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ABSTRACT

This report is a summary of two reports, €00/4120-1 and C00/4120-2, which
were prepared for the United States Departmént of Energy. The research effort
performed a comparative analysis of the Quality Assurance practices related
to the structural concrete phase on nine nuclear and three fossil fuel power
plant projects which are (or have been) under construction in the United States
in the past ten years. For the nuclear projects the analysis identified the
response of each Quality Assurance program to the applicable criteria of
10 CFR Part 50, Appendix B as well ‘as to the pertinent regulatory requirements
and ihdustry standards. For the féssil‘projects the analysis identified
the response of each Quality Assurance program to criteria similar to those
which were applicable in the nuclear situation. The major emphasis was
placed on the construction aspects of the structural concrete phase of each
project. The engineering and design aspects were examined whenever they

interfaced with the construction aspects.
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FOREWORD

This report is a sﬁmmary of two reports: C00/4120-1 entitled "A

Comparative Analysis of Structural Concrete Quality Assurance Practices on
Nine Nuclear Power Plant Construction Projects" and C00/4120-2 entitled "A
Comparative Analysis of Structural Concrete Quality Assurance Practices on

Three Fossil Fuel Power Plant Construction Projects," which were prepared

for the United States Depaitment of ﬁnergy. The research effort was performed
in relation to nuclear and fossii fuel projects which are (or have been) under
construction in the United States in the past ten years.

The main body of this report preseﬁts Chapter 1 of both of the above
meptioned reports, each of which provide a description of the research effort
which was performed as well as the "Observations" and/or "Recommendations"
‘'which resulted from the research effort. Appendix A of this report presents

the Table of Contents of each of the two original reports in order to i;aicate
the scope of Lhe research éffort.» Appendix B of this report presents an
abfidged version of Cﬂapters 2 to 9, as well as Appendix A, of report C00/4120-1
(i.e., the one related to nuclear projects). Most of these chapter abridgements
consist of an introduction and a summary of the original chapter as well as

a presentation of the "Figures, Tables and Exhibits" which appeared in the
original chapter. It is felt that fhis level of detail will satisfy the needs
of most readers. For those that desire more information about the results

of the reSe;rch related to either the nuclear or fossil studies, it is

suggested that the original reports be obtained.

For the nuclear projects that were examined the analysis identified

the response of each Quality Assurance program to the applicable criteria of
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10 CFR 50, Appendix B, as well as to other peftinent regulatory requirements
and industry standards. For the fossil projects the analysis identified the
response of each Quality Assurance program to criteria similar to those
which were applicable in the nuclear situation.

The major emphasis was placed on the construction aspects of the
structural concrete phase of each project. The engineering and design aspects
were examined whenever they interfaced with the‘cbnstruction aspects (i.e.,
development of project specifications, design change procedures, etc.). For
those aspects of the Quality Assurance system which can bg considered mana-
gerial in nature (i.e., organizationai relationships, types of Quality
Assurance programs, corrective action procedures, etc.) an attempt has been
made to present the alternative approaches that were identified. Examples pf
the approaches which appear to be most cost and time effective without
influencing the final quality of the concrete have been cited whenever
possible.

For those aspects of the Quality Assurance system which are technical in
nature (i.e., the frequency of testing for the slump, air, or compressive
strength properties of concrete, the curing practices observed, etc.) an
éttempt has been made to p#esent a comparative analysis (often in'tabular
format) between projects and in relation to the recbmmended or mandated
practices présented in the appropriate industry codes and standards. In
some instances it is possible to point out practices which are "Over and
Above" Vhat appears to be the "Average" practice and hence may be considered
as unusually costly or time-consuming while resulting in-only a marginal

increase in quality.



It was not possible, within the time and budgetary comstraints of this
research project, to recommeﬁd what might be termed a '"Reasonable'" or
"Average" Quality Assurance systeﬁ for the entire structural concrete phase

;

of a nuclear or fossil fuel power plant pvoject. It is felt, however, that

as a result of the research effort, ‘Utilities, Engineérs,and Constructors
will be able to determine how well their practices compare with other projects
for specific areas within the total Quality Assurance system. Specifllc
‘recommendations, (based on the data which was analyzed) are made in certain
areas where it isAfelt that‘thelindustry must either modify its procedures
"or perform future analysis if the cost and time factors related to the Quality
Assurance aspects of structural concrete are to be improved.

The writers would like to express their appreciation to: (1) the people
within the Power PlantAConstruction industry who either guided this research
effort during the developmental stages or assisted during the data
collection stage, and (2) the graduate students (R. Fron, P. Wilson, J. Rouland
and A. Zilich) who assisted the writers in their efforts. The researcﬁ gffort
could not have been completed_withoﬁt the excellent cooperation
provided by all of these individuals. |

The "Comparative Analysis' represents, to a large degree, an interpretation
by the wfiters of data which was collected as a result of countless hours
of personal interviews and analysis of project documents. The majority of
this effort took place from April 1977 to December 1977, and in general does
not reflect all‘oé the revisions to the practices observed which have been

made since that time period. When a. research effort of such a magnitude is

o undertaken, there will certainly be instances when the impressions which were
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obtained might have been partially inaccurate. Such a situation is unavoidable.
‘Taken as a whole, however, it is felt that the results of the research study
present a fairly reasonable interpretation of the‘ﬁopic which was studied.

It is hoped that the report will be a valuable contribution to the Quality

Assurance literature of the Power Plant Construction industry.
Jack H. Willembrock
H. Randolph Thomas, Jr.

James L. Burati, Jr.
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Chapter 1: CHAPTER 1 OF REPORT C00/4120-1

INTRODUCTION

‘The Shippingport Atoﬁic Power Station, a-90 Mwe Pressurized Water
Reactor owned by the Duquesne Light Company, became the first operational
nuclear power plant in the United States when it began electric generation
in December 1957. From its inception, because of the fuel source which is
used to generate steam, the nuclear power industry has depended on effective
Quality Assurance practices during the design and comstruction phases in
order to achieve safe operating facilities. One of the early documents used
to define the areas in which planned and systematic Quality Assurance actions
were required appears to have been the Department of Defense document entitled
MIL-Q-9858A-<'"Military Specification-—Quality Program Requirements"(l)z,_dated
December 16, 1963. According to Marash (2, pg. 131) a number of companies in
thexguclear power industry who were seeking to define specific Quality
Assurance requirements during the 1960's apparently incorporated this

specification as a part of their contractual arrangements with suppliers

and manufacturers.

Quality Assurance Developmental_Efforts

In the late 1960's, as more and more Utilities began to build nuclear
power plants, the Atomic Energy Commission (i.e., A. E. C.) recognized that
many of the parties involved were unaware of the difficulties, complexities,
rapid development, uncertainties and economic risks that such a direction
entailed. This set into motion in 1969 (at a time when there were 16 operable
nuclear plants in the United States and 48 others under construction) the

following series of events which eventually led to the development of a

’ lPage number in brackets [1l.1l] refers to pagination in this report, page number
without brackets refers to pagination in the original reports C00/4120-1 & C00/4120-2

2See List of References at the end of Chapter 1.
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standardized Quality Assurénce framework specifically designed for commercial
nuclear power plants.

1. In 1967 the A. E. C. had released for comment a General Criteria for .
Light Water quled Nuclear Power Plants as Appendix A to Title 10, Part 50,
Code of Federal Regulations (3) (i.e. 10CFR Part 50, Appendix A). Appendix

A included a Criterion I--"Quality Standards and Records'" which among other -
things required the establishment 6f a Qﬁality Assurance program. Since

this document left too much room for interpretation, the A. E. C. on April

17, 1969 published Appendix B to 10CFR Part 50 entitled "Quality Assurance
Criteria.for Nuclear Power Plants"(4). This appendix, which was officially
issued on June 27, 1970 (i.e. in the Federal Register, Vol. 35, No. 125)
consistea of 18 Criteria which were henceforth to be followed by the industry
as the basic f;amework for nuclear Quality Assurance requirements. These
requirements of 10CFR Part 50 applied directly to and placed responsibility on
the Utility (who was the applicant for the power planﬁ coﬁstruction permit) for
the establishment and execution of the total Quality Assurance program. The
Quality Assurance requirements of Appendix B, specifically applied to the
design, construction and operation of those Structures, systems and components
from which satisfactory performance is required to prevent or mitigate the
consequences of postulated accidents that could cause undue risk to the health
and safety of the public.

2. In May, 1969, a subcommittee on nuclear power of the ASME Boiler and Pressure
Vessel Committee expanded its scope of activities to include in greéter detail
the major>components of the nhclear'power system of a plant. Out of this
activity came an updated section III of the Boiler and Pressure Vessel Code (5)
which wés prepared and published in the 1971 edition of the code. Thé Quality

Assurance provisions of that code apply directly to owners, manufacturers and
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installers of nuclear power system components and include provisions for the
establishment and execution of a Quality Assurance program on work covered by
that Code.
3. In May 1969, the American National Standards Institutes (i,e. ANSI)
Committee N45 (entitled "Reactor Plants and Their Maintenance') established
what eventually became the ANSI N45.2 Nuclear Quality Assurance Subcommittee,
In 1971 this subcommittee issued ANSI N45,2-1971: Quality Assurance Program
Requirements for Nuclear Power Plants (6)., As noted (6, pg iii):
The purpose of this (sub) committee was to prepare a standard for general
industry use that would among other things, satisfy the intent and
amplify the requirements of the AEC quality assurance regulations and
provide a basis for the development of detailed quality assurance prac-
tices and procedures. The Ad Hoc Committee was composed of represen-
tatives of the AEC and key segments of the nuclear industry, including
utilities, reactor suppliers, plant engineers, and constructors..,
Whereas the AEC requirements apply directly to the applicant, (plant
owner), the standard presented herein is intended to apply to any
individual organization participating in the nuclear plant quality
assurance program, such as the nuclear reactor system designer and
supplier; the plant designer; the plant constructor; and equipment
suppliers as well as the plant owner. Hence, in addition to furnishing
guidance to the plant owner for carrying out his responsibilities, it
may also serve as a standard suitable for incorporation, all or in part,
"in documents for procurement of items and services essential to the
safe, reliable operation of the plant,
This standard was designed to be compatible with the'previously mentioned
Appendix B and ASME efforts. As will be noted later it was followed by a
number of ANSI N45.2 '"daughter" standards which attempted to further define
the Quality Assurance requirements. As noted earlier, MIL-Q-9858A did not
specifically apply to commercial nuclear power plants, It can therefore
be seen that in the Spring of 1969 three new documents began to emerge
which would have a tremendous influence on shaping the Quality Assurance

systems on all nuclear power plants which were designed and constructed

during the 1970's.
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DESCRIPTION OF RESEARCH EFFORT

In 1969 the stage had been set for a maturing process with regard to

Quality Assurance which would last through the 1970's. This period witnessed

a rapid growth within the nuclear power plant industry, both in terms of
the number of Construction Permits and Operating Licenses that. were issued
as well as in terms of the number of regulatory requirements and industry

standards related to Quality Assurance that were developed.

Need for Research

"It may be assumed that on each of the nuclear power plant projects that
were in the process of construction in the last 10 years the parties involved
(i.e. the Utility, the Engineer and the Constructof, etc.) implemented Quality
Assurance programs which were largely based on gheir own interpretation of what
the regulations required. Under the environment of changing requirements it
might be expected that the degree and complexity of these Quality Assurance
programs differed from project to project. Some Utilities, Engineers and
Constructors, when interpreting the rules and regulations, may have implemented
unnecessarily severe Quality Assurance programs. 'Others may have been able to
meet the same goal of quality with.more efficient and simpler programs. These

different levels of reaction to perceived requirements undoubtedly influenced

‘the cost and duration of the nuclear power plant projects being built.

One of the areas of power plant construction that has a tremendous impact
on the project in terms of both cost and duration is structural concrete.

Approximately one-third to one-half of the field controllable manhours and
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about three to five years of construction time are consumed in this phase

of work on a typical'project. It is also one of the areas that is most directly
influenced by field related Quality Assurance practices since concrete is essen—
tially produced and placed by combining raw materials at the project site.
Structural concrete that is used in the construction of the safety related

(i.e. Category I, Q listed, etc.) structures of the power plant must be of

very high quality., The achievement of this level of quality has proven to be
more costly to the Utility than comparable concrete produced for conventional
construction. Some of the high cost is probably related to the Quality Assurance
practices which are required to insure this necessary quality.

It appears therefore that a research effort which examines the structural
concrete phase of nuclear power plant projects, particularly in light of‘the
Quality Assurance practices related to this phase that were developed during
a period of changing regulatory requirements, would be very beneficial to the
entire industry. Such an effort would undoubtedly surface problem areas which
have repeatedly occurred on a number of projects (and should therefore be
collectively considered by the industry). It would also allow Utilities to
examine their own Quality Assurance practices in relation to those on other
projects since the practices in the concrete area probably also reflect the

practices in other areas on a project.

Objective of Research

The basic objective of this research effort was to perform a comparative
analysis of the Quality Assurance practices related to the structural concrete
phase on nine nuclear power plant projects which are (or have been) under
construction.iﬁ the United States in the last ten years. Thié analysis identified

the response of each Quality Assurance program to the applicable criteria of
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10 CFR Part 50, Appendix B as well as to the pertinent regulatory requirements
and industry staqdards (both concrete and Quality Assurance related). The major
emphasis was placed on the construction aspects of the structural concrete phase
of each project. The engineering and design aspects were examined whenever they
interfaced with the construction aspects (i.e., development of project specifi-
cations, design change procedures, etc.). For tﬁose aspects of the Quality
Assurance system which can be considered managerial in nature (i.e., organizational
relationships, types of Quality Assurance programs, corrective action procedures,
etc.) an attempt has been made to present the alternative approaches that were
identified. Examples of the approaches which appear to be most cost and time
effective without influeﬁcing the final quality of the concrete have been cited
whenever possible.

For those aspects of the Quality Assurance system which are technical in
nature (i.e., the frequency of testing for the slump, air, or compressive
strength properties of concrete, the curing practices observed, etc.) an attempt
has been made to present a comparative apalysis (often in tabular format) between
projects and in relation to the recommended or mandated practices presented in
the appropriate industry codes and standards. In some instances it is possible
to point out practices which are "over and above' what appears to be the "average"
practice and hence may be considered as unusually costly or time-consuming while
resulting in only a marginal increase in quality.

It was not possible, within the time and budgetary constraints of this
research project, to recommend what might‘be termed a '"reasonable' or "average"
Quality Assurance system for the entire structural concrete phase of a nuclear
power plant project. It is felt, however, that Utilities, Engineers and
Constructors will be able to determine how well their practices compare

with other projects for specific areas within the total Quality Assurance
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system. Specific recommendations, (based on the data which was analyzed)
are made in certain areas where it is felt that the industry must either
modify its procedures or perform future analysis if the cost and time factors

related to theruality Assurance aspects of structural concrete are to be

improved.

Research Procedure

The research effort cohéisted of the following phases:

1. Literature review.

The literature review was divided into three parts:

a. Qual;ty Assurance literature which commented on the pfactices
which wefe being implemented on power plgnt projécts in the last ten
years as well as the regulatory environment under which they were
being built. The background provided by that review is presented in
Chapter 2 of this report.

b, The pertinent Qality Assuraiice requiremerts, codes, standards, and
'guides. These included Appendix B, the appr&priate NﬁC Regulatory
Guides, the ANSI standards, the ASME Boiler and Pressure Vessel Code, etc.

c. Concrete and concrete-component related litérature sﬁch‘as the ACI
Codes and Recommended Practices, ASTM Standards, the ASME'quler and

Vessel Code, etc.

2. Selection of Nuclear Projects

—-An attempt was made to select the nine nuclear powerjplant projects
using the following criteria: a) The Construction Permit dates should be
reasonably.spread over the entire ten-year time frame from 1968 to 1978,
b)‘They'Were constructed under the jurisdiction of several different NRC

régionalloffices and c) They were constructed using different types of

qrganizétional'relationships: '(l) Construction Management, (i,e., C. M.),
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(2) Engineering, Procurement and Construction (i.e, E.P.C.) and (3) Owner

Design and Construction, etc. The projects that were chosen are described

in Table 1.1.
Table 1.1--Nuclear Projects In Research Study
Project A B [ D E F G H 1
a 2 UNIT UﬁIT 2 2 UNIT 2 UNIT 2 UNIT © UNIT 2 2 UNIT 2 UNIT 1 UNIT
Description PWR PWR BWR BWR PWR PWR BWR BWR PWR
Type of . Owner’
Managemenc - C.M. C.M.  E.P.C. E.P.C.  Design C.M. E.P.C.  C.M.,  E.P.C.
- ' Construct

aDescripcion refers to Unit for which data was collected.
# 2 Unit--project consisced of 2 Units
Unit 2-~data only collected on second unit of 2-unit facility.

3. Selection of Fossil Projects

In gddition to the nine nuclear projects mentioned above it was decided
that data should be collected for the Quality Assurance practiees on three
fbssil fueled plants. It was felt that the practices on these projects would
clearly reflect the current "state of the art'" of structural concrete on
non-nuclear type construction and could therefore provide an appropriate frame
of reference. The data related to these fossil plants was analyzed and is
presented in a separate report entitled "A Comparative Anaiysis of Structural.

Concrete Quality Assurance Praétices on Three Fossil ‘Fuel Power Plant

Construction Projects (7).
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It should be noted that a direct comparison between this nuclear based
report and the one related to Fossil Fuel Power Plant Construction Projects (7) is
not made in either report. It is left to the reader to draw his own conclusions

after both reports have been examined in detail.

4. Data Collection.

The first step in the data collection phase involved thé acquisition of
as many of the project-related Quality Assurance documents (i.e., PSAR, concrete
specifications, QA programs and procedures, QC programs, inspection plans,
construction procedures, etc.) which each project would make available. An
'analysis of these documents resulted in a questionnaire which was sent to each
project in order to obtain additional information.

Each project was visitéd at least once and an.effort was made whenever
possible to interview representatives of each of the parties involved with
the project, often at both the home office and the project site. Three of
the nuclear projects (i.e., P?qjects C, D and I) received more extensive
coverage than the others becauée graduate students were assigned to work on
these projects during tha-sumﬁer»of 1977. Eéch was employed in.a quality
related position and thus was able to gain first-hand Quality Assurance
experience. The net result of the data collection phase was the preparation
of interim research documents which presented the Structural Concrete
Assurance practices oﬁ each of the nine nuclear and three fossil projects.

The level df detailed coverage was not uniform across all projects, however,
because of the different levels of data that were acquired;

5. Comparative Analysis.

The final phase of the research effort with regard to the nuclear projects
. involved a comparative analysis of the nine interim research documents mentioned
above. The information which resulted from this comparative analysis is

presented in this report as follows:
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Chapters 3 and 4 --Organization and Management of Quality Assurance Programs
Chapters 5 and 6 --Concrete Component Procurement, Storage, Batching and

Testing
Chapters 7, 8 and 9--Concrete Preplacement, Placement and Post Placement
Appendix A --Nine Individual Project Caée Studies
It should be noted that the above chap;ers are preceeded in the repbrt by

Chapter 2 which is entitled "Overview of the Nuclear Regulatory and Qualiéy

Assurance Environment'.

Research Benefits

This report; by presenting a bomparaﬁive analysis of the Quality Assurance
practices related to the structural concrete phase, will surface the accept-
able alternative approaches which are being implemented and indicate the generic
type of problems which have occurred for the saméle of p:ojects'which were
studied. It will also reveal some of the inconsistencies that exist between
project specifications, procedures and even the codes and standards which
govern this phase of construction. Practices of Auditing, Surveillance,
Inséection and Construction Supervision which appear to represent a duplication
of effort on various projects wiil be noted whenever possible.

" This information should be useful to those Utilities that will be involved
with future nuclear power plant projects as well as those that are currently in

the design or construction stages.

OBSERVATIONS AND RECOMMENDATIONS

The results which were obtained from the research study, as noted above,
are presented in Chapters 2 to 9 and Appendix A to the report. Although
a. summary appears at the end of each chapter of the repbrt,\it is felt to be
important to highlight some»of thé observations and recommendations which ;he

writers of the report feel are of particular significance.
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I. Organization and Management of Quality Assurance

Programs. (Chapters 2, 3 and 4)

1. The ten year period which began with the_issuance of Appendix A of
10 CFR Part 50 was one of rapid growth, both in terms of the number of nuclear
power plants under construction as well as the number of regulatory requirements
and industry standards that were develbped related to Quality Assurance. The
} am efforts of the AEC (and later the NRC), ANSI, ASME and ACI which are traced
|
| in Chapter 2 attest to this fact.
2. The Quality-Assurance practices related to structural concrete which
are implemented on each nuclear power plant construction project Qere influenced
| by a number of factors, both external and internal to the project. Some of the
majofvfactors of influence appear to be: (a) Development of étandards, (b)
Difficulties of Interpretation of Requirements, (c) The Role of the NRC,
(d) Documentation Requirements, (3) Cost of Quality Assurance, and (f) Additional
| Benefits of Quality Assurance. These factors are examined in Chapter 2 of the
| report..ﬂ
3.” The direct involvement of the Utility with regard to the Quality
Assurance and Quality Control aspects of the construction phase varies widely
on the nine projects in the research study. Relative to the other modes of
management which were observed, it appears that the four Utilities involved
with projects being construcfed under the EPC mode have the léast direct
influence since they are primarily involved in the Third Level Quality
Assurance activity.
The four projects being'constructed under the CM Mode, ceach to wvarying
degrees, provide exémples of Utilities that are also directly involved in
Second Level Surveillance and First Level Inspection activities. On one of the
brojects in this group the Utility, without utilizing many permanent Utility

émployees, has assumed direct management control for all Quality Assurance/
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Quality Control responsibilities'at the projecﬁ site. ' The maximum involvé—
ment of a Utility was observed on Project E which is being constructed under
the Owner Mode.

It does not appear possible to recommend one of the above approaches over the
others since the choice of management mode is largely a function of the
particular circumstances of each Utility. ‘It i§ however recommended tha; both
Chapter 3 and the Appendix of the report (which contains the nine individual
Project Case Studies) be examined in detail by those parties interested in the
alternative approaches which are available.

4. There appear to be a number of organizational alternatives to the
"Independence" requirement for Quality Assﬁrance and Quality Control personnel
which is cited in Criteria I, X and XVIII of lO CFR Part 50 Appendix B. All
Utilities and Constructors have established a separate Quality Assurance group
within ﬁheir organizations. With regard to the Quality Control group, in some
cases it i§ directly associated with the Quality Assurance group while in others
it is organizationally related to the Construction group. There appear to be
advantages and disadvantages to both approaches in terms of the level of
documentation required; the overall coordination of quality related ;ctivities,
etc. It is recommended that the industry support further study in this area to
determine how the "Independance" criterion can most effectively be met by the
firms within the industry.

5. There appears to be some duplication of effort with regard to the
folléwing quality related activities on some of the projects in the research
study.

a. Auditing

With regard to Auditing for instance the projects under the EPC
Mode placed this resbbnsibility with both the Utility's QA group as'we;l as the

EPC Firm's QA group. In some cases, particularly wheﬁ the NRC Audits are also
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considered, it apﬁeared that an overlap situation existed without any apparent
increase in final concrete quality, There appeared to be less overlap in.the
Auditing area on the CM Mode and Owner Mode projects since the Utilities
appeared to assume the primary responsibility for the preplanned Audit acti-
vity. It would seem reaéonable to assume that.a "working relationship" could
beAdeQeloped on a project betweén ﬁhe separate QA organizations involved with
the Auditing activity to minimiza the overlap arcas.

b. Surveillance

It appears that the Second Level Surveillance activity is in need

of further definition by the industry since it is often assumed by not only
the Utility's Q.A. group, the E?C Firm's Q.A. group but also by the EPC or

CM Firm Q.C. group. Criterion X of 10 CFR.Part 50 Appendix B indicates that

either inspection or process monitoring (i.e. Surveillance) or both are viable

verification activities which may be used. If it is _determined that Surveillance

is necessary for a particular activity which is a part of the concrete phase,

then it would appear reasonable to assign it to only one group in order to avoid

duplication of effort.

c. Quality Control and Construction Responsibility

There also appears to be an overlap area between the: Quality
Control and the Constrﬁction groups with respect to the responsibility for
quality on some of the projects in the research study. There appears to be a
need to develop a clearer definition of the interface between these two groups
by the industry. in or&er to avoid the situation where ‘the Construction groﬁp
abdicates its traditional responsibility for the quality of the final product
to the Quality Control group. A
| It is recommended‘that during the preplanning stages of a project the

Utility and the other parties involved mutually develop a quality system which
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considers, among other things, the above areas of potential overlap and dupli-
cation. The savings which result err the life.of a project, both in terms of
human and financial resources as well as documentation efficienéy, Qill pro-
bably justify the effort,

6. The role of docﬁmentation as a key part of the Q.A. program on nuclear
power plant construction projects is identified in Criterion V of 10 CFR Part 50.
A simplified model which indicétes an idealized relationship between the quality
related documents is presented in Chapter 3 of the report. The practices
which were observed with regard tb this relationship are also presented in
Chapter 3 as well as the Appendix of this report (i.e. in the Individual Project
Case Studies). Examples of the level of documentatioﬁ which is required for
the structural conérete phase are presented throughout Chapters 5 to 9 of the
report.

It is recommended that the documentationisystem which is developed for a
project should insure that, as much-as possible, the Construction Specifications
and the Quality Assurance/Quality Control Procedurés are properly meshed to
eliminate unnecessary duplication and redundaﬁcy.

With regard to the above point, the case of Project H which is being
constructed under the CM Mode, using a "Work Package'" approach, should be noted.
It is felt that whenever the structural concrete phase (or any oﬁher construction

phase) is divided among a number of independent contractors it would be to

the Utility's benefit to develop a standardized set of Eonstruction proce-
dures, instructions etc. which would apply to all of these contractors. The
task of reviewing a vast number of procedures, etc. and tracking the changes
to them can lead to problems which are avoidable if a Ufility in such a
situation adopts a standardization approach at the beginning of the project.
The legal»and economic rémifipations of. such an appﬁoaqh woﬁld of cou;se

have to be.thoroughly examined.
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7. It is noted in Chapter 4 of the report that an industry wide assessment
of the current situation in the structural concrete area may be needed to deter-
mine if the "General Construction" codes and standards which are being used should
be revised to more closely reflect the "Nuclear Construction' situation. It is
felt that these codes and standards were perhaps never intended for the "literal"

interpretation stance which occurs on nuclear construction projects.

In the nuclear situation, it was noted that the Engineering Firm must assume
an active "interpretive' role when the requirements for a project are being
developed. 1If the Engineer does not assume this role then it will be assumed
by the QA, QC and Construction personnel by default, often without the extent
of information which is at the disposal of the Engineer.

8. An area of concern on many of the projects in the research study
dealt with the extent of the Engineering Changes which occurred. Some of the
possible reasons for these changes are: (a) The development.of specifications
with unrealistic requirementé;m(b) The lack ofra feedback loop between the
Construction and Engineering groups:which eould Le used to make the Engineering
documents more responsive to the construction situation and (c¢) The reuse of an
Engineering Firm "Standard Specification' at the beginning of each new project.

One of the impacts of Engineering Changes is the need to revise aﬂnumber of
supportive Construction and QA/QC Procedures whenever a specificatibn is
revised. A second impact arises because of the need for strict compatibility
between the PSAR and the Engineering documents. Examples of these impacts are
- presented in Chapter 4 of the report.

An in-depth analysis of the entire area of Design and Document Control, in
light of the great impact that an Engineering Change has on the project cost
and schedule, appears to be justified in order to perhaps establish a system
which is more effective than the practices currently being implemented.

9. An extensive coverage of the practices which were observed on the

projects in the research study related to Nonconformance Control is presented
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in Chapter 4 of the report. Some of the observations and recommendations

should be highlighted since it appears that the Nonconformance Control system
which is adopted on a project has a great deal of impact on the "smooth progress
towards construction completion' which is achieved.

a. It appears that the flow path of a Nonconformance d§cument
should be closely examined on a project because on some of the projects in
the research study it had to travel through a number of organizations (sometimes
more than once) before a Nonconformance event was finally '"closed" and
construction progress could be reestablished. A number of actions, such as site
located "Deviation Review" Boards, site located Engineering Firm representatives,
‘the establishment of various levels of severity for Nonconformance (so that
some of them can be addressed in a quicket, less formal, manner), etc. all appear
to offer some possibilities for improvement of the existing practices.

b. Consideration should also be given to the amount of information
which appears on a Nonconformance Report and the other documentation which
is generated as a result of it. Soﬁe of tﬁe information might in fact be
unnecessary while other information (such as the requirement that the affected
party indicate the corrective action that will be taken to prevent the
reoccurrence of the nonconformity) may not even appear on the Nonconformance
Report.

c. From the limited amount of data which was made available on the
projects in the research study, it appears that a large percentage of the
Nonconformance Reports related to structural concrete on most projecps are
dispositioned "Use As Is". In light of the cost of a typical Nonconformance
Report in terms of both manpower and project time, it seems that an industry
wide study should be initiated in order to identify a number of general areas
related to structural concrete which are consistently. dispositioned "Use As Is".
This might lead to‘a reassessment of the ﬁecessitylfor all of the requirements

which currently exist in the concrete specifications, industry codes and standards, etc
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10. The practices related to Corrective Action and Audits which were
observed on the projects in the research study are also discussed in Chapter 4

of the report. Several examples are presented.

II. Concrete Component Procurement, Storage, Batching and

Testing (Chapters 5 and 6)

1. There was very little indication of the use of statistical concepts
for considering the natural variability of materials on the projects in the
study. It is recommended that statistical techniques, similar to those which
have been employed for years in highway construction, be incorporated_info the
specification requirements on nﬁclear projects. Techniques such as random
sampling and multiple sampling, which are currently not being employed on the
projects, could help to give a better representation of the properties of the
materials which are being tested. These techﬁiques could possibly help-to reduce
some of the high testing frequencies which afe currently emﬁloyed on nuclear
projects, while, at the same time, maintaining the level of quality of the
concrete.,

2, It is recommended that the accéptance préctices which are currently
being used for concrete be reevaluafed. The practice of using in-process tests
of concrete ingredients as partial acceptance criteria results in the generation
of many nonconformance reports which are ultimately dispositioned ”ﬁse As
Is" because compressive strength test results are acceptable. Since ultimate
acceptance is based on compressive strength, it is recommended that the in-
~ process tests be conducted as process control tests, with the final acceptance
criteria being concrete compressive strength. This wouid result in elimination
of many nonconformance reports which will ultimately be dispositioned "Use As Is".

3. It is recommended that the maximum limit on cement delivery temperatures

be re-evaluated. Cement temperature has less effect on concrete temperature
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than does either water or aggfegate temperature. The approach employed on one
project which requires that successful results of 7-day mortar cube strength
tests be obtaiﬁed before cement can be delivered to the project is preférable
to an absolute limit on delivery temperature. The approach'allows the cement
time to cool before deliﬁery, but.does not place an arbitrary maximum iimit on

delivery temperature.

4. It is recommended that the codes provide more specific guidance in the
area of quality requirements for miﬁing water. Current statements in the
codes concerning mixing water quality tend to be qualitative rather than
establishing quantitative-requirements. These qualitative statements ha&e
led to a very wide range in the water testing requirements and acceptance
limits which are used on the projects'studied.

5. It is recommended that the use of high levels of air entrainment in all
concrete be avoided, and the high levels of ai; entrainment only be used for
concrete which will be exposed to severelweathering conditions where high con-
crete durébility is necessary. Guiaance in ﬁhe use of air entrainment in various
exposure conditions should be taken from the graded tabie whiﬁh was recommended
by ACI Committee 211. This table is included in Chapter 5 of this report.

6. It is recommended that superplasticizing admixtures be considered for
use in concrete which is placed in highly congested rebar areas. Tﬁese ad-
mixtures have been used for a number of years in Japan and Germany. Their
use allows the production of very high slump concrete at the low water-cement
ratios necessary for high strengths.

7. It was noted that on some of the projects the batch plant inspector
has soAmuch responsibility that he is, in essence, the operator of the batcH
plant. :It is suggested here that .the role of Quality Coﬁtrol should be the
inspection of construction activities rather than their actual performance or

direction.
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8. It is recommended that the design mix water-cement ratio not be used
to establish an upper limit on the amount of mixing water which may be used.
This is referred to as the "locked water meter' approach. It is recommended
that water requirements in the field be controlled by controlling slump rather
than water-cement ratio.‘ This will help to account for batch to batch variation
in moisture content of the aggregate. In this way the average moisture content
of the aggregates and the average additional water requirementcs at the mixer
can be used to determine whether the average mix conforms to the specifications
regarding water-cement ratio.

9. 1It is recommended that design strengths of concrete be reduced, where
possible, particularly for concrete used in massive placements. On the projécts in the
study it was extrémely raré for a cylinder test to fail. In numerous instances
the average compressive strengths far exceeded the required strengths. The
high cement contents necessary to achieve these high strengths can add to
potential heat of hydration problems. It is recommended that mix designs be
adjusted in accordance with guidance provided in the codes when compressive

strengths results are high and suitable control is indicated by a low standard

deviatidd:w"'

10. It is recommended that the testing frequencies for concrepe.compressive
cylinders be reduced to once every 150 cubic yards rather than once every 100
cubic yards as required by ANSI. This reduced rate is in accordance with ASTM
C94, ACI 304, ACI 318 and ACI 349. It appears that the ANSI frequency may be
higher than is necessary for adequate control. This is particularly true for
the larger placements which are ffequently encountered on nuclear power plant
construction projects.

11. It is suggested that the ANSI freduency for testing of slump is higher
than necessary. ANSI slump test frequency is twice as high as their recommended

cylinder test frequency. The applicable codes generally call for slump tests
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to be performed whenever compressive cylinders ére molded. The ANSI requirement
seems to be higher than necessary to control the process. The purpose of sampling
should be to verify that the process is in control and not to eliminate the.need
for judgement on the part of the inspector. Slump tests taken when cylinders

are cast should be sufficient to verify that the process is in control,

12. 1In specifying slumﬁ requirements it is recommended that the approach
which is used on three of the projects in the research study shouid be employed.
The approach stipulates working limits and reject limits and allows an "inadver-
tency margin",for'batghes which may occassionally exceed the working limit but
are still below the reject limit.

13. It is recommended that the time limit of 90 minutes between mixing and
placing concrete which is used on most of the projects be discontinued. The
condition of the plastic concrete, rather than an arbitrary time limit, should

determine its placeability.

III. Concrete Delivery, Placement and Acceptance (Chapters 7, 8 and 9)

1. References to the ACI Code, in general, should not be included as blanket
requirements in the project specifications but rather should serve as guide-
lines. Although the guidance provided does in fact represent accepFaBle
practice, the Code does not provide the flexibility necessary to address
day-to-day problems that result when applied on projects where the Quality
Control Program is particularly intensive.

2.. Quality Control organizations have extended their area of influence
into heretofore nontraditional areas sucﬁ as review or approval of pre-
planning activities, ordering of concrete'and equipment’ checks. There is no
evidence to suggest that a formalized QC Program will provide any increase in
thé level of quality, énd in fact the’éppositegeffect may be true. The

potential for reduced quality appears to be greatest in those programs where
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quality control shares overlapping responsibilities with other parties such
as field engineering.

3. Mass concrete is not clearly defined by the ACI Code. The Code
provisions result from experience gaingd dn gravity dams -and should not be
applied to nuciear power plant construction because of the reinforcement
densities, number of embedments, and the general complexity of the placements.
Whether or not a placement is defined as massive will establish the required
slump and temperature of the fresh concrete as well as different curing periods
and practices. Considering the importance of such decisions, tﬁe practice of
defihing a critical dimension should be abandoned in favor of performing
an analysis on each placement to determine Fhe unique  characteristics. and
requi;ements. This point is discussed in more detail in Chapter 7.

" 4., The acceptance criterion for slump deserves more attention since
the slump requirements will effect consolidatipn, pumbing capabilities, joint
quality, durability, testing costs_aé well as the magnitude of delays at the
point of placewent. The computatién of a running slump average may encouragel:
the production of low slump concrete for initial batches which is not
especially desirable. Inadvertency margins should be included in all
specifications in lieu of running averagés (Chapter 7).

5. Inadvertency margins shbuld be provided for temperaéure measuremen;s'
(Chapter'7). .

6. The requirements for formwork tolerances, reinforcement placement
tolerances and reinforcement fabrication toleranées should be reevaluated with
particular attention given to the relationship between_each aspect. It appears
that nuclear structures should qualify as special structures in accordance
with ACI 301 and 318 and that modified tolerances should be considered, at least
in certain portions of the plant. The number of nonconformances which are written

because these tolerance limits are exceeded in no way indicates the difficulties
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and manhours expended in meeting the specification requirements (Chapter 8).

| 7. Concern over rust on reinforcing bars appears to be over emphasized.
Research data has shown that the condition of the bar surfaée is not nearly
as important as the height and number of deformations on the bars (Chapte; 8).

8. The testing requirements for cadwelding should be reviewed.. The project-
Supplied test data indicates that essentially all.defective cadwelds are
identified by visual inspection and hence the tensile testing of production
of sister splices could be dramaﬁically reduced or eliminated. An apparent
deficiency in existing programs is the absence of user tests for the powder
and sleeves. Thus defective cadwelds may be falsely attributed to the éad-
welding crew. Considerable attention is paid to the cleaning and heating of
bar ends. No correlation can be dréwn between the rate of failure during the
visual insﬁection and the ievel~of detail in the constructioﬁ and quality
procedures or the intensity of the QC inspection effoft. The data indicates
that the cadwelding opefations are,pverinspected, overtested and overdocumented
(Chapter 8). |

9. All concrete related cor?elation testing prugrams observed had their own
unique chardcteristics, objectives, and. in most cases, statistical deficiencies.
In addition, the data are difficult to analyze, and no information waé found to
suggest that they were analyzed statistically. There appeaf to be no industry
documénts,_reports, etc. to suggest how a correlation testing program should be
conducted. In view of the time and expense involved in such programs, it appears
that a research study should be initiated to establish the methodology to be used

in a statistically based correlation testing program (Chapter 9).

10. There are two 0pposing viewpoints concerning the addition of supplemental

water to fresh concrete. The first viewpoint is that water should be allowed in
order to minimize the wasting of what appears to be good quality concrete and to

facilitate consolidation. The opposite viewpoint is that the properties
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of the concrete will be altered and that the addition'of water results in
needless delays and increased’testing costs. This latter approach is favored
but must be accompanied by flexible specification requirements with respect to
slump and delivery times (Chapter 9).

11. There afe several modifications to construction joint practices
that could improve production without affecting quality. Keyed joints éhould be
used only when essential since they hinder proper cleaning. The practice of
"green cutting" joints for cleanliness prior to an adjacent placement should
be evaluated since it appears to be less preferable than sandblasting. Iest
results have shown that in cleaning operations, the exposure of aggregate to a
specified amplitude (i.e.; height) does not increase watertightness or bonding
and could jeopardize quality if the aggregaﬁe is undercﬁt or loosened. The prac-
tice of wetting joints should be reevaluated with respect to timing. The gfoutiﬁg
of joints should be reassessed in favor of usipg starter mixes (Chapter 9).

12. The requirements for curing during hot and cold yeather éhould be
reviewaed cince many prujects have eﬁéountered difficulties in administering
the ACI 305 and ACI 306 provisions. There also seems to be some confusion
regarding.the curing period during cold weather (Chapter 7 and 9).

13. 1In reviewing the Construction Procedures and the -Quality Control
Procedures there appear to be three major areas of concérn. First the procedures
.seem to be written in too much detail. By doing so, these provisions tend to
draw attention to the overall aspects of the operation being viewed. This is
especially true where flexigfiity is required to meet an unanticipated situation.
Flexibility ié not allowed because of.the manner in which the details are
written and emphasized. Seéondly, the procedures on several projects appeared
to emphasize those practices which were detrimental to concrete. It is felt
that the positive apprpach which emphasizes those good practices which are

necessary to produpe quality concrete should have been taken on those projects.
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Finally there are many instances where quantitative values are substituted for
qualitative attributes which must be evaluated during the inspection process.
This aspect is felt to be less desirable since it draws attention to details

and is another item which must be inspected and documented (Chapter 7 and 8).
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Chapter 2: CHAPTER 1 OF REPORT C00/4120-2

INTRODUCTION

One of the areas of power plant construcéion which has an impact, in terms
of both the cost and duration of projects, is structural concrete. It is also
one of the areas that is most directly influenced by field related Quality
Assurance practices since concrete is essentially produced and placed by

combining raw materials at or near the project site.

DESCRIPTION OF RESEARCH EFFORT

Need for Research: Fossil Projects

. The Quality Assurance practices related to structural concrete on nuclear
power plant projects are more formalized and extensive than those foun& on
fossil fuel projects. An extensive research effort for the U.S. Department of
Energy entitled "A Comparative Analysis of Structural Concrete Quality
Assurance Practicdes: on Niné Nuclear Power Plant Construction Projects' (1)
was undertaken.by the writers in the Fall of 1976. In order to provide an
appropriate frame of reference for that study, it was félt‘that a similar,‘
but more limited, research effort on fossil fuel power plant projects was
also necessary. This report summarizes those efforts.

Objective of Research: Fossil Projects .

The basic objective of the research.effort was to perform a comparative
analysis of the Quality Assurance practices related to the structural concrete
phase on three fossil fuel power plant projects which are (or have been)
under construction in the United States in the last ten years. An attempt
was made to analyse the practices in a fashion which paralleled the approach

used in the nuclear study (1) mentioned above, although it was recognized
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that a set of 18 Quality Assurance Criteria for fossil plants [similar to ‘
the 18 Criteria of 10 CFR 50 Appendix B (2)] did not exist.

The major emphasis was placed on the construction aspects of the
structural concrete phase of each project. The engineering and design aspects
were examined whenever they interfaced with the construction aspects (i.e.,
development of project specifications, design change procedures, etc.). For
those aspects of the Quality Assurance system which can be considered managerial .
in nature (i.e., organizational relationships, types of Quality Assurance
programs,.corrective action procedures, etc.) an attempt has been made to
present the alternative approaches that were identified. Examples of the
approaches which appear to be mdst cost and time effective without influencing
the final quality of the concrete have been cited whenever possible.

For those aspects of the Quality Assurance system which are technical in
nature (i.e., the frequency of tesing for the.slump, air, or compressive
strength properties of concrete, the curing practices observed, etc.) an
attempt has been made to present a comparative analysis between projécts and’
in relation to the recommended or mandated practices presented in the
appropriate industry codes and standards. In some ingtances it is poss%ble
to point out practices which are "over and above" what appears to be :the-
"average' practice and hence may be considered as unusually costly or time-
consuming while resulting in only a marginal increase in quality.

Limitations of Research: Fossil Projects'

It was not possible, within the time and budgetary constraints of this
research project, to consider the topic from a fossil viewpoint in as great
a depth as the comparative analysis of the nuclear projects (1) cited above.
The interested reader is encouraged to first examine the nuclear report (1)

since the explanation and analysis which is provided in that report is much
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more extensive. It is felt, however, that utilities, engineers and constructors
will be able to compare the levels of QA/QC emphasis on the two fypes of

power plant projects with respect to structural concrete when this fossil

report is evaluated in relation to the nuclear report.

Research Procedure

The research effort consisted of the following phases:

1. Literature review

The literatufe review was divided into three parts:

a. Quality Assurance literature which commented on the practices
which were being implemented on power plant projects in the last ten
years as well as the regulatory environment under which they were
being built.

b. The pertinent Quality Assurance requirements, codes, standards, and
guides. These essentially included Appendix B, the appropriate
NRC Regulatory Guides, the ANSI standards, the ASME Boiler and
Pressure Vessel Code, etc.

c. Concrete and concrete-component related litgrature such as the ACI

Codes and Recommended Practices, ASTM Standards, the ASME Boiler and
Vessel Code, etc.

2. Selection of Nuclear Projects

The interested reader is referred to (1, pg. 1.7) for details.

3. Selection of Fossil_Ponsc§$ o
N”A tot;l of three fossil fuel power plant projects were selected for this

phase of the comparative analysis; The specific details related to these

projects is found in Tables 2.1 and 2.2 in Chapter 2 of this report.

It should be noted that a direct comparison between this fossil based

- report and the one related to Nuclear Power Plant Construction Projects (1) is
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not made in either report. It is left to the reader to draw his own conclusions
after both reports have been examined in detail.

4, Data Collection

The first step in the data collection phase involved ﬁhe acquisition of
as many of the project-related Quality Assurance documents (i.e., concrete
specifications, QA programs and procedures, QC programs, inspection planms,
construction pfocedures, etc.) which each project would make available. An
analysis of these documents resulted in a questiommaire which was sent to
each project in order to obtain additional information. It should be noted
that since there are no formal governmental regulations with regard to QA/QC
programs on fossil power plant éonstruction projects the data which was
received was often not as extensive as was found on the nuclear projects
examined in (1).

Each fossil plant was visited at least twice and an effort was made
whenever possible to interview representatives of each of the parties involved
with the project. The level of detaile& coverage was not uniform on all
projects because two of the projects were essentially beyond the major concrete
stage. The material presented for each of the projects in this report is  _
therefore not complete in a number of cases. The data received was also
dependent upon the availability of information on the project sites., In a
number of cases, topics were not discussed, detailed information was either
not supplied or not made available to the writer and interpretations had to be

made.

5. Comparative Analysis

The final phase of the research effort involved a'comparative analysis
of the three fossil projects., The information which resulted from this compara-

tive analysis is presented in this report as follows:
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Chapter 2 Case Studies of Three Fossil Power Plant Construcﬁion
Projects :
Chapter 3 Discussion of Quality Related Criteria
Chapter 4 Analysis of Concrete Components

Chapter 5 Cantral Systems, Mass Concrete and Cold and Hot Weather
Requirements

Chapter 6 Preplacement Activities
Chapter 7 Placement and Post-Placement Activities

Research Benefits

This report, by presenting a comparative analysis of the Quality Assurance
practices related to the structufal concrete phase, will surface the accept-
abie alternative approaches which are being implemented and indicate the
generic type of problems which have occurred for the sample of projects which
were studied. This information should be useful to those Utilities that will
be involved with future fossil power plant préjects as well as those that

are currently in the design or comnstruction stages.

OBSERVATIONS

The results which were obtained from the research study, as noted above,
are presented in Chapters 2 to 7 of the report. Some of the important obser-
vations which we felt to be of particular significance are presented below.

1. On two of the besil projects (i.e., Projects X and Y) the Utility

" served as its own Comstruction Manager. The consfrﬁction phase of Project Z
was managed by the.samé A.E. firm that was‘responsiEle fof the dééign phase.

The direct influence of the Utility on Project X was rather significant
even though the number of Utility X personnel committed to the project was
not very large. Utility X persomnel were placed in the key managerial positions

within the field organization. They were supplemented by personnel from the

AE Firm.
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On Project Z the AE/CM Firm appeared to play the mofe significant role
although there was a good deal of coordination between the small project site
staff of Utility Z personnel and the AE/CM Firm personnel. |

Offsite concrete batch plants were utilized on all three projects. . The
concrete testing responsibility was placed with an independent testing lab-
oratory on 2 of the 3 projects. Testing on the third project was directed by
the Utility.

2. 1t appears that ail three projects had active QC programs, some parts
of which clearly showed the influence of nuclear construction practices. On
Project X for examble, the Nonconformance Report, Corrective Action, Surveillance
and Inspection Log, etc. elemenﬁs were key parts of the QC program. On Project
Y the Utility retained a Constructor to devélop and direct a QA/QC program
which would later serve as the model to be implemented on Utility Y's next
nuclear project. Utility Y was therefore efféctively using Project Y as a
"tésting ground" for the development of a more formal QA/QC program than had
previously existed.

It appears that a formal QA program was developed on Project X after the
QC program waé operational. At the time of the project visits by the writer
no formal Auditing program had been established. This element has, however,
been added since the site visit. On Project Y a QA program which includes
formal Audits, follow up procedures, etc. was found to be operational. It is
interesting to note, however, that there is no on-site QA group; all Audits
are preformed Ey home office personnel who make periodic visits to the broject.
There does not appear to be a fixed schedule or minimum frequency for these»
Audit visits. ©

On Project Z both the AE/CM Firm as well as Utility Z are involved in
QA activities such as Audits, Surveiilances, etec. All of these QA activities

are implemented through a set of well defined QA procedures.



[2.7]

1.7

3. It appears that the level of documentation has increased on fossil
projects and now often includes a serieé of formalized instructions and
procedures which supplement the more tradiﬁional drawings and project specifi-
cations used on construction projects. As an example, Project X has two
separate quality related : "Instructions" (i.e., "Performance of Field Q.C.
Inspection and Surveillance" and "Development and Implementation of Inspection
Point Program") which pravide Quality Control guidance. The latter type of ~
document, which was initiated by the A.E. firm, provides guidance to inspectors
when they are performing shop inspections. It includes a description of the
material ér equipment to be inspected and the reference documents, Inspection
and Test Procedures and Quality Assurance Checklists which will be required.

4. As noted in (2) above the fossil projects exhibited Nonconformance
Report and Corrective Action practices which were very similar to those found
on nuclear projects. On Project X for instanée a formalized Nonconformance and
Corrective Action procedure which includes Hold Tags, Stop Work Action and
Disposition Categories has been imélemented. On Project Y two different
Nonconformance Report (i.e., NCR) categories (based upon criticality) are
used. Class 1 NCR's are evaluated and dispositioned by a Material Réview
Board consisting of the Construction Manager, Project Engineer énd Q.C.
Supervisor. The disposition categories are: Use As Is, Repair, Rework or
Reject.

S. Another aspect of documentation which bears some relationship to
nuclear practices is the emphasis which is placed on the maintenance of Quality
Assurance Records. All ﬁhree fossil projects had specific requirements related
to the development of a "historical record" for the project. Project Y's
requirements included 5 separate classification designations which specified
different durapion conditions for the maintenance of records in the "historical

file".
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6. Chapter 4 of this report presents a rather extensive analysis of the
requirements which are found on each of the three fossil projects with regard
to the concrete components (i.e., cement, aggregatés, water, ice and admixtures)
which are used in the production of concrete. Several comments of a general
nature can be made.

a. There appears to be an extensive reliance on references to existing
ASTM, ACI, etc. documents in the project specifications when the concrete
component properties are defined. It is interesting to note that very little
mention was made of problems involved with these requirements. It appears
that "engineering judgment"” is still extensively used in fossil plant construction
when these requirements are evaiuated in the field.
b. Statistical concepts related to the "Qualitflcontrol of

Construction Materials'" were not used on the fossil projects in the research
study. The techniques of random sampling, evéluation of both the mean and
standard deviation of material properties, etc. were not being implemented. This
appears to be an area which should be examined in more detail by the industry.

6. There do not seem to be as many problems on fossil projects with
regard to the definition of "Mass Concrete'" and the interpretation of '"Cold
and Hot Weathar" conditions as was found on the nuclear projects. This may
be due to the fact that "engineering judgment' on the part of the QC inspector
is often applied in those situation where problems have arisen.

Concrete placements on fossil projects are also generally not as congested
from a reinforcement point of view as they are on nuclear projects. The use
of Cadwelding also appears to be limited so the problems associated with.this
process on nuclear projects do not carry over into fossil préjects.

7. The level of in§qlvement,of the QC inspectors on the fossil projects
was not as extensive as found on.some of the nuclear projects. Although concrete

checklists which evaluated some of the attributes associated with concrete

.
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placements were utilized, the impact on the overall concrete phase was more
in line with the éractices found on conventional construcftion. Very little
mention was made of problems associated with formwork tolerances, cleanliness.
requirements (with regard to both formwork and reinforcing steel), or changes in
concrete properties due to pumping or curing conditions.. On one
of the projects (i.é., Project Z) it was noted that concrete is delivered
to the placement location in a dry state. Mixing water is metered and mixing
of the concrete components occurs after the truck arrives at the site.

8. The concrete placement practices which were in existence on the
three fossil projects are reviewed in Chapter 7 of this report. -Placement,
consolidation and curing practices as they were defined in the project

specifications are presented.
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SECTION 1

ABRIDGEMENT OF CHAPTER 2 OF REPORT C00/4120-1

"OVERVIEW OF NUCLEAR REGULATORY AND

QUALITY ASSURANCE ENVIRONMENT"

INTRODUCTION

In Chaﬁter 1 it was briefly noted that as'fhe nuclear power plant industry
" ‘matured during the 1970's there was a rapid growth of regulatory requirements
and ind#stry standards related to quality assurance. It is felt that in order
to place the results of the research (found in Chapters 3 to 9) in proper
perspective, one must properly appreciate how the above mentioned developments
influenced the quality assurance programs that were implemented. Chapter 2
is thereforevincluded to provide th;t perspective. It provides both a trace
of the historical developments as well as a sampling of the comments that
were published related to those developments. For individuals who were a part
of the total process during the 1970's, this chapter hopefully represeqts a
reasonably accurate review of what occurred. For those not so fortunate, it
will ﬁrovide understanding.

The Chapter is divided in three parts. The firsﬁ part g;aces the
development of the'Regulaﬁory and Standards frameWork within which nuclear
power plants are built. The second part of the'chaptér, which is primarily
baséd on the published observations of representatives of industry, presents

the factors which influenced Quality Assurance programs on nuclear power

_ plants during the 1970's. The chapter concludes with a presentation of the

18 Criteria of 10 CFR Part 50, Appendix B.
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SUMMARY OF CHAPTER 2

Chapter 2 can be summarized as follows:
Background

The first part of this chapter provided a brief historical perspective
of the Regulatory and Standards Development environment in the 1970's under
which the nuclear power plants inclﬁded in this research study were being
designed and built. The efforts of the AEC (and later the NRC) were discussed
with regard to the regulations which they first promulgated and later further
defined with documents such as the Regulatory Guides, the Rainbow Series, etc.
The ANSI Standards, which were developed in response to the nuclear industry's
need for both technical as well as Quality Assurance standards, were also
discussed. It was noted that these ANSI standards were not self sufficient
regulatory documents until they were .either invoked by a regulatory require-
ment prescribing their use (i.e., in an NRC Regulatory Guide, etc.) or by
a power plant applicant's commitment in the Safety Analysis Report. The
efforts of the ASME which led to Sectioﬁ I1I, Division 1l of the ASME Boiler
and Pressure Vessel Code (which dealt with Nuclear Power Plant Components)
and the joint efforts of ASME and ACI which led in 1974 ?o Section III,'
Division 2 of fhe same code (which dealt with Concrete Reactor Vessels and
Containments) were.also discussed. With regard to the structural concrete
phase of construction, it should be noted that the joint ASME/ACI code effort
mentioned above (also called ACI 359-74) and the related ACI 349-76 code
(entitled '"Code Requiremeﬁté for Nuclear Safety Related Concrete Structures'')
were developed too late in the period to greatly affect many of the nuclear
plants which were examined. Most of these are being, of were, built under
the ACIACodes, "Recommended Practices'", etc., which applied to "General

—i
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Construction" rather than specifically to "Nuclear Construction'. Some
of the results of this situation will be discussed in Chapters 3 to 9 of
- this report.

Quality Assurance Program Factors

The second part of the chapter examined some of the factors which
influenced the Quality Assurance Programs that were developed during the time
frame mentioned above.

1. Development of Standards

Both the perspective of ANSI with regard td fhe need for additi&nal
standards and some of thé reactions of the industry about the
effects of an ever increasing number of new standards on (1)
Techpical and craft labor resources, (2) Construction schedules,

(3) Updating requirement costs on existing projects, etc., were

development was needed and that the possible consolidation of the
many existing standards into one reference source was felt to be
desirable by some industry personnel.

2. Difficulties of Interpretation pf Requirements

The difficulties which the nuclear industry faced with regard to an
interéretation of the regulatory requirements and standards
(particulafly since some of these were in a state of flux during this
period) were cited. These difficulties are'probably one of tﬁe
.réasoﬁé why kas‘iliuétraﬁed later in this report) the parties on

some of the nuclear'projects in this research study adopted what

appear to be overly restrictive Quality Assurance practices related

- . A to the structural concrete phase.

|
|
|
|
provided. It was noted that a clear direction for future standards
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The Roleé of the NRC

The licensing, inspection, and enforcement role of the NRC was
explained in order to indicate the influence which they h#ve on

any Utility engaged in the design and construction of a nuclear
power plant. It was noted for instance that the Utility mu;t
essentially live with fhe commitments it has made in the PSAR,

even if they are more stringent than required. It was also noted
that the NRC inspections on project construction sites are
superimposed on all of the layers of inspection, auditing, etc.,
which already exist. An item of noncompliance which an NRC inspector
identifies, therefore, raises questions about the effectiveness

of the overall Quality Assurance Program which is being implemented.

Documentation Requirements

Some of the representatives of the nuclear power plant construction
industry appear to>be concerned about the strong emphasis on
documentation which is prevalent throughout the industry. Examples
of the type and extent of the documentatiun requircments for the
structural concrete phase will be provided in later chapters of

tﬁis report. Itvwas noted that both the regulator and the regulated
(i.e., the ﬁarties involved in the project) are often responsible

for the level of documentation which exists.

Need for Documentation

A point of defense for a certain 'base level" of documentation was
made because of the complexity and scope of work which must be
controlled. It was pointed out, however, that paperwork is important

only to the extent that it gives assurance of quality in the

Vproduct. Examples will be cited later in this report which illustrate
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cases where the parties involved have taken the need for documentation
beyond that goal.

Benefits Derived from Quality Assurance

Tﬁere appears to be a growing awareness within the nuclear industry
about the benefits that are derived from an effective Quality |
Assurance effort, particularly in the realm of public acéeptance

of nuclear power as a safe source of electricity and, in the area
of improved levels of performance of operating facilities. The
basic question which must therefore be addressed (and hopefully is
addressed in later chapters) is not.whether Quality Assurance

is necessary on nuclear power plants, but rather, at what point

ﬁas a satisfactory committment to Quality Assurance been made.

Cost Aspects of Quality Assurance

The basic question about the cost effectiveness of the Quality
Assurance programs which were practiced on nuclear plants currently
under construction appears to be related to Topic (6). Several
opinions from industry representatives were presented and one

" estimate of the costs which are involved was cited.

10 CFR Part 50, Appendix B Criteria

The last part of the chapter presents the 18 criteria of 10CFR Appendix
B and highlights those particular sentences and phrases which are of particular

interest in this research study.

PRESENTATION OF FIGURES, TABLES AND EXHIBITS

The figures, tables and exhibits which appéar in Chapter 2 of the original
- ' report‘Lare presented below. They are presented without explanation in the

order in which they appeared in the original report. (The original page

l"Original Report' refers to Report C00-4120-1
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numbers have been retained.) The interested reader is referred to the original ‘

report for a supportive detailed explanation.
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Table- 2.1.--18 Quality Assurance Criteria of
10 CFR Part 50, Appendix B (2)

12.
13.
14.
15.
16.
17.

18. .

Organizatioﬁ

Quality Assurance Program

Design Control

Procurement Document Control

Instruction, Procedures, and Dr&wings

Document Control

Contfol of furchased Material, Equipment, and Service
Identification and Control of Materials, Parts, and Components
Control .of Special Processes

Inspection

Test Control

Control of Measuring and Test Equipment

Handling, Storage and Shipping

Inspection, Test and Operating Status

Nonconforming Materials, Parts or Components

Corrective Action

"Quality Assurance Records

Audits
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Table 2.2.-<oncrete Related Regulatory Guides

Reg.
Reg.
Reg.

Reg.
Reg.

Reg.

Reg.
Reg.

Guide
Guide
Guide

Guide

Guide
Guide

Guide

Guide

1.10-Mechanical (Cadweld) Sélices in Reinforcing Bars of
Category I Concrete Structures (Rev. 1, 1/2/73)

1.15—Testing of Reinforcing Bars for Category I Concrete
Structures (Rev. 1, 12/28/72)

1.28-Quality Assurance Program Requirement (Désign and
Construction) (Safety Guide 28, 6/7/72)

1.55-Concrete Placement in Category I'Structures (6/73)

1.70-Standard Format and Content of Safety Analysis Reports
for Nuclear Power Plants (Rev. 2, 9/75)

1.70.6-Additional Information-Quality Assurance During
Design and Construction (7/74)

1.74-Quality Assurance Terms and Definitions (2/74)

1.94-Quality Assurance Requirements for Installation,
Inspection and Testing of Structural Concrete and
Structural Steel During the Construction Phase of
Nuclear Power Plant (4/75)
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Table 2.3.--ASME Boiler and Pressure Vessel Code Sections-1974 (17)

Section I-Power Boilers
Section II-Materials Specifications
Section III
Division 1: Nuclear Power Plant Components
Subsection NA-General Requirements
Subéection NB-Class 1 Components
Subsection NC-Class 2 Componehts
Subsection ND-Class 3 Components
Subsection NE-Class MC Componentsa
Subsection NF-Component Supports
Subsection NG-Core Support Structures
Division 2: Concrete Reactor Vessels and Containments
Section IV-Heating Boilers
Section V-Nondestructive Examinations
Section VI-Recommended Rules for Care and Operation of Heating Boilers
Section VII-Recommended Rules for Care of Power Boilers
Section VIII-Pressure Vessels-Divisions 1 and 2
Section IX-Welding and Brazing Qualifications
Section X-Fiberglas Reinforced Plastic Pressure Vessels

Section XI-Rules for Inservice Inspection of Nuclear Power Plant
Components

#C=metallic containment




» 'CU'MULAT‘l\/E NUMBER OF CP’S/OL’S ISSUED

NUCLEAR POWER GROWTH & QA MILESTONES

150‘

SEPT 15, 1976

r

1351~

120}
105}

OL S ISSUED
L \ L \ APPENDIX A .

CP'S ISSUED

ORANGE BOOK*®
.GRAYBOOK'

STANDARD FORMAT*
N45.2 SERIES®

GREEN BOOK*®

SRP*

*10 CFR 50.55a
*ANSI N45.2
*ASME SECT. Il

*APPENDIX B

1

150

4135
120
105
~4 90
- 75
- 60
- 45
~ 30
— 15

CALENDARYEARS

Figure 2.1.--Nuclear Power Growth and Millestones

(from Heltemes (25, pg. 7))

0
56 57 58 50 60 5162 g3 64 65 66 g7 68 69 70 7772 7374 7576 77

61°¢

[oT- 4]



ON-SITE
AND
OFF-SITE
INSPECTIONS

UTILITY

CONTRACTOR

_Figure 2.2--Relative Nuclear Power Plant Inspection Efforts
(from Volgenau (36))




ACCLrTARLE

N0 ACTION
REQUIALD

s Gl

LIVILND.
ACHiOw OF
REGIONA)L OPFICE

S WA W, W W W W W, WA W, U, WA W, W, W, W, W, S W S

LiviL 8O 2
ACTION: MILTINGS
mTnLICENSRE
ANDIOA DD NOTICE
OFf VIOLATION

L
)
B3 “““““““““““‘“T“““ A Y

‘l ““‘L‘u““‘:y‘

AEVEL 0.2
ACTION:
HEADOUARTENRS
Ot On (00O

: & VI W W WA -, “““‘““““““““““‘

LiveL NO. @
ACTION

" ADOUAAIERS
Ot O (DO

NONCOMPLIANCE

m OEVIATION h UNRLSOLVEOD
Ato T ADDITION RIOUEST INTEA.
NOTICE OF NOTITICATION OF ‘: n:::;auulou PALTATION ON
VIOLATION DEVIATION PAOM LICENSEE INFO PRON M)
Accerrastt  unacctrtasie CoMMITATENT REFUSLO 1O MAKE comriiAwct
ACSPONSE RUSPONEE - 10 CORASCY COMAIIMEINT ON ACTTPTANL oR ACCErTasLL
COMMIT, INADEQ., - OEVIATION
— | I
UNCORKWLLCT(O
CORRECTIVE -
ACTION :.";“N'z" oA | conaterto NOT nerea To LEVEL ND 1 ACTION #OR
TAREN WN:! :munu COANLCILD 1 AND € HO [T p— NONCUMPLIANCE O DEVIATION

-
“““,‘7“(1“‘“

\“““‘) I, W, 0, W W,

-

GAANCH CHILPF &

COARLSMINDS TV

ot

‘NOTICE OF
AEGION DIRECTOR o1 VIULATION
MICS. & AEVILW FROM DO
CORNECTIVE CORRECTIVE
ACTION ACTINN NOT
TanEN TAREN

W

__4 LEVILNO 2
PHOCIDURE FOR
NONCOAWLIANCE

‘AEFEA 1O
NAR OR NMZS

Lierren
10

LICENSELR

(S SALLB]]
Lrcenset ot
rAOM DO

NONCOAMPLIANCE

N
Otviation REGULATORY

ALAUVIIIEMENT

CIVIL PENALTY

CCRRECTIVE CORRECTIVE
ACVION ACTION NOT
TAREN TARIN

W

REFuUsE 1O
Makt

CONMAMITAUNT CORRICT

COMMITMENT
10

193 34

W W W, S, W, W W, W S, Y, W, W, i, W, W, W, W W, W, W, W W, W, W, W, W Y

CORALLIIVE

CONRECTIVE
ACTION NOT ACVIDN
CVAREN Taxen

X

P = - PT P, W . W W W W W, W W, A, N, W, W, . W U, W, W,

o S, N, T, T, . W, WA W W, R WA WA WA, W W W W WA

OROFA TO CLASE AND OESIZT OR SUSFEND. MOLIFY OR AEVONRT THE LICENSE

Figure 2.3.--NRC Inspection-Investigation Findings and Enforcement Action

(from Carlson (35, pg. 10B.29))

[z1°4]



[B.13]

SECTION 2

ABRIDGEMENT OF CHAPTER 3 OF REPORT C00/4120-1

IMPLEMENTATION OF 10 CFR PART 50, APPENDIX B CRITERIA I, II, V, X, XVIII

INTRODUCTION

Chapters 3 and 4 of this report present a comparative analysis of the
organizational and maﬁagerial aspects of the Quality Assurance Programs being
implemented on the nine nuclear power plant construction projects in the
research study.l Chapter 3 presents an analysis of the information presented
in the Case Studies of the nine prbjects (which are located in the Appendix
A of the original reporé%. Chapter 4 presents an analysis of those topics
which could not easily be incorporated into the Case Studies.

Each Case Study in Appendix A of the original report is divided into

the following three sections: (1) Project Organization, (2) Quality Assurance
Program, and (3) Quality Assurance Documents. The topical emphasis in the
Case Studies results in a coverage of the following parts of 10 CFR Part 50
Appendix B: (1) Introduction, (2) Criterioh I: Organization, (3) Criterion II:
Quality Assurance Program, (4) Criterion V: Instructions, Procedures, and
Drawings, (5) Criterion X: Inspection, and (6) Criterion XVIII: Audits.
In order to provide a proper introduciton to the anmalysis of théée Case
Studies, the first part‘of Chapter 3 is devoted to a presentation of the
guidelines which were available to some of the parties on the individual
projects when they implemented these Criteria.

Appendix A of the original report provides a reference point for each
nuclear project in the research study which allows the matérial found in

later chapters to be related back to the project from which it originated.

l'"Original Report" refers to Report‘GQO/4120—l.
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DESCRIPTION OF PROJECTS IN THE RESEARCH STUDY

(Excerpt from Chapter 3 of the original report)

It was noted iﬁ Chapter 1 that the selection of the nine nucleér power
plant projgcts for this research study were based on the following criteria:
a) The Constructién Permit dates should be reasonably spread over the entire
ten-year time frame from 1968 to 1978, 'b) They were constructed: under the
jurisdiction of several different NRC regional‘offices, and c) They were
constructed using different types of organizational relationsﬁips (i.e.,
Construction Management, EPC, Owner Design and COnstruction, etc.). A
brief descriptién of the projects was provided in Table 1.1 on page 1.8.

Table 1.1 indicated that three distinct modes with regard to the Type of
Management on the projects were apparent. These three modes are indicated

in Table 3.1.

Table 3.1 Management Modes on Nuclear Projects in Research Study

. Mode Class Mode Description Project Identity:
1. EPC Mode Engineering, Procurement, and C, D, G, I
Construction by one Fimm
2. C.M. Mode Management by a Construction A, B, F, H
Manager
3. Owner Mode Owner Design and Construction E

The individual project Case Studies are presented in alphabetical order in
Appendix A of the original report. There are a number of approaches which
would result in a comparative analysis qf these projects. The one that has
been selected consisps of a comparétive analysis between projecfs within the
same '"Mode Class'". It is felt that this approach wili be most beneficial to a
Utility, since the seleqtion of thg managemént modé that will be adoptéd for a

_new nuclear power plant project is one of the earliest basic decisions. that
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must be made. . A Utility would therefore be most interested in the alternatives
yhich are being used within the industry for the particular "Mode Class'
which it has seleéted. |

It should be noted, however, that the material related to the nine projects
which is presented in Chapter 4 is not presented according to Mode Class. The
presentation in Chapter 4 follows the more conventional topical classification
approach. That approach was selected because it was felt that the topics
which aré covered in Chapter'4 are relatively independent of the management mode
which is usgd.

One final point should be made with regard to the comparative analysis
which appears in Chapter 3 of the original report. It was not designed to
provide a detailed presentation complete with Tabies, Figures, etc. That
would have essentially duplicated the information which was presented in the
individual Case Studies found in Appendix A of the original report. The
cnmparative analysis did, however, provide a genmeral orientation to the
diffefent alternatives which are being used. The reader was referred to the
Case Studies for detailed information about the individual organizational

and managerial practices. related to Quality Assurance.

E.P.C. Mode

As noted above, the four projects which are being constructed using the
E.P.C. Mode are Projects C, D, G and I. Of the three mddes shown in Table
3.1, the E.P.C. approach probably represents the one in which the Utility has
the least direct influence on the overall project. This is probably by choice,
since phe majority of the engineering, procurement and construction has been
delegated by the Utility to a firm that can supply all of these sefvices.
It was found that the primary Quality Assurance role of the Utility on site

under the EPC mode is that of Auditing and perhaps Surveillance. In each case,
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the responéibility for the Quality Control phase has been delegated to the
E.P.C. Firm.

Table 3.2 presents soﬁe additional information about Projects C, D, G,
and I, particularly with régard to the concrete comnstruction phase. It .
should be noted that the samé E.P.C. Firm is involved on Projects C, D, and
G, although Project G is being administered through a different regional
office than Projects C and D. Projects G and I are actually facilities which
will serve a group of Ufilities. In the Project G case, one of the Utilities
in the group has been assigned the "owner' responsibility for the project.

A "Service Corporation" of the Utility group is responsible for Project
'I during the engineering and construction stages.

It should be noted that on all four projects, the E.P.C. Firm is directly
involved in the concrete construction phase, but fhat only on Proﬁeéts C and
D is it also responsiblé for the operation of the concrete batch plant. An
independent Concrete Testing Laboratory is responsible for the quality control
testing of concrete on Projects D and G. On thé other two projects, thevE.P.C.
Firm is in charge of this activity. '

Table 3.3 summarizes some of the major activities éf the Quality Assurance
groups of both the Utilities as well as the E.P.C. Firms on‘projects c, b, G,
and I. Table 3.4 indicates the involvement during the concrete phase of the
QC group on eaéh of the projects.

C.M. Mode

As noted in Table 3.1, the four projects which are being constructed using
the C.M. Mode are Projects‘A, B, F, and H. It appears that the C:M. Mode allows
the Utility, if it desires, to have a greater influence on the overall construc-
“tion process ig general and thé Quality Assurance/QuaIity Control aspects in

particﬁlar.~




Table 3.2.--Description of Projects Built Under E.P.C. Mode

I

C D
Description Two Unit BWR Two Unit BWR
Percent Complete Unit 1--327% (12/77) Unit 1--51%

Unit 2--22% Unit 2--40%

Ownership Utility "cC"  Utility "D"

Engr., Procure., E.P.C. Firm #1 E.P.C. Firm {1
Construction.

Concrete Construc— E.P.C. Firm #1 E.P.C. Firm #1

_tion

Batch Plant Operation E.P.C. Firm #1

Concrete Testing E.P.C. Firm #1 Independent Test

Leboratory

(12/77)

E.P.C. Firm #1

Two Unit BWE

Unit 1--57%
Unit 2-— 27 (12/77)
Utility "q"l

E.P.C. Firm #1
E.P.C. Firm A1

Independent Concrete
Supplier

Independent Test
Laboratory

Single Unit PWR

19% (7/77)

Utilicy "I"2

E.P.C. Firm 2
E.P.C. Firm #2
Indepéndent Concrete

Supplier

E.P.C. Firm 2°

62°€
[2Y*4]

lActing as the agent for a group of Utilities.

2Actually a group of Utilities.

3Concrete Mix Design and some tests contracted to an Independent Testing Laboratory.




Table 3.3.--EPC Mode':Quality Assurance Group Activities

Note: "X" indicates YES

Project C Project D Project G Project I

Location
a. Project Site
b.. Home Office

Project QA Group
Responsibilities

a. Formal Audits of
E.P.C. QA

b. Formal Audits of
E.P.C. QC

c. Formal Audits of
E.P.C. Construction

d. Formal Audit of Con-
crete Batch Plant

e. Formal Audits of
". Concrete Test Lab

f. Formal Audits of
Other Contractors

g. Formal Inspections

h. Informal Day-to-day
,Surveillancg

Utility

E.P.C. #1 Utility E.P.C. #1 Utility E.P.C. #1 Utility E.P.C. #2

No

No

No

No

No

No

No

No

No

No

No

No

2E°€

81 4]



Table 3.4.-- EPC Mode;

Quality -Control Involvement in the
Concrete Phase

Note:

"X" indicates YES

E.P.C. Firm Project QC

1.

Safety Related Concrete

Ca. Preplacement Inspection

b. Placement Inspection
¢. Concrete Testing
d. Post Placement Inspection

B.O.P.2 Concrete

a. Preplacement Inspection
b, Placement Iuspection

c. Concrete Te;ting

d. Post Placemenﬁ Inspgction

Batch Plant Inspection

Concrete Test Lab Inspection

Project = Project Project Project
C D G I

(QC -"Signoff" of Concrete Pour Card')l

X X X X
(E.P.C.-QC) No . No (E.P.G.-QC)
X X X X

(Const. "Signoff" of Concrete Pour Card)

X No No No
(EPC-QC) - No. No  (EPC-QC)

X No | No No

X X X X
EPC-QC Lab X X  EPC-QC Lab

lOn Project C, QC does not "signoff' the concrete pour card but assures
that it is completely 'signed off by field engincers and superintendents

prior to vreleasing coucrete,
safety related concrete.

2B.O.P. = Balance of Plant.

QC performs preplacement inspection of
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Table 3.5 presents some additional information about Projects A, B, F, and
H, particularly with regard to the concrete construction phase. The different
levels of Utility involvement, as well as the different combinations of responéi—
bility which can be assumed, are readily apparent from Table 3.5.

On Project A, for eiample, (which incidentally is one of the "oldest"
projects in the research study), the Utility provided its own Engineering/
Design services as well as its own ConcreteAfesting Laboratory. C;M. Firm #1
was responsible for general C.M. coordination of all contractérs as well as
serving as the Concrete constructor and the Concrete Supplier and Batch Plant
Operator. |

On Project B, the same C.M. Firm that was used on Project A served in only
a C.M. capacity and as the Concrete Constructor. A separate A.E. Firm was
responsible for the Engineering/Design phase and an independent Concrete
Supplier and an independent Tésting Laboratofy were retained to complete the
organizational design.

On Project F, both the Engineering/Design and the C.M. responsibilities
were‘supplied by the same firm (called A.E./C.M. Firm #2 in Table 3.5). It
is interesting to note that the A.E./C.M. Firm #2 is the same firm that was
designated as E.P.C. Firm #2 in Table 3.2. On Project F, the Utility is
providing the Concrete Testing Laboratory services, but has retained an
independent Concrete Constructor and an independent"Concrefe Supplier.

Project H presents perhaps the most complicated arrangement found in Table
3.5. In this case, A.E. Firm #2 has been retained to provide Engineering/
Design services. The C.M. function is provided by a combination of Utility
. H, C.M. Firm #3 and A.ﬁ. Firm #2 personnel. The overall project is divided
into a number of "Work Packages" which results in the fact that three separéte

construction firms are involved in the concrete phase of the project.



Table 3.5.--Description of Projects Built Under C.M. Mode

Description

Percent Complete

Ownership

Engineering

Construction
Management

Concrete
Construction

Batch Plant
Operation

Concrete Testing

A B

H

Two Unit PWR Onit. #2, PWR

Unit 1-Operating 100%

Unit 2-867% (6/77)
Utility A Utility B
Utility A's A.E. Firm #1
Eng. Dept.
C.M. Firm #1 C.M. Firm #1
C.M. Firm #1 C.M. Firm #1
C.M. Firm #1 Independent

Concrete Supplier

Independent
Test Lab

Utilicy A's
Test Lab

Unit 2-PWR

15% (12/77)

Utility F

A.E./C.M. Firm #2
A.E./C.M. Firm #2
Independent

Construction Firm

Independent
Concrete Supplier

Utility F's
Test Lab

Two Unit-BWR

15% (12/77)

Utility H

A.E. Firm #2

. .1
Combination
w ™
)
3 Independent o K

Construction Firms

Independent
Concrete Supplier

Independent
Test Lab

N .
Combination =

Utilicy H and C.M. Firm #3 and A.Z. Firm #2

Y
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An independent Concrete Supplier and an independent Testing Laboratory round

out the total organizational design.

It is not aé easy to make general statements about the Quality Control
function on "C.M. Firm" projects as it was on E.P.C. Firm projects since
the organizational responsibilities for irndividual QC activities vary
between Projects A, B, F, and H. Table 3.6 provides an analysis which attempts
to indicate these responsibilities.

Owner Mode

As noted in Table 3.1, Project E is the only one in the research study
which involves the Utility over the entire spectrum of Engineering, Construction,
and Operation. The."Owne£ Mode" when contrasted with the E.P.C. Mode,. ..
represents the othér eﬁd of the scale with respect to Utility involvement.

The Office of Engineering, Design and Construction (i.e., OEDC) of
Utility E, thrpugh separate Directors of: (i) The Division of Engineering/
Design (i.e., DED), and (2) The Division of Construction (DEC), is responsible
for Project E. An QEDC QA Manager is respohsible for the overall QA program
within OEDC. THe field QA group, however, is directly responsible to a
Chief of QA who is in a home office staff position directly within the
Division of Construction. This-type of an arrangement represents a unique
alternative among the projects in the research study to the 10 CFR Part 50
Appendix B "Independence" criterion.

On Project E, the Utility E Project Manager is in charge of both a
Construction group (under the direction of a Construction Superintendent) and
a Construction Engineering group (under the direction of a Construction Engineer).
The First Level Quality Control: Inspection, Verification and Field Test
functiéns have been placed.'(along with the typical Field Engineering

functions) directly within the Construction Engineering group. This
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Table 3.6.--C.M. Modes Quality Control Group Involvement in the Concrete Phase

First Level QC Responsibility

Source of Fitbt Level QC
Personnel

First Lzvel Concrete
Inspection

Second ievel Survelllance of
First Level and Construction
(Concrete)

Second Level Surveillance of
Other Contractors On Site

Concrete Batch Plant Inspection

Concrete Test Lab Operation

Safety Related Concrete

a. Preplacement Inspection

b. Placement Inspection

c. Concrete Testing

d. Post Placement Inspection

B.O.P.1 Concrete

a. Preplacement Inspectlon
b. Placement Inspection
c. Concrete Testing

d. Post Placement Inspection

CM Firm Const.
CM Firm Const.

Utilicy A Lab

CM Flrm Const.

CM Firm Const.
CM Firm Const.

Indep. Test Lab

CM Firm Const.

Utility F oc’
Utllicy F qc’
Utility F Lab
Utiliey F QCO

Project Project Project Project
A B F H

CM Firm QC2 CM Firm QC2 Utillicy F QC Individual
Contractors

CM Firm CcM Firm Concrete Individual
Contractor Contractors

CM Fiem QC CM Firm QC Utility F QC Individual
Contractors
CM Firm QC AE Firm Not Applicable Utflicy H CQC
CM Firm QC CM Firm QC Not Applicable Utiliey H CQC
CM Firm QC CM Firm QC Utility F QC Utilicy H CQC

Ucility A Independent Ucilicy F QC Independent

Test Lab Test Lab

CM Firm CM Firm QC Utitiey F QC Ind{vidual
Construction Contractors

CcM Firm QC CM Flrm QC Utilicy F QC Individual
Contractors

Utilicy A Lab Independent Utility F Lab Independent

Test Lab Test Lab
CM Firm QCJ CM Firm QC Utilicy F QC Individual

Contractors

Utilicy H CQC
utility H €QC

Indep. Test Lab

Ueility N €QC

1B.O.P. = Balance of Tlanct

2

]Posc placement inspection by the C.M.

in the study.

6 .
On Project B, a Utility B(SC) QA Manager 1s directly in charge of the C.M. Filrm QC. group.

5

Fewer "4 attributes" are verified.

On Froject A, a Utility A Division Head provlides technical direction to the C.M.

Firm QC group.

Firm QC group is mnre limlited on Project A than on other projects

The Utility F QC group performs First Level Inspection on B.0.P. concrete to a somewhat lessetr degree.

Lve

'[EZ'H]V
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arrangement also represents a unique alternative to the }8E€FR Part 50 Appendix B . ‘
"Independence" criteria among the projects in the research study.
Table 3.7 provides some additional information with regard to Project E.

Table 3.7.-—-Description of Project E Built Under Owner Mode

E.

1. Description Two Unit PWR

2. Percent Complete l Unit I--58 (3/78)
: Unit II--42 (3/78)

3. Ownership _ Utility E

4. Engineering | Utility E

5. Construction Utility E

6. Concrete Construction Utility E

7. Batch Plant Operation C Utility E

8. Concrete Testing ' Utility E

SUMMARY OF CHAPTER 3

Chapter 3, which is devoted to a comparative analysis of nine nuclear power
-plant Case Studies can be summarized as follows:

1. The first part of Chapter 3 provided an overview of the particular
Appendix B Criteria that were addressed in the Case Studies. The section
devoted to eaéh Criterion includes the relafed material found in the ANSI
standards and the NRC documents which served to supplement the iﬁformation
found in the original 10 CFR Part 50 Appendix B document. Included with each
Criterion are some general observations which were obfained as a result of
the research effort as well as the observations of representatives of the
industry which appeared in the literature with regard to the Criterion

being examined.
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) . Some of the basic issues that were highlighted in the first part of
Chapter 3 are: |
a. The applicability of the Quaiity Assurance Program outlined by the Appendix
B Criteria to the "'safety ;elated" part of the nuclear power plant.
b. The spectrum of roles which the Utility can assume with regard to the
Quality Assurance and Quality Control aspects of the construction phase.
c. The need for establishing organizational independency for those groups
which are performing Quality Assurance and Quality Control activities.
d. The requirement éhat.all aspects of the Quality Assurance Program must be
defined by a set of documented policies, procedures, and instructionms.
e. The presentation of an "Ideai" model of the interrelationship that exists
between the most commonly used quality related documents.
f. The relationship between Surveillance and the Inspection and Auditing
functions.
g. The respective responsibilities of the Construction and Inspection groups
towards Quality.
2. The remainder of the chapter was devoted to a comparative analysis
of the nine Case Studies. The projects were divided into three groups according
to the."Management Modes" which were used on each project. These groups were
entitled: (1) E.P.C. Mode (i.e., Engineering, Procurement, and Construction
by one firm); (2) C.M. Mdde (i.e., Management by a Construction Manager), and
(3) Ouwner Mode (i.e., Owner design and construction).
For each group the analysis was divided into the following three éections:.
(1) Project Organization, (2) Quality Assurance Program,‘(é) Quality Assurance
Documents. Some of the points which were4emphasized in the comparative analysis

are summarized below.
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E.P.C. Mode

The projects in this group represent the ones which are felt to éxhibit
the least direct influence of the Utility on the overall project, particularly
from a Quality Assurance/Quality Control standpoint. One of the points of
commonality on all four projects .using this management mode is that the
Utility is primarily placed in a Third Level Auditing role. The primary
responsibility for the First Level Quality Control and Inspection functién
is assumed by the E.P.C. Firm.

Two additional observations which were made are: (1) There appears to be
a certain amount of duplication of effort with regard to the Audit function
since, in general, the E.P.C. Firm QA group is also involved in this activity,
(2) The Surveillance function is in need of further definition on the projects
in this group since it is often assumed by both the Utility QA group, the E.P.C.
Firm QA group, and sometimes also by the E.P;C. Firm QC group. This situation
did not exist on one of the four projects in this group since the E.P.C.

QA group for that projeét was located in the home office and thergfore was
only at the project site during the period when formal Audits were being
conducted. |

With regard to the Quality Control groups of each of the E.P.C. Firms,
it was noted that on onl& one of the four projects were they involved in the
Balance of Plant Concrete (i.e., non "Q'"-list) operations. These placéments
were generally under the direct control of the Construction group.

A point was also made with regard to the large number of quality related
documents which are required on nucléar power plant projects in order to
define responsibilities, etc. This is particularly important because there

are many revisions made to these documents over the life of a project. This
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point was highlighted in reference to the number of revisions which have occurred
tgvthe Concrete Specifications. on each project.
C.M. Mode

The C.M. Mode appears to allow the Utility to have a somewhat greater
influence on a project, particularly with respect to the Quality Assurance/
‘Quality Control functions. Each project illustrates the particular role
which was taken by the Utility. It was found that on all projects the Utility,
to varying degrees, appears to be directly involved in the Third Level
Auditing phase as well as the Second Level Surveillance and First Level
Quality Control and Inspection phaseé. On one of the projects in this group,
for instance, the Utility has chosen to be in direct charge of all of the
Quality Assurance/Quality Control activities on the project. This has in
fact been accomplished without utilizing many permanent Utility employees.

It appears that there is less owerlap of quality related acitivities
on the projectg in this group. This is probably due to the fact that the‘
Utility has been the prime mover in assuring that each party is involved
in only a portion of the total spectrum of quality related activities. This
is illustrated by the fact that in all cases, the Utility QA group is the
one which is involved in the majority of the formal preplanned Audit
activity. Also, on only one of the projects was the Utility QA group also
heavily involved in a Surveillance role.

An important point was made with regard to the Work Package approach
which was implemented on one of the projects in the group. It was felt that since
- the concrete work;was‘divided;among~3xindependent eontractors, it may have

heen to the Utility's benefit to develop a standardized set of construction

procedures, instructioms, etc., which would apply to all of these contractors.

The task of reviewing a vast number of procedures and tracking the changes to
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them could perhaps lead'td problems which could be avoided if the Utility
adopted a standardization approach.
Owner Mode

Only one project in the research study is being constructed under the
Owner Mode. Several unique organizational solutions to the 10CFR Part 50 Appendix B
Independénce criterion for theéQuality Assurance and Quality Control groups
occur on this project. There appears for instance to be very little overlap
of quality related activities. This is understandable, since only one
party, the Utility, ié involved. It seems that as more organizations become
involved, the need for increased Auditing and Surveillance also arises. It
is certainly not feasible for every Utility to adopt the role of the Utility
"in this group. Somé of the practices,-however, deserve serious consideration.
There does appear to be'a strong attempt to leave the prime responsibility
for quality in the hands of the Construction.grOup, a place where it
traditionally has existed in the construction industry.“ The Quality Control
grﬁﬁp has clearly begn placed in the role'of Qerifying that the required

quality has been achieved through inspection and testing.

PRESENTATION OF FIGURES, TABLES AND EXHIBITS

The tables which appeared in Chapter 3 of the original report were all
presented in the section of this chapter entitled "Description of Projects in
the Research Study" which began on page [B.l4]; The only figure which was in

Chapter 3 of the original report appeared on page -3.16. It's included below.



QUAL. ASSUR.|" ASSURANCE OF QUALITY

PROCEDURES (AUDITING)
QUALITY CONTROL | VERIFICATION OF QUALITY
PROCEDURES : (INSPECTION, TESTING)
CONSTRUCTION : - ACCOMPLISHMENT
PROCEDURES OF QUALITY
CONSTRUCTION SPECIFICATIONS, - DEFINITION OF
INDUSTRY CODES & STANDARDS QUALITY

Figure 3.1.--Relationship of Quality Related Documents
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SECTION 3

ABRIDGEMENT OF CHAPTER 4 OF REPORT C00/4120-1

ANALYSIS OF 10CFR PART 50 APPENDIX B

CRITERIA III, VI, XV, XVI, AND XVIII

INTRODUCTION

This chapter is devoted to an analysis of the implementation of the
following Appendix B Criteria: (1) Criterion III--Design Control, (2)
Criterion VI——DocumeAt Control, (3) Criterion XV--Nonconforming Materials,
Parts or Components, (4) Criterion XVI--Corrective Action, and (5) Criterion
XVIII--Audits, on the nine nuclear power plant construction projects in the
research study. A Case Study for each of these nine projects is presented in Appen-
dix A of the original feport; Chapters 3 and 4 fogether provide -a coméarative
analysis of the organizational and managerial aspects of the Quality Assurance
programs being implemented on these projects. The remaining chapters of
the report will deal with the Quality Assurance aspects of Structural Concrete

on these same projects from a technical viewpoint.

SUMMARY OF CHAPTER 4

The contents of Chapter 4 are summarized below in the order in which the
individual Appendix B Criteria were discussed.

Criteria III and VI: Design Control, Document Control

The discussion in the first section of Chapter 4, although based on the

requirements outlined in Criteria IIT and VI, included several related topics.

With regard to the Review of Project Specifications, for instance, it was
Indicated that a number of parties are typically involved in the review
process and that the level of involvement of these parties varies from project

to project. It was noted that .the QA/QC groups were in a unique review position
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because they could indicate the portions of the specification which would give
them the most difficulties during the construction phase.

With regard to The Use of General Construction Codes and Standards, it

was noted that for the concrete situation, the codes and standards

which are referenced on most projects were probably never intended fo; the
"literal" interpretation stance which occurs on nuclear construction projects.
In the nuclear situation, it wés noted that the Design Engineer must assume

a very active'"interpretive" role if later quality related problems are to be
avoided. it was felt that an industry-wide assessment of the current situation
in the concrete area is needéd to determine if the codes and standards should

be revised to more closely reflect the nuclear construction situation.

Several different approaches to the Incorporation of Codes and Standards

into Specifications were presented. The '"Blanket Reference" of a concrete

code was indicated as one which required less Engineering effort during the
specification development stage, but couldvcéeate later problems when a \
"literal" interpretation of certain sections of the cited code were made by

the QA/QC groups. The "Selective Reference" method and the "Blanket Reference
With Exceptions" methods were also discussed. The crucial role of the Engineer
was again emphasized with regard to the clear interpretation of the require- :
ments for a project. It was felt that if the Engineer does not assume this
interpretive role, then the QA/QC and Construction personnel must assume it

by default. An example of the selective designation of ACI 347 Formwork

Tolerances was cited to indicateé the role which an Engineer must assume.

With regard to. the Quantification of Specification Requirements in the

concrete area, it was noted that on some projects, too much emphasis is

- probably being placed on those process characteristics which can be quantified

and not enough emphasis is being placed on the more qualitative aspects of

the concrete process.
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Engineering Changes were discussed by first citing examples of the Engi- ‘

neering Change documents which were used on three of the projects in the

research study. The problem that has' arisen on one project because of the

" lag between the approval of Engineering Changes and a formal revision to the

project concrete specifications was cited. Severgl reasons for the extensive
number of specification changes whicﬁ occur on nuclear construction projects
were presented. These are: (1) The development of specifications with
unrealistic fequirements, (2) The lack of a feedback loop between the
Construction and Engineering groups‘which would make the specifiéations more
responéive to the constructibn situation, and (3) The reuse of an Engineering
Firm ''Standard Specification" at the beginning of each new project.

The last part of this section discussed The Impact of Engineering Changes.

One of the impacts that was cited was the need to revise supp&rtive Construction
and QA/QC procedures whenever a specification is revised. An experience

on one project which was based on this point was cited. A second impact

arises because of the ﬁeed for strict compatibility between the PSAR and

the specifications. Another project example was cited to illustrate this

point. The practice of "waiving' a specification requirement rather than
attempting to revise either the sepcification or the related industry code

and standard was also discussed. The disposition of Nonconformances by the

"Use As Is" choice was also discussed as a possible example of the "waiver"

of specification requirements,

Criterion XV: Nonconforming Materials, Parts and Components

The discussion in the second section of Chapter 4 presented an extensive
coverage of the different systems which are being implemented in response
to Criterion XV. . Table 4.6 summarized some of the more important aspects

of the Nonconformance Control systems on the projects which were discussed.



Table 4.6--Nonconformance Control Systemsa

>

PROJECT A PROJECT B PROJECT C (b) PROJECT F PROJECT H PROJECT 1
1. Nonconformance Identi- All sice All site All sice All site A1l sice All site
fication Responsibility  personnel personnel personnel personael personnel personnel
2. Documentation Deficiency Deviation Reporté Nonconformance Nonconformance and ‘(c) Nonconformance and
report Procedure Violation Report (NCR) Disposition Report Disposition Report
Report ’
3. Documentation Inia- CM Firm QC CM Firm QC EFC Firm QC Utility F QC Utilicy H CQA or EPC Firm QC
tion Responsibility : ' o C - Individual . :
Contractors
4. Segregation M Firm QC CM Firm QC EPC Firm QC Ucilicy F QC Utilicy H CQA EPC Firm QC
Procedure Hold Tag Hold Tag Hold Tag, Hold Tag, Hoﬁz Ta Reject Tag
Hold Storage Hold Storage =d tag ’
5. Disposition CM Firm Discipline Deviation Review EPC Firm Field or AE/CM Firm (d) EPC Home Office
Responsibility Supt. & Utility A Board Home Office Engineering Engineering
Engineering Engineering
6. Disposition Categories '
a. Rework - X X X X X X >
b. Repair X X X X X X .
c. Reject X X (Scrap) X X X (Scrap) X (Scrap) Eg
d. Use As Is X X X X X X
e. Salvage X
7. Corrective Action No Yes No, but closed NCR No Yes No
Specified on Documenta- sent back to
tion (to prevent org. causing NCR
recurrence)
8. Reinspection CM Firm QC CM Firm QC EPC Firm QC Utilicy F QC Ucilicy H CQA EPC Firm QC
Responsibility (before .
close out)
/ ——e—— e & e v —
9. Status Log Maintained Yes (CM Firm QC) Yes (CM Firm QC) Yes (EPC Firm QC) Yes (Uctility F QC) Ucilicy H'CQA EPC Firm QC

aProject G situation 18 not presented in the Table due to the rumber of documents which are used.

suggested.

b .
Project D 18 not shown since 1t'close1y resembles Project C.

e . .
Nonconformance Reports, Audit Action Reports and Corrective Action Requests

d .
Profect H Review Board approves disposition which has been indicated by the affected Contractor.

Reference to the text description is

[gc-4]
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A few additional points which are not shown in Table 4.6 should be
made about the major impacts of Criterion XV as well as about the innovative
steps which have been taken on some projecté to reduce the detrimental
effects caused by these impacts.

1. It appears that on most projects, the Nonconformance document must
travel through a number of organizations (sometimes more than ane) before
a Nonconformance event is finally "closed". This practice not only consumes
the resources of a large number of people, it also increases tremendously
the time which-is required between the identification of the Nonconformance,
the receipt of an approved dispostion and the completion of the corrective
action. The length of time also appeafs to be influenced by the location of
the organizations which are involved in the process. It would appear
advantageous to have the personnel who are responsible for the dispositioning
of the Nonconformance documents permanently assigned to the project site, for
instance, since a routing of the document to a "Home Office Engineering Group"
does not appear to be time-effective.

It would also appear to be advantageous to require a definable team
such as the "Deviation Review Board" on Project B or the "Project H Review
Board" to meet on a day—to—ﬁay basis if necessary, in order to obtain the
immediate resolution of most of the Nonconformance documents which are
writfen. It is felt that such meetings wbuld reduce the decision-making
time (which represents time during which construqtion has essentially stopped)
to a minimum. ‘

2. A comparison of some of the Nonconformance documents which were
presented indicates that there is a considerable amount of information
that must be fecorded évery tiﬁe one of these documents. is initiated.

Some of the data input practiées which wére noted in the discussion

should be recommended as additions to the Nonconformance documents which are
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used on some of the projects in the research study. The practice implemented
on Projects B and H, for instance, which requires the affected party to
indicate the corrective action which will be taken to prevent the reoccurrence
of the nonconformity, is one which is recommended. Another is the input

of the Nonconformance Code and Cause Code information for each nonconformity
which is required on Project H. This practice would appear to provide an
excellent basis for later Trend Analysis activities.

It is also suggested, however, that the Nonconformance documents on a
number of projects should be scrutinized in great detail to determine if all
of the fequired information is really necessary (and in fact ever used).

A reduction in the time required to fill out the forms could possibly be
achieved on a number of projects if such a study were made.

3. A number of projects have adopted a set of forms for Nonconformance
situations which consider the relative severity of the Nonconformance.

This appears to be a response to the situation which was recognizad by Rice
(1, A4.7) when be stated,

"It appears to me that most of us in the QA discipline have overreacted

to section XV, "Nonconforming Materials, Parts or Components" and section

XVI, "Corrective Actions" of 10 CFR 50, Appendix B, criteria in developing

our procedures, methods and systems. The problem as I see it, is the

various points of view. What is a "significant adverse condition" to

the fabricator and constructor may or may not be significant to the

Designer. What is significant to the Designer may or may not be signifi-

cant to the Owner/Operator and so on to the Owner and NRC. This really

becomes a problem when the nonconformance and corrective action system

and procedures are written so restrictive that "all" discrepancies must

be reported on an approved form to the responsible designer for corrective

action disposition, especially when the RESPONSIBLE authorized designer

is several hundred miles from the job site...

Requiring minor type in-process discrepancies, which occur continually

in welding, concrete and steel structures, equipment erection, and wiring
circuits, to be locked into the formal Nonconformance Reporting and

1Rice, H. E., "How to Prepare an Acceptance Nuclear QA Program Implementing
An Accepted Quality Assurance Program,' Proceedings of the Third Annual National
Conference on Nuclear Power, ASQC, San Francisco, Calif., October 1976.
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Corrective Action Procedures is not practical or efficient. We have not
had much success in getting our client's QA representatives to accept the
philosophy of classifying defects and having a simple, fast track, minor
discrepancy reporting method and procedure., I believe there is a real need
for a mutually acceptable definition and guideline for classifying major
and minor discrepancies...

1 would suggest three types of classifications to be established for
discrepancies, such as Major, Minor and Incidental with mutually accepted
guidelines for classifying them. Only the Major classified discrepancies
would be requiréd to be fed into the formal nonconformance reporting and
corrective action system. The Minor and Incidental classified discrepancies

should be documented and dispositioned by the lowest competent level of personnel.
T have used such a system in the past and it provided an effective and efficient

system."”

It is felt that the concept of several types of Nonconformance documents
to record several levels of severity should be given serious consideration by
the industry. One of the problems which may arise with this approach,‘however,
appears to be that each of the types of Nonconformance documents will require
separate logging and tracking by either the QC or the QA group. This could
tend to compound rather than improve the documentation tracking problems
which already exist.

4. The final point that should be made concerns the "Use As Is" dispo-
sitioning category. From the limited amount of data that was made available
on the projects in the research study, it appears that a large percentage of
the Nonconformance documents on most projects réceive this type of a disposi-
tion. If this is true, then it would appear that in many cases, it is not
necessary for all of the requirements which appear in the engineering
documeﬁts to be rigidly adhered to in all cases.

It is recommended that an industry wide study be initiated in order
to identify a number of generic areas which are consisteﬁtly dispositioned
"Use As Is". When the cost of a typical Nonconformance document in terms of
both manpower and project time is condsidered, it seems that a reassessment of
some of the requirements in .the engineering documents which cause this type of

a disposition would be extremely cost effective for the entire industry.
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Criterion XVI: Corrective Action

The section related to Criterion XVI: Corrective Action, provided a
brief overview of the Corrective Action practices on two of the projects
which were in the research study. The practices which were discussed, (i.e.,
Corrective Action Reports and Trend Analysis), appear to be fairly typical
of the practices on most of the other projects in the study.

One of the practices which was indicated (i.e., the Project H approach
to coding Nonconformances as well as Causes on Nonconformance Reports) appears
to be an excellent method of coilecting the basic data which is needed for
Trend Analysis reporting. It should be noted that additional information
about the Corrective Action procedures which are used on other projects in
the research study can be found in the discussion feléted to Criterion XV.

Criterion XVIII: Audits

The final section of Chapter 4 provided an analysis of_;he procedures
which implement the requirements of Criterion XVIII: Audits, on a number of
the projects in the research study. The Audit procedure used on Project B
was presented in detail in order to indicate the depth of coverage which is
provided in a typical QA Audit. It also indicated the various phases
of an Audit, from the Pre-Audit Preparation phase to the Follow-up phase.

Examples of the Auditing procedures from several other projects in the
research study were also presented in order to indicate some of the modifica-
tions to the Project B approach which are being implemented. It ‘was indicated,”
for instance, that on a number of projects an Audit CHecklist is required,
which in some cases can be extremely lengthy. Several examples of the
type of Audit Finding Reports which are used were also presented. It was
also noted that on some projects, '"Intermediate Conferences'" are held to allow
deficiencies to be brought to the attention of management while the Audit is

still taking place.
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.No recommendations are made about the "best" type of an Auditing procedure
to use (i.e., there probably is not one best type). It.is felt, however, that
the information about Audits which has been presented will provide guidance

to anyone interested in the different approaches which are currently being

implemented.

PRESENTATION OF FIGURES, TABLES -AND- EXHIBITS

-The figures, tables and exhibits which appear in Chapter 4 of the original
report are presented below. They are presented without explanation in
the order in which tﬁey appeared in the original report (the originél page
numbers have been retained). The interested reader is referred to the

original report for a supportive detailed explanation.
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Exhibit 4.1.--Project A Deficiency‘ Report

No. — ——
PTN No.
QC No.
ITEM: ’ WG. NO.
CHARGES TE OWG. NO.
TO AGAINST . )
. B N| P.Q. NO.
VENDOR SPECIFICATIONS [ VE BOR N 0. NO
COonsT. 'CONST. PROC. [
v ¥ 1 ) P .
{ 0. PROC. SYSTEM & CCOE NO. SPEC. NO
ORAWING SERIAL NO. J0. No.
OTHER
DEFIGIENCY DESCAIPTION: : Locanon;
DATE DISPOSITION REQUIRED BY: .
Q.C. ENGINEER
ODATE
DISPOSITION . )
——— DATE WORK TO BE COMPLETED BY:
NSS3 REP. (RECORENDA NOMN . : mmm ‘ 1 EEDSTE REP SPON ENGAR
ACTION:
CONST AREA REP - oaTR : y a:mur.nuv . " DATE

QISPOSITION ACTION VERIFIED AND ITEM REINSPECTED

LETTER NO.
INSPECTION REPORT NO.
SURVEILLANCE REPORT NO.

. WORK PERFORMED AND ACCEPTABLE
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Exhibit 4.2.--Project B Deviation Report

Est. Cost_$100.00

. Approvd.
Date 1/3/77
Discribution : Ttem: ' Dwg. No.
Concrete Free Fall (CB-287) N/A
Vendor P.0. No.
N/A N/A
System ’ . Spec. No.
Structural _ 2555-60, Amdne. #34
Serial No. J. 0. No.
N/A ) 9459.02
Deviation Descripcion Applicable Codes, Standards
Specifications

2555-60, Section 3A-22, para. 4 8, states, "Concrete shall not be allowed to drop freely
more than five feet in un-exposed work."

During placement of temporary blockout, East Side of Interior Wall, Elevation 305°',
Control Building on 12/13/76, (CB~287), the concrete was allowed to "free f£fall"
approximately 8 to 10 feet w/o the use of a tremie.

Approximately five (5) cubic yards were placed in this manner.

Eagineer Date Field Supv.=Q.C.

"Corrective Action: W:LLI be provided at time of disposition

The Civil Superintendent has reinstructed the ge:ie_ral foreman and foreman in the
requirements of Spec. {2555-60. Further incidents of this type will not be tolerated.

Signature Date
Disposition: Forms shall be removed from pour CB-287 Chargable Deficier(;};r E_SYES No
and readings shall be taken utilizing a swiss hammer & -
: . To Against
to verify concrete strength. Swiss hammer reading shal 9/C Soecification
also be taken from adjacent pours for comparison. All Constr Const ;roc
readings shall be submitted to the DRB for final dis- = ~— ~
N Subcontractor Q/C Procedure
positiou. : Vendor - Drawin
See Supplement #1 (attached) dtd. 1/7/77. 22
: A/E B/M
Coust. Date A/E Site Engr. Dace Engr. Date QA Date

Disposition Action Verified and Item Reinstated:

Site QC engineer Date Field Supv. QC
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Exhibit 4.4 PROJECT F NONCONFORMANCE AND DISPOSITION REPORT

} the in-process sieve analysis.

This was reported on Report af Co gregate Tests 143,

‘2 Disposition Details: Attach Shests, it , with this N & D No, applisd. No
Project F Page 1 of No.
: TR/ATA/TR [io_[Spes. No. [erec Page 2 of
NONCONFORMANCE & DISPOSITION REPORT . ,
§-0395,5-0572 ASTM-C-136
Bullding/Activity/item ) [svas_[System Retease No, [Csvce [System
Retaining Wall Ground Cooling Tower ] The concrete is accepted based on the seven day concrete cylinder
Lm:;llanpl - Contractar L—”"',' breaks of F'c = 3430 PSI, 3180 PSI which exceeds f'c = 3000 PSI @
n-Place ’
Orawing No. lenna] O Tssue Vangar [osxn P56 No. 28 Days.
N/A O Vendor N/A N/a
Mark/Plece No, larco fcaT O [=F} 03  [Hota/Reject Tug No.
ASME. Cas 01 02 O3 N/A
initlator Oate 1| Approved AS.M.E. QA Mgr, Date 2|Approved - '5QC Oats ]
, .
Condition Detalls: Attach Sheets, I , with his N & O No. a ‘N\' .
The fine and coarse aggregate used in the laced in Manhole #2
and the retaining wall around the cooli :%, on 5/10/77, failed to meet

Sv'y

[zh 4]

Dispositioner Date Olspesition
Accept as ls ) Scrap O Repair O RAewark [ Return to Vondor O
SAR Change OYes DINo for CAT 1 only Septonesl  cantractar ome '°
O Drawing Changs Evaluated to 10 CFR 60.58 {s) snd 10 CFR 21 | AcTioN Revisw
O Sspecification Changs . Ooc
O Procedure Changs Repartable Not Reportsbie *
{dsiare one)
O Eng. Sarv. Scope of Work Changs Osc
Change Wil.L 3 be Incorporated
WILLNOT L3 in the fal v Praojoct Enginesr Dats Qs
Profect Eng. Date S
a.
N $ & W Resldent Eng. Oate [] .
J Other
$QC Aporovai Oate 7] tnspoctor  JSAY [JUNSAT Dats 11
ASME QA Mgr, Date 8| N & D Closea Oate 12
ANI Review Oate 9 NewNLD
. Remarks:
Reomarks: i

' ATION SINE
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Table 4.1.--Project G Nonconformance Control Documents

Utility G EPC Firm
1. Corrective Action 1. Quality Audit
Request (CAR) Finding (QAF)
QA ,
2. Discrepancy. and. 2. Management Corrective
Correction Report Action Report (MCAR)
(D&CR)
1. Nonconformance
Report (NCR)
QcC Not Applicable
: 2. Condition Report
(CR)
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ibit 4.5.~-Project H Nonconformance Report

hing .
0. NONCONFORMAMCE REPORT
NO. 1523 REYV, &78 )
T, or QUANTITY
QARGAMIZA TION
2 /
YOIV T ] soumcE CURRENT STATUS LOCATION
ITEM/ %
3 ’
. MATERIALNS
MAME N L] ol .
A RESPONSIBLE Z3 Sv.rcew
ORGANIZATION 3 . . |SP-
NCR )i cATEGOnY: ()1 (POSSIELE SIGNI )2 (masor 3 (MINDR
s AT vee S5 HTyre [ JIE) EQUIP,/MAT L {JO1) INSTALLATION: {Jtp
" ‘GOVERNING LINCLUDE ACCEPTANCE g
s REQUIREMEN CRITERIA AND DOC'MT. NOS. )
.
DESCRIPTION OF NC (RELATE TO
7 NONCONF ORMANCE, CoDE LINE NO, 6)
.
.
PROPOSED R
9 1SPOSITIONCRREN O reworx 12
JUSTIFICATION:
- N S .
EPS TO PREVENTY
10 RECURRANCE O\ -
]
RESP. ORG. 8HG./CONBT, aa/Qc¢ Ala
APBROVAL
ProJECT REVIEWREO'D. L) ves i 1 o pEgision: ) acoepe [ peipex
2 REVIEW ENCINCER cATE Qa/Qc .
80ARD
i \ NO1SPOSITION nauc . TITLC
N §‘ vEmmqu\\ \
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Table 4.2.--Project H Nonconformance Codes

CONCRETE

01 Materials

02 Incorrect Mix

03 Physical Properties
(Slump, Air Temp.,
Strength, Perme-
ability)

04 Dimensions or
Location

05 Placement Technique
(Vibrator, Place-
ment Rate)

06 Curing

-07 Post Pour Visual

(Voids, Honey Comb,
etc.)

REBAR

10 Materials Grade

11 Identification

12 Physical/Chemical
13 'Rust/Contamination
14 Dimension

15 Placement (location)
16 Cadwelding

17 Lap Splices

18 Quantities
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. Table 4.3.--Project H Cause Codes

OPERATIONS
01 Operator Error
02 Inadequate Indoctrination and Training
03 Unqualified Personnel
04 Insufficient Personnel
DESIGN
11  Specification--Wrong Revision
12 Specification~--Misinterpretation
13 Drawing--Wrong Revision
14 Drawing--Misinterpretation
15 Inadequate Procedure
16 Cannot install per drawing (interference)
17 Improper installation (drawing or specification)
18 Hanger, support, mounting problem
GENERAL
21 Environmental
22 Damage-By Others
23 Malfunction/Failure of Comstruction, Inspection
or Test Equipment
25 Vendor Supply Problem
26 Material Inadequate
27 Mishandling
28 Improper Storage
29 1Inadequate Status Control
30 Inadequate Documentation
31 Lack of Identification
32 Improper Cure
33 Equipment
34 Does not meet Specification Requirements
35 Violation of Procedure
36 Does not meet Drawing Requirements
37 Undeterminate/Unknown
FUNCTIONAL
40

Failed Test




[B.47]
4.56

Table 4.4.--Summary of Concrete Related Nonconformance

Reports‘on Project H

Concrete

NR Code

Total

Cause Code

Total

" Materials

Incorrect Mix

Physical Properties (Air, Slump,
Strength, Temp., Permeability)

Dimension or Location

Placement Technique
(Vibrator, Placement Rate)

Curing

Post Pour Visual (Voids,
Honeycomb, etc.)

5

6l

35

32

Drawing-Misinterpretation

. Vendor Supply Problem
:Material Inadequate

Failed Test

Operator Error
Doesn't Meet Spec. Req.’

Operator Error

‘Inadequate Training

Failure of Construction, Inspec-
tion, or Test Equipment

Vendor Supply Problem

Material Inadequate

Mishandling

Inadequate Status Control

Inadequate Documents

Lack of Identification

Failure to Meet Spece

Violation of Procedure

Operator Error

Drawing Misinterpretation

Failure of Construction, Inspec-
tion, or Test Equipment

Failure to Meet Drawings

Operator Error
Environmental
Failure to Meet Speécs

Operator Error

Inadequate Training

Failure of Construction, Inspec-
tion, or Test Equipment

Improper Cure

Failure to Meet Specs

Violation of Procedure

Operator Error

Damage By Others

Failure of Construction, Inspec-
tion, or Test Equipment

Failure to Meet Specs

Failure to Meet Drawings

N N el Rl

P Wt b = N

HEN DN

)
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Table 4.4.--Summary of Concrete Related Nonconformance

Reports on Project H (continued)

Concrete (cont.)

NR Code

Total Cause Code

Total

Placement (Location)

Testing

Calibration
Inspection

Damage

2  Failure of Construction, Inspec-
tion, or Test Equipment

10 Operator Error
Inadequate Training
Insufficient Personnel
Failure of Test Equipment
Improper Storage
Inadequate Status Control
Failure to Meet Specs
Violation of Procedure

1 Equipment
5 Inadequate Training

14 Environmental
Damage by Others
Material Inadequate
Mishandling
Improper Storage

HHRHRRFRW

[

w

e O

Cement

Materials

Incorrect Mix -

11 Vendor Supply Problem
Failure to Meet Specs

1 ~ Vendor Suppl& Problem

N

Aggregate

Materials

11 Material Inadequate
Failure to Meet Specs

Reinforcing Steel

Physical/Chemical

6 Unqualified Personnel-:
Damage~-By Others
Failure of Construction, Inspec-
tion, or Test Equipment
Vendor Supply Problem

R
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Table 4.4.-—-Summary of Concrete Related Nonéonformance

Reports on Project H (continued)

Reinforcing Steel (cont.)

Rust/Contamination 1 Improper Storage 1
Dimension 11  Vendor Supply Problem 5
Material Inadequate 5

Failure to Meet Specs 1

Placement (Location) 11 Operator Error 1
Drawing Misinterpretation 2

Improper Installation 2

Failure of Construction, -Inspec- 3

tion, or Test Equipment

Failure to Meet Drawings 3

Quantities 1 Failure to Meet Drawings 1
Documentation 3 Inadequate Training 1
Inadequate Documents 2

Storage and Handling 1 Mishandling 1
Damage 6 Damage-=DBy Others 1
Vendor Supply Problem 3

Violation of Procedure - 1

Failure to Meet Drawings 1

Cadwelding
Cadwelding 6 Operator Error 1
' Failure of Construction, Inspec- 2
tion or Test Equipment

Vendor Supply Problem 2

Failure to Meet Specs 1l

Documentation 1 Inadequate Documents 1
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Exhibit 4.6.--Project I Nonconformance and Disposition Report
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Table 4.5.--N & D Sample Data: Project I

Number of N & D's Diégosition Percentage
4 Rework 3.7%
Void 5.6%
7 g Repair 6.5%

90 , Accept As Is 84.2%

Total - - 107
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Exhibit 4.7.--1_’roject & Corrective Action Request

CORRECTIVE ACTION REQUEST

vo: . . N CONTRAGT?.0. NO.

- ) .. SPEC./UWG, NO.

DEFICIENCY CLASSIFICATION: ) ; "NO.

1. IDENTIFICATION

DESCRIPTION OF OEFICIENCY:

REPLY REQUESTED 8Y: .

) —————
DATE QUALITY CONTROL ENGINEER oaTE

2. CONSTRUCTION DEPARTMENT RECEIPT

SUPERVISOR . DATE

SUPEAVISORS ACTION: STATE PROBAGLE CAUSE AND ACTION TAKEN, OR TO BE TAKEN, TO PREVENT RECURRENCE
AND DATES WHEN ACTION WILL BE EFPECTIVE INCLUDE ACTION TO BE TAKEN ON COMPONENTS AFFECTED
PRIOR TO DISCOVERY. . :

3. CONSTRUCTION DEPARTMENT REPLY

(m] “"N"'gf‘;':?o“:ff:g‘: " (3 OOES NOT ACKNOWLEDGE CEFICIENCY
WITH A a N

—
CONST. DEPT. REP. DATE
4. ACTION TAKEN
O samisracronry ' ) O UNSATISFACTORY aNO AETURNED TO CONST. OEPT.
— —
QC AEPRESENTATIVE DATE QC REPRESENTATIVE DATE
S. FEEDBACK . )
ACTION TAKEN 8Y CONSTRUCTION OEPT. CONSIDERED: O samnisracrtory 0O unsatisfacroay

QC - SUPERINTENDENT OATE




CONTRACTORS:
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Exhibit 4.8.--Project H Trend Analysis Report

TREND ANALYSIS REPORT
January 31, 1978

Concrete Testing Laboratory (i.e., CTL)
Concrete Batch Plant Operation (i.e., CBP)

AREAS ANALYZED:

1. Nonconformance Reports (NR's) issued against the Concrete Testing
Laboratory during 1977.

PURPOSE:

Determine if negative quality trends’ekist.

ANALYSIS:

1. Nonconformance Reports

A.

SUMMARY :

Concrete Testing Laboratory--Ten NR's were issued during 1977.

Of the ten NR's, four were issued by CTL and six by Utility H's
CQC group. The majority (607%) of the nonconformances were in
the "testing" area (NC Code 100). Causes of nonconformances
were fairly evenly distributed among five cause codes (See
Exhibit 4.9 for details).

Concrete Batch Plant Operation--Sixteen NR's were issued against
CBP during 1977. All sixteen NR's were issued by CBP. Two of
every three NR's (68.75%) were on '"materials" (NC Code 01). The
major causes of NR's were divided between "material inadequate"
(37.50%) and "no cause code" (31.25%). The high percentage of
NR's without a "cause code" made evaluation of NR causes diffi-
cult and conclusions questionable. (See Exhibit 4.10 for details).

1. Nonconformance Reports

A.

Concrete Testing Laboratory--No negative quality trends were
evident. Large percentage of NR's in the "testing" area is not
unusual considering CIL's primary on-site activity is testing.

Concrete Batch Plant Operation--No negative quality trends were
evident. Seven of the eleven NR's against '"'materials' were for
No. 67 coarse aggregate gradation failures. The difficulties with
the No. 67 stone are well known on-site, particularly exceeding
maximum allowable to be retained on the No. 200 sieve. Limited
success of corrective actions taken by CBP are evidenced by only
on NR against failing No. 200 sieve requirement during last

four months of the year. Missing data (no cause code entry)

made evaluation of NR causes inconclusive. For future NR's, the
contractor has been requested to provide "cause codes'.
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Exhibit 4.9.--1977 Project H Trend Analysis of NR's Against CTL

A. Nonconformance Codes

NC CODES

61—Instrument/
Certification/
Calibration
100~~Testing
102—Calibracion

B. Cause Codes

CADSE CODES

0l1--Operator Error
12—~Specificacion-
Misinterpretation
23—Malfuncrion- . .
Failure of
Construction,
Inspection and
Test Equipment
" 33==Equipment
35—Violation of
Procedure
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Exhibit 4.10r-1977 Project H Trend Analysis of NR's Against CBP

_A. Nonconformance Codes

NC_CODES

0l-=Materials
.02--1ncorrect Mix
100-~Testing

B. «Cauge Codes

CAUSE CODES

25--Vendor Supply
Problem

26—-Material Inadequate

29--1nadequate Status
Control

40—-~Failed Test
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Exhibit 4.11.--Project B Audit Report Finding Form

Date:

Place:

Subject:

Finding or recommendation:

Agreement as to Reported Facts
(Indicate Areas of Disagreement, if any)

Cognizant Supervisor

Recommended Action:

Cognizant Group or Activity:

Resolution:

Signatures
: ‘ Originator Project Superintendent Field Supervisor

. QC
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Exhibit 4.12.--Project E Audit Deficiency Sheet (front side)

5.~
QUALITY ASSURANCE
AUDIT DEFICIENCY SHEET B PICIENGY NG
| AUDITING ORGANIZATION: []oenc [] e~ oes [] consT

2. AUDITED ORGANIZATION:

LOCATION:

ACTIVITY:

3. REQUIREMENT(S):

4. DEFICIENCY(S):

CONTACT(S):

Auditor(s):

Date:

Audited Organization Representative:
] Title:

Date:

(Signature signifies understanding, not necessarily, agreement)




Exhibit 4.12.-~-(cont.)--(back side)

AUDITNO: o v DEFICIENCY NO:

5. AUDITORS RECOMMENDED CORRECTIVE ACTION(S):.

6. CORRECTIVE ACTION PROPOSED AND IMPLEMENTED (including scheduled completion dates):

CORRECTIVE ACTION VERIFIED:

[

Name:

Date:




Exhibit 4.13.--Typical Project F Audit Checklist Page

! orGANIZATION AUDINED,

. .lOCAIIONn PREPARED BY: AUDIT ND.
Project F Concrete Batch Plant . 2-77-8
(C.B.P.) Project AUDiTORS "m.]; of 18 Pacts -
DATE, _ N o ' '| aperovio ey,
April 25, 1977 o . © .
CHAR, ' : : nsr:nmc-e SpnpLANCE comaen:
AUDIT CHARACIEGRISTIC . PROCEDURE AChiviry
no. DOCUMENT - QOIHER NO.
. AcC. | cir. | acc. ) o
; E. Identification & Control of Material {Continued) C.B.P.QA | 3
' ’ ) : ’ Manual R . .
. £.12| Does the Quality Control Site Manager verify that the water reducing CPQA-13.0 o —
i agent is stored in the correct containers, and 1s properly identified? Para. 4.6 N
E.13] Does the Quality Control Site Manager verify.thet the ice is being stored [CPQA-13.0
under proper conditions to preserve it from meltieg, and keep it clean? Para. 4.7
E.14| The mixer trucks used to deliver the concrete will conform to- the CPQA-13.0
requirecents of ASTH C-94. Are the trucks approved by the ENGINEER - " IPara. 5.1
prior to use on the project? .
E.15] Does the Quality Control Site Manager verify that the Batch Plant CPQA-13.0
Ogerator has received the proper mix design prior to batching of Para. 5.3
the concrete?
E.16] Does the Quality Confrol Site Manager perform frec water determinatiohs CPQA-13.0
of the representative aggregates to be used in the concrete batching? Para. .
Docs he also confirm that the Batch Plant Operator. is using the correct
moisture compensation? Are re-test of aggregate moisture and any
necessary adjustments to the correction setting performed at least twice
per day, and more frequently if required? ’ ) -



Exhibit 4.14.--Project F Audit Follow-Up Report

AFR no,  (d)

QUALITY ASSURANCE DEPARTMENT
AUDIT FOLLOW-UP REPORT -
VIZATION AUDITED (a)
nvdIT NO. . (Ll - ) *
FINDING NO. (c) RESPONSE LETTER NO. (g)
16.1.2
Rev. §
August 15, 1976
Attachment 6.1
Page 8-
2
2 (e)
iy
d
wy
z .
(=]
g ()
[~
REMARKS
(M)
> EVALUATION By DATE 04 n (%)
(n) |ACCEPTABLE 1) 1) (i) e AR
VERIFICATION REQUIRED GENERATED
|____|FERIFICATION UNSAT. "
[NCOMPLETE RESPONSE :
|FINDING NOT ADDRESSED BY.
UNACCEPTABLE DATE.

AFR CLOSED
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SECTION 4

ABRIDGEMENT OF CHAPTER 5 OF REPORT C00/4120-1

PROCUREMENT AND TESTING OF CONCRETE COMPONENTS

INTRODUCTION

The requirements for high quality concrete for a two-unit nuclear power
plant can exceed 500,000 cubic yards. Due to their nature, projects of this
type require materials of the highest quality to insure the integrity of the
gtructures. The components which are used in the froduction of concrete must
be of acceptable quality if the finished product is to be acceptable. This
chapter investigates the specification limits and testing requiremenfé which
are imposed upon the materials whicﬁ are used.in producing concrete on the
projects which were studied. Specification limits are coﬁpared with applicable
codes and standards which govern the production of concrete for non-nuclear
work, as well as on a project-by-praject basis. One point which should be
kept in mind while considering these comparisons is that the requirements

for high quality concrete are the same whether the concrete is to be used in

nuclear or non-nuclear applications. This chapter covers the requirements for

the materials which are needed for the concrete. The concrete production

requirements of the various projects will be discussed in chapter 6.

SUMMARY OF CHAPTER 5

This chapter has presented a compafative analysis of the requirements
of the projects in the study for procurement and testing of concrete components.
It was pointed out that this process includes: the initial qualification
of material sources, the receipt inspéctiqn of the materials at the

construction site, and the periodic in-process tests which are performed on
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the various concrete components. These topics were discussed in Chapter 5
for each of the major components of concrete. The contents of this chapter
.are summarized below according to these components.
Cement
The discussion regérding cement indicated that the cement requirements

for the projects studied are all quite similar. This is because all of the
‘projects stipulatevthat cement must meet the requirements of ASTM C150. It
was pointed out that several of the-projects place additionél requirements on
cement which are not included in ASTM C150. These requirements are in the
area of the required strengths of mortar cube specimens made from the cement.
One of ﬁhe projects has a statistically based mortaf cube strength requirement
which includes a price adjustment provision. This is one of the few instances
among the projects studied where statistiéal concepts were employed to allow
for the natural variability which is associated with construction materials.

~ The procedure for receipt inspection of.the cement at the project site
was also discussed. All of thé projects required certified copies of mill
test reports on cement which is supplied. In addition to the mill teét
reports, the projects also require periodic in-process testing of cement.
In addition to the normal testing frequencies, several of the projects require
additional retesting for cement which has been in storage. Seven of the
projects studied place a mgximum limit on the delive;y temperature of the
cement. The limits range from 130°F to 170°F. 1In the discussion, it was
pointed out that aggregate and water temperature have a much greater effecf on
goncrete temperature than does the cement temperature, and it was questioned
whether an upper limit on cement aelivery temperature is really.needed,

particularly during cold weather operations.
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éggregate

The discussion of aégregates indicated that the primary source of
requirements for concrete aggregate is ASTM C33. All-df the projects studied
require confo;mance to this standard specification. It was indicated that
~ there are two types of testing which must be carried out. These include
the initial qualification of the aggregate source and the in-process tests
which are performed during operations. A discussion of these testing require-
ments was presented in the chapter. It was noted thae the primary sources
for guidance in the area of testing frequencies are ANSI N45.2.5 and the
ASME Boiler and Pressure Vessel Code. The later projects in the study tend to
follow the ANSI guidelines either exactly or very closely, whereas the |
eariier projects‘in the study, whose requirements were developed before ANSI
was published, tend to have some testing frequencies that are quite a bit
higher than those in ANSI.

In the discussion it was noted that in the requirements for aggregate
testing, on the projects in the study, a lack of application of statistical
concepts for describing the natural variability of materials was indicated.
Concepts such as random and multipie sampling which have been used for a
number of years by state highway agencies were not employed on any of the
projects which were studied.

It was also pointed out that,on the projects studied, there are many
in-process tests which are used as partial ecceptance criteria for the
concrete. This approach can result in a number of "Nonconformances Reports"
which are ultimately closed by verifying that the cylinder strengths ‘of the

concrete in question exceed the required strength. Since ultimate acceptance

is based on compressive strength, it was suggested that the in-process tests
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might be used for process control rather than for partial acceptance.
Water

A comparison of the mixing water requiremenfs on the projects was
presented along with the requirements of the applicable codes and standards.
It was noted that there were some discrepancies among the codes in the test
methods which are used in testing water acceptability. A broad range of in-
pfocess mixing water testing frequencies was encountered on the projects
studied. It was also pointed out that there is a great deal of variation in
the chemical tests which are performed and in the acceptance limits that are
placed on these tests. This stems from the fact that the codes contain
broad qualitative statements concerning mixing water requirements rather than
specific testing requirements.

Concerning the use of crushed or flaked ice, it was stated that all of
the projects allow their use in the concrete mix to keep the concrete placement
temperature down. The testing requirements for iceén all of the projects were
generally the same as thé ones specified for'mixing water.

Admixtures

A discussion of the various types of admixtures which are used on the
projects was presented. - The need for the various types of admixtures for
nuclear construction was also discussed.

The advantages and disadvantages of the use of air entraining agents
were presented. In the discussion on air entraining agents, it was suggested
that the use of entrained air for all puclear concrete might not be necessary
and it was recommended that guidance be taken from ACI 211 concerning the use
of air entrainment. ACI 211 has prepared a graded table which can be used

when determining air content requirements.
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The use of water-reducing admixtures on the projects was also discussed.
It was noted that all of the projects prohibited the use of set-accelerating
water reducers. Some projects allowed the use of both water-rgducing and
water-reducing: set-retarding admixtures, while others alloWed,onlyvthe use
of water-reducing agents., The use of water-reducers in conjunction with air-
entraining agents was also discussed, and it was noted that water-reducing
agénts may cbﬁﬁribute to the air content of the concrete. A discussion of
the use of superplasticizing (or super water-reduciﬁg) admixtures was also
presented. It was suggested that the use of these admixtures might be considered
for congested rebar areas on nuclear pfojects.

It was noted that fly ash was used on six of the projects in the study.
The potential advantages and disadvantages of the use of fly ash were pre-
sented. It was pointed out that two of'the projects experienced difficulties.
with the use of fly ash and have discontinued its usé.,'The specification
requirements of fhe pronjects which use fly ash were presented and discussed

in detail.

PRESENTATION OF FIGURES, TABLES AND EXHIBITS
The figureé, tables and exhibits which appear in Chapter 5 of the original
report aré presented below. They are presented without explanation in the
order in which they appeared in the original report (thg original page
numbers have been retained). The interested reader is referred to the original

report for a supportive detailed explanation.




Table 5.1.--Testing Requirements

for Portland Cement

Project A B C D E F G H I ANSI ASME
Cement Type II II Il 11 1? II II 11 11
Reference ASTM C150 yes yes yes yes yes yes yes yes yes yes yes
Optional Tests -d chemical - chemical chemical chemical chemical chemical -
‘ physical ’
Additional Requirements - mortar - - mor tar mortar - mortar -
cubes cubes cubes - cubes
1250 @ 3 5400 @ 28 3400 @ 7 4500 @ 28
2250 @ 7 o <300 safety
4375 @ 28 related
structures
In-Process Testing new silo 376 tons 5000 CY 5200 CY¥ 376 tons 1200 tons 5000 CY 1200 tons 1200 tons 1200 tons 1200 tons
Frequency €190 and or or '
Cl191 3 months 3 months
monthly
Retesting b - - - - cement - cement cement
stored stored stored
90 days 6 months 3 months
Maximum Cement c
Temperature @ Dellvery 170°F None 140°F 130°F None 150°F 140°F 140°F

150°F

[N

9Additional requirement that C

A content does not

exceed 10.5%.

bCement must be retested if the batch plant does not operate for 2 weeks.

CCement cannot be dellvered until after a successful 7-éay mortar cube test.

dIndlcates that the item is not required on the project.

Delivery temperature usually is between 130°F and 150°F

[99°4]
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125F ISOF ITS5F 200F - 125F ISOF IT5F 200F
Cement temperalure ‘ Cemen! temperature

Curve (1) - Mixing waler af lemperajure of aggregate
Curve (2) - Mixing water ot 50 F (10 C)

Curve (3) - Mixing waler ol temperature of dggregale; 25 percent of mixing waler by
- weight replaced by ice

Curve (4) -Mixing water at temperature of aggregate; 50 percent of mixing waler by
weight replaced by ice

Figure 5.1.--Influence of Temperature of Concrete Ingredients on Concrete Temperature

(Source: ACI 305-72)

9°¢G
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Table 5.2.--Aggregate Qualification Tests

. : ASTM
Project A B c D E F G H 1 ¢ 33-77
Reference in _ _ _ _
Specifications C33-66 C33-66 c-33 C33-74a C-33 Cc-33 C-33-71a C33-71a C=-33
Test ASTM #
Gradation .C 136 /e % v / v/ v v v / %
Material finer C 117 7  FA-32%. Y v/ Y / / v v FA-52
than #200 CA-12 CA-lZ
Soundness c 88 v FASCA v/ v v/ % 7/ v/ 4 FA-Na 10%
Na-8% Mg 15%
. Ca-Mg 15%
Abrasion cu1 Y 402 4 40z 4 / 40% /o / 507
C 535
Organic C 40 v v 4 v/ v Y / v/ Y /
Impurities
Mortar cer  -¢ v v % v ’ / - / v
Strength
Fineness c 125 % v v v v/ v v v v v
Modulus Cc 33
Flat and c 125 - % v / % 4 % % - -
Elongated. CRD-
Particles Cc 119
Clay c162 - FA-1%2 v/ v/ - v v v/ v/ FA-3%
Lumps CA-0.25% ' CA-2% -
Coal and €123 -  FA-0.5%° Y v - v/ - % Y 0.5%
Lignite CA-0.25%
Soft €235 - CA-5% % Y - v Y v/ - -
- Fragments
Iinir Waighr £ 29 v/ % - 4 Y / % - % %
Water Soluble D1411 - 0.001 - - - - - - - -
Chloride
Specific Cc 128 v v/ v/ % v v % / 7 -
- Gravicy and
Absorbtion C 127 % v v v v % v/ - v/ -
Alkali c 227 - Y - - - v/ - - / /
Reactivity
Potential C 289 4 1 v v - v v/ v 12 4
Reactivity
Petrographic C 295 - v v/ v - % % - 1% v
Examination

3Sum of these may not exceed 3%.

b

In the case of crushed aggregates, if the material finer than the No. 200 (75-um) sieve consists of the

dust of fracture, essentially free of clay or shale, this percentage may be increased to 1.5. A

greater amount of dust of fracture passing the No. 200 sieve may be permitted provided the amount
passing the No. 200 sieve in the fine aggregate (Table 1) is less than the specified maximum. In
such case, the sum of the amounts finer than the No. 200 sieve from the separate fine and coarse

aggregates shall not exceed the sum of the weighted maximum amounts permitted for the coarse plus
fine aggregate.

¢/ indicates test limits in accordance with ASTM

dIndicates that the test 1s not required.




Table 5.3.--In~Process Aégregate Tests

S\henever it appears type or grading has changed

bqualificatlgn test only

(continued)

[
Values in parentheses are from the proposed 1976 draft revision.

d
Indicates that the test is not required.

Project A B C D E F G H I ANSI ASME
Test ASTM -
Gradation C 136 250 Tons 250 Tons CA-1/shift CA-1/Day Daily Daily Daily or- Daily Daily Daily Daily
FA-2/shift 1000 cY - 1000 cY (2/day (2/day
3 FA 2/Day If over 1f over
1000 CY 200 cY)S 200 cY)
Moisture C 566 -d - Daily CA 1/Day Daily Daily Daily or 2/Day Daily Daily 2/Day
Content 1000 CY 100 tons (2/Day)
FA 2/Day
Material Finer C 117 Qb Daily 5000 CY 1/Day Monthly Daily Q Daily Daily Daily Daily
than #200 1000 cyY .
Soundness C 88 Q a 5000 CY 5000 CY Q 6 Months 3 Months 6 Months 6 Months 6 Months 6 Months fn
. st
Abrasion C 131 Q a 5000 CcY 5000 CY Q 6 Months 3 Months 6 Months Yearly 6 Months 6 Months W
C 535 & 300 Tons
Organic C 40 250 Tons Daily 1/Shift 1000 cy - Weekly Daily or 'Dailyi _Monchly Weekly Weekly
Impurities ’ © 1/Day 100 Tons - (Daily)
Mortar C 87 - a Q Q Q Q Q - Monthly - -
Strength
Fineness C 125 250 Tons 250 Tons 2/Shife -1000 cY Daily - - Daily Daily - -
Modulus C 33




Table 5.3.--In-Process Aggregate Tests (Continued)

Project B (o} D E F C H 1 ANST ASME
Test ASTM #
Flat and ¢ 125 Weekly Weekly Daily Qb 6 Months' Q 6 Months - 6 Months Monthly
Elongated CRD- (Monthly)
Particles Cl119
Clay Lumps C 142 Daily Q Q - Monthly Q Monthly 6 Months Monthly Monthly
Coal and Cc 123 Daily Q 5020 cy - Monthly - Monthly 6 Months Monthly Monthly
Lignite
Soft C 235 - Q Q - Monthly Q Monthly - Monthly Monthly
Fratments En
’—-l
Unit Weight  C 29 - - 5000 CY Q Q Q - Q - - ‘-\
(Daily)
Specific C 128 Weekly Q 5000 cY Monthiy 6 Months qQ Monthly 6 Months - Monthly
Gravity and . (Monthly)
Absorption c 127 Weekly Q 5000 CY  Monthly 6 Months Q - 6 Months - Monthly
: (Monthly)
Alkall C 227 Q - - - qQ - - Yearly . - -
Reactivity
Potential Cc 289 Q 5000 cy Q - 6 Months 3 Months 6 Months FA-6 Mos. 6 Months 6 Months
Reactilvity ’ & 300 Tons CA-Yearly
Petrographic € 295 Q Q 5000 cY - Q Q - Q - -
Examination

bQualificacion test only

[0s°€]
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Table 5.4.--Test for Flat and Elongated Particles

Definition Maximum

- Reference Flat Elongated Allowable

Project CRD-C119 Frequency (w/t) (1/w) Percentage
,A - B B | B -
B - Weekly 3:1 3:1 5%
c Yes ' Weekly 4:1 4:1 15%
D ' - Daily 4:1 4:1 15%
E - Qual. Only 5:1 5:1 3%
f Yes 6 Months 3:1 3:1 157
G - Qual. Only® 4:1 4:1 15%
H Yes 6 Months 3:1 3:1 15%
I - - - - -
ANST , ¥es 6 Months 3:1 3:1 15%

ASME Yes Monthly 3:1 3:1

80r as directed by the Engineer
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Table 5.5.--Fineness Modulus Requirements

Project Frequency ' Limits Additional Requirement

A : 250 Tons S 2.3-3.1 -

B 250 Tons - 2.3-2.8 B

C 2/shift 2.5-2.8 D

D W/Gradation 2.5-3.1 C

(1000 CY or daily)

E W/Gradation 2.7-3.3 A
(Daily)

F W/Gradation 2.3-3.1 -
' (Daily)

G W/Gradation : 2.35-2.75; -

(Daily) 2.55-2.95

H Daily 2.3-3.1 ' A

I W/Gradation 2.3-3.1 _ A
(Daily)

ASTM G33-77 2.3=3.1 B

A--Fineness Modulus in 9 out of any 10 consecutive samples shall not vary from the
average of the 10 test samples by more than 0.20.

B--No individual sample may vary from the average of all previous sémples by more
than 0.20 unless adjustments are made in concrete proportions.

C-—At least 4 of 5 successive samples shall not vary by more than 0.20 from the
average.

D--One fineness modulus determination out of ten is permitted to be in the range
2.45 to 2.85.

a . .
Requirement for one sand supplier

bRequirement for other sand supplier
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INCORRECT METMODS OF STOCKPILINGC MCCRECATES
CAUSE SECRECATION AmMO BRESKACE

PREFEASBLE 0sJlCTIOmAaPLE
CASNE OR OTXEM WEANS OF PLACING RATERIAL 1N NETNOCS WheCH PERMIT  TmE AGGRECATE 1O ‘ACLL
PILT 19 1o117Y GOT LAAQER taky A TALCE LOSD OOwt TAE 3LOAL A3 1T 13 ADCLD 10 Y€ FILL
WHOY AEMSIN-EERL PLACED aND 00 MOT FUM OR PERRIT MAULING EQUIPMENT 10 OPERSTL OVES
D0wm SLOPL. TuE Samg LEVEL meP[aTEOLY

LIKITED ACCEPTABILITY- GENERALLY GBECTIOMABLE

PILE BUILT REDIALLY W KORIZONTAL LSYERS 80 BULLDOZER STACKING PROCRESSIVE LAVERS O
SULLDOZER WOREING FROW MRTER1aLS A3 ONCPPLO SLOPE MOT FLATTER Tam 3.1 UNLESS MATERIALS
. FROM CONUEYOP BELT 4 WOCE LAODED Wat BE STRONGLY RLSEST BRAEASAGE . THESE MEIMOCS ARE
wEEDED 1w SETUP. LSO OBJECTIONABLL . )
b. <
l.": T umiromm
asout
center

conregcy

CHIMMEY SUNROUNDING MATERIAL FALLING
FROM €MD OF CONYETOR SELT 10 PREVENT
WJIND FAON SEFARATIMG FINE &3O COARSE
MATERIALS .OPENINGS PROVIDED 84S REQUIRED
10 DISCMORGE MATERIALS AT VARIOUS
ELEVATIONS On THE PILE.

SEPARSTION

fncoaagct

FAEE FALL NF MATERIAL FROM niGM (X0 WHEN STOCEPILING LBRCE  SEZED AGLOLUATES
OF STACKER PERMITTING wiINO 1D SEPARATE FROS CLEVATED CONVETORS BREARSLE 1S
FINE FROM COB®SE MATERISL. MimemIZE0 8Y USE OF & ROCE LAODEN,
UFINISHED OR FINE ACCRECATE STORACE FINISHED ACCRECATE STORAGE

(ORY MATERIMS)

MQTE: 1F C3CLSSIVE FEMES Com wOT 8L AvOIDED 1w COANSE AGURECATE FROCTIONS BY STOCEPILING ®ETHOOS LSED, FiNIsw
SCREENERG PRIOR TD TRMNSIES TO @81CW PLANT $iu3 uill 8L 8COUIR(D.

Figure 5.2.--Correct and Incorrect Methods of Handling and Storing Aggregates

(Source ACI 304-73)



Table 5.6.--Water and Ice Qualification and In-Process Tests

Project A B C D E F G H ) § ANST ASME
Water Source Well Municipal Well Well River Well Well Municipal MHunicipal - -
specification Reference - - AASHO AASHO CRD-C400 - AASHO - - AASHO -
T26 T26-70 T26-70 T26
Frequency of Water-’ Monthly 3 Monthe 3 Months or None 6 Months 6 Months None 6 Months 6 Months Monthly
In-Procegs Testing Monthly 5000 CY or 5000 CY {(Monthly
Ice~
Weekly
Chemical Tests d
pH - - 4.5-8.5 §.5-8.5 / / 6.0-8.5 6.0-8.0 /
Chlorides (ppm) 100 100 - 250 / /oo 250 250 / (250) 250
Sulphates (ppm) - 300 - 1000 / / 1000 250 / *
Organic Solide (ppw) - - / - - / $00 - 7/
Inorganic Sollds (ppm) - - - - - / 2000 - /
Iron (ppm) - - - 1 / / 1 - /
Total Solids (ppm) - 2000 / - - / - - /
Nitrates (ppm) 100 100 - - - / - - /
Sulphides (ppn) 100 100 - - - - - - -
Turbidity 2000 - - - - - - - -
Calcium , - - - - / - - - -
Physical Teate .
b a a a a ’ a a
Compressive Strength ~10% -10%" ~-5% -5% CRD-C406 -10X -10% -102 -10% / N -10X
€109 ‘ (-10%")
. a a a a
Setting Time C266 - +25% +25% - +252 - - +25% - -
Setting Time C191
tnitial set - - - - - +10 min.*? - +10 otn.®  c150° /. t0ant
(+10 ain.’)
finsl set - - - - - +1 he.® - +1 hr.® (1 he.®) 1 et
Soundness  C151 B - - - - +.10° - +.10° c150° / +.10°
(+.10)

®control specimens using diatilled water

bcontrol specimens using

potable water

€yslues 1n parentheses arz  from

cConfqrmance to ASTM C150 i.e.: C191 3nitial set > 45 min;

final set < 8 hr.
Cc151 0.80% Maxizmum

dlndlcates that test is required by project specifications but no

lizite are given

the proposed 1976 draft revision

(489

[#2°4]



[B.75]
5.35

Table 5.7 Substances in Concrete Mixing Water

(Source: Principles of Quality Concrete-PCA)

Maximum Content (ppm or ml/1)

Salts ' ) ) S ‘
Sodium carbofiaite and bicarbonate 1,000
Calcium and magnesium carbonates 400
Magnesium sulfate and chloride 40,000
Sodium chloride 20,000
Sodium sulfate . . 10,000
| Acids 10,000
' Iron salts 40,000
% Silt or suspended particles 2,000
| Sea Water 35,000
Industrial Wastes 4,000
Sanitary Sewage . 400
Sugar ' 500
Algae 1,000
Potassium and sodium hydroxide 0.5-1.0% (by weight of cement)
0ils 2.0% (by weight of.cement)
|
|
|
\
\
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Table 5.8.--Approximate Air Content Requirements for

Different Nominal Maximum Sizes of Aggregates (5.10)

Nominal Maximum Size of Aggregate

.3/8"™  1/2"  3/4m 0 1" o 11/2" o
Recommended averageb total air
content, percent for level of
exposure:
--Mild exposure 4.5 4.0 3.5 3.0 2.5 2.0
--Moderate exposure 6.0 5.5 5.0 4.5 4,5 4.0

--Extreme exposure 7.5 7.0 6.0 6.0 5.5 5.0

2The slump values for concrete containing aggregate larger than 1 1/2
"in. are based on slump tests made after removal of particles larger
than 1 1/2 in. by wet-screening.

bAdditional recommendations for air content and necessary tolerances
on air content for control in the field are given in a number of ACI
documents, including ACI 201, 345, 318, 301, and 302. ASTM C 94 for
ready-mixed concrete also gives air content limits. The requirements
in other documents may not always agree exactly, so in proportioning
concrete consideration must be given to selecting an air content that.
will meet the needs of the job and also meet the applicable specifi-
cations.




Table 5.9. Use of Admixtures on the Projects Studied
Project A‘ B C D E F
Admixture
Air-entraining’ - v v 4 v v
Water-Reducing (Type A) v 4 Y Y a
Water-Reducing, Set~ 4 Y v
Retarding (Type D)’
Water—-Reducing, Set- - - - - - -
Accelerating (Type E)
Pozzolan
Flyash (Coal Fired Plant) v v /2

a
Use was discontinued.

ghe

[£L°9]
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Table 5.10.—Fly Ash Requirements

. Project

ASTM C618

Reference ASTM C618 in
Specifications

Testing Frequency
—~Carbon and Surface Area

—F{ineness

~—Chenical and Physical

'Qle.nica.l Requirements

-—S{licon Dioxide + Aluminum
Oxide + Iron Oxide, Min. 2%

~—Sulfur Trioxide, Max. %
—Moisture Content, Max. 2
—Loss on Ignition, Max. 2
—Magnesium Oxide, Max. X

—~Available Aikalies (as NaZO).
max. 2

Physical Requirements

Fineness:
—Surface Area, cnzlc.ns, min.

—Amount Retained’ vhen vet asieved
on No. 325 sieve, Max. X

-—Sedimentation at end of 60
minutes, Max. in cec

Pozzolanic Activity Index:
—With portalnd cement at 28
days, min. X of control
—with lime at 7 days, min. psi
Water Requirement, max. I of control

Autoclave expansion or contraction,
max. X

Unifornity Requirement (individual
samples may not vary from the
average of preceding samples
by more than:)

—Specific Surface, Max. Variationm, 2
~-Specific Gravity, Max. Variation, 2

—2 Retained on No. 325 Max. Variaion
percentage points

~—For AE concrete, the AEA required
to produce an air content of 182
by volume of mortar, pax variation,
percent

Multiple Factor, Max. I

Increase of drying shrinkage of Mor-
tar Bars at 28 days, Max. 2

Mortar Expansion at 14 days, Max. X

Honthly

/c

N NN

5000 CY

o N\ ~

Once Bvery - - -
3 Trucks
(60~75 Tons)

Periodically 200 Toms 200 Tons 200 Touns

75 70 / /

[NV - SRS
1 o W o
NN NN N
LSV IRV IS WY

1.5

Class

1 1 m
6500 5000 3500 6500

6500° -
12 2 32 3% / v

5 45 55 - - -

85 70 S5 85 v/ 75

1000 800 600 800 14 v

- - - 105 - 4
- - - 40.5 - " 10.8

- 255 - -
- 0.03 - -

- " 0.02 - -

400 Tons

70

12
a

1.5%

34

75

800
105
$0.8

.Opt ional Requirement

b‘l‘hl.s requirement was discontinued because the fly ash being supplied could not meet this requirement.

€/ Indicates that test is required but lim

to ASTM C618 1s required.

its are not stated in project specifications, merely that cooformance
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SECTION 5 :

ABRIDGEMENT OF CHAPTER 6_OF REPORT C00/4120-1

PRODUCTION AND EVALUATION OF FRESH CONCRETE

INTRODUCTION

The very large volumes of concrete which are required on major projects
such as nuclear power plants have resulted in the development of very
sophistiéated equipment fof‘tﬁe batching and mixing of concrete. This chapter
begins, therefore,.with a comparison of the specification requirements for
the concrete batch plants on each of the projects in the study. The role of
the Quality Control group at each of these batch plants is then examined.

The procedures'relafed toAcopcrete'mix design on each of the projects are also
discussed. The chapter is concluded with a presentation of the testing
requirements for plastic concrete which have been established on each of the

projects in the study.

SUMMARY OF CHAPTER 6

This chapterlpresented a comparison of the requirements for the production
and testing of fresh concrete that were encountered on the projects in the |
study. These requirements were also compared with those of the applicable
codes and standards.

Production of Concrete

The baFch plant reduiréments on the projects were compared with each other
and with those of ACI 301, ACI 304, and ASTM C94. It was noted that all of the
batch plants were equipped for automated batching, automated recordation and
were capable of augomatically compensating for varying moisture content in
the aggregate. Most of the projects also pldced additional production require-~
ments on the batch plants that were used; a comparison of these requirements

was presented in the chapter.
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The weighing and batching tolerances of the projects were discussed. It
was ﬁoted that ACI 301 and ACI 304 have different requirements for batching
tolerances and that five of the projects employ the simpler approach of
ACI 301.

During the discussion of mixing requirements, it was noted that most
of the projects studied require mixer uniformity tests in accordance with
ASTM C94. There is a broad range, however, in the frequency with which this
test is conducted on the various projects. It was also noted that one of the
projects uses the fairly simple uniformity requirements recommended by the
Bureau of Reclamation rather than the requirements of ASTM C94.

The role of the QC Inspector at the Batch Plant on each of the projects
was discussed and it was noted that all of the projects require the inspector
to be present at the batch plant at all times during concrete productionm.

The level of responsibility of the batch plant inspector varies from project
to project; it was pointed out that on some projects the batch plant inspector
"has so much responsibility that it appears that the batch plant operator

is practically unnecessary. It was suggested that the role of QC should be
the inspection of construction operations rather than ‘their direction.

The different requirements for concrete batch tickets were discussed.
It was stated that there were two different approaches which could be employed
in the use of batch tickets. The first is to provide very detailed information
automatically printed on the tickets. The second approach is to provide less
information on the batch tickets and to use an automatic printer tape to
act as a permanent record of concrete operations. An example of each of
these approaches was presented.

A discussion of the concrete mix design requirements of the projects

was also presented. It was indicated that eight of the projects use the
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design mix water/cement ratio of the concrete és a controi measure. Several
of the projects use this water/cement ratio to establish a.limit on the
maximum amount of water which may be used in the batch. It was suggested that
this might not be the best approach since the proéedures on one of the projects
state that "for batch-to-batch control of concrete in the field, water
requirements must be controlled by controlling the slump of the concrete
which can be easily iieasured". |

In the discussion on strength requirements, it was néted that concrete
strengths may be set higher than necessary on some of the mass concrete
placements which are encountered on nuclear projects.

Evaluation of Fresh Concrete

A comparison of the testiﬁg requirements for plastic concrete on the
projects in the study was presented. The testing frequencies on the projects
were compared with those that are recommended in the applicable codes and
standards.

The discussion of-the location of sampling and testing indicated that,
in general, sampling is performed at the point of placement when concrete is
transported hy pump, and at tﬁe truck discharge when the concrete is placed
by other means. It was stated that sampling and testing can be impaired when
performed at the ppiht of placement rather than under controlled conditions
at the batch plant. Several of the projects have established correlation
testing programs to try>to predict changes of material properties between
the batch plant and the forms. It was pointed out that such correlation
testing was extrémely difficult for the case when concrete is placed by
pumping.

In the discussion on compressive strength requirements, it was pointed

out that the testing frequencies required by ACI 301, ANSI, and ASME dre
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higher than those required by other codes and those normally employed iﬁ

mass concreting operations. It was suggested that the use of the lower 150 '
cubic yard frequency of ACI 318, ACI 349, and ASTM C94 may be quite sufficient
to provide adequate control of the concrete production operatioms.

The acceptance criteria for compressive cylinders on each of the projects
was presented and compared with the requirements of the abplicable codes
and.standards. It was pointed out that compressive cylinder test results
generally greatly exceeded the required.strengths. There were a few occasions
encountered on the projects where mix designs wereAadjusted to reduce these
high strengths in accordance with the provisions of ACI 318 and ACI 349.

The required testing frequencies for other in-process tests on fresh
concrete were presented. These in-process tests include slump, air content,
and temperature. It was noted that ANSI and ASME étipulate frequencies that
are quite a bit higher than those required by other codes and standards. The
acceptance criteria employed on the projects for these tests were presented
and compared with those in the codes and standards. A comparison of the
different methods of specifying slump requirements was presented and it was
recommended that the approach which is currently being used on three of the
projects be considered on other projects. This approach stipulates a "working
limit," but provides an "inadvertency margin' which is the allowable deviation

from the '

'working limit" for occasional batches of concrete which may
inadvertently exceed the "working limit'.

Most of the projects in the study ﬁlaee a 90-minute time limit after which
concrete cannot be placed. It was suggested that the condition of the plastic

concrete should determine its placeability, and not some arbitrary time limit.

It was stated that there was a general trend on the projects toward removing any
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judgment whatsoever from the inspectors and expressing everything in terms of
absolute limits. Common sense and the judgment of a skilled inspector are
assets that should not arbitrarily be eliminated simply because the concrete

is being placed on a nuclear power plant project.

PRESENTATION OF FIGURES, TABLES AND EXHIBITS

The figures, tables and exhibits which appear in the main body of the
original report are presented below. They are pfesented without explanation
in the order in which they appeared in the original report (the original
page numhers have been retained). The interested reader is referred to the
original report for a supporéive detailed explanation,

It should be noted that Chapter 6 included two apﬁendices. Appendix 6.A
provided examples of '"Concrete Batch Plant Reports' which are used on six
of the frojécts. Appendix 6.B presented statistical data related to'the
compressive strength cylinder results which were obtained on five of the
projects. The Table of Contents for both of these appeﬁdices is included

after the figures, tables and exhibits of Chapter 6 are presented.




Table 6.1.--Specification Requirements for Batch Plant

Scale Accuracies and Calibration Frequencies

Project Scale Accuracy Calibration- Other Specification
Frequency Requirements
ACI 301 +0.47 of total None Given -
scale capacity .
ASTM C94 $0.4Z of total None Given Scales to conform to
scale capacity National Bureau of
Standards Handbook #44
A 127 of true weight - Quarterly or -
every 40,000 CY
B $0.47% of total Agg.&(kment—Monthly Comply with Federal
scale capacity Water & Ice-Weekly Specification
AAA~S-121d and
National Bureau of
Standards Handbook #44
C $0.2% of total 3 Months * 1 Week Scales calibrated in
scale capacity accordance with
National Bureau of
Standards Handbook #44
D - - Comply with the
requirements of
ASTM C94-74
E *1Z of true weight Monthly Comply with Federal
Specification AAA-121d.
F - *#0.207% of total 90 Working Days -
scale capacity ' T
(#0.25% for direct
digital readout)
<G - - 6 Months or Weighing scales shall
every 25,000 CY be tested and sealed
by the Bureau of
Weights and Measures
or an approved inde-~
pendent Testing Lab
H - State Agency-Yearly Accuracy of the weigh-
Testing Lab-90 days ing equipment shall
. conform to the require-
ments of Section 8 of
ASTM C94-73a
I Scales shall be sealed

- - .90 days

by the Official Sealer
of Weights and Measure-
ments of the State
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6.8

Table 6;2a.——Batching Tolerances from ACI 301

Component

Tolerance

Cement
Water
Aggregates

Admixtures

*]1 percent
+]1 percent
*t2 percent

*3 percent

Table 6.2b.--Batching Tolerances from ACI

304 (same as ASTM C94)

Ingredient

Batch Weights Greater than
30 percent of scale capacity

Batch weights less than
30 percent of scale capacity

Individual
Batching

Cumulative
Batching

Individual
Batching

Cumulative
Batching

Cement and other 1 percent or #3 percent of

Not less than required

cementitious scale capacity weight or 4 percent more than
materials whichever is greater required weight
Water (by volume Not Not
1 <4
or weight), £l Recommended +l Recommended
percent
+0.3 percent of
scale capacity
Appregates or +3 percent of
gircgn o +2 +1 +2 required cumula-
P tive weight
whichever
is less
Admixtures (by Not Not
volume or 13 Recommended 13 Recommended

weight), %




Table 6.3.--Batching Tolerance Requirements

for Projecté
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B, E, F, H, I, and ACI 301

. i ACL
Project B E F H I 301
Cemerit 1% 1% 1% 1% 1% £1%
Water 1% 1% 1% *1% 1% 1%

(Added)

*37,

(Total)

Aggregates 2% 2% (<13") *2% 127 2% +27%
. (Individual)
: 1% 3% (>14%™")
(Cumulative)

Admixtures +37% *37 +3% *+37 +37% +37
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Table 6.4.--Comparison of Mixer Uniformity Requirements
of Project E with those of ASTM C94

'

ASTM C94 Requirements

Test Requirementa
Weight per cubic foot calculated to an air-free basis 1.0 1b.
Air Content, parcant by volume of concrete 1.0
Slump:
--if average slump is 4 in. or less 1.0 in.
--if average slump is 4 in. to 6 in. 1.5 in.
Coarse Aggregate Content (%), portion by weight of each 6.0

sample retained on #4 sieve
Unit Weight of air free mortar (%) , 1.6

Average comp. strength @ 7 days for each sample (%),
based on average strength of all comparative test specimens 7.5

aExpressed as a maximum permissible difference in results of tests of
samples taken from two locations in the Concrete Batch.

Note: Test results conforming to the limits of five of the six tests
listed shall indicate uniform concrete.

Project E (Bureau of Reclamation) Requirements

Mixer performance shall be such that, prior to discharge at the end of
the prescribed mixing period, two samples, one taken at the front and one
taken at the rear of the concrete surface with the mixer stopped, or taken
from the first and last portions of the batch as discharged from the mixer,
will not exceed the following limits of uniformity:

(1) Unit weights of air-free mortar from the two samples shall not vary
more than 0.8 percent from the average of the two mortar weights.

(2) Unit weights of coarse aggregates retained on a No. 4 screen from the
two samples shall not vary more than 5 percent from the average of
the two weights of coarse aggregate.
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Exhibit 6.1.--Description of Batch Plant Ticket for Project G

The items listed below, numbered 1 through 36, which coincides with the

areas annotated on the copy of the Batch Plant Ticket included, must be

checked for correct, complete, and uniform preparation.

0 N O W

10.

11.
12.

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.

Time concrete truck arrived at the job
Time concrete truck left the job

Cubic yardage total

Placement number and location of placement
Batch number and date |

Batch code

Number of cubic yards delivered this load

Free moisture in sand--water trim.either adds or subtracts in gallons
per yard from what is punched on the mix card.

Tare
3/4 inch aggregate (wet weight in pounds)
3/4 inch aggregate plus sand (accumulative wet weights in pounds)

3/4 inch aggregate plus sand plus 1} inch aggregate (accumulative wet
weight in pounds)

Cement one and two designated bin number (pounds)

Fly ash plus cement (accumulative pounds)

Ice (pounds)

Ice plus water (accumulative pounds)

Air entraining admix (ounces)

Water reducing agent (ounces)

Concrete truck number

Time (military)

Tare

Water jogged (in‘gallons)

Amount of water (in gallons) allowed to be added in the field
Testing Lab batch plant inspector's signature or initials
Amount of water (in gallons) added in’fhe field

Signature or initials of Testing Lab field receiving inspector if no

water is added in the field. If water is added in the field, comstructor's
Quality Control representative signature will be required and he shall
complete entry 25. This signature verifies that addition of water is in
accordance with the specifications.




[B.89]
6.22

Exhibit 6.l--continued

27.

28.

29.
30.
31.
32.
33.
34.

35.
36.

Slump of concrete at the point of truck discharge or end of concrete
pump line (test trucks only)

Temperature of concrete at the point of truck discharge or end of concrete
pump line (test trucks only)

Revolutions of the truck counter upon arriving at the job.
Revolutions of the truck counter upon leaving the job.
Batch plant number

Number of yards placed from this load

Percent. of air content

Code number for rejected concrete--The codes are as follows:

1. high slump
2. low slump
3. high air
4. low air
5. temperature (high or low)
6. incorrect agitation--low revs
7. 1incorrect agitation--high revs
8. 90-minute time limit (exceeded)
9. 300 revs (exceeded)
10. unauthorized addition of H20 (constructor)
11. unauthorized addition of H20 (Batch Plant Contractor)
12. incorrect mix design ordered for pour
13. equipment malfunction (Batch Plant Contractor)
14, rejected by Batch Plant Contractor
15. water/cement ratio exceeded in fieid
16. rejected by constructor--no test
17. over-order '
18. other

Time of beginning of truck discharge

"Test load" when applicable
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Exhibit 6.1.-—-continued

SOLb TO:___ S pate___5) 19
’ : : . TUlsL VARDY
- - MZCUINS TS LOAD
- JOD HUMOLH AHMINVED JOW LEFT LOu . Mt [X=}-14
, (1) (2) (32) (34) (3)
AO&RIGA}( . (_I‘) . ) Ad
/A Placement No. - o N/A
comcnT |Location ' ' as
/A ' . N/A
TIME ' <
(6) - BC .
(35) 7) - YD . o _N/A
- one (8) = 3WA -
(5) (9) - TA /A
wvAn_ (10) - 2AG - Aot
N/A | (11) - 1AG - N/A
FORMULA huMBER (12) - 3AG : . AD2 '
Mix "(13) - 1 or 2¢M : R/A
HATCM CODC (]-6) - 3C:‘I ) ADD . R
W/A as) - 2ua : N/A
YARDAGE . (1 6) - 1‘\"\ o ) \ 4
N/A (17) - 1AD - R/A
HOISTURE COMPENSATION (18) - 2AD ' . =3
N/A ] (19) - ™ N/A
THUCK NUMBER . (20) - TI ) LY ASK
(36) - ' (21) - TA - B/A
AV . . . - OTH&R AD
2n .| Show reason for rejection (22)
. oA due to code no. 9 only OTHCH INCRLOIENTS
(28) - <3\') (23)
(29) g AN
(30) : N/A
(24) :
(33) John Doe N/A
READY /A% SYALSCLS
A = AGGREGATE MC = MOISTURE COVSINSATION .~ ADI « ADAUX
TCIA - CEAENT - IR = JRUCK N2 R AD2 » ACAUX
T e JiMZ Al = - AD3 » ADUX
Ol » DATE A2 - YIA = V/AIER
IR = YEAR Al = © WP » ICE
F « FOIMULA NUMSER Al = LY ASH
B8C = BaICH COD% cy - OTHER &0
YO = Ya3DaGE é2 . OINIR INGREDIENTS

AUTHOMIZIED SICNHATUNE

. WATER ADDED_{(25) _Gats. X (26)

Y3S NO . ¥es NO EXTRA YES .NO

HEAT g .0 cOoDLED i} O COOD o 0

SIGNATURE, X M/A
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Exhibit 6.2.--Concrete Ticket for Project E

CONCRETE TICKET

MIX NO:

TRUCX 1iO:

DATE:
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Table 6.5.--Comparison of Testing Requirements

of Applicable Codes and Standards

Code/Standard Stgzzgzﬁszizinder Slump Air Content Temperéture
ACT 301 100 CY 100 CcY 100 cY . -
ACI 304 150 cY - - -
ACI 318 150 CY - - -
ACI 349 150 CY - - -
ASTM C94 150 CY 150 cY 150 CY -
ANST N45.2 100 cY 50 CY 50 CY - 50 CcY
ASME-B&PV 100 CY 50 C& 50 CY 50 CY

%When the standard deviation for 30 tests of a given class is less than
600 psi, the number of cubic yards representative of a single test may
be increased by 50 cu. yd. for each 100 psi lower standard deviation
except that the minimum testing rate shall not be less than one test
for each shift when concrete is placed on more than one shift per day.




[B.93]

6.42

| Specificd 3000 PS! 5 Specified 3000 PSI
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Figure 6.1.--Comparison of Strength Variations of Consecutive Batches During

One Shift Compared to Variation Over a Concomitant Period
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Table 6.6.--Concrete Compressive Strength Testing Requirements

For the Projects Studied

Project Testing Frequency Acceptance Criteria Reference
A 100 cY ACI 318 Sect. 4.3.3
B 100 cY ——for < 3000 psi concrete: the average of any
five consecutive strength tests must be > f'c,
and < 207% of the strength tests are < f'e.
-—for > 3000 psi concrete: the average of any
three consecutive strength tests must be > f'c,
and < 10% of the strength tests are < flc.
--Coefficient of variation < 15%
c 100 cy ACI 318 Sect. 4.3.3
D 100 cy ACI 318
E 2000 psi-300 CY (See Table 6.8)
3000 psi-200 CY
-3000+ psi-150 CcY
F Safety Related-100 CY ACI 301 Chpt. 17; ACI 318 Chpt. 4
Non-Safety Related-250 CY
G Safety Related-100 CY ACI 301
Non-Safety Related-200 CY
H 100 cY ACI 301
I Safety Related-100 CY ACI 301 Chpt. 17
Non-Safety Related-250 CY




Table
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6.7 .--Acceptance Criteria of Various Codes and Standards

for Concrete Compressive Strength

Code

Acceptance Criteria

ACI 301

ACI 304

ACT 318

ACI 349

ASTM C94

ANST
N45.2.5

ASME Boiler
and Pres-
sure Vessel
Code

17.2.--Acceptance of Concrete-~The strength level of the concrete

will be considered satisfactory if the averages of all sets of
three consecutive strength test results equal or exceed the
required fc' and no individual strength test result falls below
the required fc' by more than 500 psi.

4.3.3--The strength level of the concrete will be considered satis-—
factory if the averages of all sets of three consecutive strength
test results equal or exceed the required fc' and no individual
strength test result falls below the required fc' by more than

500 psi.

4.3.1--The strength level of the concrete will be considered satis-

factory if the averages of all sets of three consecutive strength
test results equal or exceed the required fc' and no individual
strength test result falls below the required fc' by more than
500 psi.

4.3.3--The strength level of the concrete will be considered satis-—
factory if the averages of all sets of three consecutive strength
test results equal or exceed the required fc' and no individual
strength test result falls below the required fc' by more than

500 psi.

16.5.1--For concrete in structures designed by the working stress

method and all construction other than that covered in 16.5.2, not

more than 20 percent of the strength tests shall have values less
than the specified strength, fc', and the average of any six con-
secutive strength tests shall be equal to or greater than the
specified strength.

16.5.2--For concrete, in structures designed by the ultimate
strength method and in prestressed structures, not more than 10
percent of the strength tests shall have values less than the
specified strength, fc' and the average of any three consecutive
strength tests shall be equal to or greater than the specified
strength.

6.2.1--Concrete quality and acceptance criteria shall conform to
the requirements of ACI 318, Chapter 4.

CC5234.2 (c)--The strength level of the concrete will be consi-
dered satisfactory if the averages of all sets of 3 consecutive
strength tests at "a" days equal or exceed the specified strength
and no individual strength test result falls below the specified
strength test result by more than 500 psi.
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"Table 6.8.--Concrete Compressive Strength Acceptance Criteria for Project E

Required compressive

strength (f'c), psi 2000 3000 4000 4500
Class of Concrete C B B A A A
Age for Required 180 90 90 28 28 28

Strength, Days

Percent of tests allowed 20 20 | 10 10 10 10
below required strength (f'c)

Maximum Size Strength Design Mix Strength
Aggregate and Deviation and Allowable Deviation, PSI
f'c at 28 - 1650 2350 3700 = 4750 5300
3/4" & 14" g at 28 - 380 440 540 600 630
f'c at 3 - 450 750 1450 2000' 2500
T at 3 - %100 *140 *210 275 +300
f'c at 28 1100 1700 2400 3800 - -~
3" o at 28 320 420 480 610 - -
f'c at 3 300 460 750 1450 - -
T at 3 £90 $110 150 240 - -
6" f'c at 28 - 1100 1750 2500 3900 - -
o at 28 350 470 570 660 - -
f'c at 3 300 470 800 1500 - -
T at 3 £100 130 +180 *250 - -
Notes:

f'c at 28 is design mix at 28 days.
g at 28 is maximum standard deviation at 28 days.

f'c at 3 is estimated 3-day control strength necessary to attain design
mix strength '

T at 3 is the allowable deviation of the moving average of five consecu-
" tive tests of 3-day strength above and below the 3-day control strength
(as indicated by *) before mix adjustments are required.
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Table 6.9.--Compressive Cylinder Testing Schedules

Total Number ' Cylinders Tested

Project of Cylinders Cast . 3 days 7 days 28 days %0 days
A 6 - 2 3 1 (if the 28 day
break is low)
B 4000, 5000 psi 10 2 2 3 3
3000 psi 8 2 2 2 2
c 5000 psi 6 - 2 2 2
other 4 - 2 2 -
D _ 4 - 2 2 -
with pozzolan 6 - 2 2 2
E Class A 4 _ 1 - 2 1
Class B 4 1 - 2 1
Class C 5 1 - 2 1 (1 at 180 days)
F 3 - 1 2 -
G 4 - 1 2(1)2 0(2)?
H 4000 psi 6 - 2 2 2
3000 psi 4 - 2 2 -
I 5° - 1 2 -

41f the first cylinder tested at 28 days is low, the second is héld and
two are tested at 90; if the first cylinder test is acceptable, then a
second is tested at 28 days.

bOne spare cylinder is cast, and one in the event of an aggregate failure.
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Table 6.10.—Slump Test Frequencies
For the Projects In the Study

Project Testing Frequency
A : Every 20 CY
B Every 50 CY after the first two Batches
C Safety Related--every 35 CY

Non-Safety Related--every 50 CY

D Every 50 CY until production is uniform
and then every 100 CY

E 2000 psi concrete--every 300 CY
3000 psi concrete--every 200 CY
3000+ psi concrete--every 150 CY
F Safety Related--every 50 CY
Non-Safety Related--every 250 CY
G Every 30 CY
H First two batches and every 48 CY
I Safety Related--every 50 CY

Non-Safety Related--every 250 CY




S
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Table 6.11.--Slump Requirements for Projects A, B, F, H and I

Class Minimum Maximum

Froject (psi) (in.) (in.)

A all - 48

‘B - 5000 1 3
3000 1 3

F mass - 3
other - 4

H all | 4°
I mass 1 3
other - ' 4

8For certain congested areas, a mix with 5" slump is
allowed, and in the highly congested containment wall,
6" and 7" slumps are permissible. ‘

VbA 1" tolerance io provided for as per ACI 301.
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Table 6.12.--Slump Requifements for Project E

Thickness of Concrete Maximum Size Maximum A.veragea Maximumb
Section, Inches of Aggregate, In. Slump, In. Slump, In.’

Walls, Columns, Beams, Girders

Less than 12 . 3/4 3% 4
12 to 26 1% 3 4
24 to 36 1 25 3
36 to 72 3 2 25
Greater than 72 ‘ 6 15 L 2

Slabs, Footings

Less than 9 3/4 24

3%
9 to 12 1% 2% 3%
12 to 18 3 2 ' 2%
Greater than 18 6 1% 2

a X .
The average slump of any five consecutive batches of concrete placed shall
not exceed these limits.

bNot more than 10 percent of the concrete placed in a 51ngle lift or pour
shall have slump exceeding these limits.




Table 6.13.--Method of Slump Requirement Specification

on Projects C, D, and G

Type of | Workinga Inadvertencya _ Rejection
Concrete Limit Margin Limit

* 5 2 | 7

* 4 2 6

* 3 15 4

® 25 1% 4

* 2 1% 34

* 1 1 24

£ 1 1 2
Tremie 6 to 8

*Designate as required for parts of job such as walls, slabs,
pavement, mass concrete, tunnel lining, thin sections, etc.

8The 'Working Limit' is the maximum slump for estimating the
quantity of mixing water to be used in the concrete. The
'Inadvertency Margin' is the allowable deviation from the
'Working Limit' for such occasional batches of concrete as
may inadvertently exceed the 'Working Limit'. Batches of
concrete with slumps in the inadvertency margin will be
rejected if the Contractor fails to comply promptly with
instructions of the Engineer to reduce the slump of concrete
to within the 'Working Limit'. Concrete of lower than usual
slump may be used provided it is properly placed and
consolidated. (6.4)
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Table 6.14.--Air Content Requirements for the Projects in the Study

Project Testing Frequency o Acceptance Limits
A A Not Tested None
B Every 50 CY 4-67 Some Mixes
5-7% Some Mixes
c Every 100 CY 3-6%°
D Every 50 CY until production is 3-6%°
uniform and then every 100 CY
E 2000 psi concrete—every 300 CY 4-77%
3000 psi concrete--every 200 CY
3000+ psi concrete-—-every 150 CY
F .Every 50 Conrisafetyrrelated concrete, w/ b
cylinders for non-safety related concrete
G Every 100 CY c
H Every 100 CY In accordance with ACI 301
1 Every 50 CY for safety related 3-5%
Every 250 CY for non-safety related g:;; Various Mixes
6_800

&here air entrained concrete is required, the total air content of the
concrete, as measured at the point of placement, shall not be less than
3 percent nor more than 6 percent of the concrete by volume, with an
"inadvertency margin" of one percent above or below these limits. This
margin is the allowable deviation for the occasional batches that may
inadvertently exceed the 3-6 percent range. Batches of concrete with air
content in the "inadvertency margins" shall be rejected if instructions
to bring the air content within the 3-6 percent range are not complied
with promptly. i

bThe air content of the first three loads of a mix batched on any day may
be within the limits specified in Table 3.4.1 of ACI 301 for the aggregate
size being used. All subsequent tests shall show air contents conforming
to those listed in prequalified and approved mixes. If at any time during
concrete production, the air content does not conform to that shown in the
approved mix but is within the limits of Table 3.4.1 of ACI 301, the
admixture quantity shall be adjusted at once so that within the next
“three loads produced at the batch plant following notification the air
content is brought within the tolerances of the approved mix.

C2--6%;Concrete below 2% will not be rejected until corrective action to
raise the air content has failed in 4 successive batches.
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Table 6.15.--Air Content Requirements of
ACI 301, ACI 318, and ACI 349

' Nominal Maximum Size ' Size  Total Air Content,

of coarse aggregate, in.¥% Number  Percent by Volume
38 8 6-10
1/2 . 7 . 5-9
3/4 67 | 4-8
1 57 3.5-6.5
1% 467 3-6
2 357 2.5-5.5

3 - 1.5-5.5
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Table 6.16.--Temperature Determination Frequencies

for the Projects in the Study

Project Frequency

A 20 CY

B - 50 CY

c 1100 cY

D 100 cy

E 300 €Y (2000 psi concrete)
200 CY (3000 psi concrete)
150 CY (3000+ psi concrete)

F 50 CY (safety related)
with cylinders (non-safety

related)

G 50 CY

H 48 CY

I 50 CY (safety related)

with cylinders (non-safety
related)




This appendix contains the folloﬁing project documents and records:

APPENDIX 6.A

CONCRETE BATCH PLANT REPORTS

Project A--Concrete Batch Plant Report

Project D--Daily Batch Plant Checklist
Daily Batch Plant Report

Project E--Mixing Plant Report

Project F-—Batch Plant Inspection Report
Batch Plant Inspection Report

Project G--Concrete Mixer Report

Project I--Batch Plant Inspection Report
Batch Plant Inspection Report

(Front)
(Back)

(Front
(Back)
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APPENDIX 6.B

STATISTICAL EVALUATIONS OF COMPRESSIVE STRENGTH CYLINDERS

This appendix contains the following project documents and records:

1.

2.

Project A—Cumulative Results of 28 Day Test Results for 3500 psi
Concrete placed in the containment area.

Project D--Monthly statistical evaluation of concrete for one 4000
psi mix design.

Project E--Monthly Concrete Test Results for one 3000 psi mix design

Project F--Analysis of Concrete Strength Results for one 3000 psi
design mix :

Project I-—-Evaluation of Concrete Strength for one 3000 psi mix
design
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SECTION 6

ABRIDGEMENT OF CHAPTER 7 OF REPORT C00/4120-1

MAJOR ASPECTS RELATED TO CONCRETE CONSTRUCTION

INTRODUCTION

The discussion presented in the following three chapters will be directed
towards preplacement, placement, and post placement activities performed by
construcﬁion and quaiity coutrol personnel. Chapeer 7 will discuss several
broad topics (e.g., project control systems, mass concrete, and hot and cold
~weather requirements) which affect the overall concrete operation. Chapter
8 will present various aspects of preplacement-and Chapter 9 will discués

Placement and post placement activities.

SUMMARY OF CHAPTER 7

A number of aspects which were not related specifically to concrete pre-

placement, placement or post placement activities were presented in this

chapter. They were a) Project Comtrol Systems, b) Mass Concrete, c) Attributes

of Fresh Concrete, and d) Cold and Hot Weather ancreting. A summary of the
findings is presented below.

The Project Control System.fof each project was discussed. The primary
emphasis was placed on the involvement of the Quality Control group in the
preplanning phase as applied to the preparation of detailed work plans or
construction plans for individual concrete placements. On a number of
projects it appeared that Quality Control was not involved in the review or
-approval of detailed work plans, and éhus it was theorized that the pre-
planning phase fell outside of the scope of the Quality Assurance Program for
thesé projects. On several other projects, however, it was noted that the
Quality Control group was very actively involved in preplanning. These

activities included reviewing documents for correctness and completeness and
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checking for open NCRs affecting the work. While one would anticipate improved
quality with greater QC involvement, two examples which indicated that such
systems had not functioned as intended were presented. The hypothesis was
therefore presented that increased involvement of QC beyond a certain level

of intensity probably does not improve quality and in fact may have a

directly opposite effect.

Mass concrete was discussed with a m;jor emphasis being placed on how
mass placements were defined on each of the projects in the study. It was
pointed out that ACI 301 defines mass concrete as any member whose least
dimension exceeds 2 1/2 feet; h0wevér, many in the industry feel that ACI 301 .
does not apply to nuclear construction since the provisions result from
experiences gained on large gravity dam projects. Placements on such projects
are usually orderly and members are not normally heavily reinforced. Since
nuclear power plant construction is characterized by complex heavily
reinforced placements, the applicability of the Code is questioned. Eight
out of the nine projects use a critical dimension\to define mass placements
although the critical size varies from 30 to 48 inches. Occasionally exceptions
are made for fill concrete and isolated footings. One project evaluates each
placement to determine if the heat of hydration will cause a problem, and therefore,
if a reduced concrete temperature will be required. It was pointed out that
this procedure is recommended by ACI 349.

The attributes of fresh concrete were discussed. These include slump,
temperature and air content. With regar@ to slump, the ACI 301 provisions
requiring the computation of a "RunningkAverage" were highlighted. It was
shown that placemehts could get off to a bad start since the Code approach
encouraged the production of low slump initial batches. An example was

presented whereby initial batches of good quality concrete which fell between
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the maximum average limit and the rejection limit were wasted. One alternative
was shown which utilized an "Inadvertency Margin' approach without the computa-
tion of a running average. A second alternative used the '"Inadvertency
Margin'" and "Running Average'; however, up to 10% of the concrete sampled
having slump measurements exceeding tﬁe rejection limit could be used.

The temperature requirements for each project were presented. It was
indicated that there were some difficulties where ambient temperatures
required a change in the maximum or minimum temperature limits. At these
discontinuities in temperature reqﬁirements an inadvertency margin would
minimize the wasting of concrete. Also discussed was the fact that on one
project, when thé ambient temperatgre fell between 30° and 40°F, there was only
a 10° range within which to batch, deliver and place the concrete. This
specification provision had led to the wasting of a significant amount of
concrete which fell outside of the temperature limits.

The methods used to define hot and cold weather conditions on each
pruject were presented. A number of projects reported some confusion and
dissatisfaction with the ACI 306 provisions; on a few projects studies-have
been conducted regarding when to initiate cold weather practices. The results
of these studies were briefly discussed. Regérding hot weather practices,
the specification revisions on one project were traced to illustrate the
apparent confusion over the perceived requirements for hot weather concreting.
It was suggested that the project engineering staff was searching for a set

" of workable provisidns which.provided a sufficient degree of flexibility.

PRESENTATIONS OF FIGURES, TABLES AND EXHIBITS

The figures, tables and exhibits which appear in Chapter 7 of the original

report are presented below. They are presented without explanation in the



[B.110]

" order in which they appeared in the original report (the original page numbers

have been retained). The interested reader is referred to the original report

for a supportive detailed explanation.



Exhibit 7.1.--Standard Work Plan and Inspection Record for Concrete Operations For Project G

REV DATE REVISION DESCRIPTION RFE SuUP | QCE

REV | DATE REVISION DESCRIPTION RFE | suP | GCE
0 2
1 3
HEM weoaxnnsescrion activity SEQUENCING REQUIRED  YES[]] NO[T] INSTALLATION DOCUMENT #[REVIREVIHQLOTsup1l AP | DATE | QCE | DATE |Tviz
PREREQUISITES
1 | Estimated Concrete Quantity NA NA NA
2 {Concrete Mix ABCD 1 2 PG NA |
3_1Groui Reguired Yes C1 No [J] NA |
4 | Type of Finish NA ‘
3 i Tvoe of Curing NA e
6 |\Veriivy materials are available for mstallatlon NA NA|NA NA o v
7 JVerifv access to the work site is available, free of NA NA|NA NA Eo
" Jobstructions, adequate to accommodate the traffic r '
and seauenced vrith other activities ___1‘ |
. |
]
L]
CONCRETE OPERATIONS |
20 |Preozre existing construction joints
21 |Verify joint surfaces (QCL 9,1-1) Iy
i
150 _|Install watarproofing
35 |Install waterstop
30 |Verifv waterstcn (QCI 9.1-1) I
40 |Install reinforcing steel B
41 |Verify rebar installation [(QCT 9. T=1) [T
[onmw DATE  |SUPERINTENDENT - DATE  |RFE DATE | GCE DaTE
SIGNATURLS




Exhibit 7.1.--continued

TTEM VIORK/INSPECTION ACTIVITY INSTALLATION DOCUMENT #|REVReV| "BEPlsupr| rFe | oate | ace | oate |rvee
42 |Verify cadweld splices (QCI 9.1-1) R
50 |Install forms/blockouts
51 |Veriiy forms/blockouts (QCr 9.1-1) - !
60 [Install const., control, expansion/contraction joints ]
61 |Verity const., control, expancion/contraction joints [
(QC1 9.1-1) ~—

» , B
70" |Install embeds other than reinforcing steel =
1 [Verify civil embeds (QCI 9.1-1) L
80 [Verify structural steel complete (QC1 9.1-7) i R
81 |Verify Mech/Pipe embeddad items (QCI 9.1- )
82 |Verify electrical embedded items (QCI 9,1- )
83 |Verily I&C electrical items (OC1 9.1- )
84 | Verify embed welding and NDE complete (QCI 9.1-9)
85 |Verify leak testing complete (QCr 9,.1- )
90 |Survey complete
10C| Liner Plate completed (QCr11,1-5)
101 |Verify liner nlate welding and NDE comnlete
110] Perform preplacemant cleanup/preparation
111]Veriiy receivineg surfaces, and placement

equipment (QCI 9.1-1)
112! Verify weather nrotection/conditions (QCI9,1-1)
113 : Verify testing preparations made:

Lab notified_ (QCI 9. 1-1)
114/ Final preplacement hold point release ZQCI g.1-1) QcC

i
—_— e — S —_ — SO i —_ _—




Exhibit 7.1.--continued

e WORK/INSPECTION ACTIVITY ‘ INSTALLATION DOCUMENT #[ReVIREV | H8EP]supv] mre | bate| ace | bate
120|Place concrete B

121|Verify grout, mix, test results (QCI1 9.1-1) QC

122} Verify grade (QCI 9.1-1)

130|Finish concrete

131]| Verify finish (QCI 9.1-1)

140| Cure concrete ) A ;

141{Verify tvpe of cure, starting time, temperature

(QCI 9.1-1)

142} Verify curing duration (QCU9.1-1)

TISO Forms Loosening/Shoring Removal

8 L

151{Loosen forrms on:

[€TT 4]

152 [Verify forms loogened {QCI 9.1-1)

153} Verify concrete has reached psi

campressive strength prior to removing sharing

—_—— (QCI 9.1-1)

Det*rmme method of concrete repair:

160} Stendard xepair with grout . a
161 Verify preparation (QC19.1-1) - 1
1621 Verify finish - {OCI 9.1-1) I
163] Verify curing {(OC1 9.1-1) I
-Or-
170 Standard Repair with Concrete )
(See WPLIR # )
171 Review WP&LIR {(NCI 9.1-1)
-Or-
180 Defer repair to later date ;]
(See W PLIR 4 ) '
1681 Review WP&AIR (QCI 9.1-1)

120 Perform architectural finish, type:

131 Verifyv finish : (QC1 9,1-1)

200V eri(y_concrete v 11 ceme 1t_camplc1:ﬁ____(,DCT 9.1-1)
L..Z‘.L\ Review complcted NVP&IL - (QCl 9.1-1)

0,0




Exhibit 7.2.--Field Construction Procedure -~ Project Hl
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REV-0

REV-1

REV-2

REV-3

FIELD CONSTRUCTION PROCEDURE NO.

TITLE
CUSTOMER CONTRACT NO.
APPLICA_ABLE DOCUMENTS
DRAWINGS REV PROCENURES REV
PREPARED BY: APPBOVED BY
F.P.C. | DATE QAN DATE

REMARKS

PAGE

OF
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sQ. Exhibit 7.2.--Project Hl-continued

List the sequence of operations in as many
simple instructions as deemed necessary to
provide a complete and clearly defined in-

struction for completing the work.

Rev.
Page -~ of
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Exhibit 7.2.--Project Hl-continued

Contract No.

Customer
. Project FCP-No.
1. Are all drawings listed on the FCP Yes No
of the proper revision at the date
of issue of the FCP?
2. Are all Procedures listed -on the FCP
of the proper revision at the date
of issue of the FCP?
3. Have all the Quality Control forms referenced on
the FCP been completely filled out and
properly signed?
4. Does the FCP have the proper QCA Manager
approval?
5. Have all sequences been properly initialled
and dated? : e
6. Have all inspections been performed as
designated? ’
7. Have all rejects or non-conformities been cleared? ‘
8. Are thé originals of all the referenced QC
documents included in the FCP folder?
9. Have the data packages for all vendor supplied
material and equipment been included in the
FCP folder?
Additional
Remarks:
Prepared By QAE Date
Approved By FPC Date
Approved By Owner/Agent: Date
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Table 7.1. Required Signatures on Concrete Placement Checkout Sheet

A Project

Title or Position : A B c p | E F ol Ga H I
Approval for Each Discipline/Craft

biscipline/Craft Supervisor X | X X X X X X X X

Field Engineer X X X X X

Quality Control - X X X

Final Approval

Quality Control X X Xb X X X X X X

Field/Area Engineer | x X | X | x| X X

Contract Administrator ' X X

Area Superintendant ‘ X

8The work plan is used as the checkout sheet (see Exhibit 7.1)

bReview~of_QC‘is required even though the checkout sheet is not signed.
QC .assures that the pour card is signed by field engineers and super-
intendents prior to releasing the placement.




Table 7.2.

Total Cutic Yards of Structural Concrete Wasted

Project A C E F G H I
Total cubic yards batched k48,154 222,039 350,000 32,217 {315,000 | 130,000 68,552
to date .
Cubic yards rejected-
because of:
--slump 612 347
——temperature 0 57 2675
--air content 0 255
——time limit 197 150 4469%
--equipment failure 195 7
--other 474
Total cubic yards 2526 1478 816
rejected
Overordered 2163 56 215
Total cubic yards 20,301 4689 1534 1031 7144 1100 3638
wasted
Percent wasted 3.7% 2.1% 0.4% 3.2% 2.3% 0.8% 5.3%

a
Includes overordered concrete

cerl

[gTT €]




Table 7. 3. Slump‘Réquirements for Projects A, B, F, H and' I

Project Class ‘Minimum Maximum Frequency of Testing
(psi.) (in.) (in.)
all - 42 Every 20 cubic yards.
B 5000 1 31/2 Every 50 cubic yards/class/day after initial first:
two batches.
3000 1 3
F mass - 3 Cat I-first batch and every 50 cubic yards thereafter
other - 4 Cat II-first batch and every 250 cubic yards
thereafter
b : : :
H all 4 First two batches and every 48 cubic yards&thereafter
I mass 1 Same as project F
other - 4 R

3For certain congested areas, a mix with 5" slump is allowed, and in the highly congested contain- -

ment wall, 6" and 7" slumps are permissible.

bA 1" tolerance is provided for as per ACL 301.

9t L

[6TT 4] .
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Table 7.4. Slump Requirements for Projects C, D and G
Class Méximum Working Inadvertency Rejection
(psi) Aggregate Limit Margin Limit
fc! Size (in.) (in.) (in.) (in.)
- Design Mixes Containing Flyash
3000 3/4 3 2 5
3000 11/2 3 2 5
4000 3/4 3 2 5
4000 11/2 2 1/2 2 4 1/2
5000 3/4 3 2 5
5000 11/2 2 1/2 2 4 1/2
Design Mixes Without Flyash

4000 3/4 3 2 5
4000 - 11/2 21/2 2 4 1/2




Table 7.5 Slump Requirements for Project E

Thickness of Maximum Size Minimum Averagea Maximum Slumpb
Concrete Section Aggregate (in.) Slump (in.) (in.)
(in.) - -

Walls, Columns, Beams, Girders (3000 psi)

Less than 12 3/4 31/2 .4 1/2

12 to 24 - 11/2 3 4

24 to 36 ‘ 11/2 21/2 3 1/4

36 to 72 3 2 2 1/2

Greater than 72 6 11/2 2 ,g

Slabs, Footings (3000 psi)

Less than 9 3/4 2 1/2 3 1/4

9 to 12 11/2 21/2 . 3 1/4
12 to 18 s 2 2 1/2

Greater than 18 6 11/2 2

4The average slump of any five batches placed shall not exceed these limits.

bNot more than 10% of the concrete placed in a single lift or pour shall
have slump exceeding these limits, and if two consecutive tests exceed
this 1limit, the batch shall be wasted.

[TzT°9]
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a
TABLE 7.6--Placing Temperature Requirements for Project H

Exposed Concrete Face(s) Limits for Concrete Temperature as Placed, °F
Normal to the Thickness of ‘ - :
the Placement Thin - | Moderately Massive Massive
Section Section Section
One Face Exposed ' < 12" 12" to 48" > 48"
Two Opposite Faces Exposed < 18" 18" to 72" > 72"
Temperature of Air 90 Max: 80 Max: 75 Max: 65
Surrounding Concrete 80 - . Min: 45 Min: 45 Min: 45
(Degrees F)
70 Max: 85 Max: 75 Max: 70
60
50 Min: 45 - Min: 45 Min: 45
40 : Max: 85 Max: 80 ~ Max: 75
30
20 Min: 55 Min: 50 Min: 45
10 Max: 85 Max: 80 Max: 75
0 Min: 60 Min: 55 Min: 50

aWith the approval of the SITE ORGANIZATION Quality Control Administration,
a tolerance of +5°F may be applied to the maximum and minimum allowable temperatures
listed. Concrete shall not be placed when the temperature of air surrounding the
concrete is less than O F.




Concrete Temperature, °F Concrete Temperature, °F
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Thin Section
=~ ~N
N
N
AN
0 20 40 60 80 100
[
Ambient Temperature, F
' Moderately Massive
Section
‘ \\ -~
0 20 40 60 80 100
Ambient Temperature, °F
\\ \\
~ -
Massive Section
P | \\\
0 20 40 60 80 100 -

Ambient Temperature, °F

Figure 7.1. - Placing Temperatures for Project H




TABLE 7.7.--EFFECT

a
OF TEMPERATURE OF MATERIALS ON TEMPERATURE OF VARIOUS FRESHLY MIXED CONCRETES

Line Very thin sections Thin gections Moderately massive sections Massive sections
1 Approximate maximum 3% Q19) 14§ (38) 3 (76) 6 (152)
size rock, in. (mm)
2 Approximate percent sand 40 35 30 25
3 Welih! of sand for batch, 1200 (540) 1100 (480) 1000 (450) 900 (410)
i
i 4 Welght of coarse aggre- 1800 (820) 2100 (950) 2400 (1090) 2700 (1220)
i gate for batch, Ib (kg)
| Welght of water for batch 300 {135) - 250 (115) 200 (90) 150 (70)
(total), 1b (kg) .
8 Welght of cement for 600 (270) 500 (225) 400 (180) 300 (133)
batch, 1b (kg)
7 |Minimum, temperature 55 (13) . 50 (10) 45 () 40 (4.5)
fresh concrete as placed
deg F (deg C)
8 Minimum Above I0F 60 (15.5) 55 (13) 60 (10) 45 (1)
temperature (-1C)
. fresh con-
9 crete as 0to 30F 65 (18) 60 (15.5) 55 (13) 50 (10)
) mixed, for (—18—1C)
weather,*
+ 10 deg F (deg {Below OF 70 (21) €3 (18) 60 (15.5) 58 (13)
: ) (—18C)
1 Minlmum Cementt 35 15 18 =10 35 15 18 —10 35 15 18 -10 35 18 15 -10
;( le(mpelral‘u;'e (1.5) | (-9.5) (—95)|(—23.85)] 11.5) | (~9.5) (—98.5) | (—235)](1.5) ]| (-9.5) (—9.5) | (—23.5)](1.5) ]| (—9.5) (—9.5) [ (—-23.9)
i of materials
i 12 to nroduce Added water 140 140 140 140 | 140 140 140 140 | 140 140 140 140 | 140 140 140 140
| Indlcated (60) (60) (60) (60)) (60) (60) (60) (60) | (60) (60) (60) (60) | (60) (60) (60) (60)
temperature
1
|13 of freshly AgRRregate 40 93 51 83 37 95 47 57 35 99 43 53 34 105 1 40 49
i ml:ieddcnn- watert (4.5) (34) (10.5) an (3) (35) (8) (14) | (1.5) (35) (6) (12) | (1)] (40.5) (4.5) (9.5)
. crete, deg
F (deg C)
14 — Sand 40 93 51 () 37 95 47 57 35 99 43 53 M 1n8 49
(4.5) (34) (10.5) an (3) (33) (8) | (14) { (1.9) {35) (6) (12) (1) | (40.5) (1 5) (9.5
13 — Coarse 40 15 S1 83 7 15 47 57 3s 15 43 53 kT 18 49 '
) aggregate (4.5 ] (~9.5) (10.5) (N Hle-99 (8) (e 115 1(-9.5) (6) 112y (M i(-95 (4. 5) (0.5)
16 [Temperature mixed con- 60 65 I 85 0] % |- 60 " 60 [H] 50 .55 85 60 (1] s0 | 80 L]
crele, aeg F (deg C, (15.5) (18) {8 (21) ) (33) | (15.5) (15.9) (18) | (10) 1) (13) (13.3) (8) (10) (10) 13)
17 Maximum allowable )
gradual drop in tempera- *
ture throughout first 24 50 (28) 40 (22) 30 an 20 (11)
hr after end of protec-
tion, deg F (deg C)

aR...plroduced from ACI 306 66 Recommended Practice for Cold Weather Concreting

*For calder Weather a greater mafgin In"température is provided between concréié as mixed ahd required minfrum temperature of fresh concrete in place.
tCement temperature has been taken as the same as that of average air and of unheated materlals.
1The amount of free water in the sand has been assumed equal 1o one-quarter the amount of the mixing water.
fCoarse aggregate is assumed to he surface dry and free of ice.

Le L

[z1°4]
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Figure 7.2. Minimum Placing Temperatures for Placing Concrete
: on Project G )
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Figure 7.3. Range of Batching Temperatures for Placing Mass
Concrete on Project D
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/

: /
Relative / / i

humidity 100 percent’/ / )
7
/7
/ / // ~
SN S

y/
W7o

To use this chart:

I. Enter with air femp- <
erature, move up to =06
= 0.

relative humidity 3
, P
2. Move right to concrete  _ 0.5
temperature 2 \
X 204 * 2.0
3. Move down to wind. =3 - N _ _|- _/ / X X
velocity 2 P
0.3
4 Move left; read approx. o , \
rate of evaporation = 0.2 A 5
= )
0.1
0
Figuré 7.4.-— Effect of concrete and air temperatures, relative hunidity,

and wind velocity on the rate of evaporation of surface moisture from concrete.
This chart provides a graphic method of estimating the loss of surface moisture
for various weather conditionms.
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average of data for Types | and Il cements.
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SECTION 7

ABRIDGEMENT OF CHAPTER 8 OF REPORT C00/4120—1

PREPLACEMENT ACTIVITIES

INTRODUCTION

This chapter discusses those activities which can collectively be defined
as preplacement activities. The discussion will concentrate on the four
major areas of: (1) formwork, (2) reinforcement, (3) cadwelding, and (4)
delivery systems. These topics are preceded by an overview of the involve-
ment of the Quality Control group in preplacement activities. In order to
place each project in its proper perspective, Table 8.1 pfesents the amount
of structural concrete required on each project and the percentage of concrete

placed at the time the project was visited.

SUMMARY OF CHAPTER 8

The chapter began with an overview of the involvement of Quality Control
in preplacement activitieés for each project. It was shown that in the early
vintage projects, QC had very few duties or documentation responéibilities
except at the point of final inspection. It was also shown how the QC
involvement has gradually increased. Along with this increased activity has
come increased documentation requirements. It appears that these changes have
resulted in an ever increasing emphasis on written communication rather than
on verbal communication. The documents on each of the projects were reviewed
with respect to their role in paper management.

Formwork aspects were discussed, and it was pointed out that the number
of nonconformance reports in no way indicated the number of manhours expended
or the difficulties encountered in trying ﬁo achieve the toleranée limits
established by ACI 301 and 347. The difficulties appear to be particularly

acute around embedments. Several projects have received approval to relax
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the ACI tolerances for vertical and horizontal surfaces and grooves. The
jﬁstifications for these changes were presented. The method of obtaining
relief from formwork tolerances on a case by case basis by requesting an
engineering design change was diséussed. On several projects the frequent
use of this approach would indic;te that the project site organization was
using this as a convenient mechanism for modifying certain specification
requirements without requesting a major change in either the project specifi-
cation or the industry standards.

Formwork adequacy and cleanliness requirements were briefly discussed.

Reinforcinglsteel was discussed with respect to user tests, rust, and
control of nonconforming or rejected items. The problem of rust was
particularly'troublesome, and it was pointed out and substantiated by pre-
viously published research documents that the concerns over excessive rust

as it applies to bond characteristics are generally unnecessary. Results

- of several research projects were briefly discussed as well as several of the

provisions in the project specification.

Reinforcing bar tolerances were discussed, and it was pointed out that
many of the difficulties encountered in formwork.tolerances were also
applicable to reinforcment. There is also a relationship between the formwork
tolerances, rebar fabrication tolerances, rebar placement tolerances, and the
cover requirements. Several projects have indicated that fabrication and
placement tolerances take‘up most of the formwork4tolerances, thus making
the formwork erection process much more.difficult.

Cadwelding aspects were organized .into two groups, namely the pre Reg
Guide 1.10 group and the post Reg Guidg group. It waé pointed out that the
requirements for these two groups differed significantly in the areas of crew

qualification tests, acceptance criteria, provisions for substandard test




[B.130]

results and preparation requiréments. The later vintage plants generally
comply with the Reg Guide provisions. With respect to testing, it appeared
that the testing frequencies were excessive since the visual inspection and
tensile test data from several projects indicates that virtually all the
defective cadwelds were identifiedAby visual inspection. In light of

this information it was also suggested that the industry should reevaluate

the cadweld requirements. A proposed revision to the ASME Boiler and Pressure
Vessel Code was discussed. The essential features were that the. primary
acceptance criterion is the visual test and that this would be supplemented
by in-process tests for the powder and sleeves.

The preparation requirements were discussed and it was noted that the
primary concerns appeared to be focused on insuring that thé bar ends were
properly cleaned and free of moisture. The project specification requirements
for cleaning and heating the bars were presented, and it was shown that there
was a great deal of variation between speéification requirements on the projects
in the study. Some projects go to great lengths to describe the temperature
and cleanliness requirements whereas others merely state that the bars should
be cleaned and free of moisture. It was pointed'out that there_appeared to
be no correlation between the generality of requirements and the rate of
visual rejections.

The involvement of Quality Control was also discussed. AThe methods used
to verify compliance to the specifications included éurveillance, inspection,
random surveillance, and random inspections.: Considering the fact that the
test data indicates that gssegtially all defective welds can be idgntified
during the visual inspectionAof the completed weld and very exacting require-
ments for cleaning and heating do not appear to significantly reduce visual

rejections, it appears that cadwelds may be overtested and overinspected.
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There also seemed to be room for improvement in the paper management aspects

of the cadwelding process.

PRESENTATION OF FIGURES, TABLES AND EXHIBITS

The figures, tables and exhibits which appear in the main body of
Chapter 8 ef the original report are presented below. They are presented
without explanation in the order in which they appeared in tﬂe original o
repert (the original page numbers have been retained). The interested reader
is referred to the original report for a supportive detailed explanation.

It should be noted that Chapter 8 included»two Appendices. Appendig 8.A
provided examﬁles of the "Concrete Preplacemene Inspection Documents and-
Attribute Lists" which were used .on the nine projects in the study. Aépendix
8.B provided examples of the "Cadweld Surveillance and Inspection Reports"
which are used on the nine projects. The Table of Contents for bofh of
these appendices is included after the figures, tables and exhibits of Chapter

8 are presented.
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8.2

Table 8.1.--Structural Concrete Placement Data

Project Total Concrete Concrete Placed Percent

Required To Date Placed

(Cc.Y.) (c.x.) % 4
‘A- 527,853 527,853 100
B 170,000 170,000 100
c 400,000 217,350 54
D 235,300 165,000 70
E 475,000 348,466 73
F 145,018 31,186 22
G 376,612 307,856 82
H. ' 450,000 128,900 29
I 164,000 64,914 40




Table 8.2.--Formwork Tolerancesa

ACT 301 & 347 Mass Project
Building Structures 5
Structures D E G
Vertical Surfaces and Control Joint Grooves
Variation from plumb: in 10 feet 1/4 1/2 1/2 1/4 1/2
in 20 feet 1/4 /4 1/2 3/8 1/2
40 ft. or more 1/2 11/4 1 1/2 1/2
but not more than 1 11/2 1 1
Horizontal Surfaces and Horizontal Grooves
Variation from level: in 10 feet 1/4 1/4 1/2 1/4 1/2
(slab soffits, in 20 feet 3/8 5/8 3/8 5/8
ceilings, and
beam soffits) 40 ft. or more 3/4 1/2 1 1/2 1
(exposed lintels, in 20 feet 1/4 1/4 3/8 3/8 3/8
sills, and hori-
zontal grooves) 40 ft. or more 1/2 1/2 1 1/2 1
Position of Walls, Columns and Partitions
Variation in location: in 20 feet 1/2 -« 1/2 1/2 1/2 1/2
40 ft. or more 1 3/4 1 1 1
Buried Construction: in 20 feet 1
40 ft. or more 2
Floor and Wall Openings and Sleeves
Variation in size: plus 1/4 1/2 1/4 1/2
minus 1/4 1/4 1/4 1/4
Variation in location: plus 1/4 1/2 1/4 1/2
minus 1/4 1/4 1/4 1/2
(continued)



[B.134i

8.11

Table 8.2. (continued)

Dimension of Members

Variation in cross-

section of columns, plus 1/2
beams; thickness of
walls, slabs: minus 1/4
If dimension exceeds plus
two feet:
minus 1/2

Footings, Pits and Sumps

Variation from dimensions: plus 2 2 2 2 2

minus 1/2 1/2 1/2 1/2 1/2
Misplacement or eccentricity: (%) 2d 2d 2d 2d 2d
Reduction in thickness: (%) 5 5 5 5 5

a.. . . . .

Dimensions in inches unless otherwise noted
b . . .o .

Proposed revision to project specifications

c : . . . . . .

But not to exceed 1/2 of 1 percent of opening dimension in direction of misplacement

dBut not more than 2 inches
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8.17

Exhibit 8.1.--Liquid Head Record, Project C

PLACEMENT # ' DATE

DESCP. of FORMWORK

OVERALL DIMENSIONS: Length Width

LIQUID HEAD PERMITTED

PLACEMENT TIME: Start : Complete

DESIGNED CONC. QTY.:

Thickness

CU. YDS.

Duration

NOTES: All readings of liquid head shzll be recorded. Location shall be noted if
varying head is observed. Direction and depth of each pass such’as '18" north to
south" etc. shall be noted. Any stoppage cue to equipment or other reasons shall be
noted and it's time. Include in description, type of heating, enclosure, if used.

NOTES: Depth & .

: LIQUID HEAD Direction of passes.
PLACEMENT READINGS Delays, unusual con-
TIME | DESCRIPTTON S{EIGHT 1 2 K 4 ditions, etc.
Start Placement 0'-0"

Liguid Head
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Table 8.3.--Summary of Unsatisfactory

Formwork Attributes, Project

Description of Attributes Number of
Occurrences
Approved Founding Elevation 8
Orientation of Formwork 3
. Location and Preparation of 3

Construction Joints

Number and Location of 11
Embedments
Cleanliness of Placement ‘ 60

fAResults from trend analysis of 310 concrete
inspection reports.

bA total of 230 out of 5000 attributes were
listed as unsatisfactory.




Table 8.4.-—Partial Summary of Reinforcing Bar Tolerances®
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8.27

ACI

301

H2

Sheared Length
Overall dimensioins of
stirrups, ties, and

spirals

Other bends

Clear distances to
formed surfaces

Spacing between bars
Top bars in slabs and
beams: members 8" deep

or less

Members 8" to 24" deep

Members greater than 24"’

Crosswise of members
Lengthwise of members

Longitudinal.location of
bends and ends of bars

discontinuous ends

I+
&

[R5 S
ook od

[ty

1+
Ny

Concrete placed against
the ground

Exposed to weather:
#6 bars or larger

#5 bars or smaller

318 A | B c
Fabrication Tolerances
+1 +1
+}hy +lg
1 +1
Placement Tolerances
L +ls
-k %
+3 +3 | 3
223 +L 1l
iy ‘ili +L
+2 +2
+2 +2
+2 +2 +3
i +is s
Minimum Cover Requirements
3 3 3
2 2 2
s 1% 15

e
Ny

(continued)




Table 8.4. (continued)

Interior surfaces: 1% 1} 13 1% 1} 1} 1}
beams, girders, columns

Slabs, walls, joists: X ¥ X % % ¥ X
#11 bars or smaller

#14 bars and #18 bars 1% 1% 1 | 1% 1% 1% 1

%w

[t

a. . P .

Units are in inches.
b . .
Information unavailable
c . .
Proposed revision

d . P .
The spacing at embedments is increased to *2 inches.
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Table 8.5.--Summary of Unsatisfactory

Reinforcement Attributes, Project

Description of Attributes Number ‘of
Occurences
Number and Location of Reinforcing 30
Bars
Bar Supports ' 11
Cleanliness of Reinforcement 7
Concrete Cover . ‘14

a : .
Results from trend analysis of 310 concrete
inspection reports.

b4 total of 230 out of 5000 attributes were
listed as unsatisfactory.

n Table 8.6.--Summary of Nonconformances

on Reinforcement, Project D

Description of Noncdnformance Number of

Occurences
Reinforcement Tolerance 8
Bars Mislocated or Misoriented 26
TInadequate Dowel Projection 9
Bars Omitted 8.
Bar Cut Off , 9
Design. Change to Completed Work 10




Table 8.7.--Cadweld Inspection

and Test Results

Project Total Mech. Total Visual Percent Visual No. Tensile No. Tensile Percent Tensile
Splices Rejects Rejects Tests Failures® Failures
A 62,453 766 1.23% 2632 201 7.6%
B * 30,833 139 0.45% 1044 72P ©6.9%
C 31,876 463 1.45% 2379 0 0.0%
D 18,646 227 1.22% 757 1€ 0.1%
E 958 60. 6.26% 61 3¢ 4.92%
F 3,954 53 1.34% 122 1€ 0.8%
G 47,299 1840 3.89% - - -
H | - - - 300 2 0.7%
I 4,013 28 0.70% 411 0 0.0%

#Failure to achieve 125% of minimum yield strength of the bar.

bSplice failures = 41, bar failures =

c .
Bar failures.

31.

%e°8

[ov1°9]



Table 8.8.--Cadweld Testing Frequency Requirements
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8.39

Reg. Projects
Guide
1.10} A B C D E

Production Splices Only

(W

prod. splice out of first 10
prod. splice out of next 90
prod. splices out of next

and subsequent 100

N WS

prod. out of first 100
prod. out of next 100
prod. out of subsequent 100

Combination of Production and Siste

r Spl

ices

prod. splice out of first 10
prod. and 1 sister splice
out of next 90

splices (prod. or sister or
comb.) out of subsequent
lots of 100. Minimum of

1/4 must be prod. splices

sister splice out of first 10
sister splices out of next 100
sister splices out of each
subsequent 100 splices

prod. splice out of every 100

prod. and 2 sister splices
out of every 75

Sister S

plices Only

W e

sister splice out of first 10
sister splices out of next 90
sister splices out of sub-
sequent 100

sister splices out of every 75
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Exhibit 8.2.--Suggested Revision to Cadweld Provisions

of ASME Boiler and Pressure Vessel Code

SECTION 111, DIVISION 2 — SUBSECTION CC

CC-2320 MATERIAL IDENTIFICATION

Reirforcing systems matenial shall be wgged or
marked to cnsure traccability to the Certificd Ma-
terial Test Report during production and while in
transit and storage.

CC-2330 SPECIAL MATERIAL TESTING

CC-2331  Tensile Tests

CC-233L.1 Number of Tests Required. One full-
diameter tcnsile test bar from each bar size shall.be
tested for each 50 tons or “fraction thereof of
reinforcing bars produced from each heat of steel. The
tensile test procedures shall be in accordance with SA-

370.

CC-2331.2 Acceptance Standards. The acceptance
standards shall be in conformance with the 1ensile
requirements of Table 2 of ASTM A 615. If a test
specimen fails to meet the tcnsile requirements of
ASTM A 615, wo additional specimens from the
same heat and of the same bar size shall be tested. If
either of the two additional specimens fails 1o meet
the tensile requirements. the material represented by
the tests shall not be accepted.

CC-2332 Bend qu(s

CC-2332.1 Number of Tests Required and Test
Procedures
(a) Bend tests on bar sizes No. 3 through No. 11
shall be performed in accordance with ASTM A 615.
(b) Ifitisintended that bars of sizes No. 14 and No.
. 18 will be bent during construction, bend tusting of
bars from such heats of material shall be conducted at
the rate of one test bar for each bar size from each
heat. The bend 1ests shall be conducted at a
temperature of at least 60 F. Full-section test bars
" shall be bent in the unmachined condition ovara ten-
bar-diameter pin through 90 deg.

CC-2332.2 Acceptance Standards

Metal.

(b) The ladle analysis of reinforcing bar heats
intended for arc-welding shall be as follows:
carbon: 0.307 maximum
manganesc: 1.5072 maximum
sulphur: 0.05% maximum
phosphorus: 0.05% maximum
An analysis for the following residual elements shall
also be performed and reported: copper. nickel,
chromium, molybdenum, and vanadium. The carben
equivalent of such bars shall comply with the 0.55
maximum as computed in CC-4334.6.
(c) Check analysis tolerances for carbon, man-
gancse, phosphorus, and sulphur shall be in ac-

cordance with ASTM A 29.

CC~2340 SPLICE SLEEVES WITH FILLER
METAL

CC-2341 Material

Specific material components for the
splice assenbly will be in accordance
with the Manufacturer's Specifications
and standard product line.

CC-2342

CC-2342.1 Cartridge Powder and Filler
One bag of cartridge powder
shall be selected at random from each
lot of cartridge powder bags received
during construction and a splice for the
largest bar size to be used in the pro-
ject shall be prepared and tensile
tested in accordance with CC-2343.

Splice Material Test Specimens

CC-2342.2 Splice Sleeve. One splice
sleeve for each size and series within a
heat of steel shall be selected at random
and a splicc shall be prepared and tested
in accordance with CC-2343.

CC-2342.3 Corbined Test Specimens.

Test specimens may be prepared from the com-
bination of selected samples obtained from

a lot of cartridge powder and a heat of spli-
cing sleeves provided that if substandard
tensile test results are obtained, the pro-
visions of CC-2344 (d) shall be followed. L

(a) The acceptance standards jor bar sizes No. 3
through No. 11 shall be in conformance with the
requirements of Section 8.1-of ASTM A 615.

{b) For bar sizes No. 14 and No. 18. the acceptance
standards shall be an absence of cracks on the outside
of the bend portion. Matcrial from heats meeting this
criterion may be bent during construction.

CC-2343

Splices prepared from samples of cart-
ridge powder and sleeves shall be tensile
tested using the loading rates set forth
in SA-370. The tensile strength of each

- Tensile Testing
CC-2333  Chicmical Analysis

(a) A ladle analysis of each heat of reinforcing bar
shall be made and reported to the purchaser.
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Exhibit

CC-2343 Tensile Testing (cont.)
toaple chall equal or cxceed 1257
of the specificd yield strength as
hown in Table €£C-4333-1. If any
semplo tested fails to meet this
provision, the requirements of CC-
2344 ghall be followed.
CC-2344 Substandard Test Results
(a) If a cartridge powder or sleeve

splice sample used for testing fails

to meet the strength requircment of
CC-2343 and failure occurs in the

bar, the cause of the .bar break shall

be investigated by the Constructor.

Any necessary corrective action af-
fecting splice samples shall be im-
plemented prior to continuing the
testing.

(b) If a splice sample used for

testing cartridge powder fails by pull
out of the bar from the sleeve and fails
to meet the strength requirement of CC-
2343, two additional splice samples shall
be made by using bags of cartridge
powder obtained from the same lot of

~wder bags from which the original
.«Cple was selected. If after test-

ing, either of these two test samples
fail to meet the strength require-
ment of CC-2343, the entire lot from
which the samples of cartridge powder
were selected shall be rejected and
tagged for removal from the jobsite.

If any of the splice specimens used
for testing cartridge powder fail by
rupture of the steel sleeve below the
strength requirements of CC-2343, an
investigation shall be implemented
prior to the preparation of another
. cartridge powder splice specimen from
the same lot. :

(c) If 3 splice sample used for
testing steel sleeves fails at the spli-

cing sleeve and fails to meet the strength

requirement of CC-2343, two additional
splice samples shall be made by using
sleeves obtained from the same heat
of steel from which the original
falled sample was selected. If after
sting, either of the two test sam-
ples fails to meet the strength re-~
quirement of CC-2343; the entire
heat of sleeves from vhich the sample
sleeves were selected shall be re-
jected and tapged for removal from
the jobsite.

8.2.-~continued

If any of the splice specimens used
for testinp steel slecves fail by

pull out of the reinforcing bar from
the stcel slecve below the strength
requirements of CC-2343, an investiga-
tion shall be implemented prior to the
preparation of another steel sleceve
splice specimen from the same heat.

(d) If a combined test specimen using
samples from both a cartridge powder lot and
a heat of sleeves fails to meet the strength
requirement of CC-2343, the type of failure
shall be determined by the Constructor and
noted on the test report. Two additional tes
specimens shall be prepared for testing by
selecting samples of cartridge powder and
steel sleeves from the same lot and heat
from which the original samples were selec~
ted. If either specimen fails, the type of
failure shall be determined by the Con-
structor and noted on a test report. If the
failures are indicative of filler metal
failures (i.e., bar pullout from sleeve
without bar failure), and the splice fails
to meet the strength requirement of CC-2343,
the entire lot from which the cartridge pow-
der was selected shall be rejected and
tagged for removal from the jobsite. If
the failures are indicative of sleeve fail-
ures (i.e., the steel sleeve fails), znd
the splice fails to meet the strength re-
quirement of CC-2343, the entire heat of
sleeves from which the sample sleeves were
selected shall be rejected and tagged for
removal from the jobsite.

In the event the initial and the subsecquent
failures from the same lot of cartridge pow-
der or heat of steel sleeves are nofr the
same type of failure and the testing results
are below the strength requirements cf
CC-2343, both the entire lot of powder and
the entire heat of steel sleeves froom wvhich
the samples were selected shall be rejected
and tagged for removal from the jobsite.

CC-2345 Recording of Tensile Test Results

The results of all tensile tests ottained
from the tests prescribed by CC-2342 and
CC-2343, along with all other pertinent
data, shall be recorded.
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Exhibit 8.2.--continued

CC-4333  Sleeves with Filler Metal Splices

CB-4333.1 Qualifications, Recurds, and Identifying
Stamps ‘

CC-4333.1.1 Required Qualifications. Each Con-
structor s responsible for the splicing made by his
organization and he shall conduct tae tests required
by this Subarticle in order to qualily the splicing
procedure and the splicers.

CC-4533.1.2 Maintenance and Cenrtification of
Records. The Constructor shall maintain a record of
the splicing proccdure and the splicers qualified and

- employed by him. showing the date and results of
tests, and the identification mark or marks assigned 1o
cach splicer. These records shall be revicwed, verified,
and signed by an authorized individuui assigned by
the Constructor. The records shall bs accessible 1o the
Owner and to the Authorized Inspector.

CC-4333.1.3 Splicing Prior to Qualification. No
splicing shall be nndertaken until 2 splicer has been
qualified. Only <plicers who are qualjied in ac-
cordance with CC-4333.2 shall be used.

CC-4333.2 Requirements for Splicing Procedures.
All splicing shall be perforined in accordance with a
written procedure which shallinclude. as a minimum,
the following information:

(a) barcnd location tolerances

(b) permissible sap between reinforcing bar ends

(c) allowable voidage in the filler metal

CC-4333.3 Initial Qualificaticn Tests. Each splicer
shall prepare two qualification splices on the largest
bar size for cach of the splice positicns (c.g..
Lorizontal. vertical, diagonal) 1o be used. The quali-
fication splices shall be made using reinfoicing bar
identical to that to be wsed in the structure. The
compleied qualification splices shall be tensile.tested
and the tensile resulis shall meet those specified in
Table CC-4333-1. '

CC-4333.4 Welding. Welding of splice sleeves to
parts shall be performed using welding procedures
and welders qualificd in accordance with AWS DI }-
72 or Section IN. Allwelds shall be visually examined
for the presence of undercuts, overlaps. and cracks.
Unacceptable defects shail be removed or reduced to
anacceptable limit,
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Table 8.9.--Comparison of Cadweld Inspection

. . a
and Surveillance Requirements

Projects
Inspection and Surveillance Activities
A C|DJ|E|F| G|H|I
Prerequisite Activities
Inspection and reference criteria R R RI
Review performed on open NCR's R
Review maintenance and storage requirements R| R
In-Process Activities
Personnel qualified R| R R R
Splice sleeves wrapped and traceable to lot no. S I
Splice sleeves free of rust, moisture, foreign I S - RI| RI
matter
Equipment and material properly selected I S RI| RI |RI |RI
Pouring basin and crucible pre-heated S I
Pouring basin and crucible cleaned S I
Rebar deformations full size, bar ends square 1 S I RI| RI RI
Rebar ends have required gap I |RI|RI|RI
Rebar ends preheated I S I RI| RI | RI |RI
Rebar ends cleaned I S I I [RI|RI|RI |RI
Rebar marked for reference point 1 8 I RI| RI{ RI |RI
Sleeve correctly located I S I I RI | RI |RI
Splice sleeves externally preheated I S I
Splices made as per manufacturer’s I S| I RI| RI
instructions :

Protection during inclement weather I

' a'I‘he following notation is used: Inspection-I; Random Inspection-RI; Review-R;

Surveillance-S.
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APPENDIX 8.A

CONCRETE PREPLACEMENT INSPECTION DOCUMENTS
AND ATTRIBUTE LISTS

This appendix contains the following project documents and records:

1.

2.

Project A--Concrete Placement Checkout Sheet

Project B--Concrete Status Report
Inspector's Concrete Checkout Sheet

Project C--Quality Control Inspection Record
Field Inspection Reports
In-Process Rework Notices

Project D--Quality Control Inspection Record
Concrete Placement Checklist

Project E--Concrete Pour Card
Inspector's Record

Project F--Quality Control Inspection Report
Concrete Pour Card

Project G--Work Plan and Inspection Report
Concrete Preplacement Inspection Checklist

Project H--Concrete Preplacement Checklist (Contractor H1)
Inspection Report for Concrete Placement (Contractor H2)
QC Preplacement Checklist (Contractor H3)
QC Administration Inspection Plan (Contractor H3)

Project I--Quality Assurance Inspection Report
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APPENDIX 8.B

CADWELD SURVEILLANCE AND INSPECTION REPORTS

This appendix contains the following project documents and records:

1. Project A--Daily Log for .Cadweld Crew
Cadwelding Checklist

2. Project B-=Cadweld Crew Summary
Daily Log for Cadweld Crew
Quality Control Checklist

3. Project C--Quality Control Inspection Record
4. Project D--Quality Control Inspection Record

5. Project E--Cadweld Splice Inspection Data
Acceptability Test Report

6. Project F--Quality Control Inspection Report
' Cadwled Test Record
Cadweld Control Report
Cadweld Average Test Log
Cadwelder Activity Record
Procedure for Random In-Process Inspection of Cadwelds

7. Project G--Daily Summary Log of Cadweld Inspection
Cadweld Test Frequency Log

8. Project H--Cadwelder.Splice Test Report kContractor 1)
Cadwelder Splice Crew Record (Contractor 1)
Cadweld Inspection Report {(Contractor 2)

9. Project I--Cadweld Inspection Attribute List
Quality Assurance Inspection Repott
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SECTION &

ABRIDGEMENT OF CHAPTER 9 OF REPORT C00/4120—l

PLACEMENT AND POST PLACEMENT ACTIVITIES

INTRODUCTION

This chapter will discuss those aspects relating to concrete placement
and post placement activities. In a number of cases the emphasis will be on
the time delays involved and the effect which these interruptions have on the
quality of the structure. The involvement of Quality Control in these activities

will be presented prior to a discussion of these aspects.

SUMMARY OF CHAPTER 9

A number of placement and pést placement activities were discussed. The
involvement of Quality Control for each project was presented and it was
pointed out that the level of detail which is often found in the QC procedures
may tend to draw attention away from the broader aspects of concrete practice
which are necessary to insure the necessary quality of the final product.

Also presented was the fact that several préjects have chosen to stress those
practices which are not desirable rather than those practices which should be
encoﬁraged.

In discussing delivery systems the emphasis was placed on the effect which
various practices had on delivering, conveying, and placing the concrete as
rapidly as possible. In this respect, the addition of supplemental water,
sampling at the point of placement, and the frequency of testing were all
felt to he important. It appears that the elimination of routine testing at
the point of blacement requires the completion of a correlation testing
program. It was noted that most of the correlation testing programs which
were studied did not appear to be well conceived and thus were very lengthy -

and costly. It was also suggested that the addition of supplemental water
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at the placement location should perhaps be prohibited because of the additional
testing requirements and delays encountered. On several projects it was felt

by site personnel that the provision which allowed the addition of water
encouraged the production of low slump concrete at the concrete batch plant.

Construction joints were discussed, and it was noted that both starter
mixes and grout were used on the.projects in the study..:-These practices were
compared with the Bureau of Reclamation practices which suggested that
starter mixes provided superior joints and with less difficulties being
encountered at the placement point., It was found that two methods of.cleaning
the joint were used. From an economic standpoint, sandblasting appears to
be preferred over ''green cuttiné". A number of projects reflect this in
their specifications. The requirement that aggregate be exposed during the
cleaning operation wos also discussed. It was noted that data from previously
performed research has_shown the exposure of that aggregate to a specified
amplitude offers no increased advantage in water—tightness or bonding
characteristics.

Placement practices were also discussed With a‘particuiar emphasis being
placed on consolidation. The level of detail in several project specifications
and QC prooedures with respect to consolidation was presented. It was felt
that in several cases too much emphasis was being placed on the details
rather than the ovérall aspects of consolidation. Several projects make
mention of the fact that forms and reinforcement should not be touched. It
is felt that this type of a requirement will force the vibrator operators
to become timid and more concerned about contact rather than good consolidation.
No research data was available to support this hypothesis, however. On the
other hand, three projects had provisions which stressed the importance of

consolidating'around~embedments, reinforcement and in the corners. Revibration
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was also discussed, and theprojects on which this technique was not allowed or
discouraged were noted. It appeared that revibration was contrary to accep;ed-
industry practice.

The discussion on quality control involvement in post placement activities
suggested that .the aspects verified on each project were essentially the same
with the primary difference betweeﬁ the projects being the method of documen-
tation which was used. With regard to documentation it appeared thaton
several projects there were opportunities to consolidate the documents that were
required.

Form removal and curing aspects were also presented and these were compared
with the industry standards. It was noted that most projects comply with the
ACI provisions. There appears to be scﬁe confusion, however, with regard to the
ACI 306 Cold Weather requirements regarding the curing period that is

required.

PRESENTATION OF FIGURES, TABLES AND EXHIBITS

The figures, tables and exhibits which appear in the main body of Chapter
9 of the original report are presented below. They are presented without
explanation in the order in which they appeared in the original report (the
original page numbers have been retained). VThe interested reader is referred
tobthe original report for a supportive detailed explanation.

It should be noted that Chapter 9 included two Appendices. Appendix 9.A
provided examples of the "Concrete Placement Inspection Documents and Attribute
Lists" which were used on the nine.projects in the study. Appendix 9.B provided
examples of the "Concrete Postplacement Inspection Documents and Attribute Lists"
which were used on six of the projects. The Table of Contents for both of
these appendices is included after the figurés, tables and exhibits of Chépter

9 are presented.



1" Vibrator

@

Radius of action
4"-6" in 4" to 6"
slump concrete.

Useful in very
thin areas or as

a supplement to
largeAr vibrators
where severe
congestion occurs,

Normally capable
of consolidating
1to 5 cu. yds,
per hour.

2" Vibrator

Radius of action
12" to 16" in 2"
to 3" slump
concrete.

Used in normal construction ard may be
needed for supplementary work where’

Radius of action

14" to 18" in 3"

to 4" slump
councrele.

larger vibrators are used.

Normally capable of consolidating
7 to 15 cu. yds. per hour.

Radius of action
20" to 25" in 2"
to 3" slump
concrete.

3" Vibrator |

Radius of action |

22" to 28" in-3"
to 4" slump
concrete,

Used in general construction where
accessibility is not a problem.

Normally capable of consolidating
12 to 20 cu. yds. per hour.
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Air Content Loss (percent)

Figure 9.3, Correlation Study Results, Project H
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Table 9.1 Specification Requirements for Construction Joints

. CLEANING PREPARATION TREATMENT
Project ACI N
Reference Water or (Green Set Surface Mortar Bonding
code;section Sand blast cut) Retarder wetted keyed amplitude | Grout or Compound
Starter Mix
(A) 301;6.1.4.2 X X X H: Mortar X
V: Grout
(B) X Approved %" Maximum | Grout
by Engineer
(C) 318;6.4 X X 2 hrs min. 1/2"Grout —
' prior to (broomed) o
pour 3/4"starter ok
Qv
(D) 318;6.4 X X 2 hrs min. 1/4"(broomed)
prior to starter mix
pour
(E) X X X No water Vertical
12 hts only
prior to
placement
(F) 301;6.1 X X X X as des- 1/4" H: 1/2"Start-
ignated er
V: Cement
Grout
(G) 318;6.4 X X Satura- 1/4"Grout
ted sur-
face dry
(H) 301;6.1.4.3 X X as des- 1/4"
301;8.5.3 ignated
(D) 301;6.1 X X X X as des- 1/4" H: 1/4"Grout
318;6.4 ignated V:Cement Grout
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Table 9.2. - Summary of Concret

e Placement Practices

Project Vertical Lateral Lift

Drop Flow Thickness

(ft) (ft) (in.)
A As low as 5 Not specified

possible
B Sa minimum 18
C 6 5 18
D 6 Sb 24
E 5c minimum 18dVibrated mass conc.
: 12 Hand compacted mass
10 Reinforced concrete

F 6 minimum 18
G 6 5 24
H 5 5 18
I 5 minimum 18

a_ . . ,
This distance is reduced to 3 feet in exposed work.
This distance is increased to 6 feet, 6 inches in the containment

drywell wall.
Vertical drop limit is general
of 10 feet.

(o

ly 5 feet with a maximum free fall

In general, thickness of layers is as stated but in no case shall
it exceed 24 inches.
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|

i Table 9.3.—Consolidation Attributes Emphasized in the

1 Project Specifications, Conmstruction or Quality Procedures
| .

4
|

Projects

yiia A 8 | ¢ | » E | F G H 1

Congolidation in x b x
corners, around
rebar, embeds

Do nor ctouch b3 z =z
forms or rebar

Speecial provisions
for consolidation
around embeds

|

]

|

|

|

|

|

| Virbracor head
should be insert- x = x x x
ed vertically
|

|

Spacing of in-
sertiona should z x z
be svstemacic ]

Vibrator should not]
be ingserced inco x x
layers thac have
begun to set

Revibration al- x x x
lowed :

Form Vibrators
perzitted yesb vesb yesb iesb ggsb yesb

Spare Vibrator(s) i 1:3¢ 1:3 x 1:3¢ x

Reauired

Vibractor as per
Speed (cycles/ 7000 8000 7000 8000 ACI 8000 8000
minute) 309

Calibration x x b3 x x
Required

Duracion of $-15 5-15 5-15 5~l5 5-15 | 5-15
{nsertion (sec)

Spacing of d e -
{nsercions (im.) 18-30 18-30 18 11/2 18 15-25

Withdrawal race x X
of 3 in./sec. |

37ibrator shall oot scrike che face of the form
bWhen appraoved by the Project Engineer oT authorized rapreseatative

A racio of one spare to every three operating vibracors

dHaxi:um distance
®Spacing is 1 1/2 tizeés the radius of action of vibracor
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Table 9.4. - Partial Summary of ACI 347
Minimum Suggested Times for Form Removal

Structural Element Recommended Time Frame

Walls 12-24 hr.
Columns 12-24 hr.
. Sides of Beams and 12-24 hr.
Girders

Pan joist 30 in. wide 3 days
or less

Pan joist greater 4 days
than 30 in.

- Design Live

Load < dead
Load (days)

Design Live
Load > dead
Load (days)

Joist, geam or girder

soffits c
clear span < 10 ft, 7c 4
10 ft. < span < 20 f¢t. 14 7
span > 20 ft. 21°¢ 14
b
Floor slabs :
clear span < 10 ft, 42 3
10 ft. < span < 20 ft, 7C 4
span > 20 ft. 10 7

20f the type which can be removed without disturbing forming or shoring
Distances between supports refer to structural supports and not
temporary formwork or shores.

Where forms may be removed without disturbing shores, use half of

the values shown but not less than 3 days.
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Table 9.5. - Timetable for Project EY

Minimum Average Mean b Time Required to Assure Minimum Strengin
Typve | Strenath | Daily Temperature of Classes A, B, and C Concrete at Form Removal
of at Form | Concrete  Ambient T'c = 2000 PeY "¢ = 3000 PSI [f'c = LOOC PSI
Form- | Removal, | in Forms, Air, C B B A A
wori (psi) ("F) . ('F) Days) (Deys) {(Days) (Days) (pays)
80 60 2 2Lk hr| 16 ur 12 hr
1 200 70 50 3 36 hr | 2b nr 18 nr
60 4o L 2 32 hr 2k nr
80 65 2 1.5 hr. 16 hr 12 hr
II 100 70 55 3 2 2k nr 16 hr
60 4s L 2.5 32 nr 21 hr
80 70 2 1 hr 12 he
TO Go 3 1.5 hr 18 nr
III G00 :
60 50 L 2 2L rr
50 Lo 5 2.5 30 hr
80 75 8 3 3
70 65 12 5 3
o 13090 l
60 55 16 5 L
5 45 2 5 5
30 75 13 S L
70 65 28 12 5
Vv 2000
&0 55 37 16 ! T
50 45 ug 20 | 9
i

ime in days except as noted in n
empecrature of concrete

Wy
“s Je

in the form controls.

may be used when concrete temperatures have not been measured.

Ambient air temperatures
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Table 9.6. - Form Removal Timetable, Project 12
Structural Member Minimum - Number
Strength of
(psi) Days
Nonbearing walls, mass founda-
tions, sides of beams and
girders 500 1
Columns and bearing walls,
provided girders are shored
to prevent appreciable load
reaching column 1,500 4
Slabs, bottom of beams and
girders 2,000 7
Containment Structure
Internal walls 1,000 1
Internal slabs 3,000 5
Primary shield wall 1,000 1
Exterior cylindrical wall 1,000 2
Dome (top forms) 500 1
Dome (strong backs attached
to inner steel liner) 2,000 7

%The number of days serves as a guideline.

strength requirements given.

Form removal is based on the
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Table 9.7. - Project Specificatign Requirements

For Concrete Curing

Acceptable Projects
Methods : B

A B C D E F H I
Ponding or Continuous
Sprinkling b4 X X X X X X
Absorptive Mats or
Fabric, Burlap X X X X x X "X X
Wet Sand X X X X X X X
Steam
Waterproof Sealing
Membranes X X X X X X X X
Curing Compound X X X X X b'q X

Curing Aspects

Curing Period 7 7 7 4| 7 7 <
~ (days)
Cooling Rate g%/ﬁr 8Z/hrd
Specified 50" /24hr 30 /24hr
Wetting of wood b b
and steel forms X wood be
required only

a . .
Provisions do not apply to cold weather curing

Wetting of wood forms is required whenever the ambient temperature exceeds
50 F and steel forms must be wetted when the ambient temperature exceeds

70°F or the forms are exposed to sunlight

c - X . .
7An additional seven days of curing is required for mass concrete

Applies to mass concrete or watertight structures
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Table 9.8. - Protection Recommended for
Concrete Placed in Cold Weather

Protection recommended at
temperature indicated Line 7,
Table 1.4.1, ACI 306, Type 11
Cement only, days

Service
Catagory For durability For Strength

No Load, no exposure
(See Section 4.1, 2 2
ACI 306)

No Load, exposed }
(See Section 4.2, 3 _ 3
ACI 306)

Partial Load, ex-
posed (See Section 3 6
4.3, ACI 306)

Full Load, exposed
(See Chapter 5, 3 See Table 5.1.7,
ACI 306) ACE 306
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Exhibit 9.2

COLD WEATHER PROTECTION REQUIREMENTS, PROJECT E

Provisions shall be made during cold weather to provide either minimum
protection, full protection, or extended protection, as prescribed below,
depending on the class of concrete used and the final exposure conditions
to which the surface will be subjected. Substitution of one class of
concrete for another for economics of the curing procedure may be made if
approval is obtained from the Engineer.

Severe exposure. All exteriuvr surfaces of concreté structures which will
be subjected to alternately wetting and drying conditions. This includes
all horizontal surfaces exposed to weather, all vertical or sloping surfaces
from minimum operating headwater and tailwater elevations to 10 feet above
maximum operating headwater and tailwater elevations, and all surfaces
exposed to spray from spillways or other water release facilities.

Mild exposure. All other exterior surfaces. This included all surfaces
below ground level or below minimum operating water levels, and all vertical
and sloping surfaces which are more than 10 feet above maximum operating
water levels and not subject to spray from spillways or other water release
facilities.

Limited exposure. All interior surfaces, including construction joints, whose
exposure to freezing conditions is limited to the construction period.

Minimum protection. Maintaining a temperature in the concrete of more than
50 F for a minimum period of 3 days.

Full protection. Maintaining minimum protection for 3 days plus protecting
the concrete from freezing for an additional period of 3 days.

Extended protéction. Maintaining minimum protection for 3 days plus
protecting the concrete from freezing for an additional period of 14 days.

When high early-strength concrete is approved for face concrete by the Engineer,
the above periods of protection may be reduced by one-third. Care shall be
taken to avoid high temperatures and dry heating within enclosures.

Protection of concrete surfaces shall be provided as follows:

(Continued)
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Exhibit 9.2 (Continued)

Concrete Class and Related Protection
f'c = 2000 PSI f'c = 3000 PSI f'c = LOOO PSI

Exzposure Class Class Class
Condition c B B A A
Severe - - Ext Full Min
Mild - Ext Full Min Min
Limited Ext Full Min Min ‘ Min

The maximum allowable gradual drop in temperature of the surface
of the concrete during the first 24 hours after the end of
protection shall be as follows:

f'c, psi 2000 3000 k000
Class of concrete C B E A A

Mazimum temperature drop in°F 20 20 30 Lo 50
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APPENDIX 9.A

CONCRETE PLACEMENT INSPECTION DOCUMENTS AND ATTRIBUTE LISTS

This appendix contains the following projeét documents and records:

1. Project

"o, Project

3. Project
4. Project
5. Project
6. Pfoject

7. Project

8. Project

9. Project

A--Concrete Pour Site Inspector’'s Report

B--Report of Concrete Placement
Quality Control Checklist for Pump Placement of Concrete

C--Quality Control Inspection Record
D--Quality Control Inspection kecord
E--Concrete Pour Card |

F--Quality Control Inspection Report

G--Standard Work Plan and Inspection Record
Concrete Placement Inspection Checklist

H--Concrete Placement and Curing Report (Contractor 1)
Inspection Report for Concrete Placement (Contractor 2)

Concrete Placement Checklist (Contractor 2)

I--Quality Assurance Inspection Report
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APPENDIX 9.B

CONCRETE POSTPLACEMENT INSPECTION DOCUMENTS AND ATTRIBUTE LISTS

This appendix contains the following project documents and records:
1. Project B--Daily Concrete Curing Record
2. Project C--Quality Control Inspection Record
Concrete Post Placement Record
Daily Cure Record

Temperature Record

3. Project D--Quality Control Inspection Record
Concrete Post Placement Report

4. Project E--Form Support Removal
5. Project F--Quality Control Inspection Report

6. Project I--Curing Record
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SECTION 9

ABRIDGEMENT OF APPENDIX A OF REPORT C00/4120-1

CASE STUDIES OF NINE NUCLEAR POWER PLANT CONSTRUCTION PROJECTS

INTRODUCTION

The Case Studies presented in this Appendix serve as reference points
for each of the nine nuclear plant construction projects which were
examined in this research study. Each of these Case Studies is divided into
the following three sections: (1) Project Organization, (2) Quality Assurance
Program, (3) Quality Assurance Documents.

Chapter 3 of the report presents a comparative analysis of these Case
Studies with respeét to the following parts of 10CFR Part 50 Appendix B: (1)
Introduction, (2) Criterion I: Organization, (3) Criterion II: Quality
Assurance Program, (4) Criterion V: Instruction, Procedures and Drawings,

(5) Criterion X: Inspections, and (6) Criterion XVIII: Audits. Chapter 4

of the report presents an analysis of the organizationgl and managerial aspects
of the Quality Assurance programs covered by several additional 10CFR Part 50
Appendix B Criteria which could not easily be incorporated into the Case
Studies.

Reference may also be made to these Case Studies with respect to points
which are raised in Chapters 5 to 9 of the report which emphasize the technical
aspects of the Structural Concrete Quality Assurance program on the nine

projects.

EXAMPLE OF CASE STUDIES: PROJECT C

The Case Study for Project C is presented below to indicate the depth
of detail which was presented in the 9 Case Studies which appeared in Appendix
A of the original report. It will be noted that the page numbers used in the

original report have been retained.
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CASE STUDY--PROJECT C

PROJECT ORGANIZATION

Project C represents an addition to Utility C's existing nuclear generating
capacity. The interrelationship of the parties involved in the concrete phase

of the project is shown in Figure §19.

UTILITY "C"

|

‘_JJ—__‘ 1 |
IE.P.C. FIRM UTILITY "C" V.P. . NSSS
ENG. & RESEARCH SUPPLIER
: \
) N\

[ |
GEN. SUPT. CHIEF: ELECT. CHIEF: MECH. MANAGER-
CONST. DIV.  ENG. DIV. ENG. DIV. QUALITY ASSUR.
i [ i
[ |
ELECT. CONST. MECHANICAL PROJECT "C"
SUPT. CONST. SUPT. PROJ. MANAGER
E.P.C. FIELD ELECT. CONST. MECH. CONST. QUALITY ASSUR.
CONST. MGR. PROJ. ENG. PROJ. ENG. PROGRAM
b = -
E.P.C. CONCRETE UTILITY "C" FIELD GROUP

CONST., BATCH PLANT,
TEST LAB

Figure A.9.--Project C: Interrelationship of Parties Involved

In the Concrete Phase

As noted in Figure A.9 » Utility C's Vice President, Engineering and Research,

has the lead responsibiiity for the project. The major design, Project coordination
and construction responsibility for Project C rests with the Chief Mechanical
Engineer who directs a Mechanical Ehgineering (i.e. M.E.) division consisting

of 5 major technical sections (i.e. Nuclear Engineering, Civil Engineering, etc.)

and a Project Management Group. The M.E. Division is also responsible for the

third level design review of mechanical equipment and components. The Electrical

Engineering (i.e. E.E.) Division is responsible for the third level design review
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of electrical plant equipments and components.

The primary efforts related to the Engineering, Procurement and Construction
of Project C, however, have been delegated, under contract, to a single EPC
Firm. This firm, as will be noted below, is also responsible for the major

Quality Assurance/Quality Control effort on the project site.

Utility C

A Project"C" Project Manager from the M.E. Division has been assigned to
coordinate Utility C's efforts with regard to design, procurement and construction
at the home office level. He utilizes the services of'the various specialty
areas within Utility C to perform reviews and approvals of engineering specifi-
cations, drawings, cost estimates, price quotations, capital authorizations,
contracts, etc. He also acts as Utility C's central coordinating point for
contact with the EPC Firm, the NSSS Supplier, etc.

Utility C's Construction Division, which is shown in Figure A.9, is divided
into two major sections. ‘The lead representative of Utility C at the project
site is a Project Engineer from the Mechanical Constructian Section of that
division. He directs an on-site construction group whose responsibilities include:
(1) Providing contract administration services, (2) Monitoring the construction
activities of the EPC Firm and other contractors on the prbject site (as related to
compliance with drawings, specifications and procedures, safety, cost and schedule)
(3) Providing on-site liason between Utility C, the EPC Firm, the NSSS Supplier and
other contractors. As noted in Figure A.9, there is also a Project Engineer from
the Electrical Construction Section assigned to the project site. He works
with the Mechanical Construction Project Engineer and lends support to the project
in his discipline area.

There is also a Quality Assurance group from Utility C on the project
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site under the direction of a Field Quality Assurance Branch Head who reports
directly to tha Manager of Quality Assurance. Their responsibilities will be
discussed later in this report.

During the summer of 1977 a total of 18 Utility C employees were involved
in the above mentioned activities. Their functional responsibilities were in
the following areas:

1. Field Engineering-5

2. Subcontract Administration-1l

3. Cost and Scheduling-1

4. Quality Control (for balance of plant)-7

5. Quality Assurance~4

EPC Firm

The EPC Firm is retained ﬁn Project C as both the Architect Engineer as
well as the Constructor. Some of the services provided are:

a. Engineering for the design and construction of the project. These
services include mechanical, electrical, civil and structural: designs, studies,
specifications, drawings, bills of material, schedules, cost estimates, etc.

b. Procurement of all materials, equipment, supplies and subcontracts for
the project that are not under the NSSS contract or not purchased directly by
Utility C.

c. Construction of that portion of the entire project which is not separately

contracted to the NSSS supplier. This includes an extensive involvement in both
Quality Assurance and Quality Control. It should be noted that Utility C's QA
on-site personnel monitor and audit the C.M. Firm's activity for conformance

to the PSAR, Quality Assurance Program, etc;

The EPC Firm, as shown in Figure AlO, is using a "Project" type organization
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to fulfill its responsibilities. The Project Manager of Project C, who 1is responsible

for the overall coordination of the EPC Firm's efforts, 1s actually in charge of

VICE PRES. .
[ . Mgr. Services
i - I z Mgr. Procedure
MANAGER MANAGER MANAGER MANAGER
QUAL. ASSUR. ENGINEERING PROJ. OPERATIONS CONSTRUCTION
’ ol I o it o
| , , 1
SUPV. OF QUALITY ENGINEERING CONSTRUCTION CHIEF CONST.
MCMT. : . MANAGER QUALITY CONTROL
MGMT +  ENGINEERING MANAGER ENGINEER
> ! »
PROJ. MGR:
PROJ.
P~ —p————— PROJECT "C"
| T
_______ L o - - — -
: : |
. |
PROJECT "C" QUAL. ;:gﬁgcf¥ﬁ§. !
ASSUR. ENGR. '
T
I
PROJ. \ . L | )
F--- -1 PROJ. “C"~FIELD
| CONST. MGR.
SITE .
-——— D — _/L. - i m - - - - - - - —— - ——— — - - _.l |
[ ) .‘.[ | T - ——
FIELD QUALJ PROJECT QUALITY PROJ. FIELD PROJ. SUPT. FIELD CONST.
ASSURANCE ; ENGINEER ENGINEERING (PROJ. SUPV.) QUALITY CONTROL
!
Figure A.10.--EPC Firm Organization_____.  Technical and Admini-

strative Direction

Project Coordination

a matrix organization which is designed to bring together many company specialists
to work on the project. It will be noted that for some positions there are two
lines of responsibility shown._ This serves to indicate that these positions
receive direction from two different'managementlsources.

The Project C Field Construction Manager who directs all on-site activity

receives '"technical and administrative''direction from the Construction Manager
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and "project" direction from the Project Manager-Project C. It should also be
noted that at the top management level, the Construction Manager and the Chief
Construction Quality Control Engineer report to the Manager-Construction. The
net effect of this arrangement at the project level is that even though the
Project C Field Coﬁstruction manager provides '"technical and administrative direc-—
tion" to the Field Engineering and Field Superintendant groups, he only provides
""Project coordination" direction to the Project Construction Quélity Control group.
This arrangement was made to provide the necessary "independence"
which is required in Appendix B of 10CFR Part 50.

At the top management level, although the Manager of Construction (as noted
above) is in charge of both Construction and Construction Quality Control, he
is not in charge of Quality Assurance.

It should be noted in fact that the Field Quality Assurance Group reports
directly back to the home office to a Project C Quality Assurance Engineer.
This individual receives project direction from the home office Project Manager:
Project C. This arrangement insufes that the QA function is independent of
project site influence.

It is estimated that during the peak of the concrete phase of Project C
that the EPC Firm will employ the following number of non-manual employees at

the project site (total=314).

1. Supervision-24 5. Finance/Accounting-59
2. Field Engineering-66 6. Procurement-35

3. Sub Constract Administration-26 7. Quality Control-67

4. Cost/Scheduling-32 : . 8. Quality Assurance-5

QUALITY ASSURANCE PROGRAM

The Quality Assurance Program on Project C applies to those structures, systems,

and components of reactor facilities which are "safety related", i.e. those that
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are either: (1) essential to the prevention of accidents which could affect the
public health and safety or (2) essential to the mitigation of the consequences
of such accidents. A "Q" list which identifies these structures, systems and
components was jointly prepared by the EPC Firm and Utility C.

The Quality Assurance Program is divided into three levels. For the concrete
construction .phase (where the EPC Firm is also the constructor) these levels
are:

1. First Level-Quality Control and Inspection

This level is performed by the Field Construction Quality Control Group.
In the area of structural concrete, Utility C has chosen to consider all concrete
that is placed on the project in essentially the same way as Q-listed concrete
(concrete placements involving systems, structures or components on the "Q" list)
is treated. In general, the QC group is responsible for (1) Material receipt
inspection, (2) Storage verification, (3) Inspection of the on-site concrete
batching operation, (4) Preplacement, Placement, and Post placement inspection
of concrete. In addition on Project C, the QC group is also in charge of the

Concrete Testing Laboratory operation.

It appears that the only differences between Q-listed concrete placements
and "Balance of Plant" (i.e., B.0.P.) concrete placements is in the extent of
documentation and that for the latter case the QC Engineer is not fully involved
during the '"Preplacement'" stage. For B.0.P. concrete the Q.C. Engineer: (i)
documents the results of his inspection in only a general manner on a daily
Field Inspection Report, (2) performs pre-placement inspection only for cleanup,

temperature in forms and rebar cover and (3) releases concrete from the batch plant.

2. Second Level-Quality Assurance Surveillance

This level, which includes auditing and/or surveillance, of the activities

of both the EPC Firm's Field Construction Quality Control Group as well as the
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EPC Firm's entire site organization. It is performed by the EPC Firm's Field

Quality Assurance group. .

It should be no;ed that in those situations where the EPC Firm's Construction
group has subcontracted site construction work the Field Construction Quality
Control group performs the Surveillance function (Second Level) on the sub-
contractor's quality control and inspection efforts.

3. Third Level-Quality Assurance Auditing

. This level is the responsibility of Utility C's Field Quality Assurance
organization. Quality Assurance Audits are performed on a spot check monitoring
basis by this group to insure that the Quality Programs of the first and second

level groups are actually functioning as required.

Quality Assurance.

1. Utility C. As noted earlier, the Manager of Quality Assurance is

responsible for the development and implementation of Utility C's Quality

Assurance Program. He directs an organization which is indicated in Figure A.1ll.

MANAGER-
QUAL. ASSURANCE

|

QUALITY ASSUR. a OgﬁIfCEssu FIELDQUALITY
ULTANT UAL ASSUR. ASSUR. ENGR.
CONS BRANCH HEAD
| , |
QA OFFICE SITE QA

STAFF STAFF

Figure A.11.--Utility C Quality Assurance Organization
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The Office QA staff, in addition to preparing QA plans and procedures for
Utility C, reviewing the EPC Firm and other contractors' QA plans and procedures,
etc. also performs periodic audits on Utility C Project, as well as Site Quality
Assurance, groups. A Quality Assurance Consultant is sometimes retained to
assist in these efforts.

AThe duty of the Field QA Branch Head ‘and his staff (4 people on the staff in
1977) is to evaiuate the adequacy, effectiveness, and degree of implementation of
the quality assurance program on site as delineated in the EPC Firm QA Manual
and the various applicable specifications and procedures. They exercise their
duties by day-to-day auditing and surveillances of the various
quality-related work activities ag the site for compliance with the applicable
requirements. Primary emphasis is placed upon activities affecting "essential'
or '""Q-list" structures, components or systems. Deficiencies noted on other work
is however also reported.

It should be noted that Utility C QA policy fequires that borh First Level
as well as Second Level acﬁivities are subjected to'auditing and surveillance.
This policy exists because it is felt that the degree .to which
the Second Level function is implemented can be measured by the conformance of
First Level activities to specification requirements.

As an example of some of the items which would be checked in a formal
audit related to structural concrete are:

a. EPC Firm's Quality Control System
b. QC Records, Procedures and Results
c. Previously Noted QC System Discrepancies
d. Construction Practices
e. Results of E?C Firm's Second Level QA Surveill#nce
The above items (and more) also form the basis for the day-to-day auditing

approach which is also followed by Site QA. All of”these~items_aréﬁnbtfaudited

\
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in any one day or week but audits are made of applicable areas as the construction‘
work prbgresses. The depth of audit of any item on the list is left to the
discretion of Site QA. The depth, however, is sufficient to assure that

the site quality assurance effprt in that area is adequate and that no major
deficiencies exist. If deficiencies are found, the depth is increased so as

to clearly define the deficiency.

Deficiencies noted are reported and followed dp. The responsibility of
correcting such deficiencies rests with the organization doing the work resulting
in such deficiencies.

Site QA maintains a close communication with the Manager Quality Assurance
and informs him by telephone of major deficiencies as soon as such deficiencies are
clearly defined. In particular, they immediately inform him of instances Qhere
they intend to instruct the site to stop work.

2. EPC Firm. The EPC Firm, through the anager of Quality Assurance (see

Figure Al10) is fesponsible for monitoring to assure that the quality control require-
ments for the storage of components and materials, and the instaliation and
construction of the components and systems are effectively implemented. A
Lead Site Quality Assurance Engineer assisted by a Staff of Discipline Quality
Assurance Engineers is located at the construction site to monitor construction
quality control activities. He reports directly to the Project Quality
Assurance Engineer. The Site Quality Assurance Engineers (there were 4 on
the site in 1977) are the field representatives of Project Management and
perform the Second Level quality assurance function at the site. The Quality
Assurance Engineers are assigned by, and administratively report to, the Quality.
Assurance Manager.

The Quality Assurance Engineers perform quality assurance surveillance of

field activities including engineering, quality control, and construction. They
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review reports of non-conformances, perform surveillance of construction inspec-
tion work, and monitor the implementation of the overall quality control program.
The Lead Site Quality Assurance Engineer has the authority to stop field
work for which the EPC Firm has direct construction responsibility,. and can stop
subcontract work through the Field Construction Manager in the event of non-conformance
with the drawings, specifications, and procedures for structures, systems, and
units on the Q-List. The Quality Assurance Engineers also serve as field contacts
for Utility C's Quality Assurance organization and others concerned with
quality assurance in the field.
The reports of the EPC Firm's Quality Assurance personnel concerning the
monitoring of the EPC Firm's quality control effort become a part of the quality
control history file for the plant and are turned over to Utility C at the end

of the project.

Quality Controel

1. Utility C. Utility C does not have a Quality Control program associated
with the Q-listed phase of Project C. They do however have an on-site group
(in 1977 there weré 7 Utility C QC people on site) to inspect the non-Q construction
activities. These activities primarily involved the mechanical, electrical and
welding phases of the project since all coucrete placements were covered by
the EPC Firm's Field Construction Quality Control group.

2. EPC Firm. 1In order to understand the role of the EPC Firm's QC effort
the control of quality must be placed with the framework of the entire site
construction organization which is shown in more detail in Figure A.12. The fol-
lowing points should be ﬁoted:

(a) The EPC Firm Construction Department through its Project Construction

Manager is responsible for construction of the plant to approved engineering
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specifications, drawings and procedures. The Project Construction Manager has
the prime authority and responsibility for Construction, Field Engineering and
Subcontractor activities in the field. Site construction procedures (called

Job Rules) are prepared to define the important construction procedures.

o

CHIEF CONST.

QUALITY CONTROL
ENGINEER Home Office

PROJECT C-FIELD

Project Site
CONST. MGR.

it S S —

. !

/“T 1 |
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SUPERINTENDENT ENGINEER COST & SCHEDULE QC ENGINEER

] . I | J
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(PROJ. SUPV.) FIELD ENGINEERING ASST. PROJ. FIELD
QC ENGINEER

L ]
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. 1
LEAD DOCUMENT ' LEAD ELECT. LEAD CIVIL CONCRETE LAB
COORDINATOR QC ENGR. ‘QC ENGR. SUPERVISOR
. T , I : I )
| starror e | Ly Qc Encas.. 15 QC ENGRs s Q¢ ENGRS.
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Figure A.12.--E.P.C. Firm Quality Control Orgénization
(b) The Project Field Engineer is responsible to the Project Construction
Manager for supervision of field engineering activities at the jobsite. 1In
performing this function, he assigns qualified Field Engineers through the
associated Lead Discipline Field Epgineer within each disciplinevto provide
engineering direction and monitor construction activities. The Project Field
Engineer is responsible for the accuracy and completeness of engineering

documentation, ascertaining that work is properly performed, and that defects
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are removed and repairé are carried out in accordance with the applicable codes,
engineering drawings, project specifications, and quality control procedures. He
maintains liason with project design engineers.
Some of the quality related responsibilities of_the Field Engineers are:
1) 1Interpretation and clarification of drawings and project specifications
through liason with discipline design engineers.
2) Verify Construction activities for compliance with Quality Program
Criteria. Perform inspection activities of record as assigned by
approved Inspection Plans.
3) Surveillance of special methods and procedures utilized by the Contractor/
Subcontractor.
4) Prepare prescribed nonconformance reports and provide for field disposition.
5) Coordinate with the responsible QC Engineers regarding identificationl
of QC inspection and Hold Points. Notify QC Engineers and schedule
sufficient time to perform inspections.
6) Planning and coordination of construction activities.
7) 1Initiating field change requests (FCR's) to resolve discrepancies or

conflicts in project drawings and specifications

(c) The Project Field.Quality Control Engineer (PFQCE) reports to the
Chief Construction Quality Control Engineer for '"technical" and "administrative"
direction and to the Field Construction Manager for project coordination. The
PFQCE supervises the quality control and inspeétion functions and sees that the
quality of the work is properly inspected and documented. The PFQCE provides
direction and supervision of the concrete testing laboratory and is responsible
for the maintenancé and safeguarding of the field quality files.

The PFQCE has authority to stop work. This authority, exercised through
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the Project Construction Manager, shall require immediate cessation of work
operations or cons;ruétion activities determined t§ be improperly controlled and
where corrective action ﬁoul&.be extensive or may not be fully effective.
Some of his field Quality Control fasks include:
1) Supervision of jobsite quality control, construction inspection, and
documentation.
2) Preparation of jobsite quality control documentation and maintenance
of the quality control files.
3) Second level Surveillance inspection of other contractor's/subcontractor's
quality control programs.
4) Provide supervision for Concrete Testing Laboratory.
5) Supervise the prepération of field prepared Inspection Plans and
provide technical direction regarding determination and selection of
inspection points.
6) Determination of additional inspection steps to those appearing on
the Master Inspection Plans and requesting approval of additional QC
Hold Points by the Chief Comstruction Quality Control Fngineer.
7) To supervise and maintain a systeﬁatic quality control inspection program
for the corrective actions resulting from nonconformance reports. The
quality inspections for repair or rework to resélve a nonconformance

report will be at least equal to those imposed on the original work.

(d) The QualityVControl Engineers and Technicians report to the PFQCE
and perform the following Quality Control responsibilities (partial list):
1) Prepare detailed Field Inspection Plans (fromvthe home office prepared
Master Inépection Plans) to include Ehe inspection steps which will be
performed to assurevcompliance to the Quality Program Criteria require-

ments. The QC Engineer will identify to the Field Engineer the QC
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inspection Hold Points. QC Hold Point inspections shall be performgd
by QC Engineers.

2) Perform quality control inspection tasks in accordance with the require-
ments of approved inspection plans.

3) Sign and date inspection reports for the inspection steps performed, -
including final accepténce sign~off of all prescribed inspection
reports signifying to the completeness of the report.

4)- Initiate Nonconformance Reports and monitor for compliance to procedure
the .Nonconformance Reports initiated by others.

It should be noted that during the summer of 1977 there were approximately

67 QC personnel employed by the EPC Firm on Project C. As noted in Figure A.12,
there were 16 involved in the Civil function and 9 in the concrete inspection

and testing function.

QUALITY ASSURANCE POLICY DOCUMENTS

The total Quality Assurance Program discussed above is implemented through
a series of documents and manuals which describe the specific duties and
responsibilities of each party. The development of these policy documents is
a combined effort of Utility C and the EPC Firm. Figure A13 depicts the relation-
ship between these documents and manuals. It should be noted that the policy
documents which apply to engineering/design, procurement-and subcontractors have
been deleted for thg_ﬁggg of claritcy.

An explanation of the documents which specifically apply during the concrete
phase will be presented below.

As noted in Figure A.13 the PSAR and the Project C Quality Assurance Program

are developed in response to the guidelines in 10CFR50, Appendix B. Both Utility C
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10 CFR 50-APP. B

Note: The relative position
of documents in Figure A.13
‘PSAR (CHPT. '17) ~ does not necessarily
represent a hierarchy
relationship.

UTILITY C-QUAL.
ASSUR. PLAN

|
EPC FIRM-QUAL.
ASSURANCE MANUAL

I
I

QUAL. ASSUR. QUAL. CONTROL CONSTRUCTION QUAL. ASSURANCE
QUAL. ASSUR. DEPT. FIELD INSP. MANUAL CONCRETE QUAL. ASSUR. bEPT.
MANUAL (FIM)-(QCI's) SPECIFICATIONS MANUAL

(QA PLANS AND L ' (QA PLANS AND
PROCEDURES) QCNM JOB RULES PROCEDURES)

Figure A.13.--Project C Quality Assurance Documents

and the EPC Firm have a Quality Assurance Manual which describes in an overview
fashion what type of a role they will each have with regard to Quality Assurance.

The remainder of the documents shown in Figure Al3 provide more specific guidelines.

Utilicy C

The site QA group activities are defined in a QA Department Manual which

consists of a series of QA Plans and Procedures which provide thne "how to"

instructions for. auditing, surveillance and reporting.

EPC Firm.

1. Construction. The basic documents which the Field Construction group

uses are Technical. Specifications and Job Work Rules (i.e. Construction Procedures).
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a. Technical Specifications. Specifications provide guidance for both

Field Engineers as well as Craft Supervisors. The specifications insure that

the proper design requirements are implemented during the construction phase and
that the sfipulations in the latest industry codes and standards are implemented.
On Project C the following specifications are related to the concrete phase.

No. No. ofl No. of Addendal“or

Spec Title pages Revisions Additions Between Rev.
1. Furnish and Erect Batch Plant ' 12 o 73 | 3
2. Furnishing and Delivery of On-Site 38 6 46
Concrete
3. Furnish, Detail, Fabricate and 11 8 - 11

Deliver Reinforcing Steel

4. Forming, Placing, Finishing and 28 9 37
Curing of Concrete

5. Testing of Concrete, Soils and 7 1 6
Reinforcing Steel

lapproximate Number in Summer 1977.

b. Job Work Rules. In order to provide more explicit guidance to the

construction group with regard to specific phases of construction at Project C,
the reduirements in the specifications and the specific construétion practices
which will be followed are incorporated into a series of specific Job Work Rules. -
The basic one for the concrete phase on Project C is: "Job Rule for Concrete
Construction''--16 pgs, 11 Revisions.

These specific Job Work rules are prepared at the Project éite by Project Field
Enginegring. They are modified versions of a series éf "General Work Rules'" and
"Standard Work Ruies” (which are used b;—the EPC Firm on all projects) which reflect

the practices on Project C. These Job Work Rules, including all revisions and

amendments, are reviewed and approved by the Project Field Quality Control

Engineer for compatibility with the requirements of the applicable quality

control inspection plans.
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2. Quality Control. The basic documents which the Field Quality Control group

uses are the Field Inspection Manual (i.e. FIM) and the Quality Control Notices.

_Manual (QCNM).

a. FIM. The Field Inspection Manual is the program manual for the

Quality Control Depaftment. The manual describes the standard field quality
cohtrol program for the EPC Firm personnel concerned with the control of
quality during the construction of Nuclear Power Plants. It identifies areas
of authority and responsibilities, describes functions and tasks, and authorizes
procedures and forms to be used for conducting inspection/surveillance of
construction activities.

The FIM also contains the procedures to be used by the EPC Firm personnel
to perform the nécessary inspection/surveillance required to ascertain compliance
with the Program Criteria, i.e. project specifications, drawings‘and other
applicable requirements. Included in the FIM are the Quality Control Instruction
(or QCI's) which are field working.instructions that specify what inspection is
required for a particular activity, and what sequence the inspection will follow.
The QCI's are generally prepared in the Quality Control Home Office but individual
projects may modify them aé required. Ihese QCI's incorporate the requirements
found in the technical specifications as well as the Job Work Rules into a
document which allows the QC Inspector to determiné if the actual construcﬁion
practices he witnesses,»surveys, or inspects aré in agreement with the commitments
that were made.

An example of a concrete related QCI is entitled "Preplacement Inspection -
of Concrete'". This‘instruction guides the inspector with regard to: (1) Prerequisite
Review, (2) In Process Inspection (surveillance, monitoring by observation) and

(3) Final inspection (close visual examination or measurement) of this phase.
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The Quality Control Inspection Report (QCIR) on the last page of the QCI is
filled out according to the type of inspection or surveillance that is required.
After the QC Inspector has "signed off" on all of the items on the QCIR the
placement is released by him for concrete delivery.

Two other QCI's which apply to the concrete phase are: (1) Concrete
Placement Insﬁection and (2) Post Plaéeﬁent Inspection of Concrete. All three
of these QCI's are discusscd in greater detail in the main chapters in this
report.

b. CNM. 1In addition to the FIM, a Quality Control Notices Manual (QCNM)
provides administrative instructions and technical direction to QcC personnel:

"Three types of Quality Control Notices are issued by the Chief Field Quality
Control Engineer to supplement the standard procedures contained in the Field
Inspection Manual. These notices are issued in the form of memoranda és

either General Administrative Notices, General Technical Notices or Project

Special Provisions Notices (PSP's). éroject Special Provisions Notices are
used to convey special and unique project administrati?e instruétions and
technical directions that supplement and/or supercede the standard procedures
contained in the Field Inspection Manual for a specifiq project. For any
'given project, modifications of the standard QC program described in the basic
FIM are contained in the Project Special Provisions QC Notices issued for

that project.

3. Quality Assurance. The EPC Firm site QA group activities are defined in a

QA Department Manual which consists of a series of QA Plans and Procedures which

provide the "how to" instructions for auditing, surveillance and reporting.




