, cyclic loading occurring at stresses at or below allowable design values.
Small fractures oriented perpendicular to the line of stress.

Impact Local distortion of the member in the form of a sharp crimp. Will occur in a tension member of

flange.

Lamellar Tearing

Minute, often times unseen cracking in the weldment. May need microscopic instruments to

observe.

Incorrect welding process.

Loosening of
Connections

Impact and fatigue loading.

Vibrations and improper tightness.

Souroe: Means Facilities Maintenance Standards - "R.8. Means Co., Inc. Kingston, Massachusetts’
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COMMON IMPERFECTIONS IN WOOD

Imperfection

Description

Effects on Strength

Effect on Grading
Structural Lumber

Checks and Splits

Split in the wood.

In lumber subjected to bending,
checks and splits reduce the
resistance to shear; they do not
affect the strength for longitudinal
compression.

Checks and splits are restricted In
those parts of a bending member
where shearing stresses are highest,

Holes Either a knothole or a § Reduces tensile strength some | The size, number and location of
hole caused by some § what more than compressive and | knots is restricted for structural
other means. shear  strength and  affect | lumber; cluster knots are prohibited.

stiffness.

Knots Localized Same as for holes Same as for holes.
imperfections.

Pitch Pockets Opening between | Little or no effect. Usually disregarded except if a large

growth rings con-
taining pitch or bark.

number occur; shake may be present
or bond between annual growth rings
mav be weakened.

Shakes

A separation of the
wood between the
annual growth rings.

Same as for checks and splits Same as for checks and splits

Slope of Grain

Areas where the dir-
ection of the wood
grain is not parallel to
the edges of the
piece of lumber.

Will  twist  with
moisture content.

changes in | Cross-grained pieces are undesir-
able; reduction of strength due to
cross grain in structure is taken as
twice the reduction observed in tests

of small clear specimens.

Wane

Bark or lack of wood
on the edge or corner
of the piece of
lumber.

Affects nailing and bearing. Limited in structural lumber require-
ments for fabrication, bearing, nail-
ing and appearance and not for effect

on strenath.

SUMMARY OF CAUSES

OF TIMBER DETERIORATION \WVITH SYMPTOMS

Cause of Deterioration

Symptoms

Carpenter Ants, Beetles & Carpenter Bees

Similar to termites.

Termites

Bore holes; lacing/cavitation of wood; connecter tunnels from grade to
wood source (usually mud). Premature wood bowing and failure.

Decay (Rot) Due to Fungi

Softening and discoloration of wood, fluffy or cottony appearance,
destruction of wood cells, appearance of fruity bodies in the form of
mushrooms, incrustations in the advanced stage.

Excessive Splitting and Checking

Excessive relative amount of members at a joint, bowing of compressron
members (shown by broken paint lines or newly exposed wood),
elongated bolt holes.

Fire Damage

Surface cellular damage, charred surfaces, easily probed with a knife.

Hardware

Loose connections, formation of rust on hardware surfaces, discoloration
of wood adjacent to hardware.

Loosened Connections

Loose connections, excessive deflection

Marine Borers

Minute openings in the timber, hollow sound when struck with a hammer,
a myriad of surface grooves, narrowing of a section giving it an hourglass

appearance.

Source: Means Facllitles Maintenance Standards - *R.8. Means Co., Inc.. Kingston, Massachusetts’
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PRESERVATIVES -ADVANTAGES & DISADVANTAGES
Oil-Based Wood Preservatives

Type of Preservative

Advantages

Disadvantages

Anthracene Oils

High toxicity to wood-destroying
organisms; insoluble in water; low vola-
tility; ease of application; permanence.

Dark brown color, cannot be painted;
strong, unpleasant odor; easily ignited
when first applied.

Coal-Tar Creosotes

See Anthracene Oils.

See Anthracene Oils.

Copper Naphthenate

High protection against decay fungi and
termites; can be painted; not unpleasan

Gives wood greenish or dark color and
i provides less protection against marine

odor; less easily ignited than coal-tar borers than creosote.

creosotes.

Creosotes Derived From
Wood. Oil and Water Gas

Same as Anthracene Oils and Coal-Tar
Creosotes.

Bbout the same as Anthracene Oils and
Coal-Tar creosotes, but less effective.

Creosote Solutions

See Anthracene Oils and Coal-Tar Abput the same as Anthracene Oils and

Creosotes.

Coal-Tar creosotes, but less effective.

Water-Repellent
Preservatives

Retards moisture changes in wood; good
protection against decay and insects.

Cannot be used in contact with ground or
areas where continual dampness can
occur unless preservative is thoroughly
applied.

Water-Based Wood Preservatives

Acid Copper Chromate

Provides protection against decay and
insects; can be painted; no objectionable
odor; if thoroughly impregnated has some
resistance to marine borers.

Wood can be used in contact with ground,
but generally not recommended for
contact with water.

Ammonical Copper Arsenite

Good protection against decay and insects
and some protection against marine
borers.

Wood can be used in contact with ground,
but generally not recommended for
contact with water.

Chromated Zinc Chloride

Provides protection against decay, insects
and fire; can be painted; no objectionable
odor.

Wood cannot be used in contact with
ground or water.

Chromated Zinc Chloride
(FR)

See Chromated Zinc Chloride.

See Chromated Zinc Chloride.

Copperized Chromated Zinc
Chloride

See Chromated Zinc Chloride.

See Chromated Zinc Chloride.

Tanalith (Wolman Salts)

Protects against decay and insects; can be
painted; no objectionable odor.

Wood cannot be used in contact with
ground or water.

Zinc Meta Arsenite

Good protection against decay and Wodd can be used in contact with ground,

insects; can be painted; no objectionable
odor.

but generally not recommended for
contact with water.

Source: Means Facilities Maintenance Standards . "R.S. Means Co., Inc.. Kingston, Massachusetts”
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Acetic Acid, all
Concentrations

Acetone

Acid Waters

Aluminum
Chloride

Ammonia Vapors

Ammonium
Bisulf ate

Ammonium
Carbonate

Ammonium
Cyanide

Ammonium
Fluoride

Ammonium
Nitrate

Ammonium
Oxalate

Ammonium
Sulfide

Ammonium
Sulfite

Ammonlum
Superphosphate

Ammonium
Thiosulfate

Ashes

Ashes, hot

Automobile and
Diesel Exhaust
Gases (d)

Benzol (Benzene)

Bromine

Butyl Stearate

Disintegrates slowly.

Liquid loss by penetration. May
contain acetic acid as impurity.

(pH of 6.5 or less)

(a) Disintegrates slowly. In
porous or cracked concrete,
attacks steel.

Disintegrates rapidly. In porous
or cracked concrete, attacks
steel.

May disintegrate moist concrete
slowly or attack steel in porous ot
cracked moist concrete.

Disintegrates. In porous or
cracked concrete, attacks steel.

Not harmful.

Disintegrates slowly.

Disintegrates slowly.

Disintegrates. In porous or
cracked concrete, attacks steel.

Not harmful.

Disintegrates.

Disintegrates.

Disintegrates. In porous or
cracked concrete, attacks steel.

Disintegrates.

Harmful if wet, when sulfides and
sulfates leach out (see sodium
sulfate).

Cause thermal expansion.

May disintegrate moist concrete
by action of carbonic, nitric, or
sulfurous acid.

Liquid loss by penetration.

Gaseous bromine disintegrates.
Liquid bromine disintegrates if it
contains hydrobromic acid and
moisture.

Disintegrates slowly.

Calcium Bisulfite
Chlorine Gas

Chrome Plating

Solutions (e)

Chromic Acid, &
Concentrations

Cinders

Coal

Coal Tar Oils

Cobalt Sulfate
Coke

Copper Chloride
Copper Sulfate
Copper Sulfide
Corrosive
Sublimate
Creosote

Cresol

Cumol
Deicing Salts

Diesel Gases

Ferric Chloride

Ferric Sulfate

Ferric Sulfide
Ferrous Chloride

Ferrous Sulfate

Disintegrates rapidly.
Slowly disintegrates moist
concrete.

Disintegrates slowly.

Attacks steel in porous or
cracked concrete

Harmful if wet, when sulfides and
sulfates leach out (see, for
example, sodium sulfate).
Sulfides leaching from damp coal
may oxidize to sulfurous or
sulfuric acid, or ferrous sulfate
(see ferrous sulfate).

See anthracene, benzol,
carbazole, chrysen, creosote,
creosol, cumol, paraffin,
phenanthrene, phenol, toluol,
xylol.

Disintegrates concrete of
inadequate sulfate resistance.
Sulfides leaching from damp
coke may oxidize to sulfurous or
sulfuric acid.

Disintegrates slowly.

Disintegrates concrete of
inadequate sulfate resistance.

Harmful if it contains copper
sulfate.

See mercuric chloride.

Phenol present disintegrates
slowly.

Phenol present disintegrates
slowly.

Liquid loss by penetration,

Scaling of non-air-entrained or
insufficiently aged concrete (b).

See automobile and diesel
exhaust gases.

Disintegrates slowly.

Disintegrates concrete of
inadequate quality.

Harmful if it contains ferric sulfate.
Disintegrates slowly.

Disintegrates concrete of
inadequate sulfate resistance.

Rev. 05/93
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Flue Gases

Gas Water {e)

Gasoline

Hydrofluoric Acid,

all Concentrations

Hydrogen Sulfide

Hypochlorous
Acid, 10 percent

lodine

Kerosene

Lead Nitrate

Lead Refining
Solutions (t)

Lignite Oils

Locomotive
Gases

Lubricating Oil

Machine Oil

Magnesium
Nitrate

Manganese
Sulfate

Mercuric Chloride

Yercurous
Chloride

Methyl Alcohol

Methyl Ethyl
Ketone

Methy! Isobutyl
Ketone

Hot gases (400-1 100°F) causes
thermal stresses. Cooled.
condensed sulfurous. hydro-
chloric acids disintegrate slowly.

Ammonium salts seldom present
in sufficient quantity to
disintegrate.

Liquid loss by penetration.

Disintegrates rapidly, including
steel.

Not harmful dry. In moist,
oxidizing environments converts
to sulfurous acid and
disintegrates slowly.

Disintegrates slowly.

Disintegrates slowly.

Liquid loss by penetration of
concrete.

Disintegrates slowly.

Disintegrates slowly.

If fatty oils are present,
disintegrates slowly.

May disintegrate moist concrete
by action of carbonic, nitric or
sulfurous acids (see also
automobile and diesel exhaust
gases).

Fatty oils, if present, disintegrate
slowly.

Fatty oils, if present, disintegrate
slowly.

Disintegrates slowly.

Disintegrates concrete of
Inadequate sulfate resistance.

Disintegrates slowly.

Disintegrates slowly.

Liquid loss by penetration.

Liquid loss by penetration.

Liquid loss by penetration.

Mine Water,
Waste

Mineral Spirits
Muriatic Acid

Nickel Plating
Solutions

Nickel Sulfate

Nitric Acid, all
Concentrations

ores

Oxalic Acid

Paraffin

Perchloric Acid,
10 percent

Perchioro-
Ethylene

petroleum Oils

Phenanthrene
Phenol, 5-25
percent
potassium
Cyanide
potassium
Dichromate

potassium
Hydroxide, 25
percent or over
Potassium
Permanganate

potassium
Persulfate

potassium
Sulfate

Sulfides, sulfates, or acids
present disintegrate concrete and
attack steel in porous or cracked
concrete.

Liquid loss by penetration.
See hydrochloric acid.

Nickel ammonium sulfate
disintegrates slowly.

Disintegrates concrete of
inadequate sulfate resistance.

Disintegrates rapidly.

Sulfides leaching from damp ores
may oxidize to sulfuric acid or
ferrous sulfate.

Not harmful. Protects tanks
against acetic acid, carbon
dioxide, salt water. Poisonous.
Do not use with food or drinking
water.

Shallow penetration not harmful,
but should not be used on highly
porous surfaces like concrete
masonry (g).

Disintegrates.

Liquid loss by penetration

Liquid loss by penetration. Fatty
oils, if present, disintegrate
slowly.

Liquid loss by penetration.

Disintegrates slowly.

Disintegrates slowly.

Disintegrates,

Disintegrates concrete

Harmless unless potassium
sulfate present.

Disintegrates concrete of
inadequate sulfate resistance.

Disintegrates concrete of
inadequate sulfate resistance.
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Potassium
Sulfide

Pyrites
Sal Soda

Salt for
Deicing Roads

Saltpeter

Sea Water

Sewage

Harmless unless potassium
sulfate present.

See ferric sulfide, copper sulfide.
See sodium carbonate.

Also calcium chloride.
magnesium chloride, sodium
chloride.

See potassium nitrate.

Disintegrates concrete of
inadequate sulfate resistance.
Attacks steel in porous or
cracked concrete.

Usually not harmful (see
hydrogen sulfide).

Acetic, butyric, lactic acids (and
sometimes fermenting agents of
hydrochloric or sulfuric acids)
disintegrate slowly.

Toluol (Toluene)
lung OQil

Turpentine
Urine

Xytol (Xylene)
Zinc Nitrate

Zinc Refining
Solution8 (i)

Zinc Slag

Zinc Sulfate

Liquid loss by penetration.

Liquid disintegrates slowly. Dried
or drying films are harmless.

Mild attack. Liquid loss by
penetration.

Attacks steel in porous or
cracked concrete.

Liquid loss by penetration.
Not harmful.

Hydrochloric or sulfuric acids, if
present, disintegrate concrete.

Zinc sulfate sometimes formed
by oxidation.

Disintegrates slowly.

Sodium Birulfate Disintegrates.
Sodium Bisulfite

Sodium Bromide

Disintegrates.

Disintegrates slowly.

Sodium
Carbonate

Sodium Chloride

Sodium Cyanide

Not harmful, except to calcium
aluminate cement.

Magnesium chloride, if present,
attacks steel in porous or cracke:
concrete. (b) Steel corrosion ma
cause concrete to spall.

Disintegrates slowly.

Sodium Dilute solutions disintegrate
Dichromate slowly.

Sodium Disintegrates slowly.
Hypochlorite

Sodium Nitrite Disintegrates slowly.
Sodium Disintegrates slowly.
phosphate

(Monobasic)

Sodium Sulfate

Sodium Sulfide

Disintegrates concrete of
inadequate sulfate resistance.

Disintegrates slowly.

Sodium Slowly disintegrates concrete of
Thiosulf ate inadequate sulfate resistance.
Strontium Not harmful.

Chloride

Sulfite Liquor
Sulfite Solution

Sulfurous Acid

Disintegrates.
See calcium bisulfate.

Disintegrates rapidly.
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SPECIAL NOTATIONS

a.

Waters of pH higher than 6.5 may be aggressive, if they also contain bicarbonates. (Natural
waters are usually of pH higher than 7.0 and seldom lower than 6.0 though pH values as low
as 0.4 have been reported. For pH values below 3, protect as for dilute acid.)

Frequently used as a deicer for concrete pavements. If the concrete contains too little
entrained air or has not been aged more than one month, repeated application may cause
surface scaling. For protection under these conditions, see “deicing salts.”

Water used for cleaning coal gas.

Composed mostly of nitrogen, oxygen, carbon dioxide, carbon monoxide, and water vapor.
Also contains unburned hydrocarbons, partially burned hydrocarbons, oxides of nitrogen, and
oxides of sulfur. Nitrogen dioxide and oxygen in sunlight may produce ozone, which reacts
with some of the organics to produce formaldehyde, peracylnitrates, and other products.

These either contain chromium trioxide and a small amount of sulfate, or ammonium chromic
sulfate (nearly saturated) and sodium sulfate.

Contains lead fluosilicates and fluosilicic acid.

Porous concrete which has absorbed considerable molten paraffin and then been immersed
in water after the paraffin has solidified, has been known to disintegrate from sorptive forces.

Contains nickelous chloride, nickelous sulfate, boric acid, and ammonium ion.

Usually contains zinc sulfate in sulfuric acid. Sulfuric acid concentration may be low (about 6
percent in “low current density” process) or higher (about 22-28 percent in “high current
density” process).
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COMMON PAINT FINISHES/COATINGS IRREGULARITIES

Film lrregularities

Probable Cause

Correction

ALLIGATORING 1. Incompatibility of topcoat and | 1. Remove failed coating and

Cross-hatch pattern of surface underfilm, or coating over a soft recoat with compatible system

cracking. underfilm suitable for exposure
conditions. Do not topcoat until
underfilm is dry enough to
recoat.

BUBBLING 1. Rapid volatilization of solvents | 1. Level surface defects by

Bubbles on the surface of the dried within the film. sanding and reapply coating at

film. May be microscopic in size. lower air or surface
temperature, or add slower
solvent to increase open time of
wet film.

2. Air displacement resuiting from | 2a. Bridge or fill voids by applying a
absorption of wet film into mist coat, a filler or sealer.
porous substrate.

2b. Hose down concrete and
masonry with water and allow to
drain before applying water-
thinned coat.
CRACKING 1. Stress or compression cracking | 1. Patch cracks and recoat.
Visible cracks through the surface of or rigid substrate.
the film.

2. Bending or flexing on non-rigid | 2. Replace with coating having
substrates. sufficient flexural strength to

tolerate condition.

3. Physical damage: Impact, heat, | 3. Replace with coating that will
cold, exposure, etc. tolerate physical conditions.

4. Surface freezing of fresh latex | 4. Recoat when air and surface
coating. temperatures are above

minimum recommendations.

5.  Application  of excessive | 5. Remove failed coating and

number of coats.

recoat with appropriate system.

Rev. 05/93
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COMMON PAINT FINISHES/COATINGS IRREGULARITIES

Film Irregularltios

Probable Cause

Correction

CRATERING
Round-shaped thin spots or voids.

Caused when bubbles break.

1. See “Bubbling.”

2. Water in spray equipment lines.
2. Level defect by sanding.
Correct equipment malfunc-tion
and flush lines before recoating.
CRAZING 1. See *Cracking.* 1. See “Cracking.”
Fine line cracking forming a network
or overall pattern.
DRY SPRAY 1. Spray particles partially dry [ 1. Sand smooth and adjust
Rough, sandy surface texture on before reaching surface. material, equipment and
spray applied coating. technique for prevailing
temperature and  humidity
conditions.
FLATTING 1. Rain, fog, high humidity, or | 1. Recoat when surface is dry and
Loss of gloss. damp surfaces. weather conditions are
satisfactory.
2. Overthinning or use of wrong | 2. Remove  coating if  film
solvent. properties or adhesion are
affected and recoat with

properly thinned material.

FRAMING 1. Uneven film build between roller | 1. Recoat deficient work, apply
Color texture or hiding variations and brush applied work. heavier wet film or additional
where roller applied surfaces join coat on new work.

work cut in with brush.

(POOR) HIDING 1. Insufficient number of coats or | 1. See “Framing.” (Note: Some

Uneven color or
appearance of topcoat.

shadowy

low film build.

. Insufficient mixing.

colors have weak hiding
properties and require an
additional coat for satisfactory
hiding.)

2. Stir material thoroughly before
use and keep in suspension
during application.

HOLIDAYS
Skipped or missed area.

1. Touch-up or recoat.

1.7-12
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COMMON PAINT FINISHES/COATINGS IRREGULARITIES
Film lrregularities Probable Cause Correction
LAPPING 1. First area painted has set up | la. Adjust material equipment and
(Lap Marks) Color sheet or texture before overlap was made. * technique for weather
variations where one freshly painted conditions.

area overlaps another.

1 b. Work smaller areas to reduce
lap time.

MUD CRACKING
Cross-hatched pattern of surface
cracking.

1. Excessive film build or hot, dry
weather.

1. Remove failed coating and
recoat at recommended film
thickness. Add additional
solvent or slower solvent to
retard drying during hot, dry
weather

ORANGE PEEL
Fine pebbled surface texture on
spray applied coating.

1. Insufficient atomization.

1. Sand smooth and recoat after
adjusting material, equipment
and technique to obtain better
flow and leveling.

OVERSPRAY
Rough sandy areas on spray applied
work.

—

Deflected spray mist that settles
on dry or partially dry coated
surfaces,

1. Sand smooth and recoat using
proper application technique
and lap time. Protect dry film
from overspray.

PINHOLING
Small holes or discontinuities in the
film. May be microscopic.

1. Solvent migration through the
film after the film has begun to
set. (Also see - “Bubbling” and
“Cracking.")

la. If occasional pinholes are
detected, touch-up or recoat.

Ib. If pinholing is a general surface
condition, it indicates that
coating was applied and cured
under adverse environmental
conditions. Apply a thin or mist
coat to fill surface voids,
followed by a full wet coat when
environmental conditions are
suitable for recoating.

Rev. 05/93

1.7-13



DOE CAS Manual

Volume 12: 0.12 SiteWork
|

GENERAL SYSTEM/MATERIAL DATA

COMMON PAINT FINISHES/COATINGS IRREGULARITIES

Film Irregularities Probable Cause Correction

ROLLER TRACKS 1. Use of long nap roller cover on | 1. Change to shorter nap roller

(@) V-Shaped texture pattern on roller smooth surfaces, cover.

applied surface (Chicken Tracks) or

(b) Lines at edge of roller passes. 2. Material not properly thinned 2. Make solvent adjustment to
improve flow and leveling.

3. Material not rolled properly. 3. Sand runs smooth and recoat

with properly thinned material.

RUNS 1. Excessive film build. 1. Sand runs smooth and touch-

Heavy V-shaped or pencil shaped up or recoat.

vertical build-ups on surface of

coating. 2. Overthinning. 2. Sand runs smooth and recoat
with properlv thinned material.

SAGS 1. See “Runs.” 1. See “Runs.”

Heavy U-shaped  buildups or

horizontal lips on the surface of

coatings. (Long sags may also be

referred to as curtains.)

SANDY (Appearance) 1. Dust and dirt contamination of | 1. Sand smooth and recoat.

Dull, rough appearance of film. the wet film. protect freshly painted areas
against dust and dirt
contamination or  suspend
painting operations until
environmental conditions are
satisfactory.

SHADOWING

See “Hiding.”

SOLVENT TRAP 1. Excessive fim build. 1. Try to drive solvents out of film

Residual solvents remaining within by force drying. (See

film. manufacturer's data.) Test for
hardness and adhesion. If film
will not adhere or cure properly,
remove and recoat.

2. Low temperature curina. 2. Sameas"“l’

1.7-14
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EXTERIOR P'AINT SYSTEMS

Vehicle
Material Surfaces Finish Type
Wood, Clapboard, Siding, Alkyd-Modified
Painted Factory Primed Flat Vinyl Acrylic Latex
Hardboard Alkyd
Siding, Eggshell Alkyd
Doors, Trim Alkyd-Modified
Sash, Fascia, Low Lustre Vinyl Acrylic Latex
Rough Sawn Medium Gloss Acrylic Latex
Textured Soft Gloss Acrylic Latex
Siding, Long Oil Alkyd
Shakes & Shingles High Gloss Maleinized
Linseed Oil
Doors, Trim High Gloss Acrylic Latex
Shutters Alkyd
Acrylic
Textured Semi-Transparent Linseed Alkyd
Wood, or Rough Linseed Alkyd
Stained Sawn Alkyd
Siding, Trim, Alkyd-Modified
Decks, Flat Vinyl Acrylic Latex
Patios, Vinyl Acrylic
Shakes, Linseed Alkyd
Wood, Shingles Bleaching Oil Linseed Alkyd
Weathered Fencing
Wood, Penetrating Clear Phenolic Linseed
Natural Castor-Tung Oil Resin
Doors, Trim, High Gloss Phenolic Modified Tung,
Wood, Shutters Linseed Castor Oil
Varnished Porches,
Platforms, High Gloss Urethane Modified
Steps, Decking
Alkyd-Modified
Vinyl Acrylic Latex
Metal, Structural Flat Alkyd-Modified
Ferrous Steel Vinyl Acrylic Latex
and Alkyd
Iron Eggshell Alkyd
Sash, Low Lustre Alkyd-Modified
Trim, Vinyl Acrylic Latex
Doors, Medium Gloss Acrylic Latex
Storage Soft Gloss Acrylic Latex
Tanks, High Gloss Acrylic Latex

Rev. 05/93
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EXTERIOR PAINT SYSTEMS

Vehicle
Material Surfaces Flnlsh Type
Fire Long Oil Alkyd
Escapes, Maleinized
Metal, Ornamental High Gloss Linseed Oil
Ferrous Iron Alkyd
(Continued) Catwalks, Modified Epoxy
Handrails Polyamide Epoxy
Alkyd-Modified
Metal , Doors, Flat Vinyl Acrylic Latex
Aluminum Vents, Alkyd
Gutters, Eggshell Alkyd
Downspouts, Low Lustre Alkyd-Modified
Miscellaneous Vinyl Acrylic Latex
Surfaces Satin Alkyd
Medium Gloss Acrylic Latex
Soft Gloss Acrylic Latex
Acrvlic Latex
Long Qil Alkyd
High Gloss Maleinized
Linseed Oil
Alkvd
Pclyamide Epoxy
Alkyd-Modified
Metal, Siding, Flat Vinvl Acrvlic Latex
Galvanized Doors, Alkyd
Iron Vents, Eggshell Alkyd
Gutters, Low Lustre Alkyd-Modified
Downspouts, Vinyl Acrylic Latex
Ducts, Medium Gloss Acrylic Latex
Framing Soft Gloss Acrylic_Latex
Acrvlic_Latex
Long Oit Alkyd
Maleinized
High Gloss Linseed Oil
Alkvd
Polyamide Epoxy
Chain Link Satin Linseed
Fencing Coumerone Indene
Alkyd-Modified
Masonry, Concrete Flat Vinvl Acrvlic Latex
Textured Masonry Alkyd
Units Eggshell Alkyd
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EXTERIOR PAINT SYSTEMS

Vehicle
Material Surfaces Finish Type
Low Lustre Alkyd-Modified
Masonry, Concrete Vinvl Acrvlic Latex
Textured Masonry Medium Gloss Acrylic Latex
(Continued) Units Soft Gloss Acrvlic Latex
Satin Vinyl Acrylic Latex
Alkyd-Modified
Masonry, stucco, Flat Vinyl Acrylic Latex
Smooth Brick, Alkyd
Poured Eggshell Alkyd
and Low Lustre Alkyd-Modified
Precast Vinyl Acrylic Latex
Concrete Medium Gloss Acrylic Latex
Soft Gloss Acrylic Latex
High Gloss Acrylic Latex
Low Sheen Silicone Acrylic
Satin Epoxy-Modified
Acrylic Latex
Phenolic Reinforced Alkyd
High Gloss Modified Epoxy
Polvamide Epoxv
Masonry, Cement Alkyd-Modified
Weathered & Cinder Flat Vinyl Acrylic Latex
Block, Alkyd
stucco, Eggshell Alkyd
Brick, Low Lustre Alkyd-Modified
Poured & Vinyl Acrylic Latex
Precast Medium Gloss Acrylic Latex
Concrete Soft Gloss Acrylic Latex
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SPECIAL COATINGS SYSTEMS 8t APPLICATIONS

Exposure Applications Type System Resistance

: T

STO ATEVLIXAA
HALIVA ZISVA

SNOLLIOS XIVS

SAIOV JAINVOUO

[Rural, Urban Warehouses, \kyd Primer &Alkyd

Light Industrial Manufacturing Plants, | ‘opcoat
Schools, Storage Tank M [N [ON [ON (0N [ON [ON (ON [0 [ON [OR [0 [ON ¢
Exteriors

Mild Chemical Wood Yards, digh Build Epoxy
Plywood Plants ‘olyamide Cured &
Sawmills Jrethane Topcoat OB (0 (oF [} (O}l (O [©R (O (<X [ (O} (OF (O 3

Fresh & Salt Water Rjlings, Waste Treat- | >oal Tar Epoxy

Immersion; Moderate |[ment Plants, Pulp & ‘olyamide Cured

Chemical Exposure  |Paper Mills, Marine
Structures & Barges, Ol [ON [0F (0N [N [OF [N [ON (<8 [c} (B (0N [~} (3
Coaeneration

Fresh & Potable Water Water Storage Tank digh Build Epoxy

Immersion Interiors, Locks & \mine Cured 0N [0N [0 [0 [} [N [N 0N (/8 (0N [N (»E [N (3
Water Control Gates

Severe Chemical Pulp & Paper Mills, digh Build Epoxy

Coal Handling, Chemi | ‘olyamide Cured &
cal Plants, Sour Crude [ Jrethane Topcoat 0N [ON [0 [« /N [0 [=28 [« (0N [« [ (0N (0N [0} (<
Refineries, Fertilizer
Plants

Severe Chemical-Acid Pulp & Paper Mills, 1igh Build Epoxy
Resistance Dockside Exposures, | \mine Cured
Fertilizer Plants, Acid oOojojo@|@|I@|I0|@|I@|@|2|@|F
Loading Docks, Dye
Plants

Severe Chemical-Alkali |Pulp & Paper Mills, Jrganic Zinc Rich

& Solvent Resistance [Coal Handling Facili- | zpoxy Primer & High
ties, Dockside Expo- | 3uild Epoxy Polya- O [OR[OR [0R [WR{R [ R IOR [0R (R 0N [OR [ I3

sures nide Cured Topcoat |
Severe Chemical-Alkali] Capital structures Jrganic Zinc Rich
Resistance where color & gloss Zpoxy Primer, High

retention are needed | 3uild Epoxy Polya- C|OIOI@IO|®|IQ|D|@ O |0 |0 |O|E
nide Cured & Ure-
hane Toocoat

Severe Chemical [New Construction, norganic Zinc Rich

Solvent &  Alkali[Pulp & Paper Mills, >rimer & High Build

Resistance Power Plants, Coal zpoxy Polyamide (O} ol OB [OR [e) L8 [ RLOR o} o8 [OR [0} [0 |
Liquification, Cogener | Zured Topcoat
ation
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SPECIAL COIATINGS SYSTEMS 8 APPLICATIONS

Exposure

Applications

Type System

Resistance

It

SNOLLYIOS ITVE'TV
SqIov

SNOHUAVIOUGAR XIVHATIV
SNOTAIVOOUAAH XIVROYV

STIO TYWANIR
WALV TISYA
ONIHHHILYA M

SNOLL(I'IOS LIVS

SAIOV ANVDHO

SLATEOV ONIZIATXO

Severe Chemical

Where gloss retention
and color are impor-
tant

Zinc Rich Primer &
Urethane Topcoat

Severe Exposures

Pulp & Paper Mills,
Cogeneration, Power
Plants., Sour Crude
Exposures

Polyamide Cured

High Temperature Stacks, Incinerators, Heat Resistant Sili-

(upto 1 200° F) Super Heated Steam |cone Aluminum (N [N [ON [ON [ON [OR [0 [0} [ON [ON [OR [ON [ON |3
Lines, Boiler Casings
& Drums

Immersion, Waste Treatment Plts., [Coal Tar Epoxy

~ODES: ® = ffrequent contact, €3 = immersion,
) = occasional contact; ® = not recommended;
= fair; G = good; E = excellent
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CHECK LIST FOR RAILWAYS

ITEM WHAT TO | OOK FOR
TO CHECK WALKING TRACK MOTOR CAR OR TRAIN
HY RAIL
Rait Broken, vertical or horizontal split heads, crushed Broken, vertical split heads, Broken
heads, corrugation, wear, shelling, engine burns, rail crushed heads, engine burns,
end batter, discoloration, rust streaks, damaged by discoloration
equipment
Bars Broken, bent cracked Broken —
Bolts Loose, missing, bent Loose, missing —
Washers Missing — —_
Plates Broken, bent, badly corroded, missing, skewed Broken, missing —
Spikes High, missing, bent High, missing
Anchors Off, loose, away from tie or plate Off — —
Ties Broken, split, spike killed, plate cut, damaged by Broken, damaged by equipment | —
equipment
Ballast Pumping, hanging ties Pumping —_
tine Misalignment Misalignment Misalignment,
ride quality
Surface Poor surface Poor surface Poor surface,
ride aualitv
Cross Level Poor cross level Poor cross level Ride quality
Gauge Irregularities Irregularities Irregularities,
ride quality
Turnouts and As per SPC 3507, Turnout and Diamond Crossing Misalignment or damaged Ride quality
Diamond Crossing Inspection components
Drainage Ditches or culverts blocked Ditches or culverts blocked High Water
Slides Slides Slides Slides
Fencing Damaged, open gates Damaged, open gates —
Clearances Vertical and horizontal restricted clearances Restricted clearances —
Highway and Loose, missing, or high planks, or other surface Missing or high planks or other —

Farm Crossing

material, high spikes, obstructed flangeways.

surface material, high spikes,
obstructed flangeways

Track signs

Defective or missing

Defective or missing

Defective or
missina

Rev. 05/93
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0.12.01 .0l 01 WATER TREATMENT PLANT

DESCRIPTION

Water Treatment Systems are primarily used to render water fit for human consumption. The
typical system takes water from a source, eg., reservoir, river, lake, or well, processes it, stores it,
and then supplies a local water distribution system. The processes remove harmful bacteria,
organic and inorganic chemicals, and other materials from the water that affect palatability (taste,
odor, color). These processes rely primarily on filtration and sedimentation. Chemicals are usually
added to facilitate these processes and provide other benefits.

The major system components are intake screens, pumps, tanks, filters, chlorinators, and
softeners. In addition, there are the related piping, metering devices, flow regulators, valves,
motors, and other equipment controls. Graphic assembly details that follow illustrate general
assembly/component types only and are not meant as a definitive, exhaustive, in-depth system
breakdown. Field conditions will vary and are subject to project type, local requirements, and
facility design.

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Intake Screens

An intake is the structure or collection point that allows surface water to be taken from the source
to the process tanks at the treatment plant. Intake placement is a very important part of the water
purification process; it should be located where the best quality and most adequate supply will be
available for present and future populations.

Major water sources such as rivers and lakes may contain large suspended solids such as cans,
rags, and wood that could damage pumps and block metering devices. Large screens are
placed at critical points in the influent flow, primarily upstream of the supply pumps. They should
have openings small enough to stop floatage but large enough to permit water to enter at low
velocity.

Some screens are automated to effect routine cleaning. The cleaners are typically motorized
stripping arms that lift waste and place it on a cross conveyor. Removed waste is transferred to a
holding bin and periodically removed to a landfill or incinerated.

pumps (CSI 15160)

Raw water pumps are used to transfer untreated water from the source to the primary treatment
facility. They are usually located near the source and are frequently not within the water treatment
compound. At least two raw water pumps are typically used due to possible pump or motor
failure.

Transfer pumps are used to transfer treated water to holding tanks and to the main distribution
systems.

Within the treatment plant, pumps are used for water circulation between major components
(filters, settling tanks, etc.) for chemical addition and for sludge and scum removal.

Chlorinators are used to inject liquid (gaseous) chlorine into the water supply to kill undesirable
bacteria, either by a direct feed or solution feed device (metering pump). Large facilities will
employ a dedicated “chlorine contact” tank to ensure effective mixing of the chlorine with the
supply.

Fluorinators are used to inject fluorine into the water supply. Fluorine has been found to positively
affect (reduce) dental decay in most populations. The fluorine is introduced to the system by either
a direct feed or solution feed device (metering pump).
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0.12.01 .01 .0 WATER TREATMENT PLANT

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Pumps (CSI 15160) (Continued)

Pump types vary significantly depending on use. Water wells most frequently employ line-shaft
and submersible classes of vertical turbine pumps. Less frequently, wells use reciprocating or
rotary, positive displacement pumps, straight single-stage and regenerative turbine centrifugal
pumps, and jet pumps.

Reservoir, river, and lake sources most frequently employ horizontal, multi-stage centrifugal pumps
for the primary transfer units.

Water transfer units within the plant are typically single-stage horizontal centrifugal pumps; sludge
pumps are typically reciprocating pumps; and chemical addition units are special diaphragm
pumps.

Pumps should be arranged to provide easy access for periodic maintenance and repair.
Motors (CSI 15170)

Most pumps are electric motor driven, but diesel or gasoline engine drives are frequently provided
in remote locations. Type of motor varies significantly with duty.

Pumps are typically driven via a closed motor with coupling.
Engines (CSI 15320)

In some large installations, especially those in remote areas with unreliable electrical power, the
pumps are driven by small engines. Both gasoline and diesel are frequently used and natural gas
can be used where fuel is available. Engines require a battery bank and a battery charger to keep
the system prepared for demand.

Tanks
Tanks are used for many functions throughout water treatment facilities.

Tanks are typically large, open, rectangular concrete structures. These units frequently have
baffling and adjustable weirs to control flow volume and velocity and to facilitate segregation of
scum, sludge, and effluent water.

Rapid mixing tanks are relatively high velocity tanks in which chemicals are added to raw water to
promote separation of products and/or to reduce bacteria in the water. The higher velocity is
required to prevent coagulation of the treated products. Typical additives are alum, ferric sulfate,
lime, and soda ash. Mixing tanks may be in-line concrete structures, flow bypass units or direct
injection tanks (usually metal). Although mixing is possible with simple injection, mixing tanks
generally employ some method of agitation, either using a mechanical agitator, aeration or
circulating pumps, or baffles.

Slow mixing tanks are used to advance the process of flocculation. In this process, flocculated
particles grow and form firm, dense, settleable particles.

Settling or sedimentation tanks are used to separate solids from the influent. They are generally
large and reduce the water velocity to a point where solids can settle to the tank bottom as sludge.
The sludge is pumped to other tanks for further processing and disposal.

Storage tanks are used to hold processed water to meet fluctuation in demand. Many are also
pressurized to enhance product distribution. Perhaps the most common storage tank is the
elevated tower.
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0.12.01 .0l .0l WATER TREATMENT PLANT

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Tanks (Continued)
Storage Tanks Typically Have:

e Tank Manholes for periodic servicing and inspections
Pipe connections for supply, return, overflow, vent, gauging
Ladders inside and outside the tank, anchored to top and bottom
Corrosion protection system (sacrificial elements)

Some small storage tanks use compressed air for pressurization, segregating the two media with
bladder or other impermeable membrane.

Scrapers & Skimmers

Settling, mixing, and flocculation tanks all produce waste byproducts. Tank design may allow for
gravity removal, but it is common to facilitate this process with motorized skimmers and scrapers.

Skimmers are rotating or traveling blades that engage the surface of the water to push products
that float to the surface. A weir or collection sump is typically located at the end or periphery of the
tank to catch the product.

Scrapers rotate or travel across the bottom of the tank to force collected sludge into a catch basin
or trough.

Rectangular tanks will frequently combine these functions in one drive mechanism.

Because these units are most effective at slow speed, the drive mechanism typically includes gear
reducers and chain sprockets assemblies allowing speed step-down.

Filters

Various filters are installed in the water flow to remove suspended solids from the water after it
passes through the settling tanks. These filters are also typically large, open, rectangular concrete
structures consisting of two sections, the forebay and the sand area, and filled with various
filtration media such as sand, gravel, charcoal, anthracite coal, diatomaceous earth, or finely
woven fabric. Smaller plants may employ metal tanks with replaceable filter media.

All filters eventually become blocked or restricted by the filtered material and most have some
means of periodically backflushing and rinsing the filter media to restore efficiency.

Softeners/Water Conditioners (CSI 1545§7)

Softeners generally adjust the pH of incoming water and control water hardness. In most large
installations, more than one softener will be provided to allow for regeneration of the softener’s
capability.

Softeners Tvpicallv Have:

Conditioner tank with manholes for periodic service and inspection
Sand/gravel bed for filtration
Resin bed for ion exchange (softening of water)
Spray nozzles to distribute incoming water
Valve manifold (frequently automated) to cycle conditioner phases
Conditioning (in service)
Backwash - remove filtered solids
Regeneration - reverse the ion exchange process
Rinse - clear unit before return to service
¢ Brine tank wi/float controlled water makeup, for regeneration

Other filtration products may be used, as well as other softening methods (eg., lime-soda
treatment).
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0.12.01 .0l .01 WATER TREATMENT PLANT

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)
piping & Fiffings (CSI 15060)

Piping and fittings provide the transfer network for the water treatment system. Most of the network
is constructed of ductile iron or steel pipe coated with coal tar enamels, epoxy paint, cement
mortar, and polyethylene.

All fittings should be compatible with the type of piping materials used in the system. This is
required to minimize corrosion induced by galvanic action.

Dielectric unions should be provided with appropriate end connections for the pipe materials in
which installed (screwed, soldered, or flanged), which effectively isolate dissimilar metals, prevent
galvanic action, and stop corrosion. Although permitted in non-potable applications, lead solder is
not allowed for joining potable water piping.

Strainers are typically provided at the suction side of all pumps to protect the pumps themselves
and the sensitive control devices downstream. Additional strainers should be provided on the
supply side of each control valve.

Flexible connectors are generally used on the suction and discharge side of each base-mounted
pump to minimize the effects of pump vibration.

Pipe sleeve seals should be provided at foundation and basement wall penetrations.

Flanged pipe is generally used above ground, and mechanical joint pipe is frequently used
underground. The “slip-on” joint is the most commonly used because of its quick change-out time
and reduced cost.

Valves (CSI 15100)

Valves are used to switch/tanks and pumps and isolate system components for maintenance and
repair. In addition, shut-off valves are typically provided at each branch connection to supply
mains.

Regulating valves may be used to control the flow of water to/from the tanks. Many isolation valves
are motorized (electric or electro/pneumatic) to facilitate operation.

Drain valves should be installed at low points in tanks, mains, risers, branch lines, and elsewhere
as required for system drainage.

All valves should be installed in accessible locations, protected from physical damage.
Underground valves should be provided with a valve box to provide access to the operating unit.
Valves should be tagged and records kept indicating location, make, size, thread direction, and all
maintenance data.

instrumentation (CS| 15130)

Pressure gauges are typically provided at the suction and discharge sides of each pump or pump
group.
Flow meters are provided at the influent and effluent of the water treatment plant to monitor the

amount of water treated and put into the water distribution and to set chemical dosage rates.
Influent flow rates can be used.

Level indication is usually provided for all tanks to allow the operator to provide hydraulic balance
through the plants.

Large plants also provide instrumentation to measure pH, turbidity, temperature, and chlorine
residue.
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ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)

Equipment Controls & Panels (CSI 15950)

Many controls are used in the typical water treatment system. Water treatment is closely tied to the
amount and character of the raw water itself. Therefore, most systems require one or more
methods of measuring the plant influent and effluent rates. Measuring devices include venturi
nozzles, magnetic flow detectors, orifice plates and pitot tubes.

Output signals from the flow measurement devices are used to start/stop/vary the speed of pumps
and the position of flow control valves.

Additional detectors and controllers are used to monitor and adjust the injection rate for various
chemicals.

Pump control is performed via a typical motor assembly (motor, starter, and disconnect).
OTHER RELATED COMPONENTS

Refer to Mechanical, Volume 8, for additional deficiencies that may impact this system.
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DEFICIENCY FACTORS

0.12.01 .0l .01 WATER TREATMENT PLANT

PROBABLE FAILURE POINTS

Tank leakage due to age, excessive corrosion, physical damage.

Inability of system to deliver rated capacity (flow and pressure) to terminal points due to
internal scaling of the distribution network, blocked filters, pumping failure.

Pipe leakage due to internal corrosion.
SYSTEM ASSEMBLIES/DEFICIENCIES

Intake Screens

Extreme Distortion, Damage:
Damaged Mechanical Cleaner:

Damaged, Missing Fasteners:

Pumps
Missing:
Inoperative, Won't Turn:

Excessive Noise, Vibration:

Excessive Load:
Inadequate Capacity:

Leakage in Packing
or Mechanical Seal:
Defective Bearings:
Severe Corrosion:

Stuffing Box Overheats:

Motors
Missing:

Inoperative:

Excessive Noise, Vibration:

Excessive Corrosion:

Motor Runs Hot:

Damaged:
Defective Coupling:

Allows passage of large waste.

Failure of drive mechanism, worn guides, extreme wear, or
corrosion.

Age, wear, poor maintenance.

Taken out for service or repair, not returned.
Failed bearings, locked rotor, power supply failure.

Gas or vapor in liquid, inlet suction line not sufficiently
submerged; bearing wear, lack of lubrication, imbalance in
internal components, misalignment, contamination, failed
isolators.

Bearing wear, misalignment, failed internal relief.

Low pressure, low flow caused by wear in impeller, failed
internal relief.

Normal wear.

Age, improper lubrication, moisture in oil, abuse,
misalignment, bent shaft, vibration.

Normal aging, leakage, poor maintenance, local
environment.

Packing too tight, wrong grade of packing, box not properly
packed.

Taken out for service, not returned.

Damaged bearings, corrosion, failed power supply.
Bearing wear, fan imbalance, misalignment, failed isolators.
Poor maintenance, local environment.

Packing too tight, speed too high, impeller binding or
rubbing, voltage and frequency lower than rating.

Abuse, poor maintenance, stress.

Age, normal wear, improper lubrication.
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0.12.01 .0l .Ol WATER TREATMENT PLANT

SYSTEM ASSEMBLIES/DEFICIENCIES

Motors (Continued)
Defective Bearings:
Engines

Missing:
Inoperative:

Excessive Noise, Vibration:

Excessive Load:
Corrosion:

Compression Loss:
Defective Bearings:
Damaged:

Defective Coupling:
Battery Charger Defective:
Battery Dead:

Tanks

Metal Shell Distortion:

Corrosion:

Excess Corrosion
of Baffles, Supports:

Spalling, Cracking of Concrete:

External Leakage:

Loose, Missing Fasteners:
Leaking Heat Coil:

Internal Corrosion:

Tank, Pipe, Fitting Leakage:
Leaking HX Caoil:
Inadequate Pressure:

Access Plate Seal Leakage:

Age, normal wear, improper lubrication.

Taken out for service or repair, not returned.
Poor maintenance, lack of use, inadequate battery charge.

Bearing wear, lack of lubrication, imbalance in internal
components, misalignment, failed isolators.

Bearing wear, misalignment.

Age, poor maintenance, local environment.
Defective rings or valves, cracked block.
Poor lubrication, normal wear.

Abuse, stress.

Broken spring, worn insert, misalignment.
Poor maintenance.

Lack of maintenance, bad cells.

Blisters or bulges in the metal caused by fatigue, physical
damage, loss of external support, local environment.

Weathering, fuel contamination, local environment.

Poor maintenance, extreme environmental conditions.
Age, settling of structure, environmental conditions.

Severe internal or external corrosion, cracked concrete, split
metal, gasket failure at fittings.

Corrosion, damage.
Thermal fatigue, corrosion.

Poor maintenance, inadequate venting, fuel contamination,
heating coil leakage, local environment.

Age, corrosion, physical damage.

Corrosion, physical damage, due to thermal fatigue.
Failure of makeup valve, inert gas system.

Defective gasket.
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0.12.01 .0l 01 WATER TREATMENT PLANT

SYSTEM ASSEMBLIES/DEFICIENCIES (Continued)

Scrapers & Skimmers
Missing:

Inoperative:

Excessive Noise, Vibration:
Excessive Corrosion:
Damaged:

Defective Coupling:
Defective Bearings:
Excessive Wear Chains:
Excessive Wear Guides:
Defective Reducer:
Loose, Missing Fasteners:
piping & Fittings
Strainers inaccessible:
Leakage:

Excessive Corrosion:

Physical Damage:
Improper Wall Penetration:
Valves

Inoperative:

Leakage:

Corrosion:

Physical Damage:
Poor Regulation:
Inadequate Seating:
Defective Reliefs:

Defective Backflow Preventer:

Taken out for service, not returned.
Damaged bearings, corrosion.
Bearing wear, imbalance, misalignment.
Poor maintenance, local environment.
Abuse, poor maintenance, stress.

Age, normal wear, improper lubrication.
Age, normal wear, improper lubrication.
Age, normal wear, improper lubrication.
Age, normal wear, improper lubrication.
Age, normal wear, improper lubrication.
Corrosion, damage.

Corroded fittings, lack of maintenance.

Corrosion, physical damage, inadequate support, improper
joining.

Use of incompatible materials, contamination, lack of
maintenance, local environment.

Bent, broken, crimped, crushed.

Missing seals, flanges, escutcheons.

Corrosion, physical damage to operating mechanism.

Corrosion, physical damage, improper joining, worn packing
or seal.

Contamination, use of incompatible materials.
Bent stem, broken linkage, cracked housing.
Defective sensors, worn parts.

Worn parts, blocked by scale.

Missing, leaking, gagged.

Worn parts, scale blockage, leakage.
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0.12.01.01.01 WATER TREATMENT PLANT

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)

Instrumentation
Missing:

Inoperative:
Inaccurate:

lllegible:

Equipment Controls & Panels
Motor Starter Inoperative:
Relays Pitted, Burned:
Bypassed Controls:

Damaged Wiring:

Housing Corrosion:

Taken out for service or repair, not replaced.

Failed internal mechanism, corrosion, loss of sensing
medium.

Wear, corrosion, imbalance in internal components,
miscalibration.

Corrosion, physical damage.

Overloaded, open coils, wear in linkage.
Normal aging, overloading.

Poor maintenance.

Corrosion, overheating, age.

Age, poor maintenance, local environment.

END OF SUBSECTION
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0.12.01.01.02 WATER DISTRIBUTION SYSTEM

DESCRIPTION

The site Water Distribution System is the piping network that ties the sources of water (wells, water
reservoirs, treatment plants, etc.) to the end users (occupied buildings and structures, residences,
production facilities, and agricultural centers). It serves to distribute and regulate the available
flow. In addition to the pipe, it includes insulation, valves, manholes, reservoirs, pumps, motors,
hydrants, metering devices, and equipment controls. Graphic assembly details that follow
illustrate general assembly/component types only and are not meant as a definitive, exhaustive, in-
depth system breakdown. Field conditions will vary and are subject to project type, local
requirements, and facility design.

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Piping & FIttings (CSI 02668)

The distribution system is normally buried underground, below the frost line. This helps protect
against freezing and minimizes conflict with ground transportation, but also makes inspection and
maintenance very difficult. The latter is a major reason that DOE sometimes puts their distribution
network above ground.

Most distribution piping is ductile iron, although steel, polyethylene, PVC, concrete pressure pipe,
and asbestos cement pipe are sometimes used. Brass and copper are rarely used anymore
because of cost. Asbestos cement has also fallen into disuse due to environmental concerns.
Pipe sizes vary significantly, ranging from 4 inches in small complexes (residential, agricultural) to
12 inches in large site/municipal type environments. Larger sizes (up to 54 inches) may be used,
but are uncommon. Pipe over 24 inches is generally concrete pressure pipe.

Ferrous piping is generally lined with a cement mortar and seal-coated. Where soil is corrosive,
the pipe should be encapsulated, usually in a polyethylene film tube.

Mechanical fittings use rubber gaskets or elastomeric joints to improve reliability.

Dielectric unions effectively isolate dissimilar metals, prevent galvanic action, and stop corrosion.
They should be provided with appropriate end connections for the pipe materials in which installed
(screwed, soldered, or flanged).

Underground piping is installed in trenches. Adequate bedding is provided in the trench and
backfill is consolidated around the pipe to carry the pipe weight and to minimize disturbance.

Insulation (CSI 15250)
Above ground piping should be insulated and heat traced to provide protection from freezing.
Supports & Anchors (CSI 15140)

Pipe hangers and supports are provided to minimize piping disturbance and allow for expansion
and contraction. They should be securely attached to foundation material at sufficiently close
intervals.

Valves (CSI 15100)

Valves are primarily used to isolate sections of distribution piping for maintenance and to terminate
service.

Main isolation valves are almost always rising stem gate valves. They are usually installed in-
ground in cast iron valve boxes with 5 inch access plates. In large distribution systems, the valves
may be installed in precast concrete pits, generally 24 inches minimum diameter.

Service termination valves are usually plug or ball valves. They are also installed in the ground in
cast iron valve boxes with 3 inch access plates.
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ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)

Manholes (CSI 02730)

Manholes are typically precast concrete rings positioned at critical connection points in the
distribution system. They are essentially inspection and maintenance accesses found in systems
with pipe 10 inches or larger. They are located at key mechanical connections such as vent and
isolation valves and expansion joints.

The lowest section is referred to as the base, channel, and bench, and connects incoming pipe to
outgoing. Riser rings (typically 48 inches) and grade rings are stacked above and joined with
rubber gaskets. The top section is an eccentric cone matching a 24 inch diameter frame.

Older manhole units may be built of brick or cast-in-place concrete. All units are fitted with access
covers and ladders.

Reservoirs

The purified water discharge from a treatment plant is typically stored in large concrete tanks or
lined earth embankments. At nominal capacity, the plant supply is typically equal to system
demands. However, during heavy demand periods, individual plant components may not be able
to handle the total demand, so, many distribution system designs include one or more large
capacity reservoirs that act as buffer zones or holding areas.

Pumps (CSI 15160)

Treated water from the plant is pumped into the distribution main and into elevated storage tanks
to maintain adequate system pressure. Large systems may employ additional booster pumps in
the network, which are frequently horizontal, multi-stage centrifugal pumps.

Motors (€Sl 15170)

Most pumps are electric motor driven, usually an AC closed motor with coupling.
Engines (CSI 15320)

In some large installations, especially those in remote areas with unreliable electrical power, the
pumps are driven by a small engine or an engine-driven generator is provided. Both gasoline and
diesel are frequently used, and natural gas can be used if available. Engines require a battery
bank and charger to keep the system prepared for demand.

Hydrants (CSI 02668)

Fire hydrants are above ground extensions of the underground water mains. They are generally
equipped with isolation valves and standardized hose connections, usually 2 1/2 inches to hose
connections and 4 1/2 inches for pumper connections. Although primarily used for protection,
hydrants are also used to flush out pipelines, fill water trucks and street sweepers, and provide
temporary water service. The two basic types are the dry barrel (compression, corey) and the wet

barrel. One distinct feature is the safety flange, which allows the hydrant to break when struck by a
vehicle.

Motoring Devices (CSI 15150)

Water meters are primarily installed for billing purposes, but are also useful in quantifying and
isolating leaks. These devices are either turbine, compound, or disc type positive displacement
meters. Like the isolation valves, they are frequently installed in the ground in cast iron pits like the
valve boxes, usually near and downstream of the isolation valve.

In large distribution systems, the meters may be installed in precast concrete pits.

21.1.2-2 Rev. 05/93



DOE CAS Manual Volume 12: 0.12 SiteWork

0.12.01 .01.02 WATER DISTRIBUTION SYSTEM

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Metering Devices (CSI 15150) (Continued)

Additional meters are sometimes installed to provide information on source yields, control excess
water uses, alert end users regarding system demand and the need for new sources or increased
production, provide indication of pump conditions, and monitor consumption for irrigation, cooling
towers, etc. These meters are usually above ground and are disc, turbine, or propeller types.

Equipment Controls & Panels (CSI 15950)
Few controls are used in a site water distribution system.

Where pumps are used, control is performed via a typical motor assembly (motor, starter, and

disconnect). They may be controlled by water levels in a reservoir or elevated tank or distribution
system pressure.

Where storage tanks are used, pressure and level controls will be included.
OTHER RELATED COMPONENTS

Refer to Mechanical, Volume 8, for additional deficiencies that may impact this system.
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DEFICIENCY FACTORS
0.12.01 .01.02 WATER DISTRIBUTION SYSTEM

PROBABLE FAILURE POINTS

e Pipe leakage due to age, excessive corrosion, physical breakage, and water hammer.

Inability of system to deliver rated capacity (flow and pressure) to terminal points due to
internal scaling of the distribution network; pumping failure.

SYSTEM ASSEMBLIES/DEFICIENCIES

Piping & FIffings
Leakage:

Excessive Corrosion:

Physical Damage:
Insulation

Missing:

Wet:

Damaged:

Supports & Anchors
Missing:

Improper Alignment:

Poor Allowance for Expansion:

Valves
Inoperative:
Leakage:

Corrosion:

Physical Damage:
Inadequate Seating:
Manholes & Catch Basins

Leakage:
Excessive Corrosion:

Physical Damage:
pumps

Missing:

Inoperative, Won't Turn:

Corrosion, physical damage, inadequate support, improper
joining.

Use of incompatible materials, contamination, lack of
maintenance, local environment.

Bent, broken, crimped, crushed.

Never installed or taken off, not replaced.
System leakage or external causes.
Physical abuse.

Improper installation, removed and not replaced.
Improper installation, poor maintenance.
Improper installation, improper design.

Corrosion, physical damage to operating mechanism.

Corrosion, physical damage, improper joining, worn packing
or seal.

Contamination, use of incompatible materials, local
environment.

Bent stem, broken linkage, cracked housing.
Worn parts, blocked by scale.

Corrosion, physical damage, inadequate support, improper
joining.

Use of incompatible materials, lack of maintenance, local
environment.

Collapsed, cracked.

Taken out for service or repair, not returned.

Failed bearings, locked rotor.
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0.12.01 .01.02 WATER DISTRIBUTION SYSTEM

SYSTEM ASSEMBLIES/DEFICIENCIES

Pumps (Continued)

Excessive Noise, Vibration:

Excessive Load:

Inadequate Capacity:
Leakage in Packing
or Mechanical Seal:
Defective Bearings:
Severe Corrosion:

Stuffing Box Overheats:

Motors
Missing:

inoperative:

Excessive Noise, Vibration:

Motor Runs Hot:

Excessive Corrosion:
Damaged:

Defective Coupling:

Defective Bearings:

Engines

Missing:

Inoperative:

Excessive Noise, Vibration:

Excessive Load:
Corrosion:
Compression Loss:
Defective Bearings:
Damaged:

Defective Coupling:

Bearing wear, gas or vapor in liquid, imbalance in internal
components, misalignment, contamination, wear on shatft,
failed isolators.

Bearing wear, misalignment, failed internal relief.

Low pressure, low flow caused by wear in impeller, failed
internal relief, worn impellers.

Normal wear, poor maintenance.

Age, improper lubrication, moisture in oil, abuse,
misalignment, bent shaft, vibration.

Normal aging, leakage, poor maintenance, local
environment.

Packing too tight, wrong grade of packing, box not properly
packed.

Taken out for service, not returned.
Damaged bearings, corrosion, failed power supply.
Bearing wear, fan imbalance, misalignment, failed isolators.

Packing too tight, speed too high, impeller binding or
rubbing, voltage and frequency lower than rating.

Poor maintenance, local environment.
Abuse, poor maintenance, stress.
Age, normal wear, improper lubrication.

Age, normal wear, improper lubrication.

Taken out for service or repair, not returned.
Poor maintenance, lack of use, inadequate battery charge.

Bearing wear, lack of lubrication, imbalance in internal
components, misalignment, improper anchorage, failed
isolators.

Bearing wear, misalignment.

Age, poor maintenance, local environment.
Defective rings or valves, cracked block.
Poor lubrication, normal wear.

Abuse, stress.

Broken spring, worn insert, misalignment.
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0.12.01.01.02 WATER DISTRIBUTION SYSTEM

SYSTEM ASSEMBLIES/DEFICIENCIES

Engines (Continued)
Battery Charger Defective:
Battery Dead:

Hydrants

Leakage:

Excessive Corrosion:

Physical Damage:
Meters

Missing:
Inoperative:

inaccurate:

lllegible:

Equipment Controls & Panels
Motor Starter Inoperative:
Relays Pitted, Burned:
Bypassed Controls:

Damaged Wiring:

Housing Corrosion:

Poor maintenance.

Lack of maintenance, bad cells.

Corrosion, physical damage, defective gaskets.

Use of incompatible materials, contamination, lack of
maintenance, local environment.

Bent, broken, crimped, crushed.

Taken out for service or repair, not replaced.
Failed internal mechanism, corrosion.

Wear, corrosion, imbalance in internal components,
miscalibration.

Corrosion, physical damage.

Overloaded, open coils, wear in linkage.
Normal aging, overloading.

Poor maintenance.

Corrosion, overheating, age.

Age, poor maintenance, local environment.
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0.12.01 .01.03 SEWAGE & DRAINAGE COLLECTION SYSTEM
(CSI 02720)

DESCRIPTION

The Sewage and Drainage Collection Systems are the piping networks that tie the sources of
waste water (buildings, utilities, etc.) and storm water drainage to their respective collection points.
For sewage, this is the local waste water treatment facility. Its purpose is to convey the raw
sewage safely; i.e., without leaking and contaminating the areas it passes through. For storm
water drainage, separate piping is generally used to return untreated water to rivers, lakes, etc.

In addition to the piping, these collection systems also include manholes, valves, metering
devices, and stations. Graphic assembly details that follow illustrate general assembly/component
types only and are not meant as a definitive, exhaustive, in-depth system breakdown. Field
conditions will vary and are subject to project type, local requirements, and facility design.

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS
Piping & Fittings (CSI 02720, 02730)

The collection system is normally buried underground, below the frost line. This helps protect
against freezing and minimizes conflict with ground transportation, but also makes inspection and
maintenance very difficult.

The most familiar collection piping is cast iron and reinforced concrete pipe for gravity flow
conveyance of sewage, industrial wastes, and storm drainage water. Pipe sizes vary significantly,
ranging from 4 to 24 inches in small complexes (residential, agricultural) and from 12 to 144 inches
in large site/municipal type environments. Sizes over 12 inches are generally reinforced concrete.

Asbestos cement sewer pipe has also been used for years. It has better chemical resistance
gualities and has been employed primarily in high acid conditions. Although the asbestos content
is nonfriable, it is no longer allowed in new installations due to environmental concerns. Other pipe
products include ABS and PVC plastic pipe, vitrified clay pipe, and a limited range of copper pipe.

Force mains are generally made from ductile iron pipe or polyethylene pipe. Ferrous piping is
usually lined with a cement mortar and seal-coated. Where soil is corrosive, the pipe should be
encapsulated, usually a poiyethylene film tube.

Many fittings in a collection system are mechanical, using hub and spigot or slip on joints. Hub
and spigot have used oakum and lead as a sealant. Other mechanical fittings use rubber gaskets
or elastomeric joints to improve reliability.

Supports & Anchors (CSI 15140)

Underground piping is installed in trenches. Sometimes suitably supported cradles and crowns
are used, depending on soil condition, to carry the pipe weight and to minimize disturbance.

Where piping is exposed, pipe hangers, and supports are provided to minimize piping disturbance
and allow for expansion and contraction, They should be securely attached to foundation material
at sufficiently close intervals.

Valves (CSI 15100)
Collection systems are primarily gravity flow and use few valves for control or isolation.

Force mains (pressure flow piping) employ isolation and cross-over valves between mains. The
mains also have air valves (for venting purposes) located at high points in the systems. Valves are
also used in pumping stations to isolate pumps, tanks, and sections of distribution piping for
maintenance and repair.

Main isolation valves are almost always rising stem gate valves. Valves on buried piping are
usually non-rising stem gate valves.

Storm drainage systems feeding lakes and rivers typically use backwater valves for protection
against high water backup.
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0.12.01 .01.03 SEWAGE & DRAINAGE COLLECTION SYSTEM
(CSI 02720)

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)

Manholes & Catch Basins (CSI 02730)

Manholes and catch basins are typically precast concrete rings positioned at critical connection
points in the drainage/collection system. They are essentially cleanout and inspection accesses
found in systems with pipe 8 inches or larger. They are located at the upper end of the system, at
every change of direction or alignment, at each junction of two or more branches, at each change
of grade and size, and at intervals not to exceed 400 linear feet.

The lowest section is referred to as the base; it is benched and serves to connect incoming pipe to
outgoing. Riser rings (typically 48 inches) and grade rings are stacked above and joined with

rubber gaskets. The top section is an eccentric cone matching a 24 inch diameter frame and
cover.

Older units may be built of brick or cast-in-place concrete. All units are fitted with access covers
and ladders.

Ponds & Reservoirs

In many storm drainage systems, ponds and reservoirs are used as holding areas to compensate
for heavy influent periods. These holding areas are generally large concrete reservoirs. To prevent
stagnation and increased turbidity, reservoirs are frequently outfitted with agitators.

Pumps (CSI 15160)

Pumping stations are strategically located in collection systems to lift water to higher elevations. In
effect, they connect the gravity mains to the force mains. They consist of transient holding tanks,
pumps and control valves. Compressed air systems are sometimes used to operate the valves.

The pumps are normally horizontal or vertical, single or multi-stage, close coupled centrifugal
pumps or submersible pumps.

Motors (€SI 15170)
Most pumps are electric motor driven, usually with an AC close coupled motor.
Engines (CSI 15320)

In some large installations, especially those in remote areas or with unreliable electrical power, the
pumps are driven by a small engine or an engine-driven generator is provided. Both gasoline and
diesel are frequently used; natural gas is rarely used as a fuel source. Engines require a battery
bank and a battery charger to keep the system prepared for demand.

Metering Devices (CSI 15150)

Metering devices are useful in isolating leaks (influx) into the collection system, but permanent
installations are generally found only in newer systems.

Equipment Controls & Panels (CSI 15950)
Few controls are used in a site sewage and storm drainage collection system.

Where pumping stations are used, pump control is performed via a typical motor assembly (motor,
starter, and disconnect).

OTHER RELATED COMPONENTS

Refer to Mechanical, Volume 8, for additional deficiencies that may impact this system.
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DEFICIENCY FACTORS

0.12.01 .01.03 SEWAGE & DRAINAGE COLLECTION SYSTEM

(CSI 02720)

PROBABLE FAILURE POINTS

Inability of system to handle rated capacity (flow and pressure) due to internal blockage of

mains; pumping failure.

Pipe leakage due to internal corrosion, erosion
SYSTEM ASSEMBLIES/DEFICIENCIES

Piping & Fittings
Leakage:

Excessive Corrosion:

Physical Damage:
Supports & Anchors
Missing:

Improper Alignment:

Poor Allowance for Expansion:

Valves
Inoperative:

Leakage:
Corrosion:

Physical Damage:
Inadequate Seating:
Manholes & Catch Basins

Leakage:
Excessive Corrosion:

Physical Damage:
pumps

Missing:

Inoperative, Won't Turn:

Excessive Noise, Vibration:

Excessive Load:

Corrosion, physical damage, inadequate support, improper
joining.

Use of incompatible materials, lack of maintenance, local
environment, industrial waste materials.

Collapsed, cracked.

Improper installation, poor maintenance.
Improper installation, poor maintenance.

Improper installation, poor maintenance, poor design.

Corrosion, physical damage to operating mechanism.

Corrosion, physical damage, improper joining, worn packing
or seal.

Contamination, use of incompatible materials, local
environment.

Bent stem, broken linkage, cracked housing.
Worn parts, blocked by scale.

Corrosion, physical damage, inadequate support, improper
joining.

Use of incompatible materials, lack of maintenance, local
environment.

Collapsed, cracked.

Taken out for service or repair, not returned.
Failed bearings, locked rotor.

Bearing wear, lack of lubrication, imbalance in internal
components, misalignment, contamination, failed isolators.

Bearing wear, misalignment, failed internal relief, poor
design.
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0.12.01 .01.03 SEWAGE & DRAINAGE COLLECTION SYSTEM

(CSI 02720)

SYSTEM ASSEMBLIES/DEFICIENCIES

Pumps (Continued)

Inadequate Capacity:

Leakage in Packing
or Mechanical Seal:

Defective Bearings:
Severe Corrosion:
Motors

Missing:

Inoperative:

Excessive Noise, Vibration:

Excessive Corrosion:
Damaged:

Defective Coupling:

Defective Bearings:

Engines

Missing:

Inoperative:

Excessive Noise, Vibration:

Excessive Load:
Corrosion:

Compression Loss:
Defective Bearings:
Damaged:

Defective Coupling:
Battery Charger Defective:
Battery Dead:

Low pressure, low flow caused by wear in impeller, failed
internal  relief.

Normal wear.
Age, improper lubrication, abuse.

Normal aging, leakage, poor maintenance.

Taken out for service, not returned.

Damaged bearings, corrosion.

Bearing wear, fan imbalance, misalignment, failed isolators.
Poor maintenance.

Abuse, poor maintenance, stress.

Age, normal wear, improper lubrication.

Age, normal wear, improper lubrication.

Taken out for service or repair, not returned.
Poor maintenance, lack of use, inadequate battery charge.

Bearing wear, lack of lubrication, imbalance in internal
components, misalignment.

Bearing wear, misalignment, poor system design.
Age, poor maintenance, local environment.
Defective rings or valves, cracked block.

Poor lubrication, normal wear.

Abuse, stress.

Broken spring, worn insert, misalignment.

Poor maintenance.

Lack of maintenance.

Meters

Missing: Taken out for service or repair, not replaced.

inoperative: Failed internal mechanism, corrosion.

Inaccurate: Wear, corrosion, imbalance in internal components,
miscalibration.

lllegible: Corrosion, physical damage.
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0.12.01 .01.03 SEWAGE & DRAINAGE COLLECTION SYSTEM
(CS1 02720)

SYSTEM ASSEMBLIES/DEFICIENCIES

Meters (Contmued)
Damaged : Abuse, stress.

Equipment Controls & Panels

Motor Starter Inoperative: Overloaded, open coils, wear in linkage.
Relays Pitted, Burned: Normal aging, overloading.

Bypassed Controls: Poor maintenance.

Damaged Wiring: Corrosion, overheating, age.

Housing Corrosion: Age, poor maintenance, local environment.
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0.12.01 .01.04 WASTE WATER TREATMENT PLANT

DESCRIPTION

A typical Waste Water Treatment System receives waste water from a collection system and
processes it for safe discharge to a river, stream, or similar water body, or to an absorbent field. It
relies primarily on mechanical processes of aeration, mixing, and sedimentation, and on the
natural activities of oxidation and decomposition by aerobic bacteria to purify the waste. Air
injection and chemicals are normally used to facilitate these processes. Extracted solids, referred
to as bio sludges or sludges, are generally collected, dried, and transferred to a solid waste
landfill. Some modern systems will incorporate a sludge treatment or dewatering facility in the
same compound as the waste water unit.

Although the basic processes are very similar, system construction varies significantly depending
on volume of waste to be treated, the character of the influent, and local requirements for effluent
characteristics. The typical system consists of combinations of the following: influent screens,
comminutors, grit chambers, conveyors, settling tanks, aeration tanks, aerators, clarifiers, filters,
and chlorination facilities. Other process components include: oxidation ponds, percolation beds,
reservoirs, and sludge drying beds. In addition to connecting pipes, there are also metering
devices, flow monitors and regulators, motors, pumps, air compressors, valving, and equipment
controls. Graphic assembly details that follow illustrate general assembly/component types only
and are not meant as a definitive, exhaustive, in-depth system breakdown. Field conditions will
vary and are subject to project type, local requirements, and facility design.

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Influent Screens

Large sewage sources such as municipal areas, military bases, etc. may contain large suspended
solids such as cans, rags, and wood that could damage pumps and block metering devices.
Therefore, influent screens are placed at critical points in the influent flow, primarily upstream of the
supply pumps.

Some screens are automated to effect routine cleaning. The cleaners are typically motorized
stripping arms that lift waste and place it on a cross conveyor. Removed waste is transfer to a
holding bin and periodically removed to a landfill.

Pumps (CSI 15160)

Pumps are used to transfer untreated waste water from the influent screens to comminutor, grit
chamber, or primary treatment tanks. They are usually located near the screens in the waste
treatment compound. Pumps may also be used to transfer treated water from the plant to the
effluent systems (absorbent fields, river, or stream), although gravity discharge is common.

Within the treatment plant, most of the primary flow is effected by gravity, accomplished through
the design of the tanks (relative levels) and the positioning of level control devices. However,
additional pumps are used to recirculate sludge (activated sludge process), transfer sludge and
scum to sludge treatment components, remove grit from influent, and to provide for chemical
injection.

Pump types vary significantly depending on application. Water transfer and activated sludge
pumps most frequently employ single-stage, open-faced impeller centrifugal pumps; sludge
transfer pumps are usually reciprocating or rotary, positive displacement pumps. Chlorinators and
other chemical injection units are usually special design, reciprocating, and diaphragm pumps.

Pumps should be arranged to provide easy access for periodic maintenance and repair.

Rev. 05/93 2.1.1.41
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0.12.01 .01.04 WASTE WATER TREATMENT PLANT

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)

Comminuton

Much of the solid waste trapped in the influent and extracted requires digestion and further
treatment before disposal. To allow regular processing, this material is ground, chopped, cut, etc.
by comminutors, mechanical devices similar to a garbage disposal. The discharge is returned to
the influent flow for normal treatment.

Grit Chambers

Another contaminant in the waste water influent is sand and other fine particles that would be very
destructive to pumps, measuring, and metering devices. As part of the influent separation
process, a chamber or tank is typically provided to allow settling and collection of this material.
Although manual cleaning is sometimes used, a mechanical device is typically provided for
screening out and transporting the grit to another location. Cyclone separators, screw and belt
conveyors, and pumps are common components.

Conveyors
Conveyors are frequently used to transport solid materials in waste water treatment plants.

Belt or screw conveyors are commonly associated with automated influent screens. The screen
cleaner discharge is deposited on a conveyor that moves the waste to a holding bin. The basic
assembly of a belt conveyor consists of a frame, support/drive /idler rolls, a continuous belt, and a
drive unit. Motor speed is typically reduced through a gear reducer, drive chains, and sprockets.

Screw conveyors are sometimes used in grit chambers to lift separated solids, sand, and grit from
the chamber bottom and deposit them on a cross conveyor. The basic assembly consists of a
frame, an inclined screw, and a drive unit. Motor speed is typically reduced through a gear
reducer, drive chains, and sprockets.

Motors (€Sl 15170)

Most pumps are electric motor driven, but diesel or gasoline engine drives are frequently provided
in remote locations. Type of motor varies significantly with duty. Pumps are typically driven via a
closed motor with coupling.

Engines (CSI 15320)

In some large installations, especially those in remote areas with unreliable electrical power, the
pumps are driven by small engines. Both gasoline and diesel are frequently used while natural
gas is rare. Engines require a battery bank and charger to keep the system prepared for demand.

Tanks
Tanks are used for many functions throughout waste water treatment facilities.

Settling or sedimentation tanks are used to separate solids from the wastewater. They are
generally large and reduce the water velocity to a point where solids can precipitate to the tank
bottom as sludge. The sludge is pumped or gravity flows to other tanks for further processing and
disposal.

These tanks are typically large, open, rectangular, concrete structures. They frequently have
baffling and adjustable weirs or bell valves to permit control of flow volume and velocity and to
facilitate segregation of scum, sludge, and effluent water.
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0.12.01 .01.04 WASTE WATER TREATMENT PLANT

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Tanks (Continued)

Mixing tanks are used to add chemicals that promote product separation and/or reduce the
bacteria in the water. Typical additives are ferric chloride (a settling agent) and polymer slurries
(coagulant). Mixing tanks may be in-line concrete structures, flow bypass units or direct injection
tanks (usually metal). Although mixing is possible with simple injection, mixing tanks generally
employ some method of agitation, either using a mechanical agitator, aeration, or circulating
pumps.

Aeration tanks are used to inject air into the water to promote treatment by controlled bacteria
growth. They are normally of concrete construction. Aeration is accomplished by various
methods. In many, remotely generated compressed air is fed through perforated mechanical
piping submerged in the water flow. In others, individual aerators are mounted in the aeration tank.
The guantity of oxygen introduced is controlled by the number and position of piping/aerators in
action or in regulating the source pressure/speed.

Clarifiers are also large separation and settling tanks with added mechanical equipment to
facilitate byproduct (sludge and scum) removal.

Chlorine contact tanks are large holding tanks (generally concrete) used for chlorine injection to Kill
remaining bacteria after the beneficial bacterial activities (digestion and decomposition) have taken
place.

Scrapers & Skimmers

Settling tanks, mixing tanks, and flocculation tanks all produce solid waste byproducts. Tank
design may allow for the removal of these products through gravity, but it is common to facilitate
this process with motorized skimmers and scrapers.

Skimmers are rotating or traveling blades that engage the surface of the water to push products
that float to the surface. There is typically a weir or collection sump at the end or periphery of the
tank to catch the product.

Scrapers rotate or travel across the bottom of the tank to force collected sludge into a chamber or
trough.

Rectangular tanks will frequently combine these functions in one drive mechanism.

Because these units are most effective at slow speed, the drive mechanism typically includes gear
reducers and chain sprockets assemblies to allow speed step-down.

Filters, Percolation Beds

Various filter mechanisms are installed in the water flow to remove suspended solids from the
water after it passes through the settling tanks. These filtering mechanisms are typically known as
percolation beds and are normally large, open, rectangular, concrete structures. These units are
filled with various filtration media such as sand, gravel, charcoal.

Percolation beds will frequently employ a piping manifold for distribution of the influent over the
filter bed. Sometimes this is a rotating mechanism using suspended nozzle assemblies. Smaller
plants may employ metal tanks with replaceable filter media.

All filter media eventually becomes blocked or restricted by the filtered material. Therefore, most
filters have some means of periodically backflushing and rinsing the filter media to restore
efficiency.
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0.12.01 .01.04 WASTE WATER TREATMENT PLANT

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)

Oxidation Ponds & Reservoirs

Oxidation ponds are used to treat wastewater and use mechanical devices to aerate the water in
the pond. Oxidation ponds can be of several different configurations. These ponds are concrete
or earthen structures.

The treated water discharge from a treatment plant is sometimes fed to a reservoir. At nominal
capacity, the plantinfluent is typically equal to the effluent. However, during heavy influent periods,
individual plant components may not be able to handle the demand, so design typically includes
one or more buffer zones or holding areas. This is especially true in a multistage plant where
tertiary treatment is required.

These holding areas are generally large concrete reservoirs. To prevent stagnation and increased
turbidity, reservoirs are frequently outfitted with agitators.

Sludge Drying Beds

Sludge removed from the treatment facility still contains a significant amount of water. The drying
beds promote further drying by drainage and evaporation.

Piping & Fittings (CSI 15060)

Piping and fittings provide the transfer network between major components in the waste water
treatment system. Most of the network is constructed of iron or steel pipe.

All fittings should be compatible with the type of piping materials used in the system to minimize
corrosion induced by galvanic action.

Dielectric unions should be provided with appropriate end connections for the pipe material in
which installed (screwed, soldered, or flanged), which effectively isolate dissimilar metals, prevent
galvanic action, and stop corrosion.

Strainers are provided at the suction of some pumps to protect the pumps themselves and the
sensitive control devices downstream.

Flexible connectors are usually used on the suction and discharge side of each base-mounted
pump to minimize the effects of pump vibration.

Valves (CSI 15100)

Valves are used to switch tanks and pumps and to isolate system components for maintenance
and repair. In addition, shut-off valves are typically provided at each branch connection to supply
mains.

Regulating valves may be used to control the flow of water to/from the tanks. Many isolation valves
are motorized (electric or electro/pneumatic) to facilitate operation.

Drain valves should be installed at low points in tanks, mains, risers, branch lines, and elsewhere
as required for system drainage. All valves should be installed in accessible locations, protected
from physical damage. Valves should be tagged.

Instrumentation (CSI 15130)

Pressure gauges are typically provided at the suction and discharge of each pump or pump
group.

Flow meters are provided at the influent and effluent of most tanks. These vary significantly in
design and with the age of the plant. Parshall flumes and large venturi units are common.

Level indication is usually provided for all tanks, typically a remote hydraulic unit or electronic level
probe.
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0.12.01 .01.04 WASTE WATER TREATMENT PLANT

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Instrumentation (CSI 15130) (Continued)

Large plants also provide instrumentation for chemical readouts such as water pH, oxygen, and
chlorine content.

Equipment Controls & Panels (CSI 15950)
Many controls are used in the typical waste water treatment system.

Water treatment is closely tied to the amount and character of the water itself. Therefore, most
systems require one or more methods of measuring the influent and effluent rates of the plant.
Measuring devices include Parshall flumes, venturi nozzles, and magnetic flow detectors.

Output signal from the flow measurement devices are used to start/stop/vary the speed of pumps
and the position of flow control valves.

Additional detectors and controllers are used to monitor and adjust the injection rate for various
chemicals.

Pump control is performed via a typical motor assembly (motor, starter, and disconnect).
OTHER RELATED COMPONENTS

See the following subsections for related components:

0.12.01.01.03 Sewage & Storm Drainage Collection System . . ...................... 2.1.1.3
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DEFICIENCY FACTORS
0.12.01 .01.04 WASTE WATER TREATMENT PLANT

PROBABLE FAILURE POINTS

Tank leakage due to age, excessive corrosion, physical damage, local environment.

Pipe leakage due to internal corrosion.

Inability of system to deliver rated capacity (flow and pressure) to terminal points due to
internal scaling of the distribution network; blocked filters, pumping or control failures.

SYSTEM ASSEMBLIES/DEFICIENCIES

Influent Screens

Extreme Distortion, Damage:

Damaged Cleaner:

Damaged, Missing Fasteners:

pumps
Missing:

Inoperative, Won't Turn:

Excessive Noise, Vibration:

Excessive Load:
Inadequate Capacity:

Leakage in Packing
or Mechanical Seal:

Defective Bearings:

Severe Corrosion:

Comminutors
Missing:

Inoperative, Won't Turn:

Excessive Noise, Vibration:

Excessive Load:
Inadequate Capacity:

Leakage in Packing
or Mechanical Seal:

Defective Bearings:

Severe Corrosion:

Allows passage of large waste; blockage due to clogged
screens.

Failure of drive mechanism, worn guides, extreme wear or
corrosion.

Age, wear, poor maintenance.

Taken out for service or repair, not returned.
Failed bearings, locked rotor.

Bearing wear, lack of lubrication, imbalance in internal
components, misalignment, failed isolators.

Bearing wear, misalignment, failed internal relief, poor
design.

Low pressure, low flow caused by wear in impeller, failed
internal relief, poor design.

Normal wear, local environment.
Age, improper lubrication, abuse, poor maintenance.

Normal aging, leakage, poor maintenance, local
environment.

Taken out for service or repair, not returned.
Failed bearings, locked knives.

Bearing wear, lack of lubrication, imbalance in internal
components, misalignment, failed isolators.

Bearing wear, misalignment, poor system design.

Defective bars, knives, poor design.

Normal wear, local environment.
Age, improper lubrication, abuse.

Normal aging, leakage, poor maintenance, local
environment.
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DEFICIENCY FACTORS

0.12.01 .01.04 WASTE WATER TREATMENT PLANT

SYSTEM ASSEMBLIES/DEFICIENCIES (Continued)

Grit Chambers

Spalling, Cracking of Concrete:

External Leakage:

Loose, Missing Fasteners:
Conveyors
Missing Parts:

Inoperative:

Excessive Noise, Vibration:

Excessive Corrosion:
Damaged:

Defective Coupling:
Defective Bearings:
Excessive Wear Chains:
Excessive Wear Guides:
Defective Reducer:
Loose, Missing Fasteners:
Leakage:

Distortion:

Motors

Missing:

Inoperative:

Excessive Noise, Vibration:

Excessive Corrosion:
Damaged:

Defective Coupling:

Defective Bearings:

Engines

Missing:

Inoperative:

Excessive Noise, Vibration:

Excessive Load:

Corrosion:

Age, settling of structure, environmental conditions.

Severe internal or external corrosion, cracked concrete, split
metal, gasket failure at manholes or other fittings.

Corrosion, damage.

Taken out for service, not returned.

Corrosion, wear, physical damage, missing parts, damaged
belts, screws.

Bearing wear, fan imbalance, misalignment, failed isolators.
Poor maintenance, local environment.

Abuse, poor maintenance, stress, vandalism.

Age, normal wear, improper lubrication.

Age, normal wear, improper lubrication.

Age, normal wear, improper lubrication.

Age, normal wear, improper lubrication.

Age, normal wear, improper lubrication.

Corrosion, damage.

Worn or damaged covers, seals.

Overheating, physical abuse, loose fasteners.

Taken out for service, not returned.

Damaged bearings, corrosion.

Bearing wear, fan imbalance, misalignment, failed isolators.
Poor maintenance, local environment.

Abuse, poor maintenance, stress.

Age, normal wear, improper lubrication.

Age, normal wear, improper lubrication.

Taken out for service or repair, not returned.
Poor maintenance, lack of use, inadequate battery charge.

Bearing wear, lack of lubrication, imbalance in internal
components, misalignment, failed isolators.

Bearing wear, misalignment, poor design.

Age, poor maintenance, local environment.
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DEFICIENCY FACTORS

0.12.01 01.04 WASTE WATER TREATMENT PLANT

SYSTEM ASSEMBLIES/DEFICIENCIES

Engines (Continued)
Compression Loss:
Defective Bearings:
Damaged:

Defective Coupling:
Battery Charger Defective:
Battery Dead:

Tanks

Metal Shell Distortion:

Corrosion:
Excess Corrosion

of Baffles, Supports:

Spalling, Cracking of Concrete:

External Leakage:

Loose, Missing Fasteners:
Leaking Heat Coil:

Internal Corrosion:

Tank, Pipe, Fitting Leakage:

Leaking HX Caoil:

Inadequate Pressure:

Access Plate Seal Leakage:

Scrapers & Skimmers
Missing:
inoperative:

Excessive Noise, Vibration:

Excessive Corrosion:
Damaged:

Defective Coupling:
Defective Bearings:
Excessive Wear Chains:

Excessive Wear Guides:

Defective rings or valves, cracked block, poor maintenance.
Poor lubrication, normal wear.

Abuse, stress.

Broken spring, worn insert, misalignment.

Poor maintenance.

Lack of maintenance.

Blisters or bulges in the metal caused by fatigue, physical
damage, loss of external support, local environment.

Weathering, fuel contamination, local environment.

Poor maintenance, extreme environmental conditions.
Age, settling of structure, environmental conditions.

Severe internal or external corrosion, cracked concrete, split
metal, gasket failure at fittings.

Corrosion, damage.
Thermal fatigue, corrosion.

Poor maintenance, inadequate venting, fuel contamination,
heating coil leakage, local environment.

Age, corrosion, physical damage.
Corrosion, physical damage, due to thermal fatigue.
Failure of makeup valve, inert gas system.

Defective gasket.

Taken out for service, not returned.
Damaged bearings, corrosion.

Bearing wear, imbalance, misalignment, defective mounting
brackets.

Poor maintenance, local environment.
Abuse, poor maintenance, stress.

Age, normal wear, improper lubrication.
Age, normal wear, improper lubrication.
Age, normal wear, improper lubrication.

Age, normal wear, improper lubrication.
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DEFICIENCY FACTORS

0.12.01 .01.04 WASTE WATER TREATMENT PLANT

SYSTEM ASSEMBLIES/DEFICIENCIES

Scrapers & Skimmers (Continued)

Defective Reducer:
Loose, Missing Fasteners:
Filters

Caked Bed:

Exhausted Filter Media:

Defective Spray Nozzles:
Tank, Pipe, or Fitting Leakage:

Ponds & Reservoirs

Spalling, Cracking of Concrete:

Leakage:
Erosion of Banks:

Sludge Drying Beds

Spalling, Cracking of Concrete:

Leakage:

Erosion of Banks:
Piping & Fittings
Strainers Inaccessible:

Leakage:
Excessive Corrosion:

Physical Damage:
Improper Wall Penetration:
Valves

Inoperative:

Leakage:
Corrosion:

Physical Damage:
Poor Regulation:

Inadequate Seating:

Age, normal wear, improper lubrication.
Corrosion, damage.

Caused by normal use, but accelerated by improper cycling
of filter controls.

Caused by normal use, but accelerated by improper cycling
of filter controls.

Usually blockage due to scaling in feed lines.

Age, physical damage, severe internal or external corrosion;
gasket failure at manhole or other fittings.

Age, settling of structure, environmental conditions.
Severe corrosion, cracking, gasket failure.

Wave action of wind.

Age, settling of structure, environmental conditions.
Severe corrosion, cracking, gasket failure.
Wave action of wind.

Corroded fittings, lack of maintenance.

Corrosion, physical damage, inadequate support, improper
joining.

Use of incompatible materials, contamination, lack of
maintenance, local environment.

Bent, broken, crimped, crushed.

Missing seals, flanges, escutcheons.

Corrosion, physical damage to operating mechanism.

Corrosion, physical damage, improper joining, worn packing
or seal.

Contamination, use of incompatible materials, local
environment.

Bent stem, broken linkage, cracked housing.
Defective sensors, worn parts.

Worn parts, blocked by scale.

211410
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DEFICIENCY FACTORS

0.12.01 .01.04 WASTE WATER TREATMENT PLANT

SYSTEM ASSEMBLIES/DEFICIENCIES

Valves (Continued)

Defective Reliefs:

Defective Backflow Preventer:
Instrumentation

Missing:

Inoperative:
Inaccurate:

lllegible:

Equipment Controls & Panels
Motor Starter Inoperative:
Relays Pitted, Burned:
Bypassed Controls:

Damaged Wiring:

Housing Corrosion:

Missing, leaking, gagged.

Worn parts, scale blockage, leakage.

Taken out for service or repair, not replaced.

Failed internal mechanism, corrosion, loss of sensing
medium.

Wear, corrosion, imbalance in internal components,
miscalibration.

Corrosion, physical damage.

Overloaded, open coils, wear in linkage.
Normal aging, overloading.

Poor maintenance.

Corrosion, overheating, age.

Age, poor maintenance.
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0.12.01 .01.04 WASTE WATER TREATMENT PLANT

END OF SUBSECTION
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0.12.01 .01.05 GAS DISTRIBUTION SYSTEM

DESCRIPTION

The typical Gas Distribution System provides gas preparation and transfer for use in heat and
electrical generation equipment (boilers, furnaces, emergency generators). The system consists of
storage tanks, strainers, and the connecting piping, fittings, valves, manholes, and supports.
Graphic assembly details that follow illustrate general assembly/component types only and are not
meant as a definitive, exhaustive, in-depth system breakdown. Field conditions will vary and are
subject to project type, local requirements, and facility design. Graphic assembly details that
follow illustrate general assembly/component types only and are not meant as a definitive,
exhaustive, in-depth system breakdown. Field conditions will vary and are subject to project type,
local requirements, and facility design.

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS
Piping & Fittings (CSI| 15060)

The gas distribution system is normally buried underground, below the frost line. This helps
protect against freezing and minimizes conflict with ground transportation, but also makes
inspection and maintenance very difficult. The depth is at least 18 inches (special exceptions may
apply). In some areas, the piping is placed in trenches, some of which are large enough for
inspection access through manholes.

Gas pipe and fittings must comply with NFPA 54 National Fuel Gas Code. Piping for gas
distribution is typically installed with “black iron” (seamless wrought steel), although other materials
are allowed (metallic pipe, aluminum alloy, ductile iron, plastic, and brass pipe) in special
circumstances. Cast iron is not allowed! Seamless copper tubing is frequently used at
connections to storage tanks to facilitate tank changeovers. Distribution pipe sizes vary, generally
in the range of 1 to 12 inches.

Fittings are made of compatible materials to minimize corrosion.
Piping for other than dry gas should be sloped not less than 1/4 inch in 15 feet to prevent traps.

Strainers are provided on the supply side of each control valve, pressure regulating valve, and
burner connection.

Dielectric unions should be provided with appropriate end connections for the pipe material in
which installed (screwed, soldered, or flanged), which effectively isolate dissimilar metals, prevent
galvanic action, and stop corrosion.

Piping susceptible to corrosion is wrapped or coated with an inert material.
Supports & Anchors (CSI 15140)

Underground piping is installed in trenches. The piping generally rests firmly on the bottom of the
trench. Where piping is exposed, pipe hangers and supports are provided to minimize piping
disturbance and to allow for expansion and contraction. They should be securely attached to
foundation material at sufficiently close intervals.

Valves (CS1 15100)

Valves are used to switch service tanks, isolate gas system components for maintenance, and
isolate terminal units. In addition, shut-off duty valves are typically provided at each branch
connection to supply mains.

Regulating valves are used to control the flow of gas from the storage tanks or at service entrance
piping to the terminal equipment. The distribution pressure may be as much as 50 psig, but must
be less than 5 psig inside buildings, less than 10 psig for gas-air mixtures, and less than 20 psig
for LP gas. Exceptions may be found in supplies to industrial processing plants, research
buildings, and power plants.

Rev. 05/93 2.1.1.54
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0.12.01 .01.05 GAS DISTRIBUTION SYSTEM

Valves (CSI 15100) (Continued)

Overpressure protection is required on all systems, but may be accomplished through regulator
design and installation. Relief valves are required in some supply systems (generally over 2 inch
mains).

Manholes (CSI 02730)
Manholes are typically precast concrete rings positioned at critical connection points in the
distribution system. They are essentially inspection and maintenance accesses found in systems

with large pipe. They are located at key mechanical connections such as vent and isolation
valving and expansion joints.

The lowest section is referred to as the base, channel, and bench, and serves to connect incoming
pipe to outgoing. Riser rings (typically 48 inches) and grade rings are stacked above and joined
with rubber gaskets. The top section is an eccentric cone matching a 24 inch diameter frame.

Older units may be built of brick or cast-in-place concrete. All units are fitted with access plates
and ladders.

Compressed Gas Storage Tanks (CSI 15175)

Gas is usually supplied from an off-site main owned by a major utility, and local storage is not
required. However, storage tanks are used in remote areas where a local gas distribution system
is not available. In these installations, more than one tank will be provided and they will be installed
above ground. They are usually installed outdoors to prevent accidental gas accumulation.

Instrumentation (CSI 15130)

Pressure gauges are typically provided at branch tees and/or on the suction and discharge of
each regulating valve, and on storage tanks. Temperature gauges are not usually provided.

Although metering is generally provided at the service entrance for billing purposes, they are
sometimes located externally and at main branches. They should be readily accessible for
examination, reading, replacement, and necessary maintenance.

Equipment Controls & panels (CSI 15950)

Few controls are used in the typical gas system except as mentioned under valving. The system is
usually turned on and left to run continuously.

Some large installations may employ remote tank pressure and level indicators and alarms

2.1.1.5-2 Rev. 05/93
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DEFICIENCY FACTORS
0.12.01 .01.05 GAS DISTRIBUTION SYSTEM

PROBABLE FAILURE POINTS

inability of system to deliver rated capacity (flow and pressure) to terminal points due to
internal scaling of the distribution network, defective strainers, regulator failure.

Piping leakage due to external corrosion, local environment, geological settlement.

Tank leakage due to age, excessive corrosion, physical damage.
SYSTEM ASSEMBLIES/DEFICIENCIES

Piping & Fittings
Leakage:

Excessive Corrosion:
Physical Damage:

Supports & Anchors
Missing:

Improper Alignment:

Poor Allowance for Expansion:

Valves
Inoperative:

Leakage:
Corrosion:

Physical Damage:

Poor Regulation:
Inadequate Seating:
Defective Reliefs:
Manholes & Catch Basins

Leakage:
Excessive Corrosion:

Physical Damage:

Corrosion, physical damage, inadequate support, improper
joining, geological settlement.

Use of incompatible materials, lack of maintenance,
corrosive backfill, lack of encapsulation, local environment.

Collapse/disturbance of backfill, inadequate support,
vandalism.

Improper installation, poor maintenance, poor system
design.

Improper installation, poor maintenance.

Improper installation, poor maintenance, poor system
design.

Corrosion, physical damage to operating mechanism.

Corrosion, physical damage, improper joining, worn packing
or seal.

Fuel contamination, use of incompatible materials, local
environment.

Bent stem, broken linkage, cracked housing, vandalism.
Worn parts.
Worn parts, blocked by scale.

Missing, leaking, gagged.

Corrosion, physical damage, inadequate support, improper
joining.

Use of incompatible materials, lack of maintenance, local
environment.

Collapsed, cracked.

Rev. 05/93
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DEFICIENCY FACTORS

0.12.01 .01.05 GAS DISTRIBUTION SYSTEM

SYSTEM ASSEMBLIES/DEFICIENCIES (Continued)

Compressed Gas Tanks
Metal Shell Distortion:

Corrosion:

Excess Corrosion
of Baffles, Supports:

Spalling, Cracking of Concrete:

External Leakage:

Loose, Missing Fasteners:
Leaking Heat Coil:

Internal Corrosion:

Tank, Pipe, Fitting Leakage:
Leaking HX Caoil:
Inadequate Pressure:
Access Plate Seal Leakage:
instrumentation

Missing:

Inoperative:
Inaccurate:

lllegible:

Equipment Controls & Panels
Relays Pitted, Burned:
Bypassed Controls:

Damaged Wiring:

Housing Corrosion:

Blisters or bulges in the metal caused by fatigue, physical
damage, loss of external support, local environment.

Weathering, fuel contamination, local environment.

Poor maintenance, extreme environmental conditions.
Age, settling of structure, environmental conditions.

Severe internal or external corrosion, cracked concrete, split
metal, gasket failure at fittings.

Corrosion, damage.
Thermal fatigue, corrosion.

Poor maintenance, inadequate venting, fuel contamination,
heating coil leakage, local environment.

Age, corrosion, physical damage.

Corrosion, physical damage, due to thermal fatigue.
Failure of makeup valve, inert gas system.

Defective gasket.

Taken out for service or repair, not replaced.

Failed internal mechanism, corrosion, loss of sensing
medium.

Wear, corrosion, imbalance in internal components,
miscalibration.

Corrosion, physical damage.

Normal aging, overloading.
Poor maintenance.
Corrosion, overheating, age.

Age, poor maintenance, local environment.

END OF SUBSECTION
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0.12.01.02.01 FUEL OIL STORAGE & DISTRIBUTION SYSTEM

DESCRIPTION

Site Fuel Oil Storage and Distribution Systems are essentially the same as those discussed in
Volume 8 Mechanical, Heating Systems. The components are simply larger and there is
considerably more piping. The typical supply system provides fuel storage, preparation, and
transfer for use in building heating and electrical generation equipment (boilers, furnaces,
emergency generators). The system consists of storage tanks, transfer and circulating pumps,
strainers and the connecting piping, fittings, valves, and supports. In some installations, heating
the fuel oil is required to permit rapid firing in the utility equipment. Graphic assembly details that
follow illustrate general assembly/component types only and are not meant as a definitive,
exhaustive, in-depth system breakdown. Field conditions will vary and are subject to project type,
local requirements, and facility design.

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Storage Tanks (CSI 15175)

Tanks provide for the routine storage of fuel oil. In small installations, more than one tank will be
provided and installed underground. Larger installations will employ several large capacity tanks
installed above ground. Heavy oil storage tanks will usually include heating capability.

Storage Tanks typically have:

Tank manhole(s) for periodic service and inspection

Pipe connections for fill, supply, return, vent, gauging, and heating coils
Ladders inside tank, anchored to top and bottom

Heating coils

Hot-wells

Remote oil gauges

Corrosion protection system (sacrificial elements)

Underground tanks are generally small, ranging from 2,000 to 20,000 gallons. Above ground
tanks may range to 3 or 4 million gallons.

Above ground tanks must have retention dikes surrounding them with an adequate capacity to
prevent contamination of the surrounding areas should a leak or spill occur. All tanks require leak
detection and monitoring support.

pumps (CSI 15160)

Pumps provide for the transfer of fuel to/from the storage tanks, allowing loading and distribution
to consuming equipment. They may also facilitate maintenance of storage tank temperature by
recirculating hot fuel oil.

Fuel pumps are typically single-stage, positive displacement rotary type with standard mechanical
seals and built-in pressure relief bypasses.

Pumps should be arranged to provide easy access for periodic maintenance and repair.
Motors (€$1 15170)

Pumps are typically driven via a closed motor with coupling.

piping & Fittings (CSI15060)

Fuel oil piping and fittings must comply with NFPA 31 Standard for the Installation of Oil Burning
Equipment, Fuel oil piping is usually steel pipe or copper tubing. Fittings are made of compatible
materials.

The minimum steel pipe size permitted is 3/4 inch. Steel pipe with threaded joints and fittings is
typically used for 2 inch and smaller runs, and with welded joints for 2 1/2 inch and larger.
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0.12.01.02.01 FUEL OIL STORAGE & DISTRIBUTION SYSTEM

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Piping & Fittings (CSI 15060) (Continued)

Drawn copper tubing, Type L with wrought copper fittings and brazed joints for 2 inch and smaller
is typically used above ground. Type K, annealed temper copper tubing for 2 inch and smaller
without joints, is used for underground installations.

Supply, return, fill, and vent piping should be graded, typically at a uniform grade of 1/4 inch in 10
feet downward in the direction of the storage tank.

Flanges should be installed on valves, apparatus, and equipment having 2 1/2 inch and larger
connections. Flanged joint surfaces should be parallel.

Unions should be installed in pipes 2 inches and smaller, adjacent to each valve, at final
connections on each piece of equipment, and elsewhere as indicated. Unions are not required on
flanged devices,

Dielectric unions should be provided with appropriate end connections for the pipe material in
which installed (screwed, soldered, or flanged), that effectively isolate dissimilar metals, prevent
galvanic action, and stop corrosion.

Duplex strainers are typically provided at the suction and discharge of the fuel oil transfer pumps
to protect the pumps themselves and the sensitive control devices downstream.

Additional strainers are provided on the supply side of each control valve, pressure regulating
valve, and oil burner connection.

Other devices include oil/water separators, surge absorbers, and sight flow indicators.
Valves (CSI 15100)

Valves are used to switch service tanks and isolate fuel system components for maintenance. In
addition, shut-off valves are typically provided at each branch connection to supply mains.

Regulating valves are used to control the flow of water or steam through the storage tank heating
coils, in-line heaters, and tracing lines. Drain valves should be installed at low points in mains,
risers, branch lines, and elsewhere as required for system drainage.

All valves should be installed in accessible locations, protected from physical damage. Valves
should be tagged.

Instrumentation (CSI 15130)

Pressure gauges are typically provided at the suction and discharge of each pump or pump
group. Temperature gauges are usually provided at terminal unit supply branches and on either
side of the fuel oil heaters.

Level indication is usually provided for storage tanks, especially when located underground.
Typically this is a remote hydraulic unit.

Supports & Anchors (CSI 15140)

Pipe hangers and supports are provided to support piping and allow for expansion and
contraction. They should be securely attached to suitable foundations at sufficiently close
intervals.
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ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)

Insulation (CSI 15520)

Typically fuel oil piping and heaters are insulated to provide personnel protection and energy
efficiency. This is especially true for heavy oils (#4 and #6). Some #2 fuel oil installations operate
at a sufficiently low temperature to omit the insulation when run above ground. All underground
piping is typically covered to minimize the corrosive effects of the soil and to minimize heat lost to
the ground.

In-Line Heaters (CSI 15590)

Many fuel oils require preheating for proper combustion, usually near the burner assemblies.
However, steam or hot water coils are also frequently provided in the storage tank hotwells. These
are usually simple copper coils immersed directly in the oil.

Equlpmont Controls & panels (CSI 15950)

Few controls are used in the typical fuel oil system. (Generally metering is provided at the burner
or emergency generator, covered under separate standards.) The system is usually turned on and
left running through the season,

Pump control is performed via a typical motor assembly (motor, starter, and disconnect).

Fuel temperature controls are provided either through thermal bulb sensing and activation of an
hydraulically controlled regulating valve or through thermostatic control of electric heating
elements.

OTHER RELATED COMPONENTS

Refer to Mechanical, Volume 8, for additional deficiencies that may impact this system.
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DEFICIENCY FACTORS

0.12.01.02.01 FUEL OIL STORAGE & DISTRIBUTION SYSTEM

PROBABLE FAILURE POINTS

¢ Tank leakage due to age, excessive corroston, physical damage, local environment.

inability of system to deliver rated capacity (flow and pressure) to terminal points due to
internal scaling of the distribution network; defective strainers, pumping failure.

Pipe leakage due to internal corrosion, geological settlement.

Loss of temperature control due to failed temperature sensors.
SYSTEM ASSEMBLIES/DEFICIENCIES

Tanks
Metal Shell Distortion:

Corrosion:
Excess Corrosion
of Baffles, Supports:

Spalling, Cracking of Concrete:

External Leakage:

Loose, Missing Fasteners:
Leaking Heat Coil:
Internal Corrosion:

Tank, Pipe, Fitting Leakage:

Leaking HX Caoil:
Inadequate Pressure:

Access Plate Seal Leakage:

pumps

Missing:

Inoperative, Won't Turn:
Excessive Noise, Vibration:

Excessive Load:

inadequate Capacity:

Leakage in Packing
or Mechanical Seal:
Defective Bearings:

Blisters or bulges in the metal caused by fatigue, physical
damage, loss of external support, local environment.

Weathering, fuel contamination, local environment.

Poor maintenance, extreme environmental conditions.
Age, settling of structure, environmental conditions.

Severe internal or external corrosion, cracked concrete, split
metal, gasket failure at fittings.

Corrosion, damage.
Thermal fatigue, corrosion.

Poor maintenance, inadequate venting, fuel contamination,
heating coil leakage, local environment.

Age, corrosion, physical damage.

Corrosion, physical damage, due to thermal fatigue.
Failure of makeup valve, inert gas system.

Defective gasket.

Taken out for service or repair, not returned.
Failed bearings, locked gears.

Bearing wear, lack of lubrication, imbalance in internal
components, misalignment, contamination, failed isolators,
improper anchorage.

Bearing wear, misalignment, failed internal relief, poor
system design.

Low pressure, low flow caused by wear in gears, failed
internal relief.

Normal wear.
Age, improper lubrication, abuse.
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0.12.01.02.01 FUEL OIL STORAGE & DISTRIBUTION SYSTEM

SYSTEM ASSEMBLIES/DEFICIENCIES

Pumps (Continued)

Severe Corrosion:

Motors
Missing:
Inoperative:

Excessive Noise, Vibration:

Excessive Corrosion:
Damaged :

Defective Coupling:
Defective Bearings:
Piping & Fittings
Strainers Inaccessible:
Leakage:

Excessive Corrosion:

Physical Damage:
Improper Wall Penetration:
Valves

Inoperative:

Leakage:

Corrosion:

Physical Damage:
Poor Regulation:
Inadequate Seating:
Defective Reliefs:

Defective Backflow Preventer:

Instrumentation

Normal aging, leakage, poor maintenance, local
environment.

Taken out for service, not returned.
Damaged bearings, corrosion.

Bearing wear, fan imbalance, misalignment, failed isolators,
improper anchorage.

Poor maintenance, local environment.
Abuse, poor maintenance, stress.
Age, normal wear, improper lubrication.

Age, normal wear, improper lubrication.

Corroded fittings, lack of maintenance.

Corrosion, physical damage, inadequate support, improper
joining.

Caused by use of incompatible materials, fuel
contamination, lack of maintenance, local environment.
Bent, broken, crimped, crushed.

Missing seals, flanges, escutcheons.

Corrosion, physical damage to operating mechanism.

Corrosion, physical damage, improper joining, worn packing
or seal.

Contamination, use of incompatible materials, local
environment.

Bent stem, broken linkage, cracked housing.
Defective sensors, worn parts.

Worn parts, blocked by scale.

Missing, leaking, gagged.

Worn parts, scale blockage, leakage.

Missing: Taken out for service or repair, not replaced.

Inoperative: Failed internal mechanism, corrosion, loss of sensing
medium.
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0.12.01.02.01 FUEL OIL STORAGE & DISTRIBUTION SYSTEM

PROBABLE FAILURE POINTS

s Tank leakage due to age, excessive corrosion, physical damage, local environment

Inability of system to deliver rated capacity (flow and pressure) to terminal points due to
internal scaling of the distribution network; defective strainers, pumping failure.

Pipe leakage due to internal corrosion. geological settlement.

Loss of temperature control due to failed temperature sensors.
SYSTEM ASSEMBLIES/DEFICIENCIES

Tanks
Metal Shell Distortion:

Corrosion:
Excess Corrosion
of Baffles, Supports:

Spalling, Cracking of Concrete:

External Leakage:

Loose, Missing Fasteners:
Leaking Heat Coil:
Internal Corrosion:

Tank, Pipe, Fitting Leakage:

Leaking HX Caoil:
Inadequate Pressure:

Access Plate Seal Leakage:

pumps
Missing:

Inoperative, Won't Turn:
Excessive Noise, Vibration:

Excessive Load:

Inadequate Capacity:

Leakage in Packing
or Mechanical Seal:
Defective Bearings:

Blisters or bulges in the metal caused by fatigue, physical
damage, loss of external support, local environment.

Weathering, fuel contamination, local environment.

Poor maintenance, extreme environmental conditions.
Age, settling of structure, environmental conditions.

Severe internal or external corrosion, cracked concrete, split
metal, gasket failure at fittings.

Corrosion, damage.
Thermal fatigue, corrosion.

Poor maintenance, inadequate venting, fuel contamination,
heating coil leakage, local environment.

Age, corrosion, physical damage.

Corrosion, physical damage, due to thermal fatigue.
Failure of makeup valve, inert gas system.

Defective gasket.

Taken out for service or repair, not returned.
Failed bearings, locked gears.

Bearing wear, lack of lubrication, imbalance in internal
components, misalignment, contamination, failed isolators,
improper anchorage.

Bearing wear, misalignment, failed internal relief, poor
system design.

Low pressure, low flow caused by wear in gears, failed
internal relief.

Normal wear.

Age, improper lubrication, abuse.
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0.12.01.02.02 COAL HANDLING SYSTEM

DESCRIPTION

There are numerous varieties of Coal Handling Systems because each is designed for a specific
site and purpose. The typical coal handling system stores and transfers coal for use in central
heating and power generation equipment (boilers, furnaces, and generators). The system
generally consists of storage facilities, hoppers and feeders, conveyors of various types, conveyor
scales, pulverizers, exhaust and pressurization fans, controllers, and coal and air piping. Graphic
assembly details that follow illustrate general assembly/component types only and are not meant
as a definitive, exhaustive, in-depth system breakdown, Field conditions will vary and are subject
to project type, local requirements, and facility design.

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Storage Faclilities

Coal stocked in storage piles is either active or reserve. In active coal piles, it is reclaimed in a
relatively short period of time, usually one week or less. Reserve storage is a long-term supply of
coal on an emergency basis. Coal in a reserve pile is compacted.

Enclosed or protected storage may be by silo, bunkers, or open-top bin. Silos for coal storage are
usually single units with capacities up to 300 tons. Bunkers are of three types: framed steel with
protected or unprotected steel plate sides and bottom, reinforced concrete, and parabolic
suspension.

Open bins are not frequently seen because they must be protected by a roof and sometimes
extended sidewalls.

Hoppers & Feeders

Hoppers and feeders are integral components of the system that deliver the coal to the conveyor
system. The satisfactory operation of any conveyor depends on an even and continuous feed.
The delivery rate of the hoppers and feeders must be closely matched with the conveyor
performance. The system must be able to provide for a wide range of flow rates.

Conveyors

Conveyors are used for moving material from one point to another at the same or different
elevations. Belt conveyors have proven to be exceptionally effective in coal handling systems.
They are long wearing and designed to reduce maintenance to a minimum. The capacity may be
several thousand tons per hour and the distance several miles. It may be horizontal, inclined, or a
combination of both.

Screw or spiral conveyors are widely used for pulverized coal systems when the capacity is
moderate, the path not too steep, and the distance not more than about 200 feet. This type of
conveyor is readily made dust-tight by sealed cover plates. The components of a typical conveyor
are:

¢  Drive motor
Idlers (carrying and return)

: Controllers

e Traveling medium (belts, screw)
supports

Conveyor Scales

Conveyor scales weigh and record the weight of the coal being carried on the conveyor system;
they may be either continuous or batch weighers. Some continuous weighers function through
constant volume and others through constant weight control, and are thus automatic feeaers as
well as weighers.
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ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Conveyor Scales (Continued)

Devices for controlling and monitoring the material weight and hopper bin level are very important.
Generally, materials are weighed on the move with the weighing equipment in-line. If the device is
dependent on gravimetric pull on the material being weighed, a measure of the counterbalance
force can be combined with speed measurements into a direct measurement of rate of flow, and a
device for totaling the weight as a function of time.

Non-gravimetric devices are not dependent on the force exerted on the material, but might be
measured with a nuclear-radiation device, wherein the greater the quantity of material placed in the
path of the beam, the greater the amount of absorption by the material. Properly calibrated, the
readings from these devices may be combined with velocity measurements and the weight totaled
as a function of time.

Pulverizers

Pulverizers are used to reduce coal to a fine particulate stage suitable for direct injection into a
boiler, similar to the injection of gas and oil. Coal pulverizing equipment is generally based on rock
and mineral-ore grinding machinery. Grinding is accomplished by impact, attrition, compression,
or by a combination of two or more of these methods. The principal types of coal pulverizers may
be classified under high, low, and medium speed.

High Speed (above 225 rpm)
Impact mill

Low speed (below 75 rpm)
Ball and race pulverizer
Roll and race pulverizer
Tube mill

Medium Speed (75 - 225 rpm)
Ball and race pulverizer
Roll and race pulverizer
Bowl mill

Some coals are more difficult to pulverize than others. Grindability is expressed as an index
showing the relative hardness of that coal compared with a standard coal chosen as 100
grindability. A coal is harder (easier) to grind if its grindability index is less (greater) than 100. The
capacity of a pulverizer is directly related to the grindability index of the coal.

Pressurization Fans

Primary air is required for conveying the pulverized coal to the burners. In a pressure system, the
primary fan handles clean air and is not subjected to abrasion by the pulverized coal. High
efficiency fans can be used because the conditions permit efficient rotor design and high speed
tips.

In a suction system, the exhauster must handle pulverized-coal-laden air. In this case, the fan
housing must be designed to withstand a pressure of 200 psi in case of an explosion within the
fan. Because the exhaust fan is subjected to excessive wear, a paddle wheel type of heavy
construction is typically used.

Fan speed depends on the pressure requirements of the system, but is generally around 1800
rpm. The fans are usually independently driven, but in small cases, one motor may be used to
drive the pulverizer and the fan.

2.1.2.2-2 Rev. 05/93



DOE CAS Manual Volume 12: 0.12 SiteWark
|

0.12.01.02.02 COAL HANDLING SYSTEM

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)

Motors (€Sl 15170)

Motors are usually used to drive the conveyors, pulverizers, and fans. In most cases, these are
coupled, closed AC induction motors.

Steam Turbines

Large faciliies may have steam turbines to drive the pulverizers and fans. There are many
variations, but the most common for small auxiliary equipment is perhaps the single-stage,
impulse turbine. These are relatively small, compact units with few moving parts.

Turbines are generally direct coupled to the unit. Operation is controlled by a turbine-mounted
governor, either constant speed or constant pressure.

piping & Fittings (CSI 15090)

Piping and fittings are used to distribute the coal/air mixture from the pulverizer to the combustion
air fan’s damper. Piping must be designed and constructed to prevent hazardous concentrations
of combustible gases that may exist under normal operation.

All fittings should be compatible with the type of piping material used to minimize corrosion
induced by galvanic action.

Piping hangers and supports will be designed and installed in accordance with ANSI B31.1Power
Piping Code, Chapter 2, Part 5. Hangers and supports are provided to support piping and allow
for expansion, contraction, and vibration. They should be securely attached to building
construction at sufficiently close intervals.

For smooth flow, pulverized fuel piping should have bend radii of not less than one pipe diameter.
Equipment Controls & Panels (CS| 15950)
Many controls are used in the typical coal handling system.

Interlocks are provided between conveyor motors, scales, and pulverizers to monitor and regulate
coal introduction to the boiler.

Hoppers and bins usually employ either weight or level limit controls.

Conveyor and pressurization fan motor controls are performed via a typical motor assemblies
(motor, starter, and disconnect). Vari-speed units and variable frequency controls are employed to
control the rate of coal transport.
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0.12.01.02.02 COAL HANDLING SYSTEM

PROBABLE FAILURE POINTS

e Leakage in conveyor housings due to corrosion, physical damage, worn seals.

Environmental pollution caused by component leakage.

¢ Inability of system to deliver rated capacity due to internal blockage of coal handling
equipment.

SYSTEM ASSEMBLIES/DEFICIENCIES

Storage Facilities
Housing Leakage: Failure of fasteners or welds, cracking, abuse.
Excessive Corrosion: Leakage, poor maintenance, local environment.

Access Door, Plate Seals Leaking: Physical abuse of seal, warped plate or door, cement
breakdown.

Hoppers & Bins

Inoperative: Corrosion, wear, physical damage, missing parts.

Housing Leakage: Fastener or weld failure, cracking, abuse.

Excessive Corrosion: Leakage, poor maintenance, local environment.

Access Door, Plate Seals Leaking: Physical abuse of seal, warped plate or door, cement
breakdown.

Conveyors

Missing Parts:

Inoperative:

Excessive Noise, Vibration:

Excessive Corrosion:
Damaged:

Defective Coupling:
Defective Bearings:
Excessive Wear Chains:
Excessive Wear Guides:
Defective Reducer:
Loose, Missing Fasteners:
Leakage:

Distortion:

Conveyor Scales

Inoperative:

Taken out for service, not returned.

Corrosion, wear, physical damage, missing parts, damaged
belts, screws.

Bearing wear, fan imbalance, misalignment, failed isolators.
Poor maintenance, local environment.

Abuse, poor maintenance, stress, vandalism.

Age, normal wear, improper lubrication.

Age, normal wear, improper lubrication.

Age, normal wear, improper lubrication.

Age, normal wear, improper lubrication.

Age, normal wear, improper lubrication.

Corrosion, damage.

Worn or damaged covers, seals.

Overheating, physical abuse, loose fasteners.

Corrosion, wear, physical damage, missing parts.
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0.12.01 02.02 COAL HANDLING SYSTEM

SYSTEM ASSEMBLIES/DEFICIENCIES (Continued)

Pulverizers
Inoperative:
Casing Leakage:
Distortion:

Excessive Corrosion:

Excessive Noise, Vibration:

Defective Bearings:

pressurization Fans

Excessive Noise, Vibration:

Excessive Corrosion:
Casing Leakage:
Defective Bearings:

Mixing Dampers Inoperative:

Motors
Missing:

inoperative:

Excessive Noise, Vibration:

Excessive Corrosion:
Damaged:

Defective Coupling:

Defective Bearings:

Turbines

Missing:

Inoperative:

Excessive Noise, Vibration:

Excessive Corrosion:
Damaged:

Defective Coupling:
Defective Bearings:
Casing Leakage:
piping & Fittings
Excessive Corrosion:
Leakage:

Physical Damage:

Corrosion, wear, physical damage, missing parts.
Corrosion, physical damage, loose fasteners.
Overheating, physical abuse, loose fasteners.
Moisture in fuel, local environment.

Loose fasteners, worn bearings.

Age, normal wear, improper lubrication.

Bearing wear, fan imbalance, misalignment.

Poor maintenance, improper fuel mixing, local conditions

Loose fasteners, corrosion, thermal stress.
Age, normal wear, improper lubrication.

Physical damage.

Taken out for service, not returned.
Damaged bearings, corrosion.

Bearing wear, fan imbalance, misalignment.
Poor maintenance, local conditions.
Abuse, poor maintenance, stress.

Age, normal wear, improper lubrication.

Age, normal wear, improper lubrication.

Taken out for service, not returned.

Damaged bearings, corrosion.

Bearing wear, rotor imbalance, misalignment.
Poor maintenance, local conditions.

Abuse, poor maintenance, stress.

Age, normal wear, improper lubrication.

Age, normal wear, improper lubrication.

Worn or damaged seals.

Age, poor maintenance, leakage, local conditions.

Improper installation, corrosion.

Abuse, stress.
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SYSTEM ASSEMBLIES/DEFICIENCIES

Piping & Rfflngs (Continued)
Tubes Blocked: Excessive scale buildup.
Manhole, Handhole Leakage: Defective seal, pitted seating surfaces.

Equipment Controls & panels

Housing Corrosion: Age, poor maintenance, local conditions.
Bypassed Controls: Damaged or inaccurate.

Damaged Wiring: Frayed, burned.

Relays Pitted, Burned: Normal wear, overloading.

Motor Starter Inoperative: Worn linkage, open coil, overloading.
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0.12.01.02.03 BOILERS (CSI 15555)

DESCRIPTION

Many large facilities centralize their heat generation utilities and distribute the energy using a
heating media (steam or high temperature water). They employ Boilers to produce the fluid
heating media. The boiler converts a raw energy source (coal, wood, gas, oil, electricity) into heat
and transfers this heat to the water passing through the boiler. The boiler employs controls to
manage the rate of heat transfer.

Many site boilers are similar to those units found in and dedicated to individual buildings, as
discussed in Volume 8, Section 0.08.03.02. However, they tend to be bigger and usually operate
at higher pressures. Both locations use gas and oil firing. Coal firing is common in large, older
installations, but is rarely used for small buildings anymore. Electric boilers are rarely used as site
heat generators.

The typical site boiler consists of a casing; combustion chamber (furnace, fire box, flue) and heat
exchange surfaces (shells and tubes); burners (for gas or oil firing); grates and stokers (for coal
and other solid fuel firing); breeching and stacks (to remove gases); combustion air fans; boiler
trim (control devices); major accessories like economizers, superheaters, soot blowers, blowdown
separators, ash handling conveyors, scrubbers; control panels; pipe; and fittings. Some
packaged units will also include pumps (oil and water) and air compressors mounted on the boiler
itself.

Graphic assembly details that follow illustrate general assembly/component types only and are not
meant as a definitive, exhaustive, in-depth system breakdown. Field conditions will vary and are
subject to project type, local requirements, and facility design.

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Casing (CSI 15555)

The boiler casing is the primary gas containment device. It allows combustion to take place
without excessive heat loss to the environment. It is typically made of steel, fabricated in a way to
prevent air leakage. The interior wails of the casing are usually lined with refractory to provide
insulation and to protect the casing from overheating.

Insulation is required on casing exteriors and shells to prevent surface temperatures above 120°F
where contact is likely; 140°F otherwise.

Combustion Chambers (CSI 15555)

The combustion chamber is the area of the boiler in which the fuel is burned. Construction varies
significantly, depending on the general design.

Most large commercial boilers are watertube boilers. The combustion chamber is literally a large
compartment formed by the boiler casing and boiler tubes. Brickwork, baffles, and dampers are
used to contain and direct the flow of combustion gases over the tubes and shells in the boiler.

Another class of boilers is firetube boilers. Older units in this class may employ a firebox similar to
that used on the water tube units. Common examples are the horizontal return tube (HRT) boilers
or the Scotch Marine design, which employs a long cylindrical steel tube as the primary
combustion chamber. Baffles and end plates are used to direct the gas products through boiler
tubes as opposed to over them.

Combustion chambers typically have access plates to allow inspection and servicing. On water
tube boilers, they are built into the boiler casing. On the Scotch Marine design, the front and rear
are constructed as large removable plates, usually hinged doors that allow access.

Doors and access plates on boilers should be sealed with heat-resistant gaskets.
Observation ports are usually located at each end of fuel-fired boilers to inspect flame conditions.
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0.12.01.02.03 BOILERS (CSI 15555)

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)

Shells & Tubing (CSI 15555)

Most boilers employ one or more large shells and connected tubing to heat and contain the
heated fluid. The construction of these heat exchange surfaces varies with boiler design.

In water-tube boilers, hot gases pass over the watertubes and the lower surface of the main shell
(called the steam drum). The primary heating surface is the tubing, which externally connects the
steam drum to smaller shells (mud drums) in an arrangement that promotes natural water
circulation (convection) in the circuit. Some tubing may be partially insulated to control heat
transfer and thus promote natural circulation.

In firetube boilers, there is generally only one shell (steam drum) and the tubes are installed
horizontally within the drum. Gases leaving the combustion chamber pass through the inside of
the tubes providing the primary heating. Baffles and endplates direct the gases in a pattern that
promotes nhatural (convection) circulation on the waterside.

Before entering the tubing in an HRT unit, the gases heat the bottom of the main shell. In the
Scotch Marine unit, the combustion chamber is mounted inside the main shell, and therefore the
exterior surface of the combustion chamber is also a primary heat exchange surface.

When multiple shells are employed (watertube boilers), all are flooded but one (the steam drum).
All have access plates (manholes or handholes) for inspection and servicing. The steam drum (or
main drum if system is for high temperature water) is generally fitted with internal baffles to facilitate
mixing, circulation, and screens to minimize carryover.

Breeching, Chimneys, Stacks (€81 15575)
Exhaust gases leaving the boiler are controlled by breeching, chimneys, and stacks.

A breeching connects the boiler casing to a stack or chimney. It is typically made of sheet metal
and has few if any fittings. In some installations, dampers will be mounted in the breeching to
regulate draft. Some breechings will have barometric dampers to protect the breeching from
over/under pressurization.

Chimneys and stacks are primarily used to direct the exhaust gases to the atmosphere. However,
they also serve in many installations to provide combustion air flow through the boiler. Natural
convection currents are created when heated air rises through the chimney/stack creating a partial
vacuum in the combustion chamber. This “chimney effect” causes fresh combustion air to be
induced into the boiler. This effect increases with chimney height.

Chimneys are generally masonry structures, and stacks are fabricated of sheet metal. Chimneys
are usually lined with refractory. Stacks are frequently double-walled; i.e., they have a metal lining.
Although important in both structures, dew point control is critical in stack temperatures because
of its effect on stack corrosion.

Fittings on stacks/chimneys include:

Barometric dampers

Cleanout doors with gasketed and bolt-tightened inspection plate
Guy bands

Spark screens

Bird barriers
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ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)

Fuel Burning/Heating Equipment (CS| 15556, 15557, 15558, 15561)

There are three primary ways of producing heat in site boilers: with gas and oil burners, and with
solid fuel (primarily coal) firing equipment.

Gas burners are typically simple rings supplied by a “gas train.” The only moving part is generally
an interlocked damper that regulates the amount of mixing air. These burners are typically high
radiant multiport type burner, integral with front head of boiler, approved for operation with natural,
manufactured, or mixed gas. Gas burners should have a gas pilot, premix type with automatic
electric ignition, complete with electronic detector to monitor pilot so primary fuel valve cannot
open until the pilot flame has been established.

Gas Burners typically provide:

Air flow safety switch . Gas gauge

Controls and linkage for firing sequence . Gas pressure regulator

Flame safeguard control . Gas volume control valve

Fuel air regulation damper and controller . High and low gas pressure interlock
Gas cocks . Safety gas valves

Gas electric ignition assembly

Gas burner piping should include primary gas shutoff valve, motor operated with spring return,
designed to start and stop gas burners and to close automatically in event of power failure, flame
failure, or low water condition.

Oil-fired burners are the mainstay of most installations and are provided in various component
combinations. Typically, a simple gun provides pressurized oil through a burner tip that induces
atomization. Air is provided through a damper for primary mixing and combustion. Variations use
steam or compressed air through the gun to improve atomization. These burners generally
employ mechanical linkage that varies the amount of mixing air in conjunction with the amount of
fuel oil supplied. Ignition is usually provided via a gas pilot, though a light oil (air atomized) pilot, or
even hand firing may be used in some cases.

Oil burners should have an automatic electric ignition, complete with electronic detector to monitor
pilot so the primary fuel valve cannot open until the pilot flame has been established.

Qil burners typically provide:

Air flow safety switch . Oil filter
Atomizing oil nozzles . Oil metering control valve with adjustable
. Controls and linkage for firing sequence cam operator
e Flame safeguard control . Oil pressure regulating devices
. Fuel-air regulation damper and controller . Oil solenoid valves
¢ Ignition assembly e  Pressure gauges

Integral oil pump

Low pressure air for the oil atomizing system may be provided from a separate compressed air
system. However, it is not unusual to find a self-contained air compressor as part of the burner
assembly. It typically has a lube oil tank, oil level indicator, air inlet filter, and pressure gauges. In
lieu of air, some boilers use steam to facilitate oil atomizing.

Some boilers will have combination gas/oil burners to combine low pressure air atomizing type for

oil and high radiant multiport type for gas, for operation with commercial #2 fuel oil and natural,
manufactured, or mixed gas.
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ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Fuel Burming/Heating Equipment (CSI 15556, 15557, 15558, 15561) (Continued)

Coal-fired boilers can be generally classified as to their bed: fixed or traveling. Small boilers may
have a fixed bed or grate on which the coal sits while burning. These units are hand loaded and
fired. Combustion rate is controlled by raking/banking the coals on the bed and by varying the
availability of combustion air via dampers.

Larger coal-fired boilers are fully automated. Mechanical hoppers, conveyors, and stokers are
used to supply and distribute the coal to a traveling (motorized) grate in the combustion chamber.
The coal is fired by auxiliary burners (gas or oil). Combustion is controlled by varying grate travel
(speed), the loading rate, and draft.

Because not all of the fuel is burned, ash is produced in coal-fired boilers. In larger coal-fired
boilers, this is dumped into an ash pit. Some boilers have ash hoppers and conveyors to remove
the ash.

Stokers

Stokers are mechanical feeding devices used to inject solid fuel onto the grates in a boiler.
Because of the greater flexibility in furnace design with pulverized coal and the trend toward larger
boiler units, the demand for stokers is less. The practical steam output limit of boilers equipped
with mechanical stokers is about 400,000 pounds per hour. When applicable, stokers are often
preferred because of their greater operating range, capability of burning a wide range of solid
fuels, and their lower power requirements.

Mechanical stokers can be classified in four main groups based on the method of introducing the
fuel to the furnace:

Chain grate and traveling grate stokers
Spreader stokers

Underfeed stokers

Vibrating grate stokers

The spreader stoker is the most commonly used in the capacity range from 75,000 to 400,000
pounds per hour because it responds rapidly to load swings and can burn a wide range of fuels.

Underfeed stokers are primarily used for heating and for small industrial units of less than 30,000
pounds per hour.

Chain and traveling grate stokers, while still used in some areas, are being replaced with spreader
and vibrating grate types.

Stokers are essentially motor-driven reciprocating rams located beneath a gravity bin. Forward
motion forces the fuel onto the bed. The return motion creates a void that is filled by gravity from
the overhead bin. Feed rate is controlled by varying motor speed or the stroke of the ram.

Stokers are frequently interlinked with the grates to control the overall fuel movement. Shakers are
frequently included to move expended coal (ash and clinkers) into an ash pit for removal.

Ash Genveyors

Although small coal-fired boilers generally require manual unloading of the ash pits, most large
units employ automated ash removal systems. The system is typically a simple motorized screw
conveyor that transfers the ash to a hopper for disposal.
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ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)

Boiler Trim (CSI 15570)

Boiler trim refers to the critical control devices mounted on the boiler, mostly on the main shell
(steam drum).

High temperature water boiler trim should include:

Boiler valves

stop and check valves

Y-type blowdown valves
Low water cutoff
Water relief valve
Pressure and temperature gauges
Operating and high-limit aquastats
Burner controller

Low water cutoff for water boilers should be mounted on the side of boiler and wired into burner
control circuit to prevent burner operation if boiler water falls below safe level.

Water relief valves on water boilers should be of type and size to comply with ASME Code
requirements.

Pressure and temperature gauges for water boilers should be mounted on boiler with the
temperature sensing element adjacent to the hot water outlet. Temperature controls to regulate
burner operation for water boilers should be mounted with temperature sensing elements adjacent
to hot water outlet.

Steam boiler trim should include:

Boiler valves
stop and check valves
Y-type blowdown valves
surface blowdown valves
Steam relief valve
Low water cutoff
Water column and pump control
Pressure and temperature gauges
Operating and limit controls
Burner controller

Low water cutoffs should be an integral part of the boiler feed-water control, wired into burner
control circuit to prevent burner operation if boiler water level falls below safe operating level.

An auxiliary low water cutoff typically provides a second low water cutoff, wired in series to the
primary unit.

Water column should be complete with try-cocks, gauge glass set, and gauge glass and water
column blowdown valves.

Feedwater pump control should be an integral part of the water column, selected to automatically
actuate motor-driven feed-water pump to maintain boiler water level within normal limits,

Although the typical water level control is multiple float switches mounted in water columns, many
other control devices are found in the field. Some units employ level probes for feed activation;
others employ a variety of mechanical devices that sense the level and operate feed valves
through mechanical linkage.

Rev. 05/93 2.1.2.3-5
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ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Boiler Trim (CSI 15570) (Continued)

Water or steam safety valves should be provided for proper relieving capacity. This frequently
requires multiple valves. They are set to relieve at 10 psi above operating pressure, and are
installed on top of boilers with pipe discharge to floor drain for low-pressure service. Piping should
discharge to outdoors for high-pressure service.

Stop and check valves are usually OS&Y construction with chain operation

Steam pressure gauges should be located on the front end of the boiler and include siphon, cock,
and test connection. Range should suit operating pressure.

Steam pressure controls to regulate burner operation should be mounted near the water column,
complete with high limit pressure control.

Superheater (CSI 15570)

A major boiler component is the superheater used where dry superheated steam is required by
the system (typically where turbine generators are employed). If the boiler is used for heating only,
a superheater is usually not installed.

The superheater is a heat exchanger mounted in the boiler casing that transfers heat from the
combustion gases to the saturated steam leaving the steam drum. The superheater may get its
heat from an independent combustion chamber, separated/shielded from the saturated side by
water-tubes.

When employed, this device will usually be equipped with relief valves, isolation valves, and
frequently with soot blowers.

Soot Blowers

On large oil and coal boilers, soot blowers are typically installed to periodically remove soot from
the tube surfaces. These are typically combinations of a rotating head with a steam supply valve
and are usually chain operated. Soot blowers may be installed on the boiler proper, on
superheater tubing, the economizer, or the air heaters.

Air Heaters (CSI 15570)

A common major accessory is an air heater. This is a (finned coil) tubular heat exchanger installed
in the exhaust gas ductwork. It uses the heat of the exhaust gases to preheat the incoming
combustion air passing through the tubes, thus improving the overall boiler efficiency.

Economlter (CSI 15570)

A second major accessory is an economizer, a finned coil heat exchanger installed in the exhaust
gas ductwork. It uses the heat of the exhaust gases to preheat the boiler feedwater, thus
improving the overall boiler efficiency. It employs feedwater controls to regulate flow. Although it is
desirable to extract as much heat as possible from the exhaust, care must be taken to prevent
condensation in the stack.

When employed, this device will usually be equipped with relief valves, isolation valves, and
frequently with soot blowers.
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ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)

Blowdown Separators (CSl 15570)

Boiler blowdown separators are required in most areas. They provide a staging area to prevent
the discharge of highly concentrated, high temperature effluent from the boiler directly into the
sewer. They are typically a small tank with a regulated water supply to cool and dilute the
discharge. The drain should be connected to the sewer and vented outdoors. A regulated
temperature sensing bulb should be mounted in the blowdown separator discharge. Backflow
prevention devices are currently required between the separator and the water supply.

Combustion Alr Fans (CSI 15880)

Combustion air is provided to boilers via two methods: forced (FD) and induced (ID) draft. In
many cases, no special devices are required because an adequate draft is produced by the
chimney effect of the stack or chimney. When present, this method is “induced.” In other cases,
assistance is required.

When a fan is used on the supply side of the combustion chamber to force air into the chamber,
the draft is said to be forced. In this case, the casing is pressurized slightly. When a fan is
employed in the exhaust system to evacuate the combustion products, the draft is said to be
“induced.” In this case, the casing is typically at a negative pressure.

Fan drives are usually motors, but large plants may employ steam turbines. Small units are belt-
driven, and large units are coupled.

Combustion air flow can be controlled by varying damper positions and/or fan speeds.
Instrumentation is typically used to measure draft and load and vary air flow accordingly. Dampers

are typically interlocked with the fuel supply. On small boilers that cycle on/off, the air flow may be
fixed.

Motors (€S8 15170)

Motors are usually used to drive the burner and fans. In most cases these are belt-driven, open
AC induction motors (small boilers may use a direct-drive motor).

Steam Turbines

Large facilities may have steam turbines to drive the ID and/or FD fans. There are many variations,
but the most common for small auxiliary equipment is perhaps the single-stage, impulse turbine.
These are relatively small, compact units with few moving parts.

Turbines are generally direct coupled to the fan. Operation is controlled by a turbine-mounted
governor, either constant speed or pressure.

Scrubbers

All boilers are required to meet environmental control requirements regarding emissions. In large
heat-generating facilities, especially coal-fired units, this usually requires some type of exhaust
filtration equipment. Many approaches have been used, and the group is loosely referred to as
scrubbing equipment.

Dry bag houses provide rudimentary filtration. They employ large bag filters in a metal tower
structure to extract relatively large particulate matter before the exhaust is passed to the
atmosphere. Large units typically have shaker mechanisms and hoppers to allow for removal and
disposal of the particulate waste.
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ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Scrubbers (Continued)

Wet towers, or scrubbers, use liquid entrainment to remove particulate matter and undesirable
gases for the exhaust. The exhaust is either sprayed with water or chemical solution or is forced
through a bed of wetted filter media. The gas/liquid contact traps the particulate, and depending
on the solution, dissolves some of the entrained gases. Like cooling towers, scrubbers are
classified according to relative flow of liquid and air: cross flow, counter flow, and concurrent flow.

Electrostatic filters (precipitators) employ an electric field to ionize and collect exhaust particles.
They employ high voltage discharge rods in the flow path that cause the ionization and large
grounded collector plates that provide the collection surface.

Equipment Controls & Pands (CSI 15970)

Most boilers, regardless of type, employ many controls to match steam supply to demand and to
ensure safe operations. All boiler controls must comply with “improved risk” criteria established in
DOE 5480.7

Control panels for fuel-fired boilers provide electronic programming relays, burner and blower
motor starters, and control switches. They typically include:

Plug-in fuel modules and indicating lights for low water level, flame failure, fuel valve open, and
load demand.

Programming relay to control ignition timing and starting and stopping burner through pre-
combustion purge and post- combustion purge, plus a flame scanner to shut down burner in
event of ignition, pilot, or main flame failure.

Manual-automatic selector switch and damper motor positioning switch to permit automatic
firing in accordance with load demand, or manual control of firing rate at any desired point
between low fire and maximum rating.

piping & Fittings (CS| 15060)

Piping and fittings for boilers include feedwater and fuel supplies, chemical makeup, blowdown
lines, and the associated steam or water supply piping.

DOE requires all boiler room joints to valves and fittings larger than 1 1/4 inches be welded (or may
be flanged to permit maintenance).

Oil and gas piping should provide shutoff valves and unions with sufficient clearance for burner
removal and service.

Unions should be installed in pipes 2 inches and smaller, adjacent to each valve, at final
connections each piece of equipment, and elsewhere as indicated. Unions are not required on
flanged devices.

Strainers should be installed on the supply side of each control valve, pressure regulating valve, oil
burner connection.

Flexible connectors should be installed at inlet and discharge connections to pumps,
compressors, and other vibration producing equipment.

OTHER RELATED COMPONENTS

See the following subsections for related components:

0.12.01.02.04 Elevated Temperature Water Distribution . .. ..., 2.1.2.4
0.12.01.02.05 Steam Distribution & Condensate Return.............coovvvvvevvnn.. 2.1.2.5
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0.12.01 .02.03 BOILERS (CSI 15555)

PROBABLE FAILURE POINTS

e Leakage in boilers tubes due to corrosion, overheating, embrittlement.

Environmental pollution caused by burner and/or burner control failure.

Inability of system to deliver rated capacity due to internal scaling of the boiler heating
surfaces, plugged tubing leaks, burner/heating element failure, feedwater contamination, poor

water supply.

SYSTEM ASSEMBLIES/DEFICIENCIES

Casing

Insulation Wet, Damaged, Missing:

Leakage:

Blisters, Buckling:

Excessive Corrosion:
Combustion Chambers
Damaged, Missing Refractory:
Baffles Distorted:

Flue Blistered, Buckled:

Access Door, Plate Seals Leaking:

Shells &Tubing

Shell Blistered, Buckled:
Loose, Broken Fasteners:
Excessive Corrosion:

Leakage:

Tubes Blocked:

Tube Coating Damaged:
Manhole, Handhole Leakage:
Breeching, Chimneys, Stacks

Excessive Corrosion:

Loose Fasteners:
Leaking Joints:
Damaged Masonry:
Dampers Inoperative:

Leaks in Access Doors:

Leaks, physical abuse, poor maintenance.

Fastener or weld failure; breakdown in internal refractory;
cracking.

Overheated metal, probable failure of the refractory lining.

Leakage, poor maintenance, local environment.

Overheating, poor flame control.
Overheating.
Overheating.

Physical abuse of seal, warped plate or door, cement
breakdown.

Overheating, over pressurization.
Corrosion, stress, vibration.
Poor chemical treatment, improper fuel burning.

Corrosion, heat fatigue, cutting by gas or steam, over
pressurization.

Excessive scale buildup.
Cutting by combustion products.
Defective seal, pitted seating surfaces.

Poor gas temperature control, incomplete fuel burning, local
environment.

Corrosion, thermal stresses.
Physical abuse, corrosion, loose fasteners.
Thermal stresses, leakage.
Corrosion, loose fasteners.

Damaged, dried out gaskets.

Rev. 05/93
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SYSTEM ASSEMBLIES/DEFICIENCIES (Continued)

Fuel Burners/Heaters

Gas Ring Distortion: Overheating, physical abuse, loose fasteners.

Oil Burner Distortion: Overheating, loose fasteners, physical abuse.

Mixing Dampers Inoperative: Physical damage.

Burner Excessive Corrosion: Poor temperature control, incomplete fuel burning, local
environment.

Burner Excessive Noise, Vibration: Loose fasteners, worn bearings.

Compressor -

Excessive Noise, Vibration: Loose fasteners, wear.

Coal Grate Damage: Overheating, metal fatigue, corrosion.

Coal Grate Inoperative: Failed drive/bearings.

Stokers

Ram Distortion: Overheating, physical abuse, loose fasteners.

Excessive Corrosion: Poor temperature control, incomplete fuel burning, local

environment.
Excessive Noise, Vibration: Loose fasteners, worn bearings.

Ash Conveyors

Missing Parts: Taken out for service, not returned.

Inoperative: Corrosion, wear, physical damage, missing parts, damaged
belts, screws.

Excessive Noise, Vibration: Bearing wear, fan imbalance, misalignment, failed isolators.

Excessive Corrosion: Poor maintenance, local environment.

Damaged: Abuse, poor maintenance, stress, vandalism.

Defective Coupling: Age, normal wear, improper lubrication.

Defective Bearings: Age, normal wear, improper lubrication.

Excessive Wear Chains: Age, normal wear, improper lubrication.

Excessive Wear Guides: Age, normal wear, improper lubrication.

Defective Reducer: Age, normal wear, improper lubrication.

Loose, Missing Fasteners: Corrosion, damage.

Leakage: Worn or damaged covers, seals.

Distortion: Overheating, physical abuse, loose fasteners.

Boller Trim

Valve Leakage: Improper packing, corrosion.

Valve Inoperative: Corrosion, damaged operating mechanism.

Valve Inadequate Seating: Worn seat/disc, corrosion, scaling.
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SYSTEM ASSEMBLIES/DEFICIENCIES

Boiler Trim (Continued)
Relief Valve Leakage:
Gauges Missing:

Gauges Inoperative:
Gauges Inaccurate:

Gauges lllegible:
Low Water Cutoff Inoperative:
Water Column Leakage:

Level Controller Damage:

Pressure/Temp Controls Inoperative:

Control Piping Leakage:

Control Piping Excessive Corrosion:

Superheater

Tubes Blistered, Buckled:
Loose, Broken Fasteners:
Excessive Corrosion:

Leakage:

Tubes Blocked:
Boot Blowers
Inoperative:
Excessive Corrosion:
Leakage:

Air Heater

Coil Damage:

Coil Leakage:
Casing Leakage:
Economizer

Coil Damage:

Coil Leakage:
Regulating Valve Inoperative:

Casing Leakage:

Worn seat/disc, corrosion, scaling.
Taken out for service, not replaced.

Failed internal mechanism, corrosion, loss of sensing
medium.

Corrosion or leakage in internal mechanism, wear,
miscalibration.

Defaced by chemicals, corrosion, physical damage.
Bypassed, physical damage.

Corrosion, defective gaskets.

Physical abuse, corrosion.

Bypassed, physical damage.

Corrosion, physical damage.

Leakage, local environment.

Overheating, over pressurization.
Corrosion, stress, vibration.
Poor chemical treatment.

Corrosion, heat fatigue, cutting by gas or steam, over
pressurization.

Excessive scale buildup.

Corrosion, wear, physical damage, missing parts.
Leakage, poor maintenance, local environment.
Corrosion, wear.

Physical abuse, wear.
Corrosion.

Corrosion, physical damage, loose fasteners.

Physical abuse, wear.
Corrosion, freezing.
Defective sensing element, corrosion.

Corrosion, physical damage, loose fasteners.
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SYSTEM ASSEMBLIES/DEFICIENCIES (Continued)

Slowdown Separator

Leakage: Corrosion, thermal stress.
Regulating Valve inoperative: Defective sensing element, corrosion.
Excessive Corrosion: Poor maintenance, local conditions.

Combustion Air Fans

Excessive Noise, Vibration: Bearing wear, fan imbalance, misalignment.

Excessive Corrosion: Poor maintenance, improper fuel mixing, local conditions.

Casing Leakage: Loose fasteners, corrosion, thermal stress.

Defective Bearings: Age, normal wear, improper lubrication.

Motors

Missing: Taken out for service, not returned.

inoperative: Damaged bearings, corrosion.

Excessive Noise, Vibration: Bearing wear, fan imbalance, misalignment,

Excessive Corrosion: Poor maintenance, local conditions.

Damaged: Abuse, poor maintenance, stress.

Defective Coupling: Age, normal wear, improper lubrication.

Defective Bearings: Age, normal wear, improper lubrication.

Turbines

Missing: Taken out for service, not returned.

Inoperative: Damaged bearings, corrosion.

Excessive Noise, Vibration: Bearing wear, rotor imbalance, misalignment.

Excessive Corrosion: Poor maintenance, local conditions.

Damaged: Abuse, poor maintenance, stress.

Defective Coupling: Age, normal wear, improper lubrication.

Defective Bearings: Age, normal wear, improper lubrication.

Casing Leakage: Worn or damaged seals.

Scrubbers

Inoperative: Damaged bags, excessive leakage, failed precipitator.

Excessive Noise, Vibration: Shaker wear, damaged dampers, loose or missing
fasteners.

Excessive Corrosion: Poor maintenance, local environment.

Damaged: Abuse, poor maintenance, stress.

Leakage: Worn or damaged bags, housing damage.
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SYSTEM ASSEMBLIES/DEFICIENCIES (Continued)

Equipment Controls & Panels

Housing Corrosion; Age, poor maintenance, local conditions.
Bypassed Controls: Damaged or inaccurate.

Damaged Wiring: Frayed, burned.

Relays Pitted, Burned: Normal wear, overloading.

Motor Starter Inoperative: Worn linkage, open coil, overloading.

piping & Fittings

Excessive Corrosion: Age, poor maintenance, leakage, local conditions.
Leakage: Improper installation, corrosion.

Physical Damage: Abuse, stress.

Strainers Inoperative: Corroded.
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END OF SUBSECTION
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0.12.01.02.04 ELEVATED TEMPERATURE WATER
DISTRIBUTION SYSTEM

DESCRIPTION

Many large facilities centralize their heat generation utilities and distribute the energy using
Elevated Temperature Water as the conducting media. They employ boilers to either heat the
water directly or to provide steam to converters for indirect heating. DOE Design Criteria stipulate
a maximum supply temperature of 200°F within a building’s distribution system, but the site heating
system may produce temperatures considerably above that. The upper limit is generally 450°F
due to related pressure limitations on piping and fittings. A high temperature water heating system
is defined as one operating above 350°F and designed for 300 psi. A medium temperature system
operates between 250°F and 350°F and is designed for 125 to 150 psi.

The typical elevated temperature water system consists of converters, expansion tanks, circulating
pumps, motors, turbines, and the connecting piping, fittings, valves, and supports. Graphic
assembly details that follow illustrate general assembly/component types only and are not meant
as a definitive, exhaustive, in-depth system breakdown. Field conditions will vary and are subject
to project type, local requirements, and facility design.

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS
Converters (CSI 15525)

Converters elevate incoming water temperature and restore recirculated water to supply demand
temperature. The controlled supply temperature typically varies with such parameters as current
indoor air temperature and ambient temperature.

A typical converter is a shell and tube heat exchanger, using one or more steam tube bundles as
the heat source. The shell is usually large enough to act as a hot temperature water reservoir to
allow for fluctuations in demand.

Pressurizing/Expansion Tanks (CSI 15175)

Variations in system water temperature cause a significant change in water volume. Variations in
system pressure can result in water flashing and corresponding system hammer. Compensation
for both of these events is provided by installing expansion tanks in the distribution system. A tank
is typically provided at the circulating pump suction.

Expansion tanks usually have a sight glass for level monitoring. Pressure is typically maintained by
using inert gas blankets in the expansion tank.

pumps (CSI 151 60)

Pumps circulate hot water throughout the distribution system to minimize wait time when hot water
is required at a far point in the system.

Site heating water pumps are typically large, multi-stage, centrifugal pumps, and are generally
pedestal-mounted units. They should be arranged to provide easy access for periodic
maintenance and repair.

Motors (€S8 15170)

AC induction motors are normally used to drive the circulating pumps. Pedestal-mounted pumps
are typically driven via rigid or flex coupled motors.

Some installations employ variable frequency drives to allow changes in motor speed to meet
fluctuations in system flow demand.
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DISTRIBUTION SYSTEM

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Steam Turbines

Large facilities may have steam turbines to drive the circulating pumps. There are many variations,
but the single-stage, impulse turbine is most common for small auxiliary equipment. These are
relatively small, compact units with few moving parts.

Turbines are generally direct coupled to the pump. Operation is controlled by a turbine-mounted
governor, either constant speed or pressure.

Piping & Fittings (€SI 15510)
Piping and fittings provide the distribution network for the high temperature water system.

The distribution system is normally installed underground, below the frost line. This helps protect
against freezing and minimizes conflict with ground transportation, but also makes inspection and
maintenance very difficult. DOE sometimes puts their distribution network above ground.

Underground piping is typically installed in tunnels or concrete trenches. However, there are many
alternatives: factory-fabricated conduit systems, field-fabricated conduit, and poured envelope
systems.

Most distribution piping is Schedule 40 steel pipe. Pipe sizes vary significantly, ranging from 4 to
12 inches. Larger sizes (up to 54 inches) may be used, but are uncommon.

Where soil is corrosive, underground pipe should be encapsulated, usually with a polyethylene film
tube.

Because of significant changes in piping temperature, particular attention must be paid to the
inclusion of expansion joints and loops in the distribution piping.

Mechanical fittings use rubber gaskets or elastomeric joints to improve reliability.

All fittings should be compatible with the type of piping material used in the system to minimize
corrosion induced by galvanic action.

Strainers are typically provided at the suction of the water pumps to protect the pumps themselves.

Flexible connectors are usually used on the suction and discharge side of each base-mounted
pump to minimize the effects of pump vibration.

Valves (CSI 15100)

Valves are primarily used to switch pumps and isolate converters and other components for
maintenance. In addition, shut-off valves are typically provided at each branch connection to
supply mains.

Drain valves are installed at low points in mains, branch lines, and elsewhere as required for
system drainage; and vent valves are required at high points in the system.

Check valves are used on the discharge side of pump to prevent windmilling of idle pumps and to
prevent reversal of system flow in the hot water circulation lines.

Regulating valves are used to control the flow of steam through the converter heating coils.
Relief valves are required on all water heating devices and pressurized tanks.

All valves should be installed in accessible locations, protected from physical damage. Valves
should be tagged.
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0.12.01.02.04 ELEVATED TEMPERATURE WATER
DISTRIBUTION SYSTEM

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)

Supports & Anchors (CSI 15140)

Pipe hangers and supports are provided to support piping and allow for expansion and
contraction. They should be securely attached to a solid foundation at sufficiently close intervals.

Insulation (CSI 15250)

Hot water piping and heaters should be insulated to provide personnel protection and energy
efficiency. This is especially true for heating water where temperatures may reach 450°F.
Underground piping insulation not only provides for thermal efficiency, but also provides some
corrosion protection, minimizes moisture infiltration, and protects against physical damage.

Insulating materials above ground include calcium silicate and fiberglass. In underground
situations, additional materials include urethane foam, insulating concrete, clay pipe, and various
hydrocarbon powders.

Manholes (CSI 02730)

Manholes are provided in underground distribution systems to permit access to valving and
expansion joints and to inspect piping. They are typically precast concrete rings stacked at critical
connection points in the distribution system. The lowest section is referred to as the base,
channel, and bench and serves to support incoming and outgoing pipe. Riser rings (typically 48
inches) and grade rings are stacked above and joined with rubber gaskets. The top section is an
eccentric cone matching a 24 inch diameter frame.

Older units may be built of brick or cast-in-place concrete. All units are fitted with access plates
and ladders.

Instrumentation (CSI 15135)

Pressure gauges are typically provided at the suction and discharge of each pump or pump
group. Temperature gauges are usually provided on large converters and expansion tanks and at
branch lines and circulator pumps.

Equipment Controls & Panels (CSI 15950)

Few controls are required in the typical high temperature water distribution system. The system is
usually turned on and left running during the heating season except for routine maintenance
services and repairs.

Pump control is performed via a typical motor assembly (motor, starter, and disconnect).

Water temperature controls are generally provided through thermal bulb sensing and modulation
of a hydraulically controlled regulating valve on the converter or through controls on the boiler.

OTHER RELATED COMPONENTS

Refer to Mechanical, Volume 8, for additional deficiencies that may impact this system.
0.12.01.02.03  BOIEIS. ...t 21231
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DEFICIENCY FACTORS
0.12.01.02.04 ELEVATED TEMPERATURE WATER
DISTRIBUTION SYSTEM

PROBABLE FAILURE POINTS

e Leakage in piping due to corrosion, especially in hot water circuits where chemical reaction

rate is greater.

Pipe breakage due to poor design or maintenance of expansion loops.

Inability of system to deliver rated capacity to terminal points due to internal scaling of the
distribution network, defective control valve operation.

Inadequate pressure at terminal points due to piping failures, poor pump performance.

e Inadequate temperature of hot water at terminal points due to heat losses in distribution lines,
poor insulation, circulator and/or check valve failure.

Inadequate temperature at terminal points due to insufficient heating capacity.
SYSTEM ASSEMBLIES/DEFICIENCIES

Converters
Inoperative:

Inadequate Capacity:

Overheating:
Shell Distortion:

Pressuring/Expansion Tanks
Metal Shell Distortion:

Corrosion:

Excess Corrosion
of Baffles, Supports:

Spalling, Cracking of Concrete:

External Leakage:

Loose, Missing Fasteners:
Leaking Heat Coil:

Internal Corrosion:

Tank, Pipe, Fitting Leakage:
Leaking HX Caoil:
Inadequate Pressure:

Access Plate Seal Leakage:

Control failure, blocked tubing, open heating elements.

Inability to maintain temperature due to tube blockage,
scaling.

Failure of steam regulators.

Blisters or bulges in the metal caused by overheating,
fatigue, physical damage, loss of external support.

Blisters or bulges in the metal caused by fatigue, physical
damage, loss of external support, local environment.

Weathering, fuel contamination, local environment.

Poor maintenance, extreme environmental conditions.
Age, settling of structure, environmental conditions.

Severe internal or external corrosion, cracked concrete, split
metal, gasket failure at fittings.

Corrosion, damage.
Thermal fatigue, corrosion.

Poor maintenance, inadequate venting, fuel contamination, °
heating coil leakage, local environment.

Age, corrosion, physical damage.
Corrosion, physical damage due to thermal fatigue.
Failure of makeup valve, inert gas system.

Defective gasket.

2.1.24-4
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0.12.01.02.04 EL EVATED TEMPERATURE WATER
DISTRIBUTION SYSTEM

SYSTEM ASSEMBLIES/DEFICIENCIES

Pumps

Missing: Taken out for service or repair, not returned.

Inoperative, Won't Turn: Failed bearings, locked impeller.

Excessive Noise: Wear, imbalance, misalignment, failed isolators, improper
anchorage.

Excessive Vibration: Wear, imbalance, misalignment, failed isolators, improper
anchorage.

Severe Corrosion: Age, lack of maintenance, local environment.

Seal Leakage: Worn mechanical seal, defective packing.

Defective Bearing: Age, normal wear, improper lubrication.

Excessive Load: Bearing wear, misalignment, poor system design.

Inadequate Capacity: Low pressure, low flow caused by wear.

Motors

Missing: Taken out for service, not returned.

inoperative: Damaged bearings, corrosion.

Excessive Noise, Vibration: Bearing wear, imbalance, misalignment, failed isolators,
improper anchorage.

Excessive Corrosion: Poor maintenance, local environment.

Damaged: Abuse, poor maintenance, stress.

Defective Coupling: Age, normal wear, improper lubrication.

Defective Bearings: Age, normal wear, improper lubrication.

Turbines

Missing: Taken out for service, not returned.

Inoperative: Damaged bearings, corrosion.

Excessive Noise, Vibration: Bearing wear, rotor imbalance, misalignment.

Excessive Corrosion: Poor maintenance, local environment.

Damaged: Abuse, poor maintenance, stress.

Defective Coupling: Age, normal wear, improper lubrication.

Defective Bearings: Age, normal wear, improper lubrication.

Casing Leakage: Worn or damaged seals.

Piping & Fittings

Leakage: Corrosion, physical damage, inadequate support, improper
joining.
Excessive Corrosion: Use of incompatible materials, contamination, lack of

maintenance, local environment.
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0.12.01.02.04 ELEVATED TEMPERATURE WATER
DISTRIBUTION SYSTEM

SYSTEM ASSEMBLIES/DEFICIENCIES

piping & Fittings (Continued)
Physical Damage:

Valves

Inoperative:

Leakage:
Corrosion:

Physical Damage:

Poor Regulation:
Inadequate Seating:
Defective Reliefs:
Supports & Anchors
Missing:

Improper Alignment:

Poor Allowance for Expansion:
Insulation

Missing:

Wet:

Damaged:

Manholes & Catch Basins
Leakage:

Excessive Corrosion:

Physical Damage:
instrumentation
Missing:

Inoperative:
Inaccurate:

lllegible:
Equipment Controls & Panels
Motor Starter Inoperative:

Bent, broken, crimped, crushed.

Corrosion, physical damage to operating mechanism.

Corrosion, physical damage, improper joining, worn packing
or seal.

Contamination, use of incompatible materials, local
environment.

Bent stem, broken linkage, cracked housing.
Defective sensors, worn parts.
Worn parts, blocked by scale.

Missing, leaking, gagged.

Improper installation, poor maintenance.
Improper installation, poor maintenance.
Improper installation, poor maintenance.

Never installed or taken off and not replaced.
System leakage or external causes.
Physical abuse.

Corrosion, physical damage, inadequate support, improper
joining.

Use of incompatible materials, lack of maintenance, local
environment.

Collapsed, cracked.

Taken out for service or repair, not replaced.

Failed internal mechanism, corrosion, loss of sensing
medium.

Wear, corrosion, imbalance in internal components,
miscalibration.

Corrosion, physical damage.

Linkage wear, coil open, overloading.

21.2.4-e
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DEFICIENCY FACTORS
0.12.01.02.04 ELEVATED TEMPERATURE WATER
DISTRIBUTION SYSTEM

SYSTEM ASSEMBLIES/DEFICIENCIES

Equipment Controls & Panels (Continued)

Control Housing Corrosion: Age, poor maintenance, local environment.

Bypassed Controls: Defective or inaccurate.
Damaged Wiring: Frayed, burned.

Relays Pitted, Burned: Normal wear, overloading.
Missing:

Never installed or taken off and not replaced.
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DISTRIBUTION SYSTEM

END OF SUBSECTION
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0.12.01 .02.05 STEAM DISTRIBUTION & CONDENSATE RETURN SYSTEM

DESCRIPTION

Many large facilities centralize their heat generation utilities and distribute the energy using steam
as the conducting media.

The typical Steam and Condensate System provides steam distribution to facility heat exchange
devices, collection of condensate return and the preparation of condensate for recycling via the
boiler feed system. The system consists of steam and condensate piping, steam traps, strainers,
return tanks and pumps, deaerators and the connecting fittings, valves, and supports. Graphic
assembly details that follow illustrate general assembly/component types only and are not meant
as a definitive, exhaustive, in-depth system breakdown. Field conditions will vary and are subject
to project type, local requirements, and facility design.

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS
Piping & Fittings (CSI 15520)

Piping and fittings provide the distribution and collection network for the steam and condensate
return system.

The distribution system is normally buried underground, below the frost line. This helps protect
against freezing and minimizes conflict with ground transportation, but also makes inspection and
maintenance very difficult. DOE sometimes puts their distribution network above ground.

Underground piping is typically installed in tunnels or concrete trenches. However, there are many
alternatives: factory-fabricated conduit systems, field-fabricated conduit, and poured envelope
systems.

DOE requires that steam distribution piping be Schedule 40 with appropriate fittings; condensate
and feed water piping should be Schedule 80. Most distribution piping is steel. Pipe sizes vary
significantly, ranging from 4 to 24 inches. Larger sizes (up to 54 inches) may be used, but are
uncommon.

Where soil is corrosive, underground pipe should be encapsulated, usually a polyethylene film
tube.

Because of significant expansion and contraction in the piping systems due to variations in
temperature, particular attention must be paid to the inclusion of expansion joints and loops in the
distribution piping.

All joints to valves and fittings over 1 1/4 inches must be welded except in the boiler house, where
flanges are used.

All fittings should be compatible with the type of piping materials used in the system to minimize
corrosion induced by galvanic action.

Steam Traps (CSI 15525)

Traps are used to provide a seal between the relatively high pressure steam vapor on the
consumption side of the system and the low pressure condensate and vapor on the return side.
The trap prevents a short cycling of the steam through the system, while allowing steam that has
given up its latent heat to return to the generator.

Steam traps are provided in many designs. Older units were inverted bucket traps that operate as
a float mechanism to release the condensate when a sufficient level in the trap has been achieved.
Impulse traps rely on pressure differentials to cycle a small plate covering outlet ports. Both types
are susceptible to wear and corrosion, are prone to leaks, and are considered maintenance
intensive. Newer traps have no moving parts, rely solely on port sizing, and are relatively
maintenance free, susceptible only to blockage by scale.
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0.12.01.02. 05 STEAM DISTRIBUTION & CONDENSATE RETURN SYSTEM

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)

Condensate Return Tanks (CSI 15175)

Condensate return tanks provide a collection point for condensate lines draining through gravity.
They are necessarily located at low points in the system. Small units frequently incorporate dual
condensate return pumps within the tank. Floats are provided to cycle pumps based on
condensate level. Alternators are used to distribute pump wear.

On large distribution systems, multiple return tanks are usually distributed throughout the building.
The discharge is routed to a common condensate return main.

The main condensate return tank is frequently used for mixing new makeup water. It is typically
fitted with a water column, sight glass, and level control devices.

Deaerators

Deaerators serve to prepare water for feed service to the boilers. They are designed to preheat the
water, provide de-oxygenation, and serve as feed storage. In a tight steam and condensate
system (i.e., one with few fluid losses), the water in the deaerator is primarily condensate return.

Some manufacturers incorporate the deaerator and a main condensate return tank in a common
shell.

The condensate return, mixed with any makeup feed water, is forced through spray nozzles into a
steam chamber. The mild atomization and mixing with steam enhances heating and entrained
oxygen release. Condensate falls to the bottom of the storage area, and non-condensable
material rises through a vent condenser and escapes to the atmosphere. Mixing and separation
are controlled by cones and baffles mounted in the deaerator.

pumps (CSI 15453)

Pumps recirculate condensate back to the feed water system. They are typically used in site
condensate return tanks, as transfer pumps between the main condensate return tank and the
deaerator, and as boiler feed pumps.

Condensate return and transfer pumps operate at relatively low pressures. They are typically
single-stage, centrifugal pumps.

Feed pumps must operate at relatively higher discharge pressures. In addition to single-stage
centrifugal pumps for low pressure bhoilers, feed pumps also employ multi-stage centrifugal
designs, and in larger plants, reciprocating steam pumps.

Motors (€Sl 15170)
Most pumps are driven by open, AC induction, via a flexible coupling.
Storm Turbines

Large facilities may have steam turbines to drive the feed and condensate pumps. There are many
variations, but the single stage, impulse turbine is the most common for small auxiliary equipment.
These are relatively small, compact units with few moving parts.

Turbines are generally direct coupled to the pump. Operation is controlled by a turbine-mounted
governor, either constant speed or pressure.

Valves (CSI 15100)

Valves are primarily used to switch pumps and isolate tanks and other components for
maintenance. In addition, shut-off valves are typically provided at each branch connection to
supply mains.
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0.12.01.02.05 STEAM DISTRIBUTION & CONDENSATE RETURN SYSTEM

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)

Valves (CSI 15100)

Drain valves are installed at low points (drip legs) in mains, risers, branch lines, and elsewhere as
required for system drainage; vent valves are required at high points in the system.

Check valves are used on the discharge side of pump to prevent windmilling of idle pumps.

Pressure regulating valves (PRV) are used to reduce main steam pressure to level required by
distribution system devices. Pressure regulating valves are also used to control the flow of water
and steam through the deaerator tank.

Relief valves are required on all reducing stations.
Instrumentation (CSI 15135)

Pressure gauges are typically provided at the discharge of each condensate transfer pump or
pump group. Pressure gauges are also found on the deaerator and at the inlet and outlet of each
PRV.

Temperature gauges are usually provided on the main condensate return tank and deaerator.
Supports & Anchors (CSI 15140)

Pipe hangers and supports are provided to support piping and allow for expansion and
contraction. They should be securely attached to building construction at sufficiently close
intervals.

Insulation (CSI 15250)

Steam and condensate piping and the deaerator should be insulated to provide personnel
protection and energy efficiency.

Insulating materials above ground include calcium silicate and fiberglass. In underground
situations, additional materials include urethane foam, insulating concrete, clay pipe, and various
hydrocarbon powders.

Equipment Controls & Panels (CSI 15950)

Most of the control in a steam and condensate system is provided by mechanical regulating valves
(PRVs and traps).

Condensate pump control is performed via a typical motor assembly (motor, starter, and
disconnect) interlocked with a float assembly in the condensate return tank.

Transfer pump is performed via a typical motor assembly (motor, starter, and disconnect)
interlocked with a float assembly in the deaerator.

Feed pump control is performed via a typical motor assembly (motor, starter, and disconnect)
interlocked with a float assembly in the boiler water column.

Makeup water control is usually provided by a level sensor in the main condensate return tank
(either a float mechanism or electric probes).

Because of the importance of the main condensate return tank and deaerator to system operation,
each is usually equipped with level alarms.

OTHER RELATED COMPONENTS

Refer to Mechanical, Volume 8, for additional deficiencies that may impact this system.
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0.12.01.02.05 STEAM DISTRIBUTION & CONDENSATE RETURN SYSTEM

PROBABLE FAILURE POINTS

e Leakage in piping due to corrosion, especially in the condensate circuit.
Inadequate pressure at terminal points due to regulator failures.
Excessive makeup requirements due to system leakage.

SYSTEM ASSEMBLIES/DEFICIENCIES

Piping & FIffIngs

Physical Damage: Bent, broken, crimped, crushed.

Leakage: Corrosion, physical damage, inadequate support, improper
joining.

Excessive Corrosion: Leaks, local environment.

Strainers Inoperative: Inaccessible due to corrosion, physical damage, internal
clogging.

Missing Penetration Seals, Covers:  Seals not installed or damaged, flanges/escutcheons
removed.

Steam Traps

Internal Leakage: Failure of internal elements, wear, scale on seats.

External Leakage: Corrosion, physical damage, inadequate support, improper
joining.

Excessive Corrosion: Leaks, local environment.

Condensate Retum Tanks

Metal Shell Distortion: Blisters or bulges in the metal caused by fatigue, physical
damage, loss of external support, local environment.

Corrosion: Weathering, fuel contamination, local environment.
Excess Corrosion

of Baffles, Supports: Poor maintenance, extreme environmental conditions.

Spalling, Cracking of Concrete: Age, settling of structure, environmental conditions.

External Leakage: Severe internal or external corrosion, cracked concrete, split
metal, gasket failure at fittings.

Loose, Missing Fasteners: Corrosion, damage.

Leaking Heat Caoil: Thermal fatigue, corrosion.

Internal Corrosion: Poor maintenance, inadequate venting, fuel contamination,
heating coil leakage, local environment.

Tank, Pipe, Fitting Leakage: Age, corrosion, physical damage.

Leaking HX Caoil: Corrosion, physical damage, due to thermal fatigue.

Inadequate Pressure: Failure of makeup valve, inert gas system.

Access Plate Seal Leakage: Defective gasket.
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0.12.01.02.05 STEAM DISTRIBUTION & CONDENSATE RETURN SYSTEM

SYSTEM ASSEMBLIES/DEFICIENCIES

Deaerators

Inoperative:

Shell, Pipe, Fitting Leakage:
Severe Corrosion:

Access Plate Seal Leakage:
Spray Nozzle Defects:
Baffles, Cone, Tray Defects:
Vent Condenser Defects:
Pumps

Missing:

Inoperative, Won't Turn:

Excessive Noise:

Excessive Vibration:
Severe Corrosion:
Seal Leakage:
Defective Bearing:
Excessive Load:

Inadequate Capacity:

Motors
Missing:
Inoperative:

Excessive Noise, Vibration:

Excessive Corrosion:
Damaged:
Defective Coupling:

Defective Bearings:

Level control failure, defective pump.

Age, corrosion, physical damage.

Age, lack of maintenance, leaks, local environment.
Defective gasket.

Physical damage, corrosion, erosion.

Physical damage, corrosion, erosion, missing fasteners.

Leakage, corrosion.

Taken out for service or repair, not returned.
Failed bearings, locked impeller.

Wear, imbalance, misalignment, failed isolators, poor
anchorage.

Wear, imbalance, misalignment.

Age, lack of maintenance, leaks, local environment.
Worn mechanical seal, defective packing.

Age, normal wear, improper lubrication.

Bearing wear, misalignment, poor system design.

Low pressure, low flow caused by wear, poor system
design,

Taken out for service, not returned.
Damaged bearings, corrosion.

Bearing wear, fan imbalance, misalignment, failed isolators,
poor anchorage.

Poor maintenance, leaks, local environment.
Abuse, poor maintenance, stress.
Age, normal wear, improper lubrication.

Age, normal wear, improper lubrication.

Valves

Inoperative: Corrosion, physical damage to operating mechanism.

Leakage: Corrosion, physical damage, improper joining, worn packing
or seal.

Corrosion: Contamination, use of incompatible materials, leaks, local
environment.
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SYSTEM ASSEMBLIES/DEFICIENCIES

Valves (Continued)

Physical Damage:

Poor Regulation:

inadequate Seating:
Defective Reliefs:

Defective Backflow Preventer:
Instrumentation

Missing:

Inoperative:
Inaccurate:

lllegible:

Supports & Anchors

Missing:

Improper Alignment:

Poor Allowance for Expansion:
Insulation

Missing:

Wet:

Damaged:

Equipment Controls & Panels
Motor Starter Inoperative:
Control Housing Corrosion:
Bypassed Controls:

Damaged Wiring:

Relays Pitted, Burned:

Bent stem, broken linkage, cracked housing.
Defective sensors, worn parts.

Worn parts, blocked by scale.

Missing, leaking, gagged.

Worn parts, scale blockage, leakage.

Taken out for service, not replaced.

Failed internal mechanism, corrosion, loss of sensing
medium.

Corrosion or leakage in internal mechanism, wear,
miscalibration.

Defaced by chemicals, corrosion, physical damage.

Improper installation, poor maintenance.
Improper installation, poor maintenance.

Improper installation, poor maintenance.

Never installed or taken off and not replaced.
Caused by system leakage or external causes.
Physical abuse.

Linkage wear, coil open, overloading.

Age, poor maintenance, local environment.
Defective or inaccurate.

Frayed, burned.

Normal wear, overloading.
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0.12.01.03.01 ROTARY SCREW CHILLERS (CSI 15660)

DESCRIPTION

A Helical Rotary or Screw Type Chiller System removes heat from its associated chilled water
system and rejects that heat to an associated condenser water system. It employs a refrigerant
compression and expansion cycle where the compressive force is supplied by a device similar to
a large, single-stage screw pump. The typical system consists of a rotary screw compressor, drive
assembly, motor, a condenser, an economizer, an evaporator, a purge system, and the
connecting piping, fittings, instrumentation, and controls. Graphic assembly details that follow
illustrate general assembly/component types only and are not meant as a definitive, exhaustive, in-
depth system breakdown. Field conditions will vary and are subject to project type, local
requirements, and facility design.

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Rotary Screw Compressors (CSI 15680)

Typical compressors consist of a large split casing enclosing multiple shafts, a main shaft, and a
pair of star wheels or gate rotors. The main shaft is typically made of cast iron and is coupled to
an external drive motor. The gate rotors are typically made of plastic and are driven by the action
of the main rotor. The suction side of the compressor casing is piped to the system evaporator
while the discharge side connects to the condenser.

Bearings are usually ball bearings and roller or needle bearings.
Most systems include unloading valves to control compressor loading.

Oil systems are sometimes provided to seal, cool, and lubricate the compressor and to activate
the capacity control. Systems frequently come with an oil sump and an integral oil pump, usually
gear-driven off the compressor shaft. A separate, electric oil pump is usually provided for system
startup. There must be an oil heater (shutdown), cooler, and filter in these systems. However, the
design of many rotary compressors is such that refrigerant can be used for sealing and cooling,
and only a small amount of oil is required for bearing lubrication. This oil is injected directly into the
refrigerant.

Drive Assemblies (CSI 15170)

External drive units are typically joined with the compressor using a flexible, steel spline coupling(s)
and/or a gear transmission. The latter is usually a single or double helical gear assembly.

Some units are “semi-hermetic,” in which the motor is enclosed in the same casing as the
compressor.

Motors (€Sl 15170)

Most motors for external driven compressors are open AC induction motors, operating in a
relatively narrow speed range. External drive motors are quite large and their bearings are usually
lubricated with independent oilers.

Large units may employ independent fan cooling systems to remove heat generated by the motor.
Particular attention must be paid to air filtration on all external units.

Internal drive motors (semi-hermetic units) share the same shaft as the compressor. In addition,
refrigerant is often used for motor cooling, and the lubrication system is usually integral with the
COmMpressors.
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ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)

Condensers (CSI 15740)

Condensers in a rotary screw chilling plant serve to condense the high pressure refrigerant gas. In
this process, the latent heat of evaporization is conducted to the condenser water circuit.

Most condensers are shell and tube, gas to water heat exchangers. The condenser heads are
usually designed for easy removal to permit annual cleaning. The gas side of the heat exchanger
is fitted with over-pressure protection, usually a rupture disk vented to the building exterior. The
top of the shell serves as a collection point for non-condensable gases. Fittings are provided for
purging these gases manually or routing them to an automatic purging system.

Economizer (CSI 15880)

The evaporative section is separated from the condenser section by a metering device that
controls refrigerant flow. This is typically a single floated operated valve. When more than one
float operated valves are used in a separate chamber, it is called an economizer. The chamber is
divided and a section is piped to an intermediate pressure stage/port of the compressor. The low
pressure connection allows partial flashing and subcooling of the refrigerant, which effects an
improvement in system efficiency.

Some systems may employ an orifice for metering control in lieu of the float valves.
Evaporators (CSI 15730)

Evaporators in a rotary screw chilling plant serve to evaporate the low pressure refrigerant gas. In
this process, the latent heat of evaporization is conducted from the chilled water circuit.

Most evaporators are shell and tube, gas to water heat exchangers. The evaporator heads are
usually designed for easy removal to permit routine inspection and cleaning.

The evaporator contains baffles or eliminators to minimize liquid entrainment in the compressor
suction gas. The evaporator is normally independent of the condenser, frequently installed in an
over-under arrangement, with the evaporator on the bottom. However, some arrangements will
employ a common shell with internal flow dividers and independent heads. Evaporators are
usually insulated with fiberglass to prevent condensation and improve efficiency.

Purge System (CSI 15680)

The purge system removes non-condensable gases that enter the refrigerant system through
charging or through leaks during normal low pressure operations (as found in R-l 1 and R-l 13
systems).

Older systems employed an automatic purge valve (solenoid) and a simple vent condenser.
Condensed refrigerant in the vent condenser was forced back to the evaporator by differential
pressure. These systems allowed a lot of refrigerant to escape during venting.

A recovery type system consists of a small reciprocating air compressor, a shell and tube heat
exchanger (condenser), a float tank, and controls. The compressor removes the gases from the
top of the main condenser and discharges through the refrigerant cooled heat exchanger to the
float chamber. The chamber is designed to permit refrigerant recycling while minimizing release
during venting. A relief valve or pressure switch/solenoid valve combination is used to purge the
non-condensable gases to the atmosphere.

CFC damage to the atmosphere has pushed the demand for improved purging systems. New
chiller equipment (or retrofitted units) may have an independent refrigerant system just to recover
gases from the primary system.
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ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)
piping & Fittings (CSI 15060}

Most rotary screw chiller plants are either packaged systems or have the major components
located close to one another. There is little refrigerant piping, simply the compressor to
condenser, economizer, and evaporator connections. Because of the unique configurations
involved, these are usually independent steel castings.

Piping for refrigerant controls and indicators is typically type ACR hard tubing.
Chilled and condenser water piping are covered in separate sections of this manual.
Iinstrumentation (CSI 15130)

Pressure gauges are typically provided for the condenser and evaporator pressure, the
economizer (if included in the system), and oil pressure.

Multiple temperature gauges are provided on the evaporator and condenser to determine the
amount of subcooling and the presence of excessive non-condensables.

Ammeters and voltmeters are provided to monitor system electrical load
Equipment Controls & Panels (CSI 15950)
Rotary screw chiller systems usually include a master panel for all instrumentation and controls.

Compressor control is performed via a motor assembly (motor, starter, and disconnect). Old
units sometimes employed a resistance bank and stepping controls for the motor speed
adjustments.

Compressors frequently have oil pressure limits interlocked with the starter that can trip
compressor operation.

Compressor cutout controls are also provided by low water temperature sensors (freezestats), flow
controls (chilled water and condenser water flow switches), high condenser pressure switch, and
motor overload.

OTHER RELATED COMPONENTS

Refer to Mechanical, Volume 8, for additional deficiencies that may impact this system.
0.12.01.03.02  Chilled Water Distribution SyStem . . ......covver e 21321
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DEFICIENCY FACTORS
0.12.01.03.01 ROTARY SCREW CHILLERS (CSI 15680)

PROBABLE FAILURE POINTS

. Loss of system charge - leakage in seals and fittings due to wear, corrosion; failure of rupture
disk due to over pressurization, condenser fouling.

. Bearing failure - loss of oil pressure due to wear of compressor parts, blockage in lubrication
system, overheating of oil.

« Tube failure in heat exchanger due to thermal stress, fouling of tubes.

« Motor failure - insulation deteriorates due to excessive moisture, overloading of windings.
SYSTEM ASSEMBLIES/DEFICIENCIES

Compressors
Inoperative, Won't Turn:
Excessive Noise, Vibration:

Severe Corrosion:
Seal Leakage:
Defective Bearing:
Excessive Load:
Inadequate Capacity:
Oil Filter Inadequate:
Oil Cooler Leakage:

Oil Cooler Blockage of Flow:

Drive Assembly
Missing:

Inoperative:

Excessive Noise, Vibration:

Excessive Corrosion:
Damaged:

Defective Coupling:

Defective Bearings:

Gears Worn:

Motors

Inoperative:

Excessive Noise, Vibration:

Excessive Corrosion:
Damaged:

Failed bearings, locked rotor.

Wear, imbalance, misalignment, failed isolators, improper
anchorage.

Age, lack of maintenance, local environment.
Worn mechanical seal, defective packing.

Age, normal wear, improper lubrication.

Bearing wear, misalignment, poor system design.
Low pressure, low flow caused by wear.

Missing, damaged.

Corrosion, physical damage.

Corrosion, damaged coil fins.

Taken out for service, not returned.
Damaged bearings, corrosion.

Bearing wear, gear imbalance, misalignment.
Poor maintenance, local environment.
Abuse, poor maintenance, stress.

Age, normal wear, improper lubrication.
Age, normal wear, improper lubrication.

Normal wear, improper lubrication, poor alignment.

Damaged bearings, corrosion.
Bearing wear, fan imbalance, misalignment.
Poor maintenance, local environment.

Abuse, poor maintenance, stress.

Rev. 05/93
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0.12.01.03.01 ROTARY SCREW CHILLERS {CS1 156801

SYSTEM ASSEMBLIES/DEFICIENCIES (Continued)

Condensers

Tube Sheet Distortion: Blisters or bulges in the metal caused by fatigue, over
pressurization, physical damage, loss of external support.

Tube Damage: Fouling, cracks, pitting due to erosion, corrosion.

Shell, Head Excessive Corrosion: Poor maintenance, local environment.

Leaking Rupture Disk: Over pressurization, vibration.

Economizers

Inoperative: Corrosion, physical damage to operating mechanism.

Leakage: Corrosion, physical damage, improper joining, worn packing
or seal.

Corrosion: Poqr maintenance, use of incompatible materials, local
environment.

Poor Flow Regulation: Defective float, worn orifice.

Evaporators

Tube Sheet Distortion: Blisters or bulges in the metal caused by fatigue, over-
pressurization, physical damage, loss of external support.

Tube Damage: Fouling, cracks, pitting due to erosion, corrosion.

Shell, Head Excessive Corrosion: Poor maintenance, local environment.

Insulation Wet, Damaged, Missing: Leakage, abuse, local environment, improper installation.
Purge System
Compressor Missing: Taken out for service, not returned.

Compressor Inoperative, Won't Turn: Failed bearings, locked rotor.

Compressor Excessive Noise: Wear, imbalance, misalignment.
Compressor Excessive Vibration: Wear, imbalance, misalignment.
Compressor Defective Bearing: Age, normal wear, improper lubrication.
Severe Corrosion: Age, lack of maintenance.

System Leakage: Worn mechanical seal, defective packing.
Float Tank Inoperative: Leakage, corrosion, defective float.

piping & Fittings

Leakage: Corrosion, physical damage, inadequate support, improper
joining.

Excessive Corrosion: Use of incompatible materials, contamination, lack of
maintenance.

Physical Damage: Bent, broken, crimped, crushed.

Improper Wail Penetration: Missing seals, flanges, escutcheons.
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SYSTEM ASSEMBLIES/DEFICIENCIES (Continued)

Iinstrumentation
Missing:
inoperative:

Inaccurate:

lllegible:

Equipment Controls & Panels
Motor Starter Inoperative:
Relays Pitted, Burned:
Bypassed Controls:

Damaged Wiring:

Housing Corrosion:

Taken out for service or repair, not replaced.

Failed internal mechanism, corrosion, loss of sensing
medium.

Wear, corrosion, imbalance in internal components,
miscalibration.

Corrosion, physical damage.

Overloaded, open coils, wear in linkage.
Normal aging, overloading.

Poor maintenance.

Corrosion, overheating, age.

Age, poor maintenance, local environment.

Rev. 05/93
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END OF SUBSECTION
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0.12.01.03.02 CHILLED WATER DISTRIBUTION SYSTEM (CSI 15510)

DESCRIPTION

A site Chilled Water Distribution System supplies chilled water from a central plant to buildings and
structures on the loop. It receives return (heated) water from the coils in air handlers and terminal
cooling devices in the buildings and returns it to the central chilling plant for recooling. The system
consists of circulating pumps, motors, and expansion tanks, and the connecting piping, fittings,
valves, insulation, and supports.  Graphic assembly details that follow illustrate general
assembly/component types only and are not meant as a definitive, exhaustive, in-depth system
breakdown. Field conditions will vary and are subject to project type, local requirements, and
facility design.

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

pumps (CSI 15540)

Chilled water pumps circulate chilled water throughout the distribution system. They are typically
single-stage, single-entry, radial flow centrifugal pumps with a closed impeller. However, many
feature variations depend on the specific application. These include multi-staging, double entry,
axial flow, and open impellers.

Pumps are generally bronze fitted iron castings. The bronze is used for the impeller, shaft sleeves,
and wear rings.

Newer pumps are fitted with mechanical seals, but a significant portion of the installed base
continues to use packing.

Pumps should be arranged to provide easy access for periodic maintenance and repair.
Motors (€S8 15170)

Motors are used to drive the circulating pumps (though some large installations may use small
turbine drives). These are typically open, AC induction motors flexible-coupled to the pump
(normal when the unit is installed indoors).

Variations include closed motors, variable speed drives, synchronous motors, and alternative
couplings (close, fluid, or eddy current).

Expansion Tanks (CSI 15175)

Variations in the system water temperature cause a significant change in water volume.
Compensation is provided by installing expansion tanks in the distribution system. Typically, a
tank is provided at the circulating pump suction.

Expansion tanks usually have a sight glass for level monitoring. Pressure is maintained either
through a level control or a pressure regulating valve on the makeup water supply line.

Piping & Fittings (CSI 15411)
Piping and fittings provide the distribution network for the chilled water system.

Underground piping is installed in trenches. Suitably supported cradles and crowns are used to
carry the pipe weight and to minimize disturbance.

DOE requires that chilled water distribution system piping be Schedule 40 with appropriate fittings.

All fittings should be compatible with the type of piping materials used in the system to minimize
corrosion induced by galvanic action.

Dielectric Unions should be provided with appropriate end connections for the pipe materials in
which installed (screwed, soldered, or flanged) to effectively isolate dissimilar metals, prevent
galvanic action, and stop corrosion.
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0.12.01.03.02 CHILLED WATER DISTRIBUTION SYSTEM (CSI 15510)

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

piping & Fittings (CSI 15411) (Continued)
Strainers are typically provided at the suction of the water pumps to protect the pumps themselves.

Flexible connectors are usually used on the suction and discharge side of each base-mounted
pump to minimize the effects of pump vibration.

Valves (CSI 15100)

Valves are primarily used to switch pumps, isolate mains, branches, and other components for
maintenance and repair. Main isolation valves are almost always rising stem gate valves. They are
usually installed in manholes,

Drain valves are installed at low points in mains and elsewhere as required for system drainage.
Vent valves are required at high points in the system.

Check valves are used on the discharge side of pump to prevent windmilling of idle pumps and to
prevent reversal of system flow in the condenser water circulation lines.

All valves should be installed in accessible locations, protected from physical damage. Valves
should be tagged.

Manholes (CSI 02730)

Manholes are typically precast concrete rings positioned at critical connection points in the
distribution system. They are essentially inspection and maintenance accesses in systems with
pipe 10 inches or larger. They are located at key mechanical connections such as vent and
isolation valving and expansion joints. The lowest section is referred to as the base, channel, and
bench and serves to connect incoming pipe to outgoing. Riser rings (typically 48 inches) and
grade rings are stacked above and joined with rubber gaskets. The top section is an eccentric
cone matching a 24 inch diameter frame.

Older units may be built of brick or cast-in-place concrete. All units are fitted with access plates
and ladders.

Instrumentation (€SI 15135)

Pressure gauges are typically provided at the suction and discharge of each pump or pump
group.
Supports & Anchors (CSI 15140)

Pipe hangers and supports are provided to support piping and allow for expansion and
contraction. They should be securely attached to permanent construction at sufficiently close
intervals.

Insulation (CSI 15250)

Chilled water piping should be insulated to reduce pipe surface condensation and provide energy
efficiency.

Equipment Controls & Panels (CS| 15950)

Few controls are required in the typical site chilled water system. The system is usually started
when HVAC systems are started annually and left to run continuously throughout the season.

Pump control is performed via a typical motor assembly (motor, starter, and disconnect). Some
pumps may employ a variable frequency controller to regulate speed.
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0.12.01.03.02 CHILLED WATER DISTRIBUTION SYSTEM (CSI 15510)

OTHER RELATED COMPONENTS

Refer to Mechanical, Volume 8, for additional deficiencies that may impact this system.
0.12.01.03.01  Rotary Screw Chillers . . ... oo e 21311
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DEFICIENCY FACTORS
0.12.01.03.02 CHILLED WATER DISTRIBUTION SYSTEM (CSI 15510)

PROBABLE FAILURE POINTS

Leakage in piping due to corrosion.

¢ Inability of system to deliver rated capacity to buildings due to internal scaling of the
distribution network; pumping failures.

SYSTEM ASSEMBLIES/DEFICIENCIES

Pumps

Missing:

Inoperative, Won't Turn:
Excessive Noise, Vibration:

Severe Corrosion:
Seal Leakage:
Defective Bearing:
Excessive Load:
inadequate Capacity:
Motors

Missing:

Inoperative:

Excessive Noise, Vibration:

Excessive Corrosion:
Damaged:

Defective Coupling:
Defective Bearings:
Expansion Tanks
Metal Shell Distortion:

Corrosion:

Excess Corrosion
of Baffles, Supports:

Spalling, Cracking of Concrete:

External Leakage:

Loose, Missing Fasteners:
Leaking Heat Coil:

Taken out for service or repair, not returned.
Failed bearings, locked impeller.

Wear, imbalance, misalignment, failed isolators, improper
anchorage.

Age, lack of maintenance, local environment.
Worn mechanical seal, defective packing.

Age, normal wear, improper lubrication.

Bearing wear, misalignment, poor system design.

Low pressure, low flow caused by wear.

Taken out for service, not returned.
Damaged bearings, corrosion.

Bearing wear, fan imbalance, misalignment, failed isolators,
improper anchorage.

Poor maintenance, local environment.
Abuse, poor maintenance, stress.
Age, normal wear, improper lubrication.

Age, normal wear, improper lubrication.

Blisters or bulges in the metal caused by fatigue, physical
damage, loss of external support, local environment.

Weathering, fuel contamination, local environment.

Poor maintenance, extreme environmental conditions.
Age, settling of structure, environmental conditions.

Severe internal or external corrosion, cracked concrete, split
metal, gasket failure at fittings.

Corrosion, damage.

Thermal fatigue, corrosion.
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SYSTEM ASSEMBLIES/DEFICIENCIES

Expansion Tanks (Continued)

Internal Corrosion:

Tank, Pipe, Fitting Leakage:

Leaking HX Caoil:
Inadequate Pressure:

Access Plate Seal Leakage:

Piping & Fittings
Strainers Inaccessible:
Leakage:

Excessive Corrosion:

Physical Damage:
Valves
Inoperative:
Leakage:

Corrosion:

Physical Damage:

Poor Regulation:
Inadequate Seating:
Defective Reliefs:
Manholes & Catch Basins

Leakage:
Excessive Corrosion:

Physical Damage:

Poor maintenance, inadequate venting, fuel contamination,
heating coil leakage, local environment.

Age, corrosion, physical damage.

Corrosion, physical damage, due to thermal fatigue.
Failure of makeup valve, inert gas system.

Defective gasket.

Corroded fittings, lack of maintenance.

Corrosion, physical damage, inadequate support, improper
joining.

Use of incompatible materials, contamination, lack of
maintenance, local environment.

Bent, broken, crimped, crushed.

Corrosion, physical damage to operating mechanism.

Corrosion, physical damage, improper joining, worn packing
or seal.

Contamination, use of incompatible materials, local
environment.

Bent stem, broken linkage, cracked housing.
Defective sensors, worn parts.

Worn parts, blocked by scale.

Missing, leaking, gagged.

Corrosion, physical damage, inadequate support, improper
joining.

Use of incompatible materials, lack of maintenance, local
environment.

Collapsed, cracked.

instrumentation

Missing: Taken out for service or repair, not replaced.

Inoperative: Failed internal mechanism, corrosion, loss of sensing
medium.

Inaccurate: Wear, corrosion, imbalance in internal components,
miscalibration.

lllegible: Corrosion, physical damage.
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SYSTEM ASSEMBLIES/DEFICIENCIES (Continued)

Supports & Anchors

Missing:

Improper Alignment:

Poor Allowance for Expansion:
Insulation

Missing:

Wet:

Damaged:

Equipment Controls & panels
Motor Starter Inoperative:
Control Housing Corrosion:
Bypassed Controls:

Damaged Wiring:

Relays Pitted, Burned:

Missing:

Improper installation, poor maintenance.
improper installation, poor maintenance.

Improper installation, poor maintenance.

Never installed or taken off and not replaced.
Caused by system leakage or external causes.
Physical abuse.

Linkage wear, coil open, overloading.
Age, poor maintenance.

Defective or inaccurate.

Frayed, burned.

Normal wear, overloading.

Removed for maintenance, never replaced.
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0.12.01.04.01 SWITCHYARDS (CSI 16200)

DESCRIPTION

The typical switchyard can be located above or below ground and is that part of the electrical
distribution system used to interconnect several systems or subsystems. Although a switchyard is
normally associated with a high Voltage transmission system, it may also be part of a medium
Voltage subtransmission or distribution system. The switchyard may also contain ancillary
systems such as structures, platforms, towers, maintenance buildings, low Voltage service and
distribution systems and lighting systems. This complex assembly, normally referred to as the
“switchyard,” is the result of good engineering and economic decisions.

SWITCHYARD EQUIPMENT

A typical listing of common switchyard equipment follows. The list does not address the ancillary
systems that may be present and are the subject of Volume 9 of the CAS Program.

e Busway (Bus Duct) e Raceway & Fittings

e  Communication Circuits e Signal Circuits

e Concrete Support Pads e Steel Towers & Poles

e Conductors & Fittings ¢  Switchgear

e Disconnects e Tower & Pole Foundations

e Lighting e  Utility Service Tunnels

e Lightning Protection & Surge e  Utility Service Tunnels:
Suppression Dampproofing/Waterproofing

e  Metering e Wood Poles

e Precast Concrete Poles

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS
Busway (Bus Duct) (CS| 16465)

A busway is a device consisting of a grounded metal enclosure containing factory-mounted, bare
or insulated conductors that are usually copper or aluminum bars, rods, or tubes. A busway may
be intended for a specific application and is so marked; it has a maximum rated Voltage of 600
Volts. A similar device used at Voltages larger than 600 is referred to as metal-enclosed bus and
consists of three types: isolated phase, segregated phase, and nonsegregated phase. Isolated
phase and segregated phase metal-enclosed bus are typically found in utility stations.
Nonsegregated metal-enclosed bus is commonly used to connect transformers and switchgear
and to interconnect switchgear lineups.

Communlication Circuits (CSI 16700)

A variety of equipment is an inherent part of communication circuits and includes, but is not limited
to, the following:

e  Fittings: Special components normally used to shield and/or protect the conductors used in a
communication circuit. The fitting will sustain the characteristics of the communication circuit
if such is required.

e Seals: Special fittings or materials used to secure the penetration of a barrier by
communication circuits or to isolate one area from another area where communication
circuits interrupt that isolation. The seal maintains the characteristics of the communication
circuit if so required.

« Protectors: Items of equipment used to establish boundary conditions of Voltage and current
permitted in the communication circuit; they are concerned primarily with isolating the
communication device from excessive Voltage surges.

Concrete Support Pads (CSI 03300)
See Electrical infrastructure (0.12.01.05) CAS Volume 12 for a description.
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ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)
Conductors & Fittings (CSI 16120)

A material, usually in the form of a wire, cable, or bus bar, that is suitable for carrying an electric
current. A conductor may be solid with or without insulation, or a stranded conductor with or
without insulation and other coverings (single-conductor) or a combination of conductors
insulated from one another (multiple conductor). Conductors may also be referred to as bundled,
covered, grounded, insulated, shielded, line, and open conductors (see glossary for a description
of each). Further, a conductor may be referred to as a cable (see glossary for a description). In
addition, cables as conductors, have associated ancillary units or extensions. These ancillary
units include spacer cable, messenger cable, cable termination, cable jacket, and cable sheath
(see glossary for a description).

The conductors more common in switchyards and substations are a solid metal or tube type bus
supported on insulators, noninsulated conductors supported by insulators, or insulated cable.
Fittings include splices and terminations, and normally maintain conductor/cable characteristics in
addition to meeting other requirements.

Disconnects (€81 16200)

Disconnects are devices used to isolate one circuit section from another or to isolate a load from a
source. Specific disconnect devices identified in this section are air break switches, circuit
breakers, cutouts, isolation switches, circuit reclosers, oil switches, repeater cutouts, network
protectors, and vacuum circuit breakers.

e Air Break Switches: Air break switches have both blade and stationary contacts equipped
with arcing horns. These horns are pieces of metal between which an arc may form when
opening an energized circuit. As the blade or movable contact moves away from the
stationary contact its horn also moves, thus stretching an arc to a break point.

e  Circuit Breakers: Circuit breakers are used to protect the switchyard and to connect and/or
isolate the switchyard circuits in accordance with established parameters and operating
conditions. The circuit breaker is normally an oil-filled device in high Voltage circuits.
However, air circuit breakers and vacuum devices are also found. Vacuum circuit breakers
differ from air circuit breakers in that the main contacts and interrupters are in a vacuum bottle
and are not accessible for cleaning, repair, or adjustment. Indicators that reflect contact wear
are sometimes provided.

o Circuit Recloser: A circuit recloser is a switch with additional ancillary devices. These
additional devices monitor line current and at a predetermined value initiate action to open the
switch; when the line current falls, the devices close the switch and restore the circuit. The
additional ancillary devices are controllable to permit consideration of local or system
conditions; the switch may be locked opened after one or more closures and the interrupt time
is adjustable. The interrupting medium can be either oil or vacuum.

e  Cutouts: Cutouts are fused devices used for protection and isolation in switching substations.
Two types, the enclosed and the open link, are in general use today (the enclosed is more
often found in distribution systems serving residential areas). Modern enclosed cutouts will
drop “open” the fuse holder or an indicator after the fuse has melted on overcurrent, allowing a
rapid “drive-by” status survey.
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ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Disconnects (CSI 16200) (Continued)

e Isolation Switches: Isolation switches are used to isolate a circuit or load from some other
part of an electrical system. The isolation switch is designed to carry rated current at or below
rated Voltage; however, the isolation switch is not designed nor rated to interrupt load current.
Further, care must be exercised when isolation switches are operated due to the possibility of
charging currents.  (In one reported case, an unloaded, 50 mile, 132,000 Volt transmission
line was found to have a charging current of 20 Amperes. A switch was opened and an arc of
132 feet was produced. Favorable oblique winds prevented a phase-to-phase short across a
conductor spacing of 16 feet.)

e Network Protectors: Network protectors are air circuit breakers with specialized relays that
sense network conditions and initiate appropriate circuit breaker action.

e Oil Switches: An oil switch is normally employed to protect from overloads, short circuit fault
currents, and other abnormal conditions. The switch contacts are immersed in an oil that
serves several functions. The oil is an insulator that tends to quench any arc formed during
switch operation. The formation of an arc in an airtight tank pressurizes the tanks with
vaporized oil, and this provides additional arc guenching.

e Repeater Cutouts: Repeater cutouts normally consist of two or more fused devices with
additional ancillary devices, permitting several fused devices to be place in operation
sequentially. Thus, if an overcurrent melts the first fuse, the cutout opens and mechanically
places the next fused device into operation. This continues until all fused devices have been
used or the overload condition has been removed.

Lighting (CSI 16600)

A lighting system converts electrical energy to energy in the visible frequency spectrum. The light
system consists of the luminary and the necessary devices to connect the luminary to the low
Voltage distribution system. The lighting system may be one using incandescent, fluorescent, or
High Intensity Discharge (HID) equipment.

Lightning protection & Surge Suppression (CSI 16670)

A variety of equipment is used for Lightning Protection and Surge Suppression. Lightning
protection may involve shielding the protected system by placing conductors with air terminals,
connecting special devices to the electrical circuit being protected, or a combination of both. The
shielding conductor and air terminals comply with NFPA 78 or an established engineering study for
the protected system. Connected devices include, but are not limited to the following type of
devices.

Valve Arresters: Devices constructed with a non-linear resistive element in series with a spark
gap and enclosed in a casing normally made of porcelain. Common non-linear elements are
made of thyrite. Several devices may be constructed in series to meet the normal operational
Voltages of the system(s).

Expulsion Arresters: Devices with a spark gap connected in series with a hollow fiber tube.
Gases created in the hollow tube are ejected in an explosive manner, which reduces follow-up
current flow to a level interruptible by the spark gap.

e Choke Coils: Surge protection is achieved with choke coils, which offer a large reactance to
the high frequency lightning-induced surge. The choke coil shunts the lightning-induced
surge away from the protected apparatus to a strategically placed arrester.
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ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)

Metering (CSI 18430)

Metering is a collection of devices such as Voltmeters, ammeters, switches, and ancillary devices
used to measure various electrical parameters. Metering may be used to control the electrical
system or to indicate selected parameters monitored by an operator. Ancillary metering devices
may also be used for other control systems such as overcurrent or overvoltage relaying.

Precast Concrete Poles (CSI 02780)
See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for a description.
Raceway & FlIfflngs (CSI 18110)

A raceway is an enclosed channel for holding wire, cables, or busbars. The more common forms
of raceway include flexible and rigid conduit, tubing, and wireways. Fittings include bushings,
locknuts, and conduit bodies.

Signal Circuits (CSI 18740)

Equipment used in signal circuits (as defined herein) are standard electrical devices and materials
with additional use constraints. If power is not required to be limited to some established level then
the circuit is rated as a Class 1 circuit. If Voltage and current are limited normally in accordance
with NFPA standards, the circuit is rated as Class 2 or Class 3, and equipment and material rated
for that class is used.

Steel Towers & Poles (CSI 02780)
See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for a description.
Switchgear (CS| 18425)

Switchgear assemblies include switches, circuit breakers, fuses, metering equipment, relays,
and/or other forms of equipment to control the electric current distributed throughout an area.
Switchgear is used in all Voltage ranges; however, it is frequently referred to as switchboard in the
low Voltage range.

Tower & Pole Foundations (CSI 02780)

See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for a description.
Utility Service Tunnels (CSI 02300)

See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for a description.
Utllity Service Tunnels: Dampproofing/Waterproofing (CSI 02300)
See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for a description.
Wood Poles (CSI 02780)

See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for a description.

2.1.4.1-4 Rev. 05/93



DOE CAS Manual Volume 12: 0.12 SiteWork

ORIGINAL CONFIGURATION:
ORIGINAL OIL CIRCUIT BREAKER

REPLACEMENT KIT:
CREATES VACUUM
CIRCUIT BREAKER REPLACEMENT KIT

CURRENT CONFIGURATION:
VACUUM CIRCUIT BREAKER REPLACEMENT KIT

SOURCE: ABB POWER T & D COMPANY INC. CATALOG 50-000

ELECTRICAL | Revision No. Issue Date Drawing No.
| 5/93 A12010401-1

SWITCHYARDS (CSI 16200) I




DOE CAS Manual Volume 12: 0.12 SiteWork
|

Insulating SF, Gas
\ Semi Stop Joint insulator

Tri-Post Insulator

Plug in Contact

Enclosure Particle Trap Conductor

COMPRESSED GAS INSULATED TRANSMISSION BUS

SOURCE: ABB POWER T & D COMPANY INC. CATALOG 50-000

SYSTEM ASSEMBLY

DETAILS-SITEWORK BUS

ELECTRICAL Revision No. issue Date Drawing No.
SWITCHYARDS (CSI 16200) 5/93 A12010401-2




DOE CAS Manual

Volume 12: 0.12 Site Work

McERAW -EDISON
TYPE

ANS| STANDARD
ENTRANCE BUSHING

POLE-TOP MECHANISN

COUPLED WiTHs TYPR

OIL CIRCUIT BREAKER

oa-a

nYDRAULIC

McCRAW-EDISON
BUSHING - TYPE

CURRENT TRANSFORMERS

SLASS -REINFORCED

EPOXY SHAFT OF MOTATING
CONYACT STRUCTURE

CORONA SWIELDS
WHERE NEEDED.

WEDIVM - OHMIC
RENSTORS

o

L
———

:
£
4

POITS SUPPORTING

CLUSTER-TYPE CONTACTS
AnD

OIL CIRCUIT BREAKER CUTAWAY

SOLRCE: McGRAW-EDISON POWER SYSTEMS ELECTRICAL APPARATUS SPECIFIER'S CATALOG TRANSMISSION—DISTRIBUTION

SYSTEM ASSEMBLY OIL CIRCUIT BREAKER

DETAILS-SITEWORK

ELECTRICAL
SWITCHYARDS (CSI 1

Revision No. Issue Date Drawing No.

6200) 5/93 A12010401-3




DOE GAS Manual

OIL CIRCUIT BREAKER POLE TOP MECHANISM

OIL CIRCUIT BREAKER OPERATING MECHANISM CONTROL CABINET

Volume 12: 0.12 SiteWork

SOURCE: McGRAW—EDISON POWER SYSTEMS ELECTRICAL APPARATUS SPECIFIER'S CATALOG TRANSMISSION—DISTRIBU TION
. _______________________________________________________ ________________________________________|

SYSTEM ASSEMBLY OIL CIRCUIT BREAKER COMPONENTS

DETAILS-SITEWORK

ELECTRICAL Revision No.
SWITCHYARDS (CSI 16200)

Issue Date

5/983

Drawing No.

A12010401-4




DOE CAS Manual Volume 12: 0.12 SiteWork
|

DEFICIENCY FACTORS
0.12.01.04.01 SWITCHYARDS (CSI 16200}

PROBABLE FAILURE POINTS

e Component grounding - components/devices are not adequately grounded or a grounding
system is not in place.

e Device contacts - stationary and movable contacts are burned, pitted, or misaligned.
. Enclosures - not clean and moisture-free; oil leaks.

e Insulating liquid - does not meet criteria for continued use.

e Insulators - cracked, chipped, or have unacceptable surface contamination.

s Protective relays -

malcalibrated when measured against manufacturer operation/-

maintenance requirements. Inoperative on receipt of correct time-current signal.

e Splices - connections are not properly made or torqued.

e Switchgear - altered for new uses without revision of protective relaying engineering study.
SYSTEM ASSEMBLIES/DEFICIENCIES

Busway:

Communication Circuits:
Concrete Support Pads:
Conductors & Fittings:

Disconnects:
Lighting:

Lightning Protection &
Surge Suppression:

Metering:

Precast Concrete Poles:
Raceway & Fittings:

Signal Circuits:

Steel Towers & Poles:

Switchgear:

Tower & Pole Foundations:

Utility Service Tunnels:

See CAS Volume 9 for deficiency factors.

See CAS Volume 9 for deficiency factors for communication
circuits.

See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for
deficiency factors for concrete support pads.

See CAS Volume 9 for deficiency factors for conductors and
fittings.

See CAS Volume 9 for deficiency factors for disconnects
See CAS Volume 9 for deficiency factors for lighting.

See CAS Volume 9 for deficiency factors for lightning
protection and surge suppression.

See CAS Volume 9 for deficiency factors for metering.

See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for
deficiency factors for precast concrete poles.

See CAS Volume 9 for deficiency factors for raceway and
fittings.

See CAS Volume 9 for deficiency factors for signal circuits.

See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for
deficiency factors for steel towers and poles.

See CAS Volume 9 for deficiency factors for switchgear.

See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for
deficiency factors for tower and pole foundations.

See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for
deficiency factors for utility service tunnels.

Rev. 12/92
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DEFICIENCY FACTORS
0.12.01.04.01 SWITCHYARDS (CSI 16200)

SYSTEM ASSEMBLIES/DEFICIENCIES (Continued)

Utilty Service Tunnels:
Dampproofing/Waterproofing: See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for

deficiency factors for utility service tunnels: dampproofing/-
waterproofing.

Wood Poles: See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for
deficiency factors for wood poles.

END OF SUBSECTION
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0.12.01.04.02 SUBSTATIONS (CSIl 16200)

DESCRIPTION

A typical transformer substation can be located above or below ground and is easily described as
a switchyard with a transformer having primary and secondary protection, used to change an
electrical system or subsystem Voltage. This description is adequate if one recognizes that the
substation may consist of several transformers, and that primary and secondary protection are
configured to provide protection for the individual transformers as well as the full substation. This
complex assembly may also contain ancillary systems such as structures, platforms, towers,
maintenance buildings, a low Voltage distribution system, and a lighting system. This complex
assembly, normally referred to as the “substation,” is the result of good engineering and economic
decisions.

TRANSFORMER SUBSTATION EQUIPMENT

A typical listing of common transformer substation equipment follows. The list does not address
the ancillary systems that may be present and are the subject of Volume 9 of the CAS Program.

¢ Busway (Bus Duct) e Raceway & Fittings

e  Communication Circuits e Signal Circuits

e Concrete Support Pads e Steel Towers & Poles

e  Conductors & Fittings s  Switchgear

o Disconnects e Tower & Pole Foundations

e Lighting e  Transformers

e Lightning Protection & Surge e  Utility Service Tunnels
Suppression e  Utility Service Tunnels:
Metering Dampproofing/Waterproofing

e Precast Concrete Poles e Wood Poles

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS
Busway (Bus Duet) (CS| 16465)

A busway is a device consisting of a grounded metal enclosure containing factory-mounted, bare
or insulated conductors that are usually copper or aluminum bars, rods, or tubes. A busway may
be intended for a specific application and is so marked; it has a maximum rated Voltage of 600
Volts. A similar device used at Voltages larger than 600 is referred to as metal-enclosed bus and
consists of three types: isolated phase, segregated phase, and nonsegregated phase. Isolated
phase and segregated phase metal-enclosed bus are typically found in utility stations.
Nonsegregated metal-enclosed bus is commonly used to connect transformers and switchgear
and to interconnect switchgear lineups.

Communication Circuits (CSI 16700)

A variety of equipment is an inherent part of communication circuits and includes, but is not limited
to, the following:

Fittings: Special components normally used to shield and/or protect the conductors used in a
communication circuit. The fitting will sustain the characteristics of the communication circuit
if such is required.

Seals. Special fittings or materials used to secure the penetration of a barrier by
communication circuits or to isolate one area from another area where communication
circuits interrupt that isolation. The seal maintains the characteristics of the communication
circuit if so required.

Protectors: Items of equipment used to establish boundary conditions of Voltage and current
permitted in the communication circuit; they are concerned primarily with isolating the
communication device from excessive Voltage surges.

Rev. 12/92 2.1.4.2-1
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0.12.01 ® 4.02 SUBSTATIONS (CSI 16200)

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)

Concrete Support Pads (CSI 03300)
See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for a description.
Conductors & Fittings (CS1 18120)

A conductor is a material, usually in the form of a wire, cable, or bus bar, suitable for carrying an

electric current. A conductor may be solid with or without insulation, or a stranded conductor with
or without insulation and other coverings (single-conductor) or a combination of conductors
insulated from one another (multiple conductor). Conductors may also be referred to as bundled,
covered, grounded, insulated, shielded, line, and open conductors (see glossary for a description
of each). Further, a conductor may be referred to as a cable (see glossary for a description). In

addition, cables as conductors, have associated ancillary units or extensions. These ancillary
units include spacer cable, messenger cable, cable termination, cable jacket, and cable sheath
(see glossary for a description).

The conductors more common in switchyards and substations are a solid metal or tube type bus
supported on insulators, noninsulated conductors supported by insulators, or insulated cable.
Fittings include splices and terminations, and normally maintain conductor/cable characteristics in
addition to meeting other requirements.

Disconnects (€Sl 16200)

Disconnects are devices used to isolate one circuit section from another or to isolate a load from a
source. Specific disconnect devices identified in this section are air break switches, circuit
breakers, cutouts, isolation switches, circuit reclosers, oil switches, repeater cutouts, network
protectors, and vacuum circuit breakers.

« Air Break Switches: Air break switches have both blade and stationary contacts equipped
with arcing horns. These horns are pieces of metal between which an arc may form when
opening an energized circuit. As the blade or movable contact moves away from the
stationary contact its horn also moves, thus stretching an arc to a break point.

e  Circuit Breakers: Circuit breakers are used to protect the switchyard and to connect and/or
isolate the switchyard circuits in accordance with established parameters and operating
conditions. The circuit breaker is normally an oil-filled device in high Voltage circuits.
However, air circuit breakers and vacuum devices are also found. Vacuum circuit breakers
differ from air circuit breakers in that the main contacts and interrupters are in a vacuum bottle
and are not accessible for cleaning, repair, or adjustment. Indicators that reflect contact wear
are sometimes provided.

e Circuit Recloser: A circuit recloser is a switch with additional ancillary devices. These
additional devices monitor line current and at a predetermined value initiate action to open the
switch; when the line current falls, the devices close the switch and restore the circuit. The
additional ancillary devices are controllable to permit consideration of local or system
conditions; the switch may be locked opened after one or more closures and the interrupt time
is adjustable. The interrupting medium can be either oil or vacuum.

e Cutouts: Cutouts are fused devices used for protection and isolation in switching substations.
Two types, the enclosed and the open link, are in general use today (the enclosed is more
often found in distribution systems serving residential areas). Modern enclosed cutouts will
drop “open” the fuse holder or an indicator after the fuse has melted on overcurrent, allowing a
rapid “drive-by” status survey.

2.1.4.2-2 Rev. 12/92
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0.12.01.04.02 SUBSTATIONS (€Sl 16200)

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Disconnects (CSI 16200) (Continued)

e Isolation Switches: Isolation switches are used to isolate a circuit or load from some other
part of an electrical system. The isolation switch is designed to carry rated current at or below
rated Voltage; however, the isolation switch is not designed nor rated to interrupt load current.
Further, care must be exercised when isolation switches are operated due to the possibility of
charging currents.

e Network Protectors: Network protectors are air circuit breakers with specialized relays that
sense network conditions and initiate appropriate circuit breaker action.

e  Oil Switches: An oil switch is normally employed to protect from overloads, short circuit fault
currents, and other abnormal conditions. The switch contacts are immersed in an oil that
serves several functions. The oil is an insulator that tends to quench any arc formed during
switch operation. The formation of an arc in an airtight tank pressurizes the tanks with
vaporized oil, and this provides additional arc quenching.

e Repeater Cutouts: Repeater cutouts normally consist of two or more fused devices with
additional ancillary devices, permitting several fused devices to be place in operation
sequentially. Thus, if an overcurrent melts the first fuse, the cutout opens and mechanically
places the next fused device into operation. This continues until all fused devices have been
used or the overload condition has been removed.

Lighting (CSI 16500)

A lighting system converts electrical energy to energy in the visible frequency spectrum. The light
system consists of the luminary and the necessary devices to connect the luminary to the low
Voltage distribution system. The lighting system may be one using incandescent, fluorescent, or
High Intensity Discharge (HID) equipment.

Lightning protection & Surge Suppression (CSI 18870)

A variety of equipment is used for Lightning Protection and Surge Suppression. Lightning
protection may involve shielding the protected system by placing conductors with air terminals,
connecting special devices to the electrical circuit being protected, or a combination of both. The
shielding conductor and air terminals comply with NFPA 78 or an established engineering study for
the protected system. Connected devices include, but are not limited to the following type of
devices.

e Valve Arresters: Devices constructed with a non-linear resistive element in series with a spark
gap and enclosed in a casing normally made of porcelain. Common non-linear elements are
made of thyrite. Several devices may be constructed in series to meet the normal operational
Voltages of the system(s).

« Expulsion Arresters: Devices with a spark gap connected in series with a hollow fiber tube.
Gases created in the hollow tube are ejected in an explosive manner, which reduces follow-up
current flow to a level interruptible by the spark gap.

e Choke Coils: Surge protection is achieved with choke coils, which offer a large reactance to
the high frequency lightning-induced surge. The choke coil shunts the lightning-induced
surge away from the protected apparatus to a strategically placed arrester.

Rev. 12/92 2.14.2-3
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0.12.01.04.02 SUBSTATIONS (CSI 16200)

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)

Metering (CSI 18430)

Metering is a collection of devices such as Voltmeters, ammeters, switches, and ancillary devices
used to measure various electrical parameters. Metering may be used to control the electrical
system or to indicate selected parameters monitored by an operator. Ancillary metering devices
may also be used for other control systems such as overcurrent or overvoltage relaying.

Precast Concrete Poles (CSI 02780)
See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for a description
Raceway & Fittings (CS|I 18110)

A raceway is an enclosed channel for holding wire, cables, or busbars. The more common forms
of raceway include flexible and rigid conduit, tubing, and wireways. Fittings include bushings,
locknuts, and conduit bodies.

Signal Clreults (CSI 18740)

Equipment used in signal circuits (as defined herein) are standard electrical devices and materials
with additional use constraints. If power is not required to be limited to some established level then
the circuit is rated as a Class 1 circuit. If Voltage and current are limited normally in accordance
with NFPA standards, the circuit is rated as Class 2 or Class 3, and equipment and material rated
for that class is used.

Steel lowers & poles (CSI 02780)
See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for a description.
Switchgear (CSI 18425)

Switchgear assemblies include switches, circuit breakers, fuses, metering equipment, relays,
and/or other forms of equipment to control or record the electric current distributed throughout an
area. Switchgear is used in all Voltage ranges; however, it is referred to as switchboard in the low
Voltage range.

lower & Pole Foundations (CSI 02780)
See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for a description.
Transformers (CSI 18320)

A device used to change the Voltage delivered to a load or to isolate a load electrically from its
source. As used here, the term does not include units installed as part of some other device or
load.

Utility Service Tunnels (CSI 02300)

See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for a description.
Utility Service Tunnels: Dampproofing/Waterproofing (CSI 02300)

See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for a description.
Wood Poles (CSI 02780)

See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for a description.

2.1.4.2-4 Rev. 12/92



DOE CAS Manual Volume 12: 0.12 SiteWork
|

SOURCE: ABB POWER T&D COMPANY INC. CATALOG 50-000

SYSTEM ASSEMBLY
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ELECTRICAL Revision No. Issue Date Drawing No.
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DEFICIENCY FACTORS
0.12.01.04.02 SUBSTATIONS (CSI 16200)

PROBABLE FAILURE POINTS

e Component grounding - components/devices are not adequately grounded or a grounding

system is not in place.

e Device contacts - stationary and movable contacts are burned, pitted or malaligned.

. Enclosures - not clean and moisture-free, oil leaks.

e Insulating liquid - does not meet criteria for continued use.

) Insulators - cracked, chipped, broken, or have unacceptable surface contamination.

e  Protective relays - malcalibrated when measured against requirement. Inoperative on receipt

of correct time-current signal.

e Switchgear - altered for new uses without revision of protective relaying engineering study.

e Transformer - overloaded.

SYSTEM ASSEMBLIES/DEFICIENCIES

Busway:

Communication Circuits:
Concrete Support Pads:
Conductors & Fittings:

Disconnects:
Lighting:

Lightning Protection &
Surge Suppression:

Metering:

Precast Concrete Poles:
Raceway & Fittings:

Signal Circuits:

Steel Towers & Poles:

Switchgear:

Tower & Pole Foundations:

Transformers:

Utility Service Tunnels:

See CAS Volume 9 for deficiency factors for busway.

See CAS Volume 9 for deficiency factors for communication
circulits.

See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for
deficiency factors for concrete support pads.

See CAS Volume 9 for deficiency factors for conductors and
fittings.

See CAS Volume 9 for deficiency factors for disconnects,

See CAS Volume 9 for deficiency factors for lighting.

See CAS Volume 9 for deficiency factors for lightning
protection and surge suppression.

See CAS Volume 9 for deficiency factors for metering.

See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for
deficiency factors for precast concrete poles.

See CAS Volume 9 for deficiency factors for raceway and
fittings.

See CAS Volume 9 for deficiency factors for signal circuits.

See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for
deficiency factors for steel towers and poles.

See CAS Volume 9 for deficiency factors for switchgear.

See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for
deficiency factors for tower and pole foundations.

See CAS Volume 9 for deficiency factors for transformers.

See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for
deficiency factors for utility service tunnels.

Rev. 12/92
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DEFICIENCY FACTORS
0.12.01 .04.02 SUBSTATIONS {€S1 162001

SYSTEM ASSEMBLIES/DEFICIENCIES (Continuedl

Utility Service Tunnels:
Dampproofing/Waterproofing: See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for

deficiency factors for utility service tunnels: dampproofing/-
waterproofing.

Wood Poles: See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for
deficiency factors for wood poles.

END OF SUBSECTION
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0.12.01 .04.03 OVERHEAD TRANSMISSION SYSTEM (CSI 16200)

DESCRIPTION

The typical overhead transmission system is that part of the electrical system that transports
current from a source to a load using transmission lines placed on poles, platforms, or towers.
The connection of the overhead transmission system to the source and the load is most often
made through the use of switchyards and substations.

OVERHEAD TRANSMISSION SYSTEM EQUIPMENT

A typical listing of common overhead transmission system equipment follows. The list does not
address the ancillary systems that may be present and are the subject of Volume 9 of the CAS
Program.

Communication Circuits . Precast Concrete Poles
Conductors & Fittings . Signal Circuits
Disconnects . Steel Towers & Poles
Lighting . Switchgear

Lightning Protection & Surge . Tower & Pole Foundations
Suppression . Wood Poles

Metering

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Communication Circuits (€Sl 16700)

A variety of equipment is an inherent part of communication circuits and includes, but is not limited
to, the following:

s  Fittings: Special components normally used to shield and/or protect the conductors used in a
communication circuit. The fitting will sustain the characteristics of the communication circuit
if such is required.

Seals. Special fittings or materials used to secure the penetration of a barrier by
communication circuits or to isolate one area from another area where communication
circuits interrupt that isolation. The seal maintains the characteristics of the communication
circuit if so required.

»  Protectors: Items of equipment used to establish boundary conditions of Voltage and current
permitted in the communication circuit; they are concerned primarily with isolating the
communication device from excessive Voltage surges.

Conductors & Fittings (CSI 16120)

Bare aluminum conductors are normally used in an overhead transmission system. Several types
of aluminum conductors are used such as all aluminum, aluminum alloy, aluminum-steel
reinforced, aluminum clad-steel reinforced, and aluminum-alloy reinforced. The different types of
aluminum conductors are the result of a combination of conductor requirements such as high
strength-to-weight ratio, sag characteristics, corrosion resistance, and high ampacity. Insulated
cable is sometimes used for primary and secondary overhead distribution where limited space is
available or desirable in rights-of-way. It is effective in preventing direct shorts and instantaneous
flashovers when tree limbs and other objects make contact or are in very close proximity. The
insulated cable is installed on insulators and is treated as a bare conductor. Fittings are those
items of hardware used to terminate and protect a conductor by holding, guiding, or shielding the
conductor from damage. Fittings normally maintain the cable characteristics in addition to
meeting other requirements.

Rev. 12/92 2.1.4.3-
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0.12.01.04.03 OVERHEAD TRANSMISSION SYSTEM (CSl 16200)

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)

Disconnects (CSI 16266)

Disconnects are devices used to isolate one circuit section from another or to isolate a load from a
source. Specific disconnect devices identified in this section are air break switches, circuit
breakers, cutouts, isolation switches, circuit reclosers, oil switches, repeater cutouts, network
protectors, and vacuum circuit breakers.

e Air Break Switches: Air break switches have both blade and stationary contacts equipped
with arcing horns. These horns are pieces of metal between which an arc may form when
opening an energized circuit. As the blade or movable contact moves away from the
stationary contact its horn also moves, thus stretching an arc to a break point.

e  Circuit Breakers: Circuit breakers are used to protect the switchyard and to connect and/or
isolate the switchyard circuits in accordance with established parameters and operating
conditions.  The circuit breaker is normally an oil-filled device in high Voltage circuits.
However, air circuit breakers and vacuum devices are also found. Vacuum circuit breakers
differ from air circuit breakers in that the main contacts and interrupters are in a vacuum bottle
and are not accessible for cleaning, repair, or adjustment. Indicators that reflect contact wear
are sometimes provided.

e Circuit Recloser: A circuit recloser is a switch with additional ancillary devices. These
additional devices monitor line current and at a predetermined value initiate action to open the
switch; when the line current falls, the devices close the switch and restore the circuit. The
additional ancillary devices are controllable to permit consideration of local or system
conditions; the switch may be locked opened after one or more closures and the interrupt time
is adjustable. The interrupting medium can be either oil or vacuum.

e  Cutouts: Cutouts are fused devices used for protection and isolation in switching substations.
Two types, the enclosed and the open link, are in general use today (the enclosed is more
often found in distribution systems serving residential areas). Modern enclosed cutouts will
drop “open” the fuse holder or an indicator after the fuse has melted on overcurrent, allowing a
rapid “drive-by” status survey.

e Isolation Switches: Isolation switches are used to isolate a circuit or load from some other
part of an electrical system. The isolation switch is designed to carry rated current at or below
rated Voltage; however, the isolation switch is not designed nor rated to interrupt load current.
Further, care must be exercised when isolation switches are operated due to the possibility of
charging currents.

¢ Network Protectors: Network protectors are air circuit breakers with specialized relays that
sense network conditions and initiate appropriate circuit breaker action.

¢ Oil Switches: An oil switch is normally employed to protect from overloads, short circuit fault
currents, and other abnormal conditions. The switch contacts are immersed in an oil that
serves several functions. The oil is an insulator that tends to quench any arc formed during
switch operation. The formation of an arc in an airtight tank pressurizes the tanks with
vaporized oil, and this provides additional arc quenching.

e Repeater Cutouts: Repeater cutouts normally consist of two or more fused devices with
additional ancillary devices, permitting several fused devices to be place in operation
sequentially. Thus, if an overcurrent melts the first fuse, the cutout opens and mechanically
places the next fused device into operation. This continues until all fused devices have been
used or the overload condition has been removed.

2.1.4.3-2 Rev. 12/92



DOE CAS Manual Volume 12: 0.12 Site Work
|

0.12.01.04.03 OVERHEAD TRANSMISSION SYSTEM (CSI 16200}

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)
Ughting (CSI 16500)

A lighting system converts electrical energy to energy in the visible frequency spectrum. The light
system consists of the luminary and the necessary devices to connect the luminary to the low
Voltage distribution system. The lighting system may be one using incandescent, fluorescent, or
High Intensity Discharge (HID) equipment.

Ughtning Protection & Surge Suppression (CS1 16670)

A variety of equipment is used for Lightning Protection and Surge Suppression. Lightning
protection may involve shielding the protected system by placing conductors with air terminals,
connecting special devices to the electrical circuit being protected, or a combination of both. The
shielding conductor and air terminals comply with NFPA 78 or an established engineering study for
the protected system. Connected devices include, but are not limited to the following type of
devices.

Valve Arresters: Devices constructed with a non-linear resistive element in series with a spark
gap and enclosed in a casing normally made of porcelain. Common non-linear elements are
made of thyrite. Several devices may be constructed in series to meet the normal operational
Voltages of the system(s).

Expulsion Arresters: Devices with a spark gap connected in series with a hollow fiber tube.
Gases created in the hollow tube are ejected in an explosive manner, which reduces follow-up
current flow to a level interruptible by the spark gap.

Choke Coils: Surge protection is achieved with choke coils, which offer a large reactance to
the high frequency lightning-induced surge. The choke coil shunts the lightning-induced
surge away from the protected apparatus to a strategically placed arrester.

Metering (CSI 16430)

Metering is a collection of devices such as Voltmeters, ammeters, switches, and ancillary devices
used to measure various electrical parameters. Metering may be used to control the electrical
system or to indicate selected parameters monitored by an operator. Ancillary metering devices
may also be used for other control systems such as overcurrent or overvoltage relaying.

Precast Concrete polo8 (CSI 02780)
See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for a description.
Signal Circults (CSI 16700)

Equipment used in signal circuits (as defined herein) are standard electrical devices and materials
with additional use constraints. If power is not required to be limited to some established level then
the circuit is rated as a Class 1 circuit. If Voltage and current are limited normally in accordance
with NFPA standards, the circuit is rated as Class 2 or Class 3, and equipment and material rated
for that class is used.

Steel Towers & Poles (CS1 02730)
See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for a description.
Switchgear (CSI 16425)

Switchgear assemblies include switches, circuit breakers, fuses, metering equipment, relays,
and/or other forms of equipment to control the electric current distributed throughout an area.
Switchgear is used in all Voltage ranges; however, it is referred to as switchboard in the low
Voltage range.

Rev. 12/92 2.1.4.3-3
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0.12.01.04.03 OVERHEAD TRANSMISSION SYSTEM (€SI 162001

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)
Tower & Polo Foundations (CSI 02780)

See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for a description.
Wood Poles (CSI 02780)

See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for a description.

2.1.4.3-4 Rev. 12/92
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DEFICIENCY FACTORS
0.12.01.04.03 OVERHEAD TRANSMISSION SYSTEM (CSI 16200)

PROBABLE FAILURE POINTS

Component grounding - components/devices are not adequately grounded or a grounding
system is not in place.

Device contacts - stationary and movable contacts are burned, pitted, or malaligned.
Enclosures - not clean and moisture-free, oil leaks.

Insulating liquid - does not meet criteria for continued use.

Insulators - cracked, chipped, broken, or have unacceptable surface contamination,

Lightning arresters - cracked, chipped, broken, or have unacceptable surface contamination.

Poles - rotting, leaning, and splitting. Poles have bird damage or are lightning damaged.

Splices connections are not properly made or torqued.
SYSTEM ASSEMBLIES/DEFICIENCIES

Communication Circuits:
Conductors & Fittings:

Disconnects:
Lighting:

Lightning Protection
& Surge Suppression:

Metering:

Precast Concrete Poles:

Signal Circuits:

Steel Towers & Poles:

Switchgear:

Tower & Pole Foundations:

Wood Poles:

See CAS Volume 9 for deficiency factors for communication
circulits.

See CAS Volume 9 for deficiency factors for conductors and
fittings.

See CAS Volume 9 for deficiency factors for disconnects.

See CAS Volume 9 for deficiency factors for lighting.

See CAS Volume 9 for deficiency factors for lightning
protection and surge suppression.

See CAS Volume 9 for deficiency factors for metering.

See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for
deficiency factors for precast concrete poles.

See CAS Volume 9 for deficiency factors for signal circuits.

See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for
deficiency factors for steel towers and poles.

See CAS Volume 9 for deficiency factors for switchgear.

See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for
deficiency factors for tower and pole foundations.

See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for
deficiency factors for wood poles.
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DEFICIENCY FACTORS
0.12.01.04.03 OVERHEAD TRANSMISSION SYSTEM (CSI 16200)

END OF SUBSECTION
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0.12.01.04.04 UNDERGROUND TRANSMISSION SYSTEM (€S1 162001

DESCRIPTION

The typical underground transmission system transports current from a source to a load but is part
of a subsurface network. The underground transmission system is not a common link in large
networks due to the large burdens imposed. The underground system includes submarine

systems and is often employed to bridge large water spans where the water span is used for
navigational purposes.

Underground Transmission System Equipment

A typical listing of common underground transmission system equipment follows. The list does
not address the ancillary support systems such as a low Voltage distribution system that may be
present and are the subject of Volume 9 of the CAS Program.

. Communication Circuits . Metering

o Concrete Support Pads o Raceway & Fittings

. Conductors & Fittings . Signal Circuits
Disconnects . Utility Service Tunnels
Lighting o  Utility Service Tunnels:
Lightning Protection & Surge Dampproofing/Waterproofing

Suppression
ASSOCIATED ASSEMBLY/STANDARD COMPONENTS
Communication Circults (CSI 16700)

A variety of equipment is an inherent part of communication circuits and includes, but is not limited
to, the following:

e Fittinas: Special components normally used to shield and/or protect the conductors used in a
communication circuit. The fitting will sustain the characteristics of the communication circuit
if such is required.

o Seals Special fittings or materials used to secure the penetration of a barrier by
communication circuits or to isolate one area from another area where communication
circuits interrupt that isolation. The seal maintains the characteristics of the communication
circuit if so required.

o  Protectors: Items of equipment used to establish boundary conditions of Voltage and current
permitted in the communication circuit; they are concerned primarily with isolating the
communication device from excessive Voltage surges.

Concrete Support Pads {CS1 03300)
See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for a description.
Conductors & Fittings (CSl 16120)

These materials, usually in the form of a wire, cable, or bus bar, are suitable for carrying an electric
current. A conductor may be solid with or without insulation, or a stranded conductor with or
without insulation and other coverings (single-conductor) or a combination of conductors
insulated from one another (multiple conductor). Conductors may also be referred to as bundled,
covered, grounded, insulated, shielded, line, and open conductors (see glossary for a description
of each). Further, a conductor may be referred to as a cable (see glossary for a description). In
addition, cables as conductors, have associated ancillary units or extensions. These ancillary
units include spacer cable, messenger cable, cable termination, cable jacket, and cable sheath
(see glossary for a description).

Rev. 05/93 2.1.4.41
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0.12.01.04.04 UNDERGROUND TRANSMISSION SYSTEM (CSl 16200)

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS (Continued)
Utility Service Tunnels (CSI| 02300)
See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for a description.

Utility Service Tunnels: Dampproofing/Waterproofing (CS| 02300)
See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for a description.

2.1.4.4-4 Rev. 05/93
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DEFICIENCY FACTORS

0.12.01 .04.04 UNDERGROUND TRANSMISSION SYSTEM (CSI 16200)

PROBABLE FAILURE POINTS

e Component grounding - components/devices are not adequately grounded or a grounding

system is not in place.

e Device contacts - stationary and movable contacts are burned, pitted, or malaligned.

Enclosures - not clean and moisture-free, oil leaks.

Insulating liquid - does not meet criteria for continued use.

+ Insulators - cracked, chipped, broken, or have unacceptable surface contamination.

Lightning arresters - cracked, chipped, broken, or have unacceptable surface contamination.

¢ Raceway - not clean and moisture-free.

e Splices - connections are not properly made or torqued.
SYSTEM ASSEMBLIES/DEFICIENCIES

Communication Circuits:
Concrete Support Pads:
Conductors & Fittings:

Disconnects:
Lighting:

Lightning Protection
& Surge Suppression:

Metering:
Raceway & Fittings:

Signal Circuits:
Utility Service Tunnels:

Utility Service Tunnels:

Dampproofing/Waterproofing:

See CAS Volume 9 for deficiency factors for communication
circuits,

See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for
deficiency factors for concrete support pads.

See CAS Volume 9 for deficiency factors for conductors and
fittings.

See CAS Volume 9 for deficiency factors for disconnects,
See CAS Volume 9 for deficiency factors for lighting.

See CAS Volume 9 for deficiency factors for lightning
protection and surge suppression.

See CAS Volume 9 for deficiency factors for metering.

See CAS Volume 9 for deficiency factors for raceway and
fittings.
See CAS Volume 9 for deficiency factors for signal circuits.

See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for
deficiency factors for utility service tunnels.

See Electrical Infrastructure (0.12.01.05) CAS Volume 12 for
deficiency factors for utility service tunnels: dampproofing/-
waterproofing.

Rev. 05/93
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DEFICIENCY FACTORS
0.12.01.04.04 UNDERGROUND TRANSMISSION SYSTEM (CSI 16200)

END OF SUBSECTION
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0.12.01.05.01 STEEL TOWERS & POLES (CSI 05000)

DESCRIPTION

Steel towers and pole structures are designed to support electrical transmission lines, radio and
television antennas, radar and microwave equipment, floodlights, etc. The ease of steel fabrication
combined with its durability are key factors, especially for exposed high tension lines that must be
elevated considerably above the topography. Some of its desirable qualities include great
strength and stiffness, durability, workability, and reliability. Steel is non-combustible, unaffected
by fungi or insects, and dimensionally stable. The disadvantage of most steel products is
corrosion. Graphic assembly details that follow illustrate general assembly/component types only
and are not meant as a definitive, exhaustive, in-depth system breakdown. Field conditions will
vary and are subject to project type, local requirements, and facility design.

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS
Steel Towers & Poles (CSI 05000)

Steel towers are composed of hot-rolled or cold-formed shapes. These are mostly angles,
although other shapes may also be used. The members are bolted together to form a lattice truss.
Tower members may be hot-dip galvanized to obtain resistance to corrosion, or they may be
fabricated from weathering steel requiring no corrosion protection. Steel poles are welded from
plates. Pole shapes vary from circular to multi-sided polygonal.

Connections:

The ASTM A39A Type 0 bolts are the most common fasteners used for steel towers. High-
strength and weathering-steel bolts are also covered by this specification.

High-strength bolts may be specified with friction type or bearing type connections with threads
included or excluded from the shear plane.

Welded connections are generally governed by the American Welding Society document D1.1-88
Structural Welding Code, Steel. Field welded connections are not normally used for steel poles.

OTHER RELATED COMPONENTS

See the following subsections within this manual for related components.

0.12.01.05.04  Tower & Pole FOUNMAtoNS . . .....vovv et 21541
0.12.01.04.01  SWICIYAITS . ...\ ' vt 21411
0.12.01.04.02  SUBSBIONS . ...\ ' eveve et e 21421
0.12.01.04.03 Overhead TransmisSioN SYSteM........o.vviiiiriiiiii e, 21431
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PROBABLE FAILURE POINTS

Steel corrosion is an electrochemical process that occurs in the presence of air and moisture.

Cracked or broken welds caused by stress, settlement/movement, poor materials, or improper

construction.

Loose connections caused by vibration, temperature changes, or improper tightness.

Impact damage caused by objects striking or impacting the surface.
SYSTEM ASSEMBLIES/DEFICIENCIES

Steel

Corrosion:

Damaged Welds:
Fatigue Cracking:
Impact Damage:
Lamellar Tearing:

Loose Connections:
Loss of Protective Coating/Paint:

Out-of-Alignment:

A chemical or electrochemical reaction that converts the
metal into oxides, carbonates, and/or sulfides.

Cracked or broken welds caused by stresses, poor
materials, or improper construction.

Repetitive, cyclic loading occurring at stresses at or below
allowable design values.

Depressions, dents, or buckled surface from objects striking
or impacting the surface.

A separation within the steel strains induced by hot welds
shrinking as they cool.

Impact, vibration, fatigue loading, or incorrect tightness.
Chalking, peeling, chipping, blistering, or deterioration.

Bowing, deflection, or other movement that brings the
surface out of its designed position in one or more
directions. This includes out-of-plumb towers and poles and
out-of-level crossarms.

Rev. 05/93
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0.12.01.05.02 PRECAST CONCRETE POLES (CSl 03400)

DESCRIPTION

Precast methodology involves concrete items fabricated off-site.  Precast poles are either
reinforced or prestressed in a manufacturer/casting plant and then shipped to the project site.
Graphic assembly details that follow illustrate general assembly/component types only and are not
meant as a definitive, exhaustive, in-depth system breakdown. Field conditions will vary and are
subject to project type, local requirements, and facility design.

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Precast Concrete Poles (CSI 03400)

Precast and prestressed concrete elements permit a wide variety of engineering solutions. The
feasibility of using prestressed elements will often depend on a manufacturing plants accessibility
to the site. Prestressed concrete elements are of little advantage for short spans, but can be used
to advantage for long spans with all types of construction. Precast has the greatest advantage
when identical members are to be cast, because the same forms can be used several times. In
addition to using the same forms, precast concrete has other advantages:

Control of the concrete quality.

Smoother surfaces.

Less storage space is needed.
. Concrete member can be cast under all weather conditions.
»  Better protection for curing.

Weather conditions do not affect erection.

Faster erection time.

Test cylinders should be made at the same time as the precast concrete and cured in the same
manner.

Reinforced Precast Concrete (CSI 03400)

Because concrete in itself has limited resistance to tensile and shear stress, a composite of
materials is necessary to take advantage of the maximum compatibility of the ingredients in the
composite.

Reinforcing steel should be placed in accordance with engineers requirements. Laps, tying, and
hook positioning should conform to the ACI codes. Concrete covering over steel reinforcement is
critical because of the protection afforded the steel.

The cross-sectional area of the reinforcing should not be reduced in any way because the tensile
capacity of the reinforcing materials is specified to conform to ACI 318.

OTHER RELATED COMPONENTS

Refer to Substructure, Volume 2, for additional deficiencies that may impact this system.

Rev. 05/93 2.1.5.2-
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PROBABLE FAILURE POINTS

e Reinforcement corrosion is an electro-chemical process that occurs in the presence of air and
moisture.

Construction overloads induced during construction or storage can be far more severe than
those experienced in the lifetime of the structure. These conditions may occur at early ages
when the concrete is most susceptible to damage, and often results in cracks.

The effects of improper design and/or detailing range from poor appearance to lack of
serviceability to catastrophic failure.

Externally applied loads induce tensile stress, which results in cracks. Current ACI 318 design
procedures use reinforcing steel, not only to carry the tensile forces, but also to control crack
distribution and width.

SYSTEM ASSEMBLIES/DEFICIENCIES

Corrosion of Rebar: The oxidation or eating away of the metal rebar by chemical
or electrochemical action after prolonged exposure to
moisture.

Cracks (Active & Dormant): Construction movement, settlement, shrinkage around

reinforcement. Inadequate finishing and curing. Chemical
reactions, such as corrosion. Physical reactions, such as
drying shrinkage. Thermal changes (subjected to
temperature extremes, such as from freeze/thaw cycles).
Stress concentration. Structural design. Accidents from
overload, vibration, fatigue, and earthquake.

Holes (Small & Large): Inadequate construction and design. Impact damage.

Out-of-Alignment: Bowing, deflection, or other movement that brings the
surface out of its design position. This includes out-of-
plumb poles and bent crossarms.

Spalling: Fragment flakes from the surface due to weather, pressure,
or other actions.

Staining: Surface discoloration from a foreign substance or material.

Surface Deterioration: Chemical reactions.

Rev. 05/93 2.1.5.2-3
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0.12.01.05.03 WOOD POLES (CSI 06000)

DESCRIPTION

Wood poles are used to support electrical conductors and equipment for overhead power
distribution systems and may be used in single units or in pairs. Associated appurtenances
include crossarms, support hardware, and anchoring devices. Graphic assembly details that
follow illustrate general assembly/component types only and are not meant as a definitive,
exhaustive, in-depth system breakdown. Field conditions will vary and are subject to project type,
local requirements, and facility design.

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Wood poles are used for medium voltage power distribution support. At the upper end of the
medium voltage range, they may be used in tandem to obtain proper overhead conductor
spacing. Two poles are connected by a crossarm allowing greater spacing of conductors than
with a crossarm on a single wood pole.

Wood poles used to support large transformers may be used in tandem to obtain adequate
strength. To provide an elevated platform for installation of transformers or other heavy items of
electrical equipment, two poles are connected by crossarms with decking.

Wood Poles (CSI 06000)

Wood poles used in electrical power distribution range in sizes up to 100 feet, but in general range
between 30 and 50 feet. Wood poles are available in five strength classes: the class is selected
based on pole loading. Wood poles are pressure treated for protection against environmental
deterioration and insect infestation.

Crossarms (CSI 06000)

Poles used for medium voltage distribution generally have one or more crossarms to support
insulators, arrestors, fused cutouts, etc. Crossarms are secured to the pole by means of bolts,
braces, and other hardware.

Support Hardware (CSI 06000)

Generally, poles are equipped with mounting brackets to support electrical equipment. These
brackets provide structural connection points for equipment such as transformers, capacitors, etc.

Anchors (CSI 06000)

Wood poles are buried in the earth to an appropriate depth to provide support for the pole, its
appurtenances, and electrical equipment. Additional support is provided by guy wires and
anchors used to offset lateral forces of overhead conductors. Push poles, in lieu of guy wires, are
used when location does not permit guy wires. Push poles provide force in compression, whereas
guy wires provide force in tension.

OTHER RELATED COMPONENTS

See the following subsections for related components:

0.12.01.05.04 Towers & Pole Foundations.. ........c.ccceovrerrreeinnenerieeseeenes 2.1.5.41
0.12.01.04.01  SWItChYard.. ...cccooeieiiireeere e 2.1.4.1-
0.12.01.04.02 SUDSIALIONS ..c.voiiiiiiiiiiieieee e 2.1.4.2-1
0.12.01.04.03 Overhead Transmission SYStEM........cccoceerierierereniesieseieenns 2.1.4.3-
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PROBABLE FAILURE POINTS

» Termite and boring insect damage causing breakdown of structural integrity.

Decay (rot) due to fungi, mildew, dry rot causing surface deterioration.

Fire damage or charred surfaces causing flaking or surface breakdown.

Splitting or checking caused by stress, settlement/movement, poor materials, or improper

construction.

e Impact damage caused by objects striking or impacting the surface.

« Attachment hardware corrosion caused by an electro-chemical process that occurs in the

presence of air and moisture.

«  Excessive loading or unbalanced loading may cause failure.

Loose connections caused by vibration, temperature changes, or improper tightness.
SYSTEM ASSEMBLIES/DEFICIENCIES

Wood Poles

Burned, Charred Surface:

Cracking:

Dry Rot, Decay:

Impact Damage, Denting:

Insect Damage:
Moss, Algae Growth:

Out-of-Alignment:

Splitting:
Staining:

Crossarm

Burned, Charred Surface:

Cracking:

Dry Rot, Decay:

Impact Damage, Denting:

Insect Damage:
Moss, Algae Growth:

Damage from fire or excessive heat on surface.

Cracking, usually structural in nature, that results in tearing,
ripping, or splitting.

Breakdown of structural integrity from mold, mildew, or dry
rot.

Depressions, punctures, or buckled surface from objects
striking or impacting the pole.

Holes, cracks, or punctures from burrowing insects.

The growth of plant life such as moss or algae over the
surface.

Bowing, deflection, or other movement that brings the pole
out-of-plumb.

Surface splitting or tearing.

Surface discoloration from a foreign substance or material.

Damage from fire or excessive heat on surface.

Cracking, usually structural in nature, that results in tearing,
ripping, or splitting.

Breakdown of structural integrity from mold, mildew, or dry
rot.

Depressions, punctures, or buckled surface from objects
striking or impacting with the crossarm.

Holes, cracks, or punctures from burrowing insects.

The growth of plant life such as moss or algae over the
surface.

Rev. 05/93
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SYSTEM ASSEMBLIES/DEFICIENCIES

Crossarm (Continued)

Out-of-Alignment: Bowing, deflection, or other movement that brings the
crossarm out of level in one or more directions.

Splitting: Surface splitting or tearing.
Staining: Surface discoloration from a foreign substance or material.

Anchors & Hardware

Insufficient Anchors, Connections: Broken, damaged, loose, corroded, or missing anchorage
or fasteners caused by vibration, excessive deflection,
impact, or improper tightness.

2.1.5.34 Rev. 05/93
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0.12.01.05.04 TOWER & POLE FOUNDATIONS (CSI 03000)

DESCRIPTION

Foundations are the structural elements that spread and transmit loads directly to the soil. The
most common types of foundations for steel towers and poles are concrete caissons. Concrete
and wood poles are usually anchored into soil by direct embedment without concrete foundations,
using the excavated soil, crushed stone or sand, or both, for backfill. Caissons are constructed by
placing concrete in an excavated or augured hole in the ground. This type of caisson is usually
exposed. Concrete caisson design is based on physical properties of specified cement,
admixtures, uniformity in mixing and placing technique, curing methods, and other quality control
factors. Graphic assembly details that follow illustrate general assembly/component types only
and are not meant as a definitive, exhaustive, in-depth system breakdown. Field conditions will
vary and are subject to project type, local requirements, and facility design.

ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Cast-in-Place Concrete (CSI 02300)

Concrete placed in forms at its final location. Concrete is a composite material that consists
essentially of a binding medium within which are embedded particles or fragments of aggregate.
In Portland cement concrete, the binder is a mixture of Portland cement and water. ACI
publications 318 “Building Code Requirements for Reinforced Concrete” and 301 “Specifications
for Structural Concrete for Buildings” have indicated a preference for specifying the proportioning
and design of mixes by other than prescriptive methods.

Design mixes that provide the most common normal weight concrete:

4000-psi, 28 day compressive strength water/cement ratio; 0.44 max
3500-psi, 28 day compressive strength water/cement ratio; 0.51 max
3000-psi, 28 day compressive strength water/cement ratio; 0.58 max
2500-psi, 28 day compressive strength water/cement ratio; 0.67 max

Concrete Reinforcement (CS| 03200)

Bars, wires, strands, and other slender members embedded in concrete in such a manner that the
reinforcement and the concrete act together to resist forces. Reinforcement must be accurately
located to ensure proper cover and to reduce the chance of loss or corrosion of structural section
of reinforcing steel. When concrete is deposited against the earth for footings and other principal
structural members, there should be at least 3 inches of concrete between the steel and the earth.
Follow ACI 318 publication “Building Code Requirements for Reinforced Concrete.”

Support for Reinforcement (Chairs, Spacers, & Boisters) (CSI 03250)

Chairs are small metal or plastic supports for reinforcing steel. The support is used to maintain the
proper positioning during concrete placement. Spacers are used in the same fashion as chairs to
maintain proper positioning during concrete pours. Concrete bolsters are a continuous wire bar
support used to support bars in the bottom of footings. The top wire is usually corrugated at
1 inch centers to hold the bar in position.

Admixtures (CS| 03370)

An ingredient other than cement, aggregate, or water that is added to a concrete or mortar mix to
affect the physical or chemical characteristics of the concrete. The most common admixtures
affect the plasticity, air entrainment, and curing time.

Air-Entrainment_Agents:

Provide a more workable material.
Definitely used when concrete surface will be exposed to freeze/thaw cycles.

Rev. 05/93 2.1.5.4-1
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ASSOCIATED ASSEMBLY/STANDARD COMPONENTS

Admixtures (CSI 03370) (Continued)

Retarder & Densifying Agents:

Retard the set; suggested in warm weather to reduce cracking due to rapid set-up.
Increase the workability of the mix.

Allow for delayed finishing, resulting in less permeable concrete.
Accelerator:
Useful in winter (cold weather concreting).

Useful when working to seal against the water-flow.
Should be used sparingly because the admixture tends to increase shrinkage.

OTHER RELATED COMPONENTS

See the following subsections for related components:
0.12.01.05.07  Concrete SUPPOMEPAOS . . ...\ v 21571
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PROBABLE FAILURE POINTS

e Lack of curing will increase the degree of cracking within a concrete structure.

« Reinforcement corrosion is an electro-chemical process that occurs in the presence of air and
moisture.

e The weathering processes that can cause cracking include 1) freezing and thawing, 2) wetting
and drying, and 3) heating and cooling.

¢ A number of deleterious chemical reactions may result in concrete cracks. These reactions
may be due to the aggregate used to make the concrete or materials that come into contact
with the concrete after it has hardened or cured.

e A wide variety of poor construction practices can result in cracking in concrete or masonry
structures, especially adding water to concrete to improve workability. Added water has the
effect of reducing strength, increasing deformation, and increasing ultimate drying shrinkage.

e Overloads induced during construction can be far more severe than those experienced in the
lifetime of the structure. Unfortunately, these conditions may occur at early ages when the
concrete or masonry is most susceptible to damage, and often results in cracks.

e The effects of improper design and/or detailing range from poor appearance to lack of
serviceability to catastrophic failure.

o Externally applied loads induce tensile stresses that result in cracks. Current ACI 318 design
procedures use reinforcing steel, not only to carry the tensile forces, but also to control both
an adequate crack distribution and width.

+« Improper compaction or soft spots in the grade resulting in uneven settling or slippage.
e Hydrostatic pressure from groundwater ranging from cracks to total failure.
SYSTEM ASSEMBLIES/DEFICIENCIES

Concrete

Alkali-Aggregate Expansion: Chemical reaction between aggregate and cement paste.

Corrosion of Rebar: The oxidation or eating away of the metal rebar by chemical
or electrochemical action after prolonged exposure to
moisture.

Cracks (Active & Dormant): Construction movement, settlement, shrinkage around
reinforcement. Inadequate finishing and curing. Chemical
reactions, such as corrosion. Physical reactions, such as
drying shrinkage. Thermal changes (subjected to
temperature extremes, such as from freeze/thaw cycles).
Stress concentration. Structural design. Accidents from
overload, vibration, fatigue, and earthquake.

Eff lorescence: A whitish powdery deposit of soluble salts brought to the
surface by moisture that leaves residue after evaporating.

Form Scabbing: Form oil improperly applied.

Holes (Small & Large): Inadequate construction and design. Impact damage.

Leaching: Process of separating liquids from solid materials by

allowing them to percolate into surrounding soil.

Rev. 05/93 2.1.5.5-7
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SYSTEM ASSEMBLIES/DEFICIENCIES

Concrete (Continued)
Mortar, Joint Material
Missing, Eroded:
Moss, Algae Growth:
Out-of-Alignment:

Spalling:

Staining:
Surface Deterioration:

Masonry

Cracks (Active & Dormant):

Surface Deterioration:

Holes (Small & Large):
Spalling:

Out-of-Alignment:

Mortar, Joint Material
Missing, Eroded:

Staining:
Efflorescence:

Deteriorated or damaged joints that have fallen out or worn
down. Excessive joint movement.

The growth of plant life such as moss or algae over the
surface, usually from excessive moisture.

Bowing, deflection, or other movement that brings the
surface out-of-plumb or not level in one or more directions.

Fragment flakes from the surface due to weather, pressure,
or other actions.

Surface discoloration from a foreign substance or material.

Crazing from surface shrinkage more rapid than interior of
concrete mass. Too high a slump. Too rich a mix. Poor
timing on finishing. Too rapid absorption of moisture.
Cavitation from water or liquid action over surface. Chemical
reactions.

Construction movement, settlement, shrinkage around
reinforcement. Inadequate finishing and curing. Vertical or
horizontal cracking. Chemical reactions, such as corrosion.
Physical reactions, such as drying shrinkage. Surface
cracking. Thermal changes (subjected to temperature
extremes, such as from freeze/thaw cycles). Stress
concentration from excessive loads. Step cracking.
Accidents from overload, vibration, fatigue, and earthquake.
Shear cracking.

Cavitation from water or liquid action over surface. Chemical
reactions causing surface breakdown.

Inadequate construction and design. Impact damage.

Fragment flakes from the surface due to weather, pressure,
or other actions.

Bowing, deflection, or other movement that brings the
surface out-of-plumb or not level in one or more directions.

Deteriorated or damaged mortar/grout joints that have fallen
out or worn down. Excessive joint movement.

Surface discoloration from a foreign substance or material.

A whitish powdery deposit of soluble salts brought to the
surface by moisture that leaves residue after evaporating.

2.1.5.5-8
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SYSTEM ASSEMBLIES/DEFICIENCIES

Masonry (Continued)

Moss, Algae Growth: The growth of plant life such as moss or algae over the
surface, usually from excessive moisture.

Inadequate Expansion Joint: Lack of expansion or control joints resulting in surface
cracking from stresses.

Damaged/Missing Sections: Broken, damaged, cracked, or missing units or sections.

Stone

Cracks (Active & Dormant): Construction movement, settlement, shrinkage around

reinforcement. Inadequate finishing and curing. Vertical or
horizontal cracking. Chemical reactions, such as corrosion.
Physical reactions, such as drying shrinkage. Surface
cracking. Thermal changes (subjected to temperature
extremes, such as from freeze/thaw cycles). Stress
concentration from excessive loads. Step cracking.
Accidents from overload, vibration, fatigue, and earthquake.
Shear cracking.

Damaged/Missing Sections: Broken, damaged, cracked, or missing units or sections.
Efflorescence: . A whitish powdery deposit of soluble salts brought to the
surface by moisture that leaves residue after evaporating.
Holes (Small & Large): Inadequate construction and design. Impact damage.
Inadequate Expansion Joint: Lack of expansion or control joints resulting in surface

cracking from stresses.

Mortar, Joint Material
Missing, Eroded: Deteriorated or damaged mortar/grout joints that have fallen
out or worn down. Excessive joint movement.

Moss, Algae Growth: The growth of plant life such as moss or algae over the
surface usually results from excessive moisture.

Out-of-Alignment: Bowing, deflection, or other movement that brings the
surface out-of-plumb or not level in one or more directions.

Spalling: Fragment flakes from the surface due to weather, pressure,
or other actions.

Staining: Surface discoloration from a foreign substance or material.

Surface Deterioration: Cavitation from water or liquid action over surface. Chemical

reactions causing surface breakdown.

Rev. 05/93 2.1.5.5-9
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DESCRIPTION

Concrete and masonry structures are designed and built to (1) contain water within the structure,
or (2) maintain dry conditions within the structure when it is subject to water conditions on the
outside. Because most tunnel walls and slabs leak water by hydration, they are not always
completely impermeable to water. However, dampproofing/waterproofing is used to prevent
moisture penetration. Because concrete and masonry may develop cracks after placement, it is
sometimes necessary to cover the surface with a barrier material to meet these requirements.

Protective barrier systems are required to protect concrete and masonry fro