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Preface

In response to concerns of the community of users and administrators of
research facilities, the Committee on Design, Construction, and Renovation of
Laboratory Facilities (see Appendix A) was appointed by the National Research
Council (NRC) to provide guidance on effective approaches for building labora-
tory facilities in the chemical and biochemical sciences (Appendix B gives the
statement of task). The committee members were chosen for their knowledge and
experience in aspects of laboratory design, construction, and renovation and in-
cluded scientist-users, facilities managers, providers of design services (archi-
tects and engineers), and experts in the specialized areas of environmental health
and safety, hazardous materials, and community relations.

All of the members of the committee shared the community’s concern about
the problems of building laboratory facilities. Committee members’ initial re-
sponses to the nature of these problems, possible solutions, and the content and
style that the report might take were quite diverse. Following public meetings
and presentations (Appendix C), however, the committee arrived at a consensus
about these issues, deciding as a result to focus on how to have a successful
laboratory facility designed and built, not on the details of laboratory construc-
tion.

The committee based much of its report on testimony presented during its
first two meetings by scientist-users, administrators, and design professionals, as
well as consultants in the areas of fire protection, compliance with Environmental
Protection Agency regulations and the Americans with Disabilities Act, and build-
ing code. Committee members also heard a presentation from the entire building
team of one project—including a scientist-user, facilities manager, director of

Vil
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physical planning, architect, administrator, and construction manager (see Ap-
pendix C). The committee is grateful to the many individuals who provided
technical information and insight during these briefings. This information pro-
vided a sound foundation on which the committee based its work. In addition,
committee members were able to draw on their own experience.

This study does not duplicate the numerous other publications on laboratory
construction (see the bibliography). It is the committee’s hope that scientist-
users, institutional administrators, and institutional managers will use this report
to become informed users of design services and that the professional design
community will use this report to enhance its ability to interact with its clients.

This study was conducted under the auspices of the NRC’s Board on Chemi-
cal Sciences and Technology. The committee acknowledges this support. The
chair is particularly grateful to the NRC staff as well as the members of this
committee, who worked diligently and effectively on a demanding schedule to
produce this report.

John I. Brauman, Chair

Committee on Design, Construction, and
Renovation of Laboratory Facilities
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Executive Summary

Laboratory facilities are complex, technically sophisticated, and mechani-
cally intensive structures that are expensive to build and to maintain, and there-
fore the design, construction, and renovation of such facilities is a major chal-
lenge for all involved. Hundreds of decisions must be made before and during
renovation or new construction. These decisions will determine how successful-
ly the facility will function when completed and how successfully it can be
maintained once put into service. Yet many of these decisions must be made by
users and administrators whose knowledge of both basic and more laboratory-
specific design, construction, and renovation is minimal at the start of the project
and must be rapidly increased.

Laboratory design has been the subject of a number of books, including
three previous studies by the National Research Council (NRC, 1930, 1951,
1962) and guidelines prepared by the National Institutes of Health and the Amer-
ican Institute of Architects (NIH, 1998; AIA, 1999). These books, however, are
addressed to the professional design community, whose members are already
familiar with general design and construction issues and processes. What has
been lacking is both basic and laboratory-oriented information addressed to the
user community—the scientists and administrators who contract with the archi-
tects, laboratory designers, and engineers who will design the facility and the
construction personnel who will build it.

This report is addressed to the scientist-user and administrator, and therefore
focuses on how to have a successful laboratory facility built rather than on the
detailed specifications for a successfully constructed laboratory. In this context,
a successful laboratory facility is defined as one that provides effective and

Copyright © National Academy of Sciences. All rights reserved.
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2 LABORATORY DESIGN, CONSTRUCTION, AND RENOVATION

flexible laboratories, is safe for laboratory workers, is compatible with the sur-
rounding environment, has the support of the neighboring community and gov-
ernmental agencies, and can be constructed in a cost-effective manner. This
report covers many basic aspects of design, renovation, and construction projects
in general as well as specific laboratory-oriented issues. In its discussion of the
latter, the committee considered primarily chemistry and biochemistry laborato-
ries; it did not deal specifically with specialized buildings such as animal facili-
ties, nor did it address multiple-use buildings such as teaching and research
facilities. (Narum, 1995, deals with teaching laboratories.)

Overall, the general principles elucidated by the committee make its recom-
mendations applicable to the construction or renovation of almost any laboratory
building. Through its investigations the committee found that although individ-
ual projects differ, there are certain commonalities in successful laboratory con-
struction and renovation projects. These include the right participants and a
continuity of personnel; a thorough, well-defined, and thoughtful process; and a
broad knowledge of the relevant issues. These common themes are discussed in
Chapters 1 through 3: “Human Issues,” “Process Issues,” and “Technical Is-
sues.” Many of these elements, especially those discussed in Chapters 1 and 2,
may appear to be common sense, but they were found to have been overlooked
in some of the projects described to the committee. Other themes are more
specific to laboratory facilities.

Transcending specific issues and recommendations are four critical factors
identified by the committee as characterizing successful laboratory construction
or renovation projects:

1. A “champion” who is strongly committed to the success of the project,
who has the confidence of the entire client group, and who stays with the project
from beginning to end;

2. A design professional, often an architect, who has experience and dem-
onstrated success in laboratory design and construction;

3. A well-defined and well-articulated process for carrying out the project
from predesign through postconstruction; and

4. Clear lines of communication and authority for all participants through-
out the process.

Attention to all of these factors is basic to achieving a successfully designed
and built laboratory facility.

HUMAN ISSUES

Chapter 1, “Human Issues,” discusses the participants, the sociology of
building projects, and community relations. Participants are the people who play
significant roles in a laboratory construction or renovation project. Some are
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part of the process by virtue of their institutional or external affiliations; others
must be chosen to enhance the probability of obtaining a superior result.

The two most significant participants are the “champion” of the project and
the design professional. The champion is important in articulating the need for
the project and driving the project continuously from beginning to end. This
person commands respect within the institution and has a direct line of commu-
nication to the administration of the institution. The design professional should
have significant practical experience in the design, construction, or renovation of
a laboratory facility with a magnitude comparable to that of the proposed project,
and in the relevant scientific area. The selection of the right design professional
is critical. If an externally imposed architect does not have these qualifications,
a qualified laboratory consultant should be engaged.

Other participants required in a laboratory renovation or construction project
include members of the client group (users, administrators, facilities operations
personnel, budget authorities, environmental health and safety [EH&S] person-
nel, expert consultants), the design group (the design professional, engineers,
consultants), the construction group (general contractor, suppliers), and the larg-
er community group (the general public, regulatory authorities). The champion
can be any member of the client group. Three members of the client group—the
client project manager, the budget authority, and the user representative—form
the client team, which is responsible for day-to-day management of the project.
It is essential that some individuals, such as the users and the EH&S personnel,
be involved in all phases of the project, especially the early planning; other
participants may be involved in only some phases. Laboratory construction, like
laboratory design, requires an attention to detail beyond that necessary for many
building projects, and so the selected general contractor should have experience
in the construction or renovation of technical buildings. The active and timely
participation of all relevant parties is critical to completing a successful project.

The sociology of building projects has two aspects: the interactions between
the participants involved in the construction or renovation, and the human needs
that must be met by the completed project. Interactions are facilitated by effec-
tive communication and shared input. In particular, early user involvement often
substantially reduces the number of costly change orders. The users’ representa-
tive should facilitate the active participation of all users throughout the project,
and the client team should manage the flow of information.

Human needs are met by design features, although no single set of design
features suits all. Some design features reflect the basic philosophy of an institu-
tion, such as mixed use, shared versus individual laboratories, modular design,
the relationship of offices to laboratories, the number and types of public spaces,
and concerns of the community. Other design features address human needs and
concerns, such as the location and quality of reading rooms and rest rooms, safe
corridor design, and overall convenience, aesthetics, and security.

Good community relations are required for the successful siting, construc-
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4 LABORATORY DESIGN, CONSTRUCTION, AND RENOVATION

tion, and use of a new laboratory building. Such relations are best achieved
through effective communication and the timely exchange of information with
the surrounding community. This community should be actively engaged in a
project early in the planning process through, for example, educational outreach
efforts and the use of the institution’s community and public relations offices,
community advisory boards, chambers of commerce, and the local media. Pater-
nalistic, technocratic, or secretive planning methods should be avoided. Contin-
ual interactions with an informed community afford an institution the best op-
portunity for good long-term relations with the community.

To address the human issues in a laboratory construction or renovation
project, the committee recommends the following actions:

1. Provide institutional leadership. A person committed to the success of
a laboratory renovation or construction project should be identified early in the
project. This person will serve as the “champion” for the life of the project.

2. Select an experienced design professional. A successful laboratory
construction or renovation project requires the services of a design professional
with demonstrated experience and success in laboratory design and construction
of the type and scale required in the project. If institutional constraints preclude
the selection of a suitably experienced architectural firm, an experienced labora-
tory consultant should be retained.

3. Involve the users at an early stage. Users, through a committed user
representative, should be involved in all phases of a laboratory construction or
renovation project, with special emphasis on early planning. Mechanisms should
be established to encourage the free flow of information among users and other
participants.

4. Choose an experienced general contractor. Laboratory construction
requires greater-than-usual attention to detail; prior experience with technical
buildings enhances the probability of success.

5. Consider sociological needs. Physical layout can help or hinder interac-
tions among all who will use a laboratory facility.

6. Involve the community. Stay in close contact with the surrounding
community throughout the laboratory construction or renovation project. Make
use of the institution’s external relations offices and community advisory boards,
and avoid practices that might interfere with good community relations.

PROCESS ISSUES

Chapter 2, “Process Issues,” describes the processes that occur during the
different phases of a laboratory renovation or construction project. In the archi-
tectural design and build method discussed in this report, the phases of a project
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are predesign or information gathering, architectural design, construction, and
postconstruction. Although other methodologies for building facilities may be
more expedient, the committee does not discuss them in this report because it
believes that they are less likely to yield the desired attributes of good laboratory
design.

Procedural guidelines for use throughout a construction or renovation project
are also described in Chapter 2. Because of the number of participants who
should be involved and the number and types of issues that need to be considered
throughout the project, the design, construction, and renovation processes should
be planned as carefully and thoughtfully as the laboratory facility itself. Essen-
tial procedures include implementation of a rigorous decision-making process,
identification and engagement of the necessary participants for each phase of the
project, and establishment of formal lines of communication and authority among
these participants. The architectural design phase should include a mechanism
for verifying the completeness and accuracy of all design and construction docu-
ments. In the construction phase, a procedure for strict control of the budget and
of change orders should be established. Finally, before the project is completed,
assurance that the laboratory was built and will operate as planned should be
secured through building commissioning, and a plan for the future maintenance
and operation of the laboratory building should be established through an owner
stewardship plan. Throughout all phases, a single individual in each group should
be identified as a primary point of contact and should be responsible for all
communication among the client, design, and construction groups.

The goal of the predesign phase is to identify the project’s scope and budget
as well as all issues that could influence the subsequent design/documentation
phase. Although predesign is often slighted in project budgets, experience has
shown that its successful completion enhances the probability that the laboratory
construction or renovation project will be completed within the prescribed sched-
ule and budget. Sufficient funds should be allocated for this vital phase.

In the design/documentation, construction, and postconstruction phases most
of the work is conducted by the design and construction groups. It is essential,
however, that the members of the client group remain actively involved to en-
sure that the program requirements are being met, to control changes in the
scope of the project, and to carefully review all design and construction docu-
ments. Although it is important for all projects, careful review of all construc-
tion documents is essential for mandatory low-bid projects, because in this situa-
tion only that which is specified in the contract documents will be built. It is also
essential that the procedures developed at the outset to enhance and regulate
communication be rigorously adhered to in order to maximize productive com-
munication between different contractors and subcontractors and to minimize
the number of contractor-initiated change orders.
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6 LABORATORY DESIGN, CONSTRUCTION, AND RENOVATION

To address process issues during the several phases of a laboratory con-
struction or renovation project, the committee recommends the following
actions:

1. Develop a planning and decision-making process. Planning should
include all relevant participants. Decisions should not be revisited without cause.

2. Implement a predesign phase. Predesign, involving a design profes-
sional, maximizes end results.

3. Designate a single point of contact for each group. This individual
will coordinate all information exchange within the group and with the other
(client, design, and contractor) groups.

4. Maintain control of the budget. Detailed cost estimates should be com-
pleted and reviewed at the conclusion of each phase. A clear process for han-
dling change orders should be developed before construction begins.

5. Establish a system for rigorous review and approval of documents.
Design documents should be carefully reviewed and approved by the client group
representative at the end of each phase.

6. Establish and implement a process for building commissioning.
Building commissioning should include the production of operation and mainte-
nance (O&M) manuals, updated construction documents (“as-builts”’) and draw-
ings, systems testing, and training. There should also be a postoccupancy evalu-
ation.

7. Owners should be good stewards. Beginning at the planning stage and
continuing for the life of the laboratory facility, owners must provide adequate
funding and staffing for operation and maintenance of the buildings.

TECHNICAL ISSUES

Chapter 3, “Technical Issues,” presents some of the basic elements that must
be considered in the design, construction, or renovation of a laboratory facility,
such as health, safety, environmental, and building regulations, design details,
and cost considerations. Regulations, codes, and ordinances, which govern many
highly specialized issues, will inevitably influence every major decision of the
project, and so attaining compliance mandates the early and continuing involve-
ment of EH&S professionals and the establishment of a working relationship
with regulatory authorities. While it is possible to delegate design and cost
control decisions to the design professional, the active participation of an in-
formed client greatly enhances the probability that a superior laboratory facility
will result. For example, multiple design alternatives may exist to satisfy partic-
ular laboratory requirements; before one is selected, each should be considered
by the appropriate teams or committees of participants. It is advisable that each
technical issue be considered and resolved early in the overall process, before
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design decisions are frozen, to obviate costly later changes in design or construc-
tion. Because cost considerations will influence these decisions, initial and re-
vised cost estimates should be obtained in the initial phases and throughout the
project, so that cost decisions can be made in a rational manner. Finally, ade-
quate contingencies should be allocated, because even with the best planning,
some changes will be necessary.

To address the technical issues in a laboratory design, construction, or
renovation project, the committee recommends the following actions:

1. Appoint an environmental health and safety technical advisor. An
experienced EH&S professional is needed to advise the client team in all phases
of a laboratory construction or renovation project.

2. Establish communications with regulatory authorities. Early in the
project the institution should develop a working relationship with regulatory
authorities whose approvals are necessary for various aspects of the project.

3. Consider design alternatives. Explore alternative solutions for fulfill-
ing needs.

4. Complete predesign before committing to a budget. If possible, defer
setting the budget total until completion of the schematic design phase, when the
scope, concept, and special conditions of the project are determined.

5. Obtain cost estimates. Construction cost estimates should be obtained
from at least two separate, experienced sources, and the estimates should be
reconciled at the end of each phase. Develop a list of project cost items as early
as possible. Carefully review all bids, and compare them to design-phase esti-
mates.

6. Set adequate contingencies. Even with the best planning, some changes
will be necessary.
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Human Issues

A laboratory affects the people for whom it was built, other people who
share the building, and other stakeholders in the community, and it is designed
and built by yet another large group of people. To increase the probability of
completing a successful laboratory construction or renovation, it is necessary to
identify and ensure the active involvement of all the people who should be
participants in the process. This chapter identifies these participants and dis-
cusses their interactions.

PARTICIPANTS

Success in a laboratory construction or renovation project depends on having
the right people involved with the project at the right time. Some of the partici-
pants are part of the process by virtue of their institutional or external affiliations;
others must be chosen to enhance the probability of obtaining a superior result.
The two most significant of the latter set are the “champion” of the project and the
design professional. But the identification and involvement of all participants and
the importance of their selection cannot be overemphasized.

The participants involved in a laboratory renovation or construction project
include four categories: a client group, a design group, a construction group, and
a larger community group, each with internal (institutional) and/or external mem-
bers. Table 1.1 lists the more significant members of each together with the
phases of the project in which they participate. The titles of the individuals or
the offices in which they work may differ from one institution to another, and in
some institutions an individual may serve in more than one role, but all players

8
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are important. The members of a group or a collection of members of different
groups will form teams or committees during different phases of the project in
order to carry out the operations of that phase, but defined lines of communica-
tions within and between the groups should be maintained. Otherwise, confu-
sion and low productivity will result in all areas of the project. Communications
during the different phases of the project are discussed in Chapter 2.

Project Champion

The participants listed in Table 1.1 and the process described in Chapter 2
are all characteristic of successful projects. In addition the committee found that
in these successful projects a figure emerged with special leadership qualities.
Typically this person, called the champion in this report, is important in articu-
lating the need for the project and driving the project continuously from begin-
ning to end. This person commands respect within the community and has a
direct line to the administration of the institution responsible for the laboratory.
Since any member of the client group can take on this role, the function does not
appear in Table 1.1. In academia, it is frequently a member of the group of
users; in industrial and government laboratories it may be a staff person.

The champion may not be the same person as the project leader and may not
be giving directions to either the design or construction groups. Rather, the cham-
pion provides inspiration to the project and, if necessary, uses her or his clout to
advance the project. The champion is not part of the formal project structure
described below, and the champion’s role may actually involve working outside
formal organizational lines.

Participant Groups

Client Group

The client group illustrated in Figure 1.1 is entirely internal, although expert
consultants can be retained and are placed in this group. This group is composed
of a “client team” that will be the core group; financially and administratively
responsible persons; and critical auxiliary staff. The decision to undertake the
building or renovation of a facility may require the approval of other individuals
who are not part of the client team but who are in the client group. These
individuals may include representatives from the administration (e.g., president,
provost, dean, CEO), business office (e.g., vice president, chief financial officer,
treasurer), development office, occasionally representatives from the trustees or
scientific board of advisors, or even the shareholders of a company, or the U.S.
Congress. While the approval of these executives is required to undertake the
project, day-to-day management is normally delegated to the working group that
in this report is called the “client team.”
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TABLE 1.1 Participants and Phases of Participation

Phase of Project

Post-
Participant/Function Predesign  Design ~ Construction  construction
Client Group (Internal)

Client Team
Project manager X X X X
User representative X X X X
Budget authority X X X X

Others
Users X X X X
Administrators—senior, finance X X X X
Environmental Health & Safety

officer X X X X

Facilities operations X X X X

representative?

External relations representative X X X X
Special Consultants®¢ X X X X
Commissioning EXpertb X

Design Group (External)

Architectural and Engineering Firm® X X X X
Engineering firm X X X X
Consultants X X X
Engineers/Specialists X X X

HVAC, fire, ADA, EPA,
codes, etc.
Facilities Programmerb X
Construction Group (External)
General Contractor? X

Subcontractors X

Suppliers X
Suppliersb X

Larger Community Group
Impacted Nonusers (Internal) X X X X
Public (External)

Neighbors X X X X

Environmental groups X X X X
Government (External)

Local X X X X

County X X X X

Regional X X X X

State X X X X

Federal X X X X
Public Utilities (External) X X X X

dIncludes client’s architect, design and construction, utilities, and operations and maintenance
divisions.

bHired by client.

¢Includes environmental site assessor, geotechnical consultant, community relations expert, con-
struction manager, and cost expert.
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The client team consists of three people. The first is the project manager,
who derives authority from the head of facilities operations. In large organiza-
tions this person is often an architect or engineer. The second is the budget
authority, a person who can authorize major changes in the budget. This person
derives authority from the financial administrator of the institution. The third is
the user representative, who derives authority from a senior administrator of the
institution. Often this senior administrator is the person who has discretionary
power to assign space in the facility, for example, a dean or department chair in a
university or a director of research in industry. The members of the client team,
who derive their authority from different administrative units, often have differ-
ent and potentially conflicting interests that must be resolved for a project to
proceed satisfactorily.

The user representative is the connection to the users, the people who will
occupy the facility. The committee found that many of the most successful
projects had as the user representative a scientist-administrator who was not
going to benefit directly from the project, was knowledgeable, had good judg-
ment, and had the confidence of all participants. For large projects the user
representative is often freed from other duties for the duration of the project.

It is essential to have a project leader who has qualifications and experience
commensurate with the type and scope of the project and has operational author-
ity and responsibility for the project. Because several members of the client
group can take on this role, the function does not appear in Table 1.1. For large
projects, this person will generally be the client project manager; for smaller
projects, especially in smaller institutions, this person is often the user represen-
tative or is designated by the administration or management. The project leader
is the center of decisions and communications and for most of the project acts as
the single point of contact for other groups. Therefore, this person should be
familiar with the entire program, should have some budgetary authority, and,
most significant, must remain with the project from beginning to end in order to
provide continuity. If the designated project leader is inexperienced, it may be
advisable to provide suitable training for this person.

Users are the people who will ultimately occupy the facility. The extent of
users’ input into a project is very institution- and phase-dependent. Users often
lack experience in laboratory design and may not know what to request or how
to evaluate options. Obtaining a successful facility depends greatly on input
from informed users, so an instructional process should be implemented early in
the project to achieve this goal. See the section titled “Sociology” in this chapter
and the “Predesign Phase” section in Chapter 2.

Other members of the client group include the institution’s architect and
representatives from environmental health and safety (EH&S), facilities opera-
tions (including campus utilities), and external relations (including public rela-
tions, legal affairs, publicity, etc.). The client group may also include special
consultants such as a construction manager, environmental site assessor, geo-
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technical consultant, commissioning expert, community relations expert, insur-
ers, technical risk managers, and acoustical engineer.

Because of the size of the client group, it is advisable to engage a construc-
tion management individual or firm, especially for large projects. It may also be
advisable to engage an independent cost expert to work with the design profes-
sionals and the internal staff to properly evaluate what the costs will be.

It is also advisable to engage a building commissioning expert as a consult-
ant to evaluate the finished product to ensure that it meets design specifications
and operates as planned, and that the client’s facilities management division
knows how to run and maintain it. These independent commissioning firms can
provide important added value in meeting these goals.

During the project the client group will form committees and teams with
members of the design group, as discussed in Chapter 2. The active and timely
participation of all involved parties is critical to completing a successful project.
The qualifications of all professionals engaged in the project should be thor-
oughly reviewed.

Design Group

The predesign/design group, illustrated in Figure 1.2, is composed of an
architectural firm (or an equivalent design professional firm), engineers, and
special consultants such as fire specialists, environmental consultants, code con-
sultants, and EH&S specialists. (Design professional firms include architectural,
architectural and engineering (A&E), engineering, and laboratory programming
and design firms. Whether the design work will be carried out by an architectur-
al or a laboratory planning firm will depend on the expertise of the architectural
firm engaged.)

Because laboratory facilities are complex, technically sophisticated, and
mechanically intensive structures, the choice of a design professional firm is
critical. To understand the client’s needs and to know what is necessary for an
effective laboratory, the design professional firm should have had significant
practical experience in laboratory design, construction, or renovation. Thus the
firm should have successfully completed at least one laboratory construction or
renovation project in the relevant scientific area. The committee found that
successful completion of a laboratory in one scientific area (medical laboratory
or synthetic organic, for example) does not necessarily demonstrate competence
for a laboratory project in another scientific area. Methods for finding appropri-
ately qualified design professional firms include interviews with firms, visits to
completed projects at other institutions, and consultation with previous clients of
prospective design firms.

In selecting a firm, it is very important to ensure the engagement of a specif-
ic, experienced individual in the firm as well as the commitment of the firm to
provide adequate resources for the project. It is also important to ensure that the
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architect implements a quality-control process. Sometimes there is institutional
pressure to engage unproven or unqualified individuals or firms, a practice that
the committee found to be a source of major problems. If a design professional
firm lacking appropriate qualifications must be retained (e.g., because of institu-
tional contracting policies), serious efforts should be made to ensure that the
laboratory design work is handled by a qualified design professional firm. Addi-
tional advice on selecting a design professional is detailed in Appendix D. Find-
ing and engaging the right laboratory design firm is one of the most critical steps
in the renovation/construction project.

The design professional often selects the engineering or architectural and
engineering design firm, which is another reason the correct choice of the design
professional is critical to the success of the project. If the design professional
firm is an architectural firm with in-house laboratory programmers, it may provide
the architectural or A&E design services. If it is a laboratory programming firm,
the A&E design may be done by the selected architectural firm, preferably one that
has worked successfully with the selected laboratory programming firm. In any
case, it is important that the engineering design firm be as highly qualified as the
design professional, and that it be involved early in the design process, along with
other appropriate consultants and experts in specialties such as fire, access and
other facilities for the disabled, ventilation, and safety and environment. It may
also be advisable to engage a consulting contractor for review of the constructibil-
ity of the proposed design. The selected design professional firm often recom-
mends many of these other participants for the client’s approval.

The members of the design group will form committees and teams with
members of the client group, such as staff architects and facilities personnel, as
discussed in Chapter 2.

Construction Group

The construction group, illustrated in Figure 1.3, includes the general con-
tractor, subcontractors, and, in some cases, suppliers of specialized materials and
equipment. For large or complex projects a construction manager is often hired
by the client group and so is a member of that group. The construction manager
is often more familiar with local building costs than the architectural design firm
and therefore can better estimate the cost of the project as well as coordinate the
different stages of the construction.

The choice of the general contractor is critical because laboratory construc-
tion requires an attention to detail beyond that necessary for many building
projects. As is the case with the design professionals, the experience and previ-
ous work of potential contractors should be carefully evaluated. If project time
is short, it may be advisable to involve the contractor at an early stage of the
design process for input regarding the availability of materials and personnel.

In the construction phase, this group will form committees and teams with
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members of the client group including the project manager and appropriate rep-
resentatives from the physical plant including maintenance and utilities. The
building commissioning expert, a special consultant of the client group, may also
be included.

Larger Community Group

The final group of participants critical to the process are stakeholders who
are not members of the client, predesign/design, or construction groups. This
group includes affected nonusers, as well as representatives of the community,
government agencies, and public utilities.

Affected nonusers are members of the institution who are not in the client
group but whose work will be affected by the project. They include, for example,
occupants of adjacent laboratories, occupants of other floors of the building
undergoing renovation, or occupants of neighboring buildings affected by noise
or disruption of electrical service during the construction project.

Members of the community group include the neighboring community and
other, more specific interest groups such as neighbors and nongovernmental
groups who may have an interest in, and concerns about, the laboratory. Their
concerns can cause difficulties if not addressed appropriately.

A number of government agencies are also included in the community group.
These are ‘“agencies having jurisdiction” and include local, county, regional,
state, and federal representatives. They are concerned with zoning, code compli-
ance, environmental issues, construction standards, etc., and they provide per-
mits and inspections.

All these members of the larger community group need to participate in the
process at an early stage because their own work and environment are affected
by the project. The institute’s offices involved in external relations can help to
provide the interface between the project and the community and to ensure that
information is transmitted clearly and effectively. When needed, EH&S staff
can provide technical support to the external relations office.

SOCIOLOGY

The sociology of building projects has two aspects: the interactions between
participants involved in the construction or renovation and the human needs that
must be met by the completed project. Interactions are facilitated by effective
communication and shared input. Many of the problems that arise in a building
project are due to lack of interest, experience, or knowledge on the part of users,
lack of understanding of specific user needs by designers, and potential mistrust
among other stakeholders in the community. This section provides suggestions
to organize and facilitate efficient communication between diverse parties at
different phases of a laboratory construction or renovation project.
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The human needs of the project are met by design features. These include
items that reflect the basic philosophy of the institution, such as mixed use,
shared versus individual labs, modular design, relation of offices to labs, number
and types of public spaces, and concerns of the community; and features that
address human needs, such as location and quality of reading rooms and rest
rooms, safe corridor design, and overall convenience, aesthetics, and security.
These design considerations are discussed below.

Need for Shared Input

Human interactions affect building projects in diverse ways. This section
deals with the need for and means of involving a diverse group of people in the
planning, design, and construction of the project. Here the committee focuses
primarily on the client group and specifically on the client team and how it must
interact with users and other institutional groups as well as outside parties.

Relationships between the many different groups of people involved in a
building project are extremely important. Users, building maintenance staff
(including engineers, mechanics, service technicians, and janitors), administra-
tors, executives, architects, builders, and community members all need to have
the opportunity for open communication. Their participation is essential both
for useful and necessary input and for imparting a sense of ownership to the
people who will use or who may be affected by the facility. It may be a chal-
lenge to achieve this level of communication while maintaining clear lines of
responsibility and reasonable efficiency in the process, but early and continued
user involvement often substantially lowers the number of costly change orders.
The client team can structure the flow of information and ideas because its
members represent the separate facets of the project, as discussed in the “Partic-
ipants” section of this chapter. Continuity of project leadership is extremely
important and should be maintained to the greatest extent possible. Communi-
cations with the community is discussed in the “Community Relations” section
of this chapter.

All users have ideas about how their laboratories and offices should be
organized, but few have been involved in the design of new facilities. Many
directly transfer their current situation, no matter how it evolved, to design ideas
for new facilities. Thus input into the process and aspirations for the completed
building are strongly influenced by personal and local history. Because users
can provide useful insight into possible near- and long-term uses and research
directions, they should be encouraged to assess both current and future needs.
The committee strongly recommends that users be centrally involved in all phas-
es of the building process and that responses be given to all users’ questions,
suggestions, and ideas. However, for their input to be effective users need to be
exposed to new and alternate ways that buildings and facilities can be designed
to meet their needs. Focus groups and visits to other sites are one way to gen-
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erate ideas and provide examples to be emulated or avoided; other ideas are
presented in the “Design Considerations” section of Chapter 3. To ensure an
understanding of financial constraints and to base the project on realistic aspira-
tions, users should also be included in budget presentations and discussions from
the start. Later in the process it is extremely useful to help users visualize the
final product through, for example, the use of three-dimensional computer-as-
sisted design technology or the construction of full-scale laboratory mockups.
Successive designs resulting from comments and suggestions should always be
shown. Reasonable interaction of users with architects and design professionals
should be allowed, and suggestions should be solicited and responded to. The
cost of helping users see and understand what will be built before construction
has begun will be recaptured many times over by minimizing costly change
orders.

No single size fits all. A uniform design strategy cannot be dictated. Differ-
ent laboratory uses will require different laboratory specifications. Specific needs
can include the handling of wet, dry, toxic, and biohazardous materials; elimina-
tion of vibration; and provision of clean power, pure water, and filtered air.
Solutions to these needs will be further influenced by the different cultures found
in academic, industrial, and government research settings. But the need for
communication and the need to include everyone at some level of the process is
common to all projects. As an important bonus, the involvement of more minds
in the process will add substantially to the total institutional memory, which may
be called on for subsequent renovations or other related projects.

Role of the User Representative

The user representative on the client team facilitates users’ involvement in
the process from start to finish and provides a conduit of information to the
administrative authority that will be concerned with overall management of the
completed project, such as a college dean, department chair, or research director.
This person, typically selected by the administrative authority from among the
users, should be someone who recognizes the need to assemble and articulate
users’ thoughts and needs and who has the respect and confidence of the users.

The user representative should interact with all users in an efficient and
open manner. Although it is important to actively include all users in planning,
often the number of people and the range of needs are large and diverse, causing
input into the planning of large projects to be extremely inefficient and to be-
come so ineffective that busy people lose interest and cease to be involved. This
problem can be addressed by creating some form of organization to provide a
hierarchical grouping of voices. On the other hand, especially in institutions in
which hierarchical structure is the norm, it is critical that all members of the unit
understand that they have a part in the planning process and are encouraged to
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participate. Users can be grouped by shared facility needs or common interests;
for example, floors or wings of the building can be established around subgroups
that normally use similar techniques or study common problems. The users can
then meet in these groups for planning and review sessions during the life of the
project. It is often useful to make the laboratory design reflect these associa-
tions. If such a set of subgroups is established, a spokesperson can be selected
from each to meet on a regular basis with representatives from the other groups,
ensuring the sharing and pooling of ideas from all users while holding the pro-
cess to a reasonable number of people. This interaction can lead to a heightened
appreciation and understanding of the work of members of other subgroups and
may even be useful in planning the siting of diverse groups within the building.
The user representative should organize this entire effort, chair meetings of the
group representatives, and ensure that users’ input is included in the design of
the building. In this way all users have direct involvement in the project, but
everyone need not meet with all parties all of the time.

All parties should be kept informed of the progress; the client group should
consider issuing some form of newsletter, possibly by e-mail, in addition to
making occasional formal presentations to all the users. Even during the con-
struction phase, user review and feedback can prevent mistakes in interpretation
of desires and can, within reason, keep the project up to date with changing
needs or personnel.

Building renovation projects share many of the needs of new construction
but require careful additional attention to transition needs and plans for tempo-
rary housing during the project. Will some people have to make multiple moves?
Is the schedule carefully worked out with input from all affected parties to mini-
mize problems or at least avoid perceived unfair variations in degree of inconve-
nience?

Final Product Considerations

Acceptable designs reflect the specific technical concerns of the users as
well as the needs and desires of the institution and will thus vary from project to
project. (Some of these details are discussed in the “Design Considerations” and
“Environmental Health and Safety” sections of Chapter 3. Cost implications are
discussed in the “Research Laboratory Costs” section of Chapter 3.) In the ways
indicated below, however, all buildings affect how people work with and relate
to other people in their immediate and daily environment. Some of the topics
discussed here might be addressed at one time for all the members of the client
group; others might be covered in each or only some of the subgroup meetings.
Some involve policy decisions that should be made before the basic plan for the
project is initiated; others can be accommodated at later stages.
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Internally Focused Issues

Mixed Use and Physical Layout. The utility of and problems associated with
mixing functions such as formal teaching and research, research in diverse disci-
plines, or research that uses very diverse technologies or reagents should be
considered in planning the renovation or construction of a laboratory facility.
The building layout can encourage beneficial cross-fertilization or, if necessary,
can isolate groups or functions that might have a negative impact on each other
because of traffic flow, vibration, physical or biological contamination, or other
factors. The effects of physical layout on daily encounters (horizontal versus
vertical) and collegial interactions should also be evaluated. These basic plan-
ning issues should be considered early in the overall process.

Shared Resources. The advantages and disadvantages of open laboratories, in
which the personnel associated with principal investigators working in related
areas share a large open space and common equipment rooms, should be consid-
ered at the earliest stages of planning. Proponents argue that both efficient use
of space and constructive interactions occur in this arrangement, although the
issues of how many research groups can productively and safely share a com-
mon equipment facility and how such areas might be administered and main-
tained must also be addressed, as must decisions regarding the scale and organi-
zation of efforts to meet common needs such as glassware washing, chemical
and other storage, and stockrooms. Thus, although building-design exercises
can actually drive organizational changes, it is extremely important to under-
stand and anticipate the impact of space use on local group dynamics in order to
avoid unfortunate and counterproductive organizational schemes.

Offices. The quality and size of offices, including issues such as number of
windows, whether they can be opened, who gets a separate office, and the rela-
tionship of the office to the laboratory (e.g., directly associated versus clustered
with offices of other people doing similar work), can have a major impact on
both efficiency and morale. Decisions about the relationship of offices to labo-
ratories are fundamental and usually affect the design of the whole building, and
should therefore be attended to early in the predesign phase. Similarly, solutions
to the office needs of technicians, graduate students, postdoctoral fellows, re-
search associates, and other professional staff can range from all offices sited in
the laboratories to separate offices adjacent to the laboratory or, as for the facul-
ty/scientists, clustered offices in spaces separate from the laboratories. While
specific finishes and amenities will vary depending on the culture of the organi-
zation, electronic communication connections are common, essential, and chang-
ing so fast that added expense here, to provide excess capacity and thus future
flexibility, is a worthwhile investment.
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Degree of Uniformity/Flexibility. Although there are often real savings in strict
modular design, some level of custom design might be considered to allow indi-
viduals a certain degree of self-expression and thus increase overall morale.
Some of this individual design might be accommodated in portions of laborato-
ries and offices without either compromising modular design or adding to cost.
Simple ways to achieve individuality include user specification of paint or fabric
colors.

Personal Workplaces in Laboratories. The amount and types of private space
for laboratory workers should be considered, including design features such as
partitions for privacy, lockers or locking cupboards for personal effects, and
telephone and computer network outlets to satisfy both current and projected
communication needs. Extra conduits or other provisions for future connections
should be considered to accommodate growth and change.

Assembly Areas for Building Occupants. The building should include places
where people can eat and meet in locations separate from laboratories. Effective
planning requires a basic understanding of the kinds of formal and informal
meetings the organization encourages. Planning should address whether there
are special technical needs for meeting spaces, such as video conferencing capa-
bilities, and the number of meeting and seminar rooms (the latter is often a
special problem in industrial settings where classrooms are unavailable to fill in
for this function). If workers have meetings where food is offered, planners
must determine the organization’s attitudes and policies concerning eating facil-
ities (in descending order: dining room/cafeteria, kitchen, vending machines,
microwave, coffeepot), including provisions for food-only refrigerators in work
areas, even if there is a cafeteria, to allow workers who bring food from home to
eat with others who buy their food. Subsidized food service has been found to
be a useful way to keep workers on site and promote cross-fertilization of ideas.
The building design should create opportunities for informal and spontaneous
interactions; for example, markerboards in hallways or in niches can be very
useful in promoting serious conversations in these settings.

Access Control. Access control is necessary in areas presenting health or safety
risks. However, plans should be no more restrictive than necessary lest the
impacted laboratory personnel abandon them. This issue is discussed further in
the “Environmental Health and Safety” section of Chapter 3.

Library/Reading Room. The library or reading room should be comfortable and
easily accessible at all times, and should contain provisions for future expansion
of electronic capabilities. For a new building, the occupants should consider
how they will organize and maintain the books and other resource and reference
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materials. They should explore design elements, such as storage or workspace,
that will make maintenance of the collection easier.

Rest Rooms. Rest-room design should go beyond code considerations to ensure
that the restrooms will be convenient and in locations deemed fair and accessible
to all. Whether there is interest in, and/or a need for, a shower room(s) in the
building, should be determined.

Corridors. Corridors should be sensibly scaled to make passage comfortable,
but not so large as to encourage future fire code violations, such as use of the
extra space for inappropriate storage or to place furniture. This situation illus-
trates the potential pitfall of a design feature that appears attractive at first but
later becomes a nuisance. Long corridors should be avoided and, if possible,
natural light should be provided to each major corridor.

Security. Interior and exterior lighting plans should be developed that are ade-
quate for secure passage after dark. Outside pathways should be safe at all
times. Additional items that must be addressed include a keying plan, with a
hierarchical system of passkeys; plans to make the building both secure and
accessible to the users; and, depending on the building context, possibly other,
extraordinary provisions for added security.

Maintenance. Planners should seek surfaces, materials, and fixtures for both
laboratories and offices that are easy to maintain, because many institutions have
inadequate budgets for long-term maintenance. Although more expensive, it
may be worth considering longer lasting, easily cleaned wall finishes, especially
in laboratories. Planners should ensure that light fixtures can be reasonably main-
tained and take into account the daily needs of the maintenance staff.

Externally Focused Issues

The Community. The needs and concerns of affected neighbors must be ad-
dressed. It is therefore important to include discussions with relevant people
about the final impact of a laboratory building or renovation project on both
institutional and external neighbors. Issues to keep in mind include traffic con-
gestion, the possibility of jealousy or envy of the new facility felt by other
members of the institution, pollution, and any potential misunderstanding (occa-
sionally fear or mistrust) of the facility’s function, hazards, and aesthetic fit.
Ways to engage the community are discussed below in the section “Community
Relations.”

Public Identity/Outreach. Depending on the mission of the institution and the
amount and kind of traffic entering from outside the building, it may be worth-
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while to include a public area for posters or other displays that inform visitors of
the work going on in the laboratory facility. Some buildings contain a small
museum or other organized display area. At the least, many buildings provide
areas for the display of current posters from meetings, increasing collegial un-
derstanding within the building. Posted directories, possibly including photo-
graphs, are often useful, as is signage that makes it easy to find personnel and
facilities.

Aesthetic Environment. Planners should give thought to color schemes and
light levels beyond minimal standards. Appropriateness of specific task lighting
should be discussed with the users. A landscape plan that provides enjoyable
plantings and furniture that encourages outdoor gatherings should be sought, if
appropriate. Window treatments should be pleasing but practical, and a plan to
include artwork in the building should be considered (for example, some univer-
sity museums lend paintings and sculptures to buildings).

Access from Outside. 1t is usually necessary to include a parking plan. If
appropriate, efforts should be made to ensure handy connections to other trans-
portation options, such as easy access to bus stops or other forms of mass transit,
and adequate bicycle parking.

Pollution Prevention. Planners should formulate a plan for convenient removal
of the different kinds of waste likely to be generated in the facility. They should
determine if there is an institutional practice (or even facility) in place for shared
use of used and unused reagents, and if there is a recycling plan. Laboratory
waste regulations, management, and storage are discussed in Chapter 3.

Equal Access. As mandated by the Americans with Disabilities Act, the needs
of physically impaired users must be addressed. Often early planning with us-
ers’ input can meet this requirement without incurring excessive extra costs or
compromising the effectiveness of the project.

COMMUNITY RELATIONS

Successful siting, construction, and use of a new laboratory building require
effective communication and information exchange with the surrounding com-
munity, just as they do with the internal stakeholders in the process. Neglect of
the community’s concerns and opinions may create delays, increased costs, and,
in a worst-case scenario, laboratories that cannot be occupied (for an example of
such a case in San Francisco, see Piller, 1991).

The construction of laboratories has not usually encountered the same level
of neighborhood and environmental objections as have other projects—for in-
stance, hazardous waste facilities, power plants, or low-income housing (Popper,
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1991). A few communities—notably those with large populations of scientists
and engineers—may show little concern at the prospect of an environmentally
well-designed laboratory being built. But others may be more apprehensive, less
trusting, or both. Community concern about laboratory construction will proba-
bly continue to increase because of the growing number of laboratories; the
public’s widespread fear of chemicals and biohazards; its growing awareness of
environmental issues, such as air pollution; and its annoyance at the hazards and
inconvenience of all large construction projects, such as increased traffic prob-
lems. In some locations, if a community seriously resists a laboratory, it will not
be built (New York Times, 1999). Effective community relations can prevent this
outcome by legitimately allaying community concerns.

There are many legal requirements for community involvement, discussed
in detail in the section “Environmental Health and Safety” in Chapter 3. These
requirements include a federal environmental assessment (mandated by the 1969
National Environmental Policy Act when construction necessitates federal fi-
nancing or licensing); analogous requirements in most states when state funding
or licensing is needed; local land-use ordinances; and federal, state, and local air
pollution, water pollution, hazardous waste, and historic and archaeological pres-
ervation laws. At the same time, the required community involvement offers the
institution building or renovating a laboratory an opportunity to deal construc-
tively with the community’s concerns.

In addition, even if the institution is relatively self-contained, the communi-
ty generally takes part in emergency planning for the operating laboratory build-
ing if a laboratory emergency or some other form of emergency is likely to have
an impact on it. Under Title III of the 1986 Superfund Amendments and Reau-
thorization Act (SARA), facilities whose levels of hazardous waste exceed set
thresholds must let potential outside emergency responders know what substanc-
es exist in the facility (see the section “Environmental Health and Safety” in
Chapter 3 for further discussion of regulations).

Thus, representatives of the external community must be among the partici-
pants throughout the project, beginning with its earliest planning phase—and
preferably with the institution’s development master plan—before the construc-
tion project even begins. Although, in the past, institutions seeking to build
laboratories could ignore the surrounding communities, this approach no longer
works—tactically, ethically, or environmentally—for either the institution or the
community.

Helpful Practices and Resources

By far the best method of ensuring the completion of a proposed laboratory
facility is to actively engage the surrounding community early in the planning
process. Moreover, even apart from building or renovating laboratories, contin-
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ual interactions with an informed community affords an institution the best op-
portunity for long-term good-neighbor relations. Adversarial interactions may
occur and some opposition groups may never be satisfied, but negative reactions
to new laboratory construction often reflect a basic failure by the institution to
engage and inform the community in the first place. Resources and mechanisms
for beneficial engagement and information exchange are suggested below.

The Institution’s Community Relations and Public Relations Offices

The advice of community relations and public relations offices should be
sought by a renovation or construction project’s leaders early in the project, and
these offices should remain involved throughout. In many situations one of
them may be the institution’s lead unit in responding to the community, and
some institutions may want to formally designate the lead unit. For sensitive
projects, it may also be advisable to provide media relations training to the
project leader.

Community Advisory Boards

The community may establish an advisory board, consisting of respected
community participants, to take part in the institution’s planning process by
meeting with high-level institutional representatives. Such a board can, for in-
stance, express community responses to proposed institutional plans and chang-
es in them.

In-house Advisory Boards and Related Mechanisms

The institution can use its staff to gain insight into community concerns
about the proposed facility project, especially if some staff members share those
concerns. An in-house advisory board is one possibility. Another is the use of
staff members who are established, respected members of existing community
organizations as liaisons to such groups.

Consulting Firms

If the institution’s community relations and public relations offices lack
resources, laboratory construction is new to the institution, or community sensi-
tivity is expected, the institution should consider hiring a consulting firm spe-
cializing in community involvement and/or environmental impacts. Such pro-
fessionals are experienced in recognizing potential sources of opposition and
recommending responses. For a small fraction of the design costs, the institution
can substantially reduce the chances of unfortunate incidents. Community rela-
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tions consultants can often be useful beyond the design stage—for example, in
reducing change orders and promoting long-term goodwill between the institu-
tion and the community.

Educational Outreach

Science education initiatives aimed at the community, such as open houses
or programs in science education for teachers and children from the local schools,
parent-teacher groups, or the community at large, are an excellent institutional
investment. It is worthwhile for the institution to get to know the individuals in
charge of local public schools and their special needs. In general, the institu-
tion’s entire staff should be encouraged to participate in such outreach.

Chamber of Commerce and Similar Groups

The local chamber of commerce and similar groups can facilitate interaction
with the local business community. Their meetings can provide an opportunity
for communicating the institution’s missions and for learning about the business
community’s concerns. Speakers who can clearly convey the economic and
nonmarket values of the institution’s research should be made available for such
meetings with local leaders.

Anticipatory Actions

It is vital that the institution be aware of any groups that may have objec-
tions to laboratory construction. The institution needs to study the groups’ posi-
tions and participants so that it can foresee their reactions and plan its response
accordingly. In many cases engaging the organizations in public or private
dialogue about the project has proved to be more mutually beneficial than the
institution or the organizations expected. Other forms of anticipatory action
might include keeping in close touch with government officials and using role-
playing sessions to prepare for community meetings.

Local Media

The institution should provide positive information about its activities, rang-
ing from scientific discoveries to staff recognition (such as national awards) to
community contributions (such as food and blood donation drives, participation
in the United Way) to the local media. The institution’s past relations with the
local media may influence the coverage of future stories.
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Ongoing Regulation

The existing network of environmental laws provides formal mechanisms
for informing the community and eliciting comments from it. In addition, the
institution should maintain good relations with its regulators, advise them early
of any projects that will require their attention, and perhaps request their input
before it is legally required. These issues are discussed further in the section
“Environmental Health and Safety” in Chapter 3.

Consultation with Comparable Institutions

The institution should contact similar organizations that have recent labora-
tory construction experience to learn of the measures they took to interact with
their community. What did they do right? What did they do wrong? What
would they do differently?

Rumor Control and Risk Communication

The institution should keep the community informed of any potential risks
the site poses, both to prevent misleading information and to promote credibility
with the community. An office or staff member should be designated by the
institution to track local reactions and publicize a hotline, Web site, or other
points of contact through which the community or other interested parties, in-
cluding the institution’s own staff, can obtain accurate, timely information. All
questions about the new facility should be directed to the designated office or
spokesperson.

Master Planning

A publicly posted comprehensive plan for the site, the institution as a whole,
or both can inform the surrounding community of the institution’s intentions and
changes in them. Such plans might include renderings or scale models of the
future site that the institution can exhibit in its lobby or at a community open
house.

Emergency Planning

In the event of accidents at a laboratory, the institution must have in place an
emergency response plan and a team to carry it out. The plan and the team must
comply with all relevant federal, state, and local laws, and the institution should
inform the community in advance of its compliance actions. In California, for
instance, facilities with more than 55 gallons of hazardous material must annual-
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ly submit a hazardous-materials inventory and a site map to the local emergency
response agency.! Elsewhere the extensive and detailed emergency plans and
teams of manufacturing facilities may offer useful models for less experienced
laboratories. These approaches typically designate one office or spokesperson
as the prime point of information or community contact in an emergency.

Practices to Avoid

Some institutional practices can harm community relations by antagonizing
the community, the regulatory agencies, or other parties. Such practices usually
increase opposition to the institution’s construction activities (and to its other
activities as well). Examples of such practices are given below.

Engaging in Paternalistic, Technocratic, or Secretive Planning

In designing and building laboratories, clear and thoughtful communication
with the surrounding community is essential.  Paternalistic, technocratic, or
secretive planning underestimates the power and interests of the community and
projects an attitude of arrogance that typically backfires. Community members
should feel that the facility’s construction was done with the community, not in
spite of it.

Ignoring Past Difficulties

The consequences of the institution’s previous conduct toward the commu-
nity, such as incidents of toxic dumping, well contamination, chemical explo-
sions or fires, or releases of poisonous gases or radioactivity, will heighten local
sensitivities to the risks the laboratory poses. Sensitivities may exist even if
incidents happened at distant facilities, and will understandably be higher if the
incidents occurred at a nearby laboratory operated by the institution that is now
proposing another one. In such situations it may not matter much if the institu-
tion has changed leaders since a time of difficult community relations; local
memories tend to be longer. Neighborhood or environmental groups formed
because of previous incidents will inevitably focus their attention on a new
project. The past cannot be undone, but careful and respectful community rela-
tions, as detailed above, may help mitigate future difficulties. It is the burden of
the institution to prove itself to the community.

ICalifornia Health and Safety Code, Chapter 6.95, section 25501-25505.
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Neglecting Community Differences

To some communities a laboratory built by an environmentally responsible
institution is highly desirable because of the jobs and other economic develop-
ment chances it offers. In other communities, entrenched local economic inter-
ests may object to a promised laboratory because it will increase the cost of labor
in the community or otherwise alter existing economic arrangements. Variations
in communities’ attitudes are often linked to their economic status, but they may
also depend on such factors as geographical location, political environment, and
ethnic or racial makeup. It is important that the institution anticipate community
reaction correctly.

RECOMMENDATIONS

To address the human issues in a laboratory construction or renovation
project, the committee recommends the following actions:

1. Provide institutional leadership. A person committed to the success of
a laboratory renovation or construction project should be identified early in the
project. This person will serve as the “champion” for the life of the project.

2. Select an experienced design professional. A successful laboratory
construction or renovation project requires the services of a design professional
with demonstrated experience and success in laboratory design and construction
of the type and scale required in the project. If institutional constraints preclude
the selection of a suitably experienced architectural firm, an experienced labora-
tory consultant should be retained.

3. Involve the users at an early stage. Users, through a committed user
representative, should be involved in all phases of a laboratory construction or
renovation project, with special emphasis on early planning. Mechanisms should
be established to encourage the free flow of information among users and other
participants.

4. Choose an experienced general contractor. Laboratory construction
requires greater-than-usual attention to detail; prior experience with technical
buildings enhances the probability of success.

5. Consider sociological needs. Physical layout can help or hinder interac-
tions among all who will use a laboratory facility.

6. Involve the community. Stay in close contact with the surrounding
community throughout the laboratory construction or renovation project. Make
use of the institution’s external relations offices and community advisory boards,
and avoid practices that might interfere with good community relations.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/9799.html

novation: Participants, Process, and Product

Process Issues

Laboratory facilities are complex, technically sophisticated, and mechani-
cally intensive. Constructing or renovating them requires careful planning guid-
ed by an experienced design professional. During the planning and construction
phases, a great number of decisions will have to be made. To ensure a rigorous
decision-making process, formal lines of communication and authority among
the participants should be established early in the planning stages. As the project
progresses, it will become necessary to establish mechanisms for other aspects
of the process, such as rigorous reviews of design and construction documents,
and a document approval process. It is also necessary to establish mechanisms
for controlling budgets and change orders. Finally, before the project is com-
pleted a plan for the future maintenance and operation of the building should be
established through an owner stewardship plan and building commissioning. An
overview of a typical time line for these processes is given in Figure 2.1.

Because the processes of designing and constructing a laboratory building
are dominated by the activities of the design and construction professionals, this
chapter is divided into sections that correspond to the professionally designated
phases of a project: predesign, design/documentation, construction, and postcon-
struction. It is, however, essential for the facility’s owner, users, and other
individuals collectively known to the design professional as the client to under-
stand the responsibilities and limitations of the design and construction profes-
sionals and the means by which the client can most meaningfully contribute to
the success of the project.

28
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PREDESIGN PHASE

The goal of the predesign phase is to identify the project’s scope and budget
as well as any issues that could influence the subsequent design/documentation
phase. Although this phase is often slighted in project budgets, experience has
shown that its successful completion enhances the probability that the construc-
tion or renovation project will be completed within the prescribed schedule and
budget. Sufficient funds should be allocated for this vital phase.

The predesign phase often includes an inventory and evaluation of existing
facilities, identification of facility program requirements, development of pre-
liminary planning alternatives, and completion of preliminary cost estimates.
The predesign phase for a particular project should be coordinated with any
strategic or master plan previously developed for the institution. If a strategic or
master plan has not been developed, the predesign phase could be used to initiate
the development of such a plan.

Procedural Guidelines

Due to the complexity of laboratory facilities, the design, construction, and
renovation processes should be planned as carefully and thoughtfully as the
laboratory facility itself. This applies to all phases of the project—predesign,
design/documentation, construction, and postconstruction. Careful planning is
required because of the number of individuals that should be actively involved in
the processes as well as the number and types of issues that need to be consid-
ered throughout the project.

Decision-Making Process

Decisions made during the predesign phase set the direction for the entire
design/documentation phase and subsequent construction or renovation. The
client should therefore develop early on a decision-making process and establish
lines of communication and authority that will serve throughout the project.
Committees and decision-making processes and authority should be established
to ensure appropriate input and participation. For example, decisions related to
laboratory components will need the input of researchers, whereas decisions
related to the number of laboratory modules will need input from administration
representatives.

Participants and Participant Responsibilities

The number and types of participants will vary from project to project.
However, many projects require a minimum number of groups and teams. Prin-
cipal among these are the client group (which includes the client team, client
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senior administrative and financial officials, environmental health and safety
(EH&S) personnel, and representatives from the facilities/operation and plan-
ning departments) and the design group. These teams and groups are described
in the “Participants” section of Chapter 1. The role of the individuals within the
client group is to provide input for various components of the predesign phase
including facility programming, facility evaluation, and site planning.

The responsibilities of the client team during the predesign phase typically
include input to and review of the various documents that will be included in the
predesign phase report, including a facility evaluation, facility program, prelimi-
nary design alternatives, and preliminary construction cost estimates. The client
team members derive their authority from and represent other individuals who
are not within the client team, such as representatives from the users, administra-
tion, facilities, and finance.

The senior administrators’ role is to assist in the identification of project
goals, periodically review the progress of the predesign phase, and provide com-
ments regarding the project’s process as it relates to their expectations. This
group may include representatives from the administration such as the president,
provost, dean, and CEQO; representatives from the business office such as the
vice president, chief financial officer, and treasurer; and representatives from the
development office. In addition to charting the project’s course through the de-
velopment of goals and periodically reviewing the project’s direction, these indi-
viduals may review the various alternatives prepared by the client team and
decide which alternative(s) should be selected for further consideration during
the subsequent design/documentation phase. The selection of the alternative(s)
will most likely include decisions regarding project size, program components,
location, schedule, and cost.

Representatives from the users should provide detailed descriptions of the
proposed facility through a series of interviews with the design professional.
The user representatives should, therefore, be individuals who can describe the
functional, area, utility, and environmental requirements of each space to be
included in the project. They, in turn, obtain this information by direct consulta-
tion with the users, as discussed in the “Sociology” section of Chapter 1. These
areas include research laboratories, laboratory support rooms (e.g., instrument
and equipment rooms), shared support spaces (e.g., animal rooms, chemical store-
rooms, radiation laboratories), offices, and shared amenities (e.g., cafeteria,
lounges, libraries). Information for other special areas, such as chemical stock-
rooms, supply storerooms, receiving, and custodial spaces, is also required. The
users must, however, clearly understand that it may not be possible to accommo-
date all of their wishes in the final design and should be realistic in their
requests.

If the project involves a renovation or an addition, EH&S personnel and
representatives from the facilities/operation department should work with the
design professional in developing a thorough description of the scope and condi-
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tions of existing facilities. The EH&S and facilities/operations representatives
are responsible for (1) providing the design professional with previously com-
pleted studies and documents of the existing facilities (such as existing-condi-
tions drawings), a description of the scope of required renovations, and a list of
deferred maintenance items, and (2) reviewing and approving drafts of the facil-
ity evaluation prepared by the design professional.

If the project involves an addition or new building, representatives from the
office or planning department responsible for overall campus/site planning activ-
ities, or a planning consultant previously engaged to complete a strategic or
master plan, should assist in the selection of a site for the new construction. If a
strategic or master plan has not been previously developed, the predesign servic-
es may need to be expanded to include this planning exercise so that the antici-
pated project can be coordinated with other potential projects in terms of siting,
vehicular and pedestrian circulation, and utilities.

The responsibility of the design group is to work with the client group to
produce the facility evaluation, facility program, preliminary design alternatives,
and preliminary construction cost estimates that constitute the predesign report.
If the client group includes a staff of design professionals, the design team should
work actively with them throughout the project.

Primary Point of Contact

Throughout the predesign, design/documentation, and construction phases,
a single individual should represent the client group and guide the process. This
person is designated the project leader. On large projects this individual is
typically the client team’s project manager; for smaller projects, especially in
smaller institutions, this person is often the user representative. The project
leader works closely with the user representative and is often the liaison between
the client team and the senior administrators as well as between the client team
and the other members of the client group. He or she is responsible for the
sustained progress of the project; serves as the primary point of contact for all
communications between the client group, design group, and the construction
group; and ideally attends all meetings scheduled to discuss existing facility
evaluation, proposed facility program requirements, renovation scope, and/or
new construction size and site. In other words, the project leader must be famil-
iar with virtually every detail of the project and should be relieved, at least in
part, of other responsibilities in order to allow sufficient time to perform his or
her project-related responsibilities.

The design group should similarly be guided by a single individual who is
responsible for all communications from the design group to the client team, in-
cluding communications from consultants engaged by the design professional
(e.g., structural, mechanical, electrical, plumbing engineers). These types of con-
sultants will most likely be required to assist in the completion the facility evalua-

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/9799.html

novation: Participants, Process, and Product

PROCESS ISSUES 33

tion (if required) and the facility program, both described later in this chapter. If
the project entails new construction and a site has been selected through the com-
pletion of a strategic or master plan, the design professional leading the design
group should be an architect. If the project entails an addition and/or renovation,
an architect will most likely be required to lead the design group with or without
the assistance of a laboratory programmer. Predesign phase participants and rec-
ommended communication paths are illustrated in Figure 2.2.

PRELIMINARY CONSIDERATIONS

Goals and Objectives

Goals and objectives should be established by the client with the assistance
of the design professional at the beginning of the predesign process to define
those aspects of the project that are important to the client. They should be
developed in concert with any previously developed strategic or master plan, and
reviewed periodically during the predesign process to determine if they require
modification and to confirm that identified issues are being considered.

One technique used to establish goals is to identify attributes of a successful
project. These may encompass issues related to collaborative research, interlab-
oratory interactions, shared instrumentation, flexibility, and adaptability. (Some
of these attributes are more fully discussed in the “Sociology” section in Chapter
1.) Visits to recently completed projects often help in identifying both the fea-
tures of a successful project and those to be avoided. However, unique attributes
of the proposed research facility should also be identified and celebrated as
defining characteristics.

Once the project goals have been identified, the objectives required to reach
those goals need to be established. For example, if collaborative research has
been identified as a goal, one objective would be to identify attributes of a
laboratory facility that encourage collaboration. If interlaboratory interaction is
identified as a goal, an objective may include the identification of features that
promote such interaction.

Benchmarking

Benchmarking, which draws on information about other, similar research
facilities, can be a useful tool for comparing existing and proposed facilities. It
can be used to initiate the facility programming process or to evaluate the appro-
priateness of the completed facility program. Such information can be obtained
from a variety of sources such as published projects and case studies, or directly
from the university or private organization where the facility is located.

The direct use of benchmarking information may be difficult, however, for
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BOX 2.1 Steps in Benchmarking

1. Identify similar research facilities.

2. Compare total area devoted to laboratories and support.

3. Compare size of laboratories, laboratory/laboratory support ratio, and area
per principal investigator.

4. Compare laboratory renovation/construction costs.

several reasons. Benchmarking information may not be expressed in the same
terms as the information developed for the existing or proposed research facili-
ties (e.g., occupied area can be expressed either as net square feet (NSF), which
may include corridors but not mechanical rooms, rest rooms, etc., or as net
assignable square feet (NASF), which most likely excludes corridors and other
unassignable areas). In addition, while the total building area is typically ex-
pressed in terms of gross square feet (GSF; all occupied and unoccupied areas
including mechanical shafts and all wall thickness), the occupied area identified
as the research facility may or may not include offices, conference rooms, or
lounges, for example. If the benchmarking information includes costs, the cost
figures for additions, renovations, and new buildings may be expressed as con-
struction costs or project costs. (For a discussion of costs, see the “Research
Laboratory Costs” section of Chapter 3.) Before benchmarking information is
used, the basis of the information (e.g., NSF versus GSF, construction costs
versus project costs, presence or absence of a central utility plant) should be
confirmed to ascertain that the information is comparable to the information
developed as part of the facility inventory. Possible steps in benchmarking are
shown in Box 2.1.

If the basis of the benchmarking information can be established, the infor-
mation should be used to compare similar research facilities. For instance, the
size of the area typically allocated for synthetic chemistry laboratories may be
substantially different from that allocated for physical chemistry and will most
likely be very different from the size of the area allocated for biological chemis-
try research facilities.

Predesign Phase Report Elements

Facility Evaluation

If the proposed project is to include an addition to and/or renovation of an
existing laboratory facility, the predesign phase should include an existing-con-
ditions evaluation, which is needed to generate a description and preliminary
cost estimate for renovations required to bring the facility up to current stan-
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BOX 2.2 Steps in Conducting a Facility Inventory

1. Identify and categorize the spaces occupied by laboratory and laboratory sup-
port functions by
a. type (laboratory, laboratory support, special support, offices, office sup-
port) and
b. adjacencies (what laboratories and laboratory support functions are adja-
cent).
2. ldentify the area occupied by various research groups.
3. Evaluate existing conditions for
Physical structure,
Code compliance,
Available services,
Presence of hazardous materials,
Site utility capacity, and
Building systems capacity.

~pooow

dards. If the proposed project is to include a new building, the predesign phase
should include an inventory of existing research facilities. This inventory can be
used to compare the proposed building specifications with the existing research
facility’s size, composition, and usage. An inventory of the existing facility
would at a minimum provide a valuable database of the current uses and occu-
pancy of existing research laboratories, laboratory support spaces, and offices.
The existing-conditions evaluation should be completed by an architect with the
assistance of consulting engineers, representatives from the facilities/operations
department, and the research institution’s EH&S office. To the extent possible,
the project leader should monitor the progress of the inventory. See Box 2.2 for
a list of possible steps in conducting a facility inventory.

Facility Program

The facility program is the document that describes the proposed project’s
area, function, laboratory components, laboratory services, and environmental
requirements. It is developed from a series of interviews by the design profes-
sional with research facility users or their representative(s). The facility pro-
gram can be a summary of space requirements or a detailed inventory. The
summary is typically a list of space types, quantities, and space allocations. The
detailed facility program usually includes a program summary supported by dia-
grams of space types and detailed data worksheets of function, anticipated activ-
ities, proposed fixed and movable laboratory furnishings and equipment, pro-
posed laboratory services, and required environmental characteristics (e.g.,
temperature, relative humidity, lighting levels). The purpose of the diagrams is
to provide a graphic representation of the area allocated for each space type; they
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should not necessarily be considered schematic designs of the space type. A
detailed facility program generally provides sufficient information on which to
base a preliminary construction cost estimate or planning exercise. Components
of a facility program are given in Box 2.3.

Planning Alternatives

Planning alternatives should be developed after the requirements of the
project are determined, should be based on the facility evaluation and program,
and should take into account the sequence of construction or renovation activi-
ties. A number of preliminary planning alternatives should be developed, which

BOX 2.3 Facility Program Components

1. Facility program summary. A facility program summary is a list of the
spaces to be included in the proposed new and/or renovated laboratory facility.
This list could be an extrapolation of the list of existing spaces; however, it should
reflect the users’ needs rather than the current spaces occupied. Alternative types
and arrangements of space, which may lead to more efficient space allocations,
should be considered. In addition, the benefits of standardization of similar use
areas should also be recognized. These advantages are more fully discussed in
the “Design Considerations” section of Chapter 3.

2. Categorization of space by type. The categorization of space by types
(office, office support, laboratories, laboratory support, shared support, and so on)
can aid in the calculation of total area requirements when area allocations are
made for each space type. However, an alternative categorization may also be
required when a suite comprising a collection of types of space is allocated to a
particular research group.

3. Identification of appropriate standards to use in estimating total area
requirements. Appropriate standards to use in estimating area requirements can
be current area allocations, allocations determined as a result of benchmarking, or
industry standards.

4. Determination of total area requirements. The net assignable square
feet (NASF) equals the number of types of space multiplied by the area to be
allocated for each type. This number will equal 50 percent to 70 percent of the
gross square feet (GSF), depending on building type, size, and location.

5. Identification of desirable space attributes. Desirable space attributes
include adjacencies, services, furnishings, and so on.

6. Identification of required space attributes. Required space attributes
include temperature, humidity, lighting level, and so on.
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BOX 2.4 Factors to Consider in Formulating
Planning Alternatives

e Ways to satisfy facility program

* Magnitude of research disruptions caused by relocations
* Necessary code-related upgrades

e Site analysis

* Need for temporary facilities (“surge space”)

may be used to explore the advantages and disadvantages of various design
alternatives, and a single recommended alternative should be identified. Factors
to consider in formulating alternatives are given in Box 2.4, and examples of
planning alternatives are presented in the “Design Considerations” section of
Chapter 3.

For renovations the description of the alternatives typically includes a com-
bination of text and preliminary drawings that illustrate the relative locations of
facility program elements within the context of the existing facilities. For addi-
tions or new construction the preliminary drawings typically include a site plan
illustrating the approximate size and location of the proposed facility in relation
to existing buildings, roads, paths, utilities, and other site features.

Preliminary Cost Estimates

The description and proposed phasing for each planning alternative are used
in conjunction with the facility program to generate preliminary construction
cost estimates for each alternative. If a complete facility program was not used
as the basis of the planning alternatives, information such as construction char-
acteristics, fixed and movable laboratory equipment, laboratory services, me-
chanical, electrical, plumbing systems and equipment, and site development and
utilities may be needed to generate the preliminary construction cost estimate.
At this point, a client’s construction manager or professional cost estimator
should be engaged to independently derive a preliminary construction cost esti-
mate. In addition, construction costs for the proposed project should be com-
pared with other similar projects in the client’s area of the country. See the
section on “Research Laboratory Costs” of Chapter 3 for a more complete dis-
cussion of costs.

The preliminary construction costs can be used to estimate the overall project
costs. As discussed in the costs section of Chapter 3, construction costs typically
represent 65 percent to 75 percent of the total project costs. Hence an itemized
project budget should be developed to accurately estimate the costs over and
above the construction costs. The design professional can assist in the develop-
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ment of a template of these potential nonconstruction costs but, again, an inde-
pendent cost estimator should also be engaged. If the budget is predetermined,
the estimated project budget—and the actual work to be done—may have to be
adjusted.

Application of Predesign Phase Report

Build versus Renovate

One purpose of developing planning alternatives is to help decide whether
to build a new or renovate an existing research facility. Evaluation of the plan-
ning alternatives should consider all of the issues related to a complex research
laboratory project and should quantify the issues in terms of time and money. The
project schedule and cost estimates should therefore include all phases of renova-
tion, relocation, new construction, and cost escalation, as well as an assessment of
the remaining useful lifetime of the building. Following the evaluation of the
planning alternatives, it is not uncommon to discover that the costs of a complex
renovation project involving significant relocations over a long period of time may
approximate the costs associated with construction of a new facility. Beyond the
often substantial renovation costs, the decision to build versus renovate is often
influenced by the resulting functionality of the renovated facility. For example,
the organization of the renovated spaces may be suboptimal because of efforts to
minimize disruptive relocations during construction, or because the renovated spac-
es may lack optimal adjacencies. For a more complete discussion of this topic, see
the “Research Laboratory Costs” section of Chapter 3.

Recommending a Preferred Alternative

Before recommending a preferred planning alternative, the advantages and
disadvantages of each alternative should be compared by the client team and the
senior administrators. This comparison may include the amount of occupant
disruption, spatial organization of the completed project, construction schedule,
construction costs, and other related factors. The comparison of the planning
alternatives should also identify the degree to which each alternative achieves
the original project goals. The recommendation of an alternative is based on an
assessment of the advantages and disadvantages of each alternative. The recom-
mended alternative can be used as the basis of the subsequent design/documenta-
tion phase.

DESIGN AND DOCUMENTATION PHASE

The formal design and documentation phase follows the predesign phase
and includes the design of the research facility and the completion of documents
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needed to begin construction. The design and documentation phase is further
divided into subphases often referred to as the schematic design, design develop-
ment, construction documents, and bidding phases, although some state and fed-
eral agencies may use different terminology. The design of the facility is devel-
oped starting with general directions and working toward specific details in the
schematic design and design development phases. Global decisions regarding
the relationship of laboratories and offices should be made during the schematic
design phase. Specific questions regarding laboratory bench details are most
appropriately discussed during the design development phase. The documents
required to construct or renovate the laboratory facility are completed in the
construction document phase. Thus construction details, such as those related to
exterior wall and lab cabinet construction, are best discussed in the construction
document phase. The design and documentation process can be expedited by
following this natural order. This means that design decisions have to be made
before the construction documents are created. The bidding and construction
phases commence following the review and approval of the construction docu-
ments.

Although much of the work in these phases is conducted by the design
group—the design professionals including architects, laboratory planners, engi-
neers, specialty consultants such as fire specialists, environmental consultants,
and code consultants—involvement of the client group is essential. If a con-
struction manager has been engaged prior to the completion of the construction
documents, the involvement of the construction group is also essential. The
necessary participants and the recommended communication paths are illustrat-
ed in Figure 2.3. The types of decisions to be made and approvals required
should follow the general-to-specific order outlined above. The decision-mak-
ing process and lines of communication established in the predesign phase should
continue seamlessly through the subsequent phases of the project, as should the
single point of contact for the client and design teams. One new procedural
element must be established—a rigorous review process to verify the accuracy,
completeness, and constructibility of all design documents.

Procedural Guidelines

The procedural guidelines used during the design and documentation phases
are similar to those used in the predesign phase. Many of the same groups,
teams, and individuals are still engaged, and the decision-making process is still
in effect. However, the frequency of the design group’s formal meetings with
and presentations to the client team differs throughout the design and documen-
tation phases: such meetings and presentations are frequent in the schematic
design phase, less frequent in the design development phase, and periodic in the
construction document phase. The involvement of the client team, by contrast,
increases throughout the design and documentation phases because of the quan-
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tity and specificity of the design and construction documents that need to be
thoroughly reviewed prior to their approval.

Participants

If the recommended predesign phase has not been conducted, it is essential
that the client group, especially the users through the user representative and
client team, provide detailed descriptions of the desired facility in the schematic
design phase. As discussed in the “Sociology” section in Chapter 1, direct input
from the users is essential. If the project involves a renovation or an addition,
representatives from the facilities/operation department and from EH&S should
work with the architects and engineers to develop a description of the scope and
conditions of the existing facilities.

Even when a complete predesign phase has been conducted, the users
(through the client team) and the EH&S representative should ensure that the
desired details of the project are being met, especially in the schematic design
phase. Other individuals, such as those empowered with decision-making au-
thority, should review the progress of the design documents. Occasionally rep-
resentatives from the trustees or scientific board of advisors may also be in-
volved with the review procedures at critical points of the process to resolve
issues regarding project scope and further definition of project aesthetics.

Process

It should be recognized that all formal drawings are communication and
should be treated as such. The importance of establishing a rigorous process to
verify their accuracy and completeness cannot be overemphasized. Complete
and accurate communications—within the client group, between the client and
design groups, within the design group, and between the design and construction
groups—are absolute requirements for an efficient design process and the pro-
duction of accurate and complete construction documents. Beyond communica-
tion, the formal drawings and specifications are also the documents on which the
construction bids are based. Because, by statute, many institutions are required
to accept the low bidder, it is absolutely necessary that every requirement of the
project be unambiguously detailed.

Several methods can be used to verify design and construction documents.
Typically, the design group provides the client team with drawings and specifi-
cations at the conclusions of the schematic design and design development phas-
es. Drawings and specifications are also provided at various times during the
construction document phase. These progress documents represent a particular
percentage of completion, often 50 percent, 75 percent, and 100 percent. Re-
gardless of the verification procedures used, the client team is responsible for
carefully checking all documents for adherence to the facility requirements at
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several stages during the design and construction phases. Each user is responsi-
ble for verifying the design of his or her specially designated spaces. The client
team should confirm that the university or private company has the expertise to
execute this responsibility. If not, it is in their interest to engage an individual
with experience in architectural and engineering reviews to perform this func-
tion.

Necessary changes identified in the design and construction documents by
the client team should be indicated in such a manner that they can be clearly
identified by the design professional. The annotated design and construction
documents should then be returned to the design group, with the client team
retaining a copy to facilitate future verification that the desired changes or cor-
rections have been made. For facilities with mandatory low-bid contract restric-
tions it is essential to engage an independent architect/ engineer to verify that the
construction documents are complete, coordinated, and technically appropriate
to build the desired facility.

Design and Documentation

Schematic Design

During the schematic design phase, the architect, in consultation with the
users through the user representative or client’s project manager, investigates
various aspects of the design. These include large- to small-scale issues includ-
ing the overall size, shape, and general appearance of the new building or reno-
vation, alternative organizations of the spaces within the building, and the gener-
al configuration of the elements within the spaces. (Various aspects of the
laboratory design are discussed in the “Design Considerations” section of Chap-
ter 3.) The formal definition of the schematic design phase is given in Box 2.5.
If a thorough predesign process has been completed, the schematic design phase
can proceed unimpeded because the project scope will already have been gener-
ally established.

Large-scale issues concerning design concepts for the facade and the overall
shape and size of the new facility may be explored in the schematic design
phase. For renovations, this effort may focus on alternative design concepts for
public corridors and lobbies.

Intermediate-scale issues concern the configuration of the overall laboratory
facility and the organization of space on each floor. These issues include the
vertical (between-floors) and horizontal (same-floor) relationships of offices,
research laboratories, and research laboratory support spaces. Laboratory sup-
port spaces include shared instrument rooms and equipment spaces. These is-
sues also may include the relationship of laboratory and nonlaboratory facilities
such as lounges, libraries, conference rooms, and other interaction areas as well
as the configuration of individual spaces within the laboratory facility.
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BOX 2.5 Schematic Desigh Phase

Schematic design establishes the general scope, conceptual design, and scale
and relationships among the components of the project. The primary objective is
to arrive at a clearly defined, feasible concept and to present it in a form that
achieves client understanding and acceptance. The secondary objective is to clar-
ify the project’s program, explore the most promising alternative design solutions,
and provide a reasonable basis for analyzing the cost of the project.

Source: Excerpted from American Institute of Architects (1993), p. 638.

The relationships between elements affect construction and operational costs
of the facility as well as sociological concerns such as ease of collaboration. For
instance, the grouping of similar space types such as research laboratories hori-
zontally or vertically has the cost benefit of localizing the special mechanical,
electrical, and plumbing services that are typically required. However, this type
of organization may isolate offices, lounges, and other nonlaboratory areas to
more distant parts of the floor and/or building, whereas locating offices adjacent
to research laboratories may provide a greater number of potential opportunities
for researcher interaction. Likewise, the number and area of floor plates will
determine the optimum configuration of the facility when existing site constraints
are considered. The number and area of laboratory floors will dictate the num-
ber of research groups that can be accommodated in a given area. Proximity of
research groups will, in turn, affect the possible interactions, collaborations, and
shared facilities between different research groups. (The sociological implica-
tions of these choices are discussed in Chapter 1.) Because the configuration
and arrangement of spaces affect the functionality, efficiency, and potential for
and type of interaction, choices to be made among alternatives must reflect the
needs and interests of the user and the organization.

Small-scale issues include the configuration of individual spaces within the
laboratory facility as well as the arrangement of elements—Iaboratory benches,
fume hoods, desks, and other large pieces of equipment and storage units—
within those spaces. Modular design, which uses a similar dimensional module
for various space types, and generic laboratory planning, which uses a similar
arrangement of the elements contained within each individual space, are the
preferred methods for new laboratory construction. The modular and generic
approach to laboratory planning can also be used for renovations, but the exist-
ing building structure may limit the degree to which a modular approach can be
used. A modular design approach allows for the development of alternative
organizations and ensures a degree of flexibility, should the need for alternative
arrangements of spaces become necessary during the design/documentation and
construction phases. A modular approach can also facilitate subsequent renova-
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tions. The use of generic laboratory planning can meet customization in the
laboratory or in the laboratory support rooms to accommodate individual re-
search requirements. When research facilities are constructed or renovated with
modular design and generic laboratories, construction costs tend to be lower and
construction activities tend to proceed more rapidly. Once occupied, laborato-
ries can be reassigned with minimal retrofit costs.

The products of the schematic design phase typically include architectural
drawings such as a site plan, floor plans for all new or renovated floors, exterior
elevations (for new facilities), and building sections (to explain floor-to-floor
heights). For research laboratory projects, the schematic design floor plans are
used to finalize the organization of laboratories, laboratory support spaces, and
offices. The drawings may also include larger-scale floor plans of the laborato-
ries and laboratory support spaces to begin to illustrate some of the design de-
tails. Structural, mechanical, electrical, plumbing, and fire-protection drawings
showing the general organization of systems and equipment are also provided.
These drawings may include single-line plan representations of the various ele-
ments and systems coordinated with the laboratory floor plans and sections.
Mechanical rooms housing the major equipment should be drawn at a larger
scale to confirm that adequate space has been allocated for the mechanical, elec-
trical, plumbing, and fire-protection equipment. Other materials such as per-
spective renderings, three-dimensional models, and computer simulations may
be produced as part of the schematic design phase. An outline specification is
also typically provided; it describes the quality of materials and other technical
details (in outline format) of the building materials systems and equipment. All
of these documents are used to generate or update the preliminary construction
cost estimate. As described in the procedural guidelines, all such drawings
should be verified by the client team—particularly the users—to ensure that the
design group correctly understands the program requirements.

Design Development

In the design development phase, the design group develops a detailed plan
for all interior and exterior elements. Other participants involved in this phase
include the client group. Because the goal of the design development phase is to
finalize all design details (a formal definition of the design development phase is
provided in Box 2.6), including the aesthetic elements of the architecture, the
design group—particularly the architect—must understand the expectations for
the facility and, in turn, communicate to the research institution’s participants
how his/her efforts will meet their needs.

During this phase, the design of all structural, mechanical, electrical, plumb-
ing, and fire-protection systems and equipment is finalized. Many design pro-
fessionals recommend that large-scale coordination drawings be completed to
confirm that all such systems and related equipment are fully coordinated with
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BOX 2.6 Design Development Phase
The primary purpose of design development is to further define and describe all

important aspects of the project so that what remains is the formal documentation
step of construction contract documents.

Source: Excerpted from American Institute of Architects (1993), p. 643.

all structural and architectural elements. The coordination of these systems is a
critical part of the design and documentation process for laboratory construction
or renovation, and the foundation for this coordination is established during the
design development phase. Any drawings developed should be verified for code
compliance as well as for accuracy by the appropriate specialty consultants.

Interior elevations, which give two-dimensional views of the laboratory in-
teriors, including laboratory benches and fume hoods, and typical wall sections
are often part of the design development drawings. They are used to confirm
that the programmatic requirements to be met by the laboratory’s components
are accurately and comprehensively documented, and they provide the basis for
an updated construction cost estimate as well as for the construction documents.

Related documents, such as specifications that describe all aspects of the
research facility design, are also provided at this stage. These documents, based
on the outline of specifications prepared for the schematic design phase, include
additional information such as specific products and manufacturers and may be
used to update previous estimates of construction costs. Depending on the out-
come of the cost estimate, revision of the project’s scope and details may be
needed to meet the construction budget.

To aid in necessary communication within the client group, the architect
should consider supplementing conventional pictorial documents, such as floor
plans, elevations, and sections, with others that may be more meaningful to the
client. These include perspective drawings, three-dimensional computer-aided
design (CAD) drawings, axonometric drawings (two-dimensional drawings that
depict three-dimensional objects), study models of both interior and exterior
design elements, and full-size mock-ups of interior and exterior elements, made
of either paper and cardboard or the proposed building materials. Construction
of a full-size mock-up of the proposed laboratory module, permitting users to
evaluate the proposed design prior to committing to the design and construction
of several laboratories of a similar design, is highly recommended, particularly
prior to the commencement of construction documents.

The client team must make the effort to understand the general and specific
aspects of the design, the user representative should actively participate in the
development of design elements, and the client’s senior administrators should
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approve the general form of design early in the design development phase. The
members of the client group, including the client’s special consultants, EH&S
representative, and representatives of the organizations facilities/operation de-
partment, should also be involved. Again, the client team should carry out
timely and rigorous design verification of all documents developed during this
phase. Each user is responsible for verifying the design of his or her specially
designated spaces.

Construction Documents

During the construction documents phase, the design group completes the
documents required by the contractor to build or renovate the laboratory facili-
ties. With a few exceptions all documentation completed prior to this phase is
used to help establish the scope and design of the research facility and communi-
cate them to the client team and client group. Based on the previously complet-
ed design development drawings, the construction documents incorporate any
revisions required as a result of the design verification process and any adjust-
ments to the scope of the project. Box 2.7 indicates the scope and purpose of
these documents.

If all design decisions were made and all design approvals were obtained
during the design development phase, then the architect and engineers can focus
on developing construction documents that are consistent with the previously
approved design documents. However, research laboratory facility projects re-
quire a substantial amount of coordination among the various project compo-
nents, including architectural, structural, mechanical, electrical, plumbing, and
fire protection systems and equipment. Because laboratory constructions or ren-
ovations typically involve many more details than do other building projects, the
construction documents phase requires continued contact and interaction with

BOX 2.7 Construction Documents Phase

¢ Construction documents communicate to the client, in detail, what the
project involves.

* They establish the contractual obligations of the client and the contractor dur-
ing the project, and they describe the responsibilities of the architect or any
other party administering or managing construction contracts for the owner.

* They may be the basis for obtaining regulatory and financial approvals needed
to proceed with construction.

* They communicate the quantities, qualities, and configuration of the work re-
quired to construct the project. The contractor, in turn, uses the documents to
solicit bids or quotations from subcontractors and suppliers.

Source: Excerpted from American Institute of Architects (1993), p. 703.
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the client team. It may be in the client’s interest to have the construction docu-
ments independently verified for accuracy and completeness.

In addition to indicating all components that will be provided and installed
by the contractor, the construction documents should also indicate all items that
will be provided by others but that will require coordination with services or
with components to be installed by the contractor. The client or a subcontractor
engaged by the client may provide these items, often referred to as not-in-con-
tract (NIC) items, which may include laboratory equipment that must be coordi-
nated with laboratory services or large furnishings that must be fit in with built-
in components.

Large-scale coordination drawings, begun during the design development
phase, are completed to confirm that all mechanical, electrical, plumbing, and
fire protection systems and equipment are fully coordinated with all structural
and architectural elements. The importance of coordinating these systems cannot
be overemphasized as a critical part of the design and documentation process for
laboratory construction or renovation projects. In a study of construction change
orders, the Veterans Administration found that failure to ensure such coordina-
tion was a frequent reason for change orders.!

The completed construction documents, comprising drawings and specifica-
tions, are combined with other contractual documents, such as contract forms, to
serve as the basis for a contract between the client and contractors, as well as to
develop bidding forms and requirements. The construction documents are used
during the bidding phase to obtain competitive bids for the project and during the
construction phase to define the responsibilities of the construction, client, and
design groups.

CONSTRUCTION PHASE

This section considers the selection of a contractor, the identities and roles
of the active participants, the process of their interactions, and the special issues
that need attention. The participants and their interactions are illustrated in
Figure 2.4. An important point of this phase of the project is that the construc-
tion documentation for the laboratory facility may require clarification, and so
the input and evaluation offered by the construction phase team often determines
the final quality of the project. A specific procedure must also be developed to
handle evolving user needs and desires and construction document omissions
and errors, in order to minimize change orders and keep the construction project
on schedule and on budget. Finally, it is important to note that the potential for
substantial liability commences with the start of construction activities. There-

1Reported to the committee by Leo Phelan, Veterans Administration, April 13, 1998.
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fore, the procedures developed to enhance and regulate communication must
continue to be rigorous and must be rigorously adhered to.

Procedural Guidelines

Contracting Considerations

The lowest cost for the kind of construction project described in this re-
port—the design and build delivery model—is usually obtained through compet-
itive bidding. Ideally, the general contractors who submit bids will be prequali-
fied, although state and federal agencies may not allow the prequalification of
general contractors. Selecting the contractor is discussed below in the section on
“Selection of a Contractor.”

For projects that require an accelerated construction schedule, the “early
packages” project delivery model can be used. In this model, certain portions of
the construction documents, such as for excavation, foundations, and structural
steel or concrete, can be completed and issued to subcontractors for competitive
bidding prior to the completion of the full set of construction documents. Con-
struction activities can thus begin while the construction documents for interior
and other less critical elements are completed. A general contractor or construc-
tion manager should be engaged by the client to manage the bid process and
engage the subcontractors for these early packages. To limit the client’s risk, the
general contractor or construction manager may agree to a guaranteed maximum
price for the project prior to engaging subcontractors. When the remaining
portions of the construction documents have been completed, they too can be
issued to the appropriate subcontractors for competitive bidding. This model has
the advantage of accelerating the construction schedule and maintaining a degree
of bid competition.

Selection of a Contractor

The client needs to decide which type of construction contract and contract-
ing method to use. The two general types are formal and negotiated (some
consider the negotiated type to be more informal). The formal method generally
requires an advertisement, followed by review/prequalification, bidding/negotia-
tion, and award. The negotiated contract, which can also start with an advertise-
ment and a review/prequalification process, is often used with a contractor or
construction manager known to the client or architect/engineer, or recognized by
the industry. Following completion of the construction documents, the contrac-
tor or construction manager may obtain competitive bids on the various project
components. Details of alternate contracting methods are discussed in the chap-
ter titled “Delivery Options” in The Architect’s Handbook of Professional Prac-
tices (AIA, 1993).
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As in all phases of a laboratory construction or renovation project, good
communications are essential in the selection of a contractor. A thorough prebid
briefing and tour of the site or the building to be renovated should be provided,
as should an adequate period for the review of bid documents and preparation of
the contractor’s bid. A timely and effective way to respond to contractors’
questions should be implemented and should include answers and supplemental
information, or addenda, distributed to all bidders.

Participants and Participants’ Responsibilities

The construction team should include, at a minimum, the participants listed
in the “Construction” column of Table 1.1, Chapter 1. The recommended com-
munication paths among the participants are illustrated in Figure 2.4.

Client Group. As in the predesign and design/documentation phases, one mem-
ber of the client team should be appointed the primary point of contact for all
communications within the client group and among the client, design, and con-
struction groups. For most projects, this person is the client team project manager.

The senior administrator, typically the person ultimately responsible for
space allocation in a facility, should be an active participant in the construction
phase for administrative oversight. The senior financial officer of the institution
should be periodically briefed by the client budget authority and might some-
times need to make a final decision on a change from the original design that has
significant financial implications.

The user representative brings users’ issues to the attention of the construc-
tion-phase team and reports regularly to the senior administrator about the
progress being made in the construction phase.

One member of the client group should act as the internal construction ad-
ministrator, providing technical oversight for the client. Usually this person is
either the client project manager or the representative of the design/construction
unit of the facilities/operation department. The advantage of appointing the
client project manager as the construction administrator for the client is that this
person is continuously involved in the project from predesign through postcon-
struction. The construction administrator should have experience in supervising
construction projects at the institution. If the institution does not have an appro-
priate person, then a construction administrator may be hired from the outside.

The client, through the project manager, is responsible for activity coordina-
tion, contract enforcement, stopping work, provision of funds to cover the cost
of all contracts, and management of the project. The project manager may also
verify the appropriateness and cause of each change order or engage an indepen-
dent entity to do so.

Design Group. The design group has a single point of contact who serves as the
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architect’s construction administrator. Usually this person is the architect’s
project manager. This individual is responsible for ensuring that clarification and
interpretation of construction documents are obtained from the design profes-
sional and engineers and communicated to the contractor; seeking approval from
the client team for all changes in the scope of work; and, depending on contrac-
tual arrangements, reviewing and approving operation and maintenance manuals
and “as-built” documentation prepared by the contractor. The construction ad-
ministrator also assists the client team and construction manager in seeking
rights-of-way or permits required prior to the start of construction or renovation
and perhaps also in obtaining occupancy permits.

The design group includes representatives of the engineers who will provide
technical oversight of the construction. These individuals visit the construction
site periodically to assess progress and to ensure that construction meets the
design intent and that the equipment and materials meet specifications. The
frequency of site visits varies depending on the architects and the engineers
involved and also varies over the course of the construction activities. During
the most active periods, the architect’s representative may visit the site weekly
or biweekly. These individuals also check shop drawings from vendors and
subcontractors, issue responses to requests for information from contractors, and
make recommendations to the design professional regarding change orders.

Construction Group. The construction group, which typically includes the gen-
eral contractor and/or construction manager and subcontractors, is the most het-
erogeneous of the three participant groups involved in the construction phase of
a laboratory construction or renovation project. The general contractor/construc-
tion manager is responsible for the construction schedule, quality, methods, ma-
terials, direction of labor, and job safety and site security; for seeking construc-
tion permits and assisting the client team in obtaining occupancy permits; and
for start-up activities and providing the client group assurance the facility can be
occupied.

The contractor/construction manager should employ experienced construc-
tion supervisors to manage the work force and the delivery of materials to the
site. Subcontractors typically also employ supervisors to direct the work of their
tradespeople, and these supervisors communicate with and are responsible to the
general contractor. The general contractor’s supervisor attends regular project
meetings with the project managers from the client team and design group. Con-
struction administrators representing the client team and the design group may
also attend and report on the progress of the work and help resolve conflicts
between construction participants. The general contractor’s supervisor also is-
sues requests to the design group for information, manages the shop drawing
distribution, provides estimates for change orders, and approves applications for
payment to the general contractor.
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Partnering

Because of the large number of participants involved in the construction
phase of the project, the development of procedures for complete and accurate
communication between them is essential. One method that has been successful
is partnering, which brings together key stakeholders (client/users, architects,
engineers, suppliers, construction manager, contractor, and subcontractors) to
work as a team. The users should be included because they are far more knowl-
edgeable about the program and equipment than are the other partners in the
project, and this is critical to a successful laboratory construction or renovation
project. However, the users’ input should be communicated through the user
representative to ensure that the scope of the project is maintained and the num-
ber and cost of change orders minimized. The partnering process provides a way
to mutually agree on a formal strategy of communications and problem solving,
and thus creates an environment of trust in which the team members communi-
cate with one another and work together to achieve common goals.

Process Control

Decision making and problem solving in the midst of evolving users’ needs
and desires, budget and space constraints, and omissions or errors in the con-
struction document are often complicated and sometimes contentious. Thus,
even with the proper team composition, the process of managing the project
from final design to inspection, move-in, and postoccupancy evaluation is criti-
cally important.

Scheduling and Developing a Format for Regular Meetings

The dates for regular meetings of the construction phase group should be
established at the beginning of the construction phase, and a mechanism for
calling ad hoc meetings, when necessary, should be established. The client’s
project manager typically establishes the meeting agenda. The meetings should
be attended regularly by the client project manager, the architectural and engi-
neering project manager, the construction administrator, the general contractor’s
supervisor, the EH&S representative, and other experts as needed.

Establishment of Construction Phase Milestones
Construction phase milestones should be established as early as possible in

the construction phase. A suggested set is given in Box 2.8.

Construction Progress Review

The project managers representing the client and design groups should visit
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BOX 2.8 Construction Phase Milestones

e Contract negotiations are completed.

* Contract is awarded and start date is issued.

* General contractor issues contracts to subcontractors (site work, foundations,
framing, mechanical, electrical, finishes, etc.).

* General contractor submits shop drawings and equipment specifications for
review.

e Major components are acquired (allowing lead time for HYAC components,
etc.).

* Interim traffic (auto and pedestrian) patterns and controls are developed, to
include parking.

* Site work begins.

e Construction site requirements (materials, equipment, staging areas) are es-
tablished.

* Foundations are laid.

¢ Shell construction or infrastructure is built.

* Fit out or finishes are done.

¢ Punch-list is completed.

the construction site periodically (two to four times per month) to assess the
project’s progress and to see if the construction meets the design intent and the
equipment and materials meet specifications. The individuals representing the
design group’s engineers typically visit the project site less frequently over the
duration of the project but should visit the site as required to review the progress
of their respective disciplines. These individuals also check shop drawings from
vendors and subcontractors, issue responses to requests for information from
contractors, recommend approval or rejection of change orders to the client, and
approve applications for payment to the general or prime contractor. It is essen-
tial that the shop drawings submitted by the vendors and subcontractors be thor-
oughly reviewed both by the general contractor and by construction administra-
tors representing the client and design groups. A large fraction of change orders
are necessitated by problems arising from inconsistencies between the subcon-
tractor shop drawings and the construction documents.

It is important to obtain continuous review of the construction through the
eyes of the users, who communicate with the design group through the user
representative. The users generally understand only their specific needs, while
the user representative has the perspective of the resources and constraints of the
entire project.

Project Pitfalls

“On time” and “on budget” are the two key terms for a successful project.
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Since time and budget are generally related, it is important to keep the project
moving forward at the planned (contracted) pace. Two major pitfalls of labora-
tory projects are changes in scope of the project and upsets to the schedule.
Changes in scope are often user driven and reflect inadequate communication
during the predesign, design, and documentation phases. However, changes in
scope are justified in certain situations, such as those resulting from the change
of proposed users during the construction phase. Changes in the project scope
may also be justified if there is a prolonged hiatus between the completion of the
predesign, design, and documentation phases and the commencement of the con-
struction phase. If these changes are small and occur late in the project, it may
be more cost-effective to complete the project and then contract for a minor
renovation, rather than delay the construction of the entire project and incur all
the costs associated with both the delay and the change.

Schedule delays may originate from a variety of sources including overly
aggressive scheduling by the general contractor, delays in the review and ap-
proval of shop drawings, or lack of project funding. Though some delays are
unavoidable due to weather, work stoppages caused by subcontractor/contact
renegotiations, and labor problems unrelated to the project, many delays result
from an inexperienced contractor or a lack of communication between the client,
design, and contractor groups. Whatever their cause, schedule delays generally
translate into cost overruns.

Implementing previously developed cost reduction design alternatives can
offset cost overruns created by unforeseen events. These alternatives should
ideally be developed during the construction document phase to provide some
degree of flexibility should the general contractor bids exceed the established
budget or should cost overruns be created by unforeseen conditions. If cost
reduction design alternatives were not identified before the bidding phase, they
will most likely have to be developed as the project continues. The advantage of
design alternatives is that they represent discrete costs and can be used as
tradeoffs in the context of the budget and future use of the facility.

Change Orders

It is extremely difficult to produce construction documents that do not re-
quire clarifications or supplementary information. Occasionally these clarifica-
tions may result in modifications to planned or previously completed construc-
tion. Changes may also be required because of unforeseen site conditions,
program changes resulting from research or organizational changes, drawings
that are not sufficiently coordinated, the specifying of materials that are no long-
er produced, and equipment that does not fit. A process that encourages open
communications to cope with these changes must be established and implement-
ed. One of the primary reasons to schedule construction meetings on a frequent
basis is to provide a forum for frequent communication among the project man-
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BOX 2.9 Special Laboratory Facility-Related Issues

1. Involvement of the EH&S representative in the project team must be continu-
ous, especially in decision making for chemical venting, disposal, and worker
safety issues.

2. Community relations must be continuous during the project.

3. A decision process for change orders is more important with laboratory facili-
ties than other construction/renovation because of the complexity and the vari-
ability of requirements for laboratories in the same building.

4. Users’ input is important but must be modulated because of the complexity of
the project and the interrelations among the different parts of it.

agers of the client, design, and construction groups. Frequent meetings and
well-established communication networks will help reach the goal of the con-
struction phase team to complete the project within budget, on time, at the spec-
ified quality, and without litigation. Change order control is also discussed in
the “Research Laboratory Costs” section of Chapter 3.

Tradeoffs between budget, schedule, and changes in scope are inevitable
with laboratory facilities. It is important that a process be developed at the
beginning for dealing with these questions within the project team.

Special Issues Related to Laboratory Facilities

In addition to the participant, procedure, and process control issues dis-
cussed above, which are common to most construction projects, laboratory facil-
ities have several issues specific to them. These are listed in Box 2.9.

POSTCONSTRUCTION PHASE

The postconstruction phase is typically used to confirm that the performance
of the recently completed research facility is consistent with the construction
documents and the expectations of the client group. Also during this phase the
client group is familiarized, in a process called building commissioning, with the
procedures required to operate and maintain the research facility. Just as deci-
sions made during the predesign, design/documentation, and construction phases
affect building performance and use for the life of the facility, the building
commissioning phase of the process, in which the client verifies that the building
was built and will operate as planned, also starts in the predesign and design
phases. But the client’s commitment to the operation and maintenance of the
facility for the foreseeable future should be fully discussed and finalized during
this final phase of the project.
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This phase differs from the others in the project in that some of its processes
overlap the earlier predesign, design and documentation, and construction phas-
es. It also differs in that it continues after the project is completed and some of
the previous participants are no longer required. This section will discuss the
operations that constitute the postconstruction phase of a project, indicate when
those take place during the building project, and describe those that continue
long after the project is completed.

Building Commissioning

Building commissioning is often thought of as a postconstruction program,
because in this phase the building is inspected to ensure that it was built as
planned and will operate as planned. However, building commissioning is really
a process that provides the client with assurance that the building has been pro-
grammed, designed, constructed, and put into service according to the client’s
expectations. There are several different aspects of building commissioning;
they include opportunities for operations and management input into final design
decisions, system verification, the provision of operations and maintenance man-
uals, and the production of “as-builts.”

During the design phase, the building commissioning process provides the
group that will operate the building systems—usually the operations and man-
agement department—and the facilities management department, an opportunity
to recommend the systems they will maintain. The recommended process is a
formal review of the facility designs, prior to final design, by the client’s organi-
zation that will operate and maintain the facility. This ensures a seamless opera-
tion from the completion of the building project, through the start-up and testing
of systems, to the users moving in and operating the building.

During construction, inspectors representing the client and officials repre-
senting the community (code inspectors) will monitor the construction process.
Some system—such as water and gas, HVAC (both supply and exhaust), con-
trol, and others—will be tested upon partial or entire completion. In some cases
the code inspectors will certify the systems before they can be put into operation;
in other cases the contractor certifies that the systems operate as designed. Oc-
cupancy of a new laboratory facility should not occur until the engineering sys-
tems designed to safeguard occupants against harm have been tested and verified
to be operating properly. Such systems include fire communication, alarm, and
suppression systems; laboratory chemical hood ventilation systems; eyewash
fountains and emergency showers; and ventilation systems supporting controlled
access areas. Validation of these systems should be performed as part of a
formal commissioning program that begins prior to or immediately following
completion of the construction phase of the project. The EH&S professional
assigned to the client team should oversee validation procedures that involve
health and safety engineering systems. The project team should also consider
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developing an orientation program to inform users about how the laboratory
facility was designed to support safe use and how the occupants can work safely
within their new facility. This task could be delegated to the client’s EH&S
representative.

Operation and maintenance manuals, which are required regardless of the
implementation of a building commissioning process, are often more compre-
hensively prepared and reviewed during this phase of the project. Although they
are often overlooked during the course of a project, these manuals are critical for
the owner because they provide information about the operations and mainte-
nance of all systems and equipment. They may include videos as well as print
copy, but there is a current initiative by the National Institute of Building Scien-
ces to standardize this information. The provision of operation and maintenance
manuals should be included in the designer’s contract.

Throughout the construction, the general contractor maintains a set of con-
struction documents on which are recorded all changes made during construc-
tion. This information should be reflected on the original drawings and specifi-
cations and provided to the owner in the form of hard copies and, more recently,
in electronic format. The design group should be engaged to review and verify
these. These drawings, often called “as-built” drawings, provide the owner with
an accurate record of the completed project.

The client’s facility personnel will use the as-built drawings and the opera-
tions and maintenance manuals on a daily basis, and so the client should put in
place a process for updating these for the life of the facility.

And, finally, during building commissioning staff that will operate and main-
tain the facility must be trained on specific systems. This is critical for buildings
with highly technical systems. Training may be provided through equipment
service contracts that include provisions for training of the owner’s staff.

Postoccupancy Evaluation

In addition to confirmation that the building was built and is operating as
planned, the client also requires assurances that the building will continue to oper-
ate as planned. The process of surveying and analyzing recently completed and
occupied facilities is called “postoccupancy evaluation” (POE) and is usually done
after the first year of operation. This review allows the client and others involved
with the project to determine how the building is performing and how to improve
the overall facility program. The goals of POEs are listed in Box 2.10.

POEs are usually conducted by a survey team of representatives from the
client, design, and construction groups and may also include professional staff
and outside experts from each design discipline including architectural, civil/
structural, mechanical, and electrical, as illustrated in Figure 2.5. Each technical
professional involved in the review process should evaluate their respective ma-
jor system (for example, electrical engineer for emergency power) and its effec-
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BOX 2.10 Goals of Postoccupancy Evaluations

1. Review problems associated with standards used for development of facility
program requirements.

2. Review problems associated with construction, building commissioning, and
operations.

3. Evaluate the entire planning, design, construction, and operation process.

4. ldentify cost increases during design and construction by reviewing contract
documents, change orders, and as-built drawings.

5. Evaluate staffing patterns and their adequacy.

tive performance for the facility. The team should visit the facility and inspect
all exterior and interior elements of the facility and site. The survey report should
discuss the use of alternate materials and/or systems (i.e., those not called for in
the original specifications), and comment on the cost-effectiveness of the in-
stalled systems. During the visit, survey team members should interview the
facility managers and occupants to determine their reactions to the building. In
conducting the survey, the team should not limit their observations to design or
construction deficiencies, but should also note facility features, efficient opera-
tion, maintenance, and design elements pleasing to the occupants and to visitors.

Postconstruction Interactions

When a construction or renovation project is completed and commissioned,
the owner’s responsibility for communication does not end. It will shift, howev-
er, into a new arena. Users and others within the institution will clearly maintain
contact with the administration, and there may be some need for further contact
with design and construction experts if problems are discovered at a later time.
But the most important—and often overlooked—area of communication to be
addressed is the interaction with the laboratory’s neighbors. These issues are
discussed in the NRC report Prudent Practices in the Laboratory: Handling and
Disposal of Chemicals, which addresses a variety of such interactions, ranging
from the need for contact and joint planning with emergency response teams to
the need for public notification and outreach.

Financial Responsibilities of Ownership

The financial responsibilities of ownership commence before the laboratory
renovation or construction is initiated and continue after it has been completed;
they run from the selection of building materials and methods through its contin-
ued maintenance and repair. To neglect any of these is to trivialize the effort that
has gone into the project.
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Life-Cycle Approach to Building Costs

The life-cycle approach to building costs is best expressed in the executive
summary of the 1991 NRC report Pay Now or Pay Later: Controlling Costs of
Ownership from Design Throughout the Service Life of Public Buildings (NRC,
1991, p. xi).

A building is an investment made by owners in anticipation of the shelter and
services it will provide to the people and activities it will house. With proper
management of this investment, returns may continue for hundreds of years, but
failure to recognize the continuing costs of ownership can lead to premature
loss of services and deterioration of the building and high costs for the build-
ing’s users. Some materials and building systems are particularly reliable or
durable and repay their higher initial costs with savings in future operating and
maintenance efforts. Other materials or systems may be selected because their
lower initial costs meet the limits of available construction budgets and, with
proper use, are likely to deliver entirely satisfactory service. Sometimes safety,
security, or aesthetic concerns warrant both higher initial and future costs. De-
signers and owners of buildings recognize that there are many such choices and
trade-offs among initial construction costs, recurring operations and mainte-
nance (O&M) costs, and building performance. Decisions about a building’s
design, construction, operation, and maintenance can, in principle, be made
such that the building performs well over its entire /ife cycle and the total costs
incurred over this life cycle are minimized.

For further discussion of this topic, see the “Research Laboratory Costs” section
in Chapter 3.

Committing to the Cost of Ownership

Owners must bear the responsibility of being good stewards of buildings.
Underfunding of maintenance programs for facilities can affect public health and
safety, reduce productivity, and cause long-term financial losses when buildings
must be prematurely renewed or replaced. An appropriate budget allocation for
routine maintenance and repair of buildings will typically range from 2 percent
to 4 percent of the aggregate current replacement value of those facilities (ex-
cluding land and major associated infrastructure) (NRC, 1990).

Funding requirements to support new buildings include the appropriation of
an adequate maintenance and repair budget and adequate staff to operate and
maintain the building. The former is necessitated both by the simple increase in
building stock of the institution and by the greater complexity, with its greater
probability of malfunctioning, of the new facility. The latter is necessitated both
by the increase in building stock and by the greater technical knowledge needed
to ensure the optimum performance of a more complex structure.
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Condition Assessments

Supporting a facility throughout its lifetime requires ongoing knowledge of
the condition of the building. Condition assessments should therefore be done
regularly to provide building information for appropriate maintenance and iden-
tification of necessary repairs.

The daily walk-through by the building engineer is an informal condition
assessment, providing information on the immediate needs of the building. The
building engineer also uses this information, coupled with the operations and
maintenance manuals, to plan operating and maintenance activities for a week or
month at a time.

Condition assessments are also performed on a more formal basis by the
client’s facilities staff or by professionals contracted for this activity. These more
formal assessments are performed to determine building deficiencies and to devel-
op project scope of work and cost estimates. This is done to decide on the work
and budget required for both short-term projects and long-term facility plans.

RECOMMENDATIONS

To address process issues during the several phases of a laboratory con-
struction or renovation project, the committee recommends the following ac-
tions:

1. Develop a planning and decision-making process. Planning should
include all relevant participants. Decisions should not be revisited without cause.

2. Implement a predesign phase. Predesign, involving a design profes-
sional, maximizes end results.

3. Designate a single point of contact for each group. This individual
will coordinate all information exchange within the group and with the other
(client, design, and contractor) groups.

4. Maintain control of the budget. Detailed cost estimates should be com-
pleted and reviewed at the conclusion of each phase. A clear process for han-
dling change orders should be developed before construction begins.

5. Establish a system for rigorous review and approval of documents.
Design documents should be carefully reviewed and approved by the client group
representative at the end of each phase.

6. Establish and implement a process for building commissioning.
Building commissioning should include the production of operation and mainte-
nance (O&M) manuals, updated construction documents (“as-builts”) and draw-
ings, systems testing, and training. There should also be a postoccupancy evalu-
ation.

7. Owners should be good stewards. Beginning at the planning stage and
continuing for the life of the laboratory facility, owners must provide adequate
funding and staffing for operation and maintenance of the buildings.
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Technical Issues

All building renovation or construction, and especially laboratory renova-
tion or construction, involves many issues that must be resolved and many deci-
sions that must be made. Although it is possible to delegate these tasks to the
design professional, the active participation of an informed client in the resolu-
tion of these issues and in related decision making greatly enhances the probabil-
ity that a superior result will be obtained.

Some of the details and issues, such as those dictated by environmental
health and safety (EH&S) regulations, are highly specialized and should be left
to the experts. Others, such as design alternatives or considerations affecting
construction costs, need to be reviewed, discussed, and resolved jointly by mem-
bers of the client group—such as the client team and user representative—and
the design professional. The client team and the user representative should
therefore be familiar with these issues so that they are able to make informed
decisions. Although an experienced design professional can usually be relied on
to inform the client of all possible design alternatives, there are, unfortunately,
exceptions. Not only can an informed client interact more satisfactorily with the
design professional, but knowledge of design considerations also better enables
the client to evaluate the design professional’s competence. If in-house architec-
tural staff are experienced in laboratory design and construction, they can help
carry out some of these roles.

ENVIRONMENTAL HEALTH AND SAFETY

Throughout the planning, design, and construction phases of a laboratory
renovation or construction project, careful attention to EH&S issues is essential
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to ensure that the facility can be built and occupied. EH&S issues influence
every major decision—from site selection to suitability of the building for occu-
pancy. Further, careful attention to these issues is important in interactions with
the neighboring community, which may be passionately concerned about the
local impact of a chemical facility. Community relations issues are discussed in
Chapter 1.

Careful consideration of EH&S issues will enable the project team to com-
ply effectively with the complex and sometimes conflicting array of federal,
state, and local regulations, codes, and ordinances that affect construction and
operation of laboratories. It is important to recognize that codes and regulations
governing the construction, renovation, and operation of laboratories and the
undertaking of a building project by an institution have a common objective—to
guarantee that the building and the environment surrounding it will be safe. This
common ground can make it possible to reach practical solutions to problems
that may arise in the highly intricate regulatory setting that governs laboratory
design and construction. When there is conflict, the good judgment of knowl-
edgeable individuals should prevail.

This section summarizes the legal bases for, and prudent responses to, the
multiple regulations, codes, and ordinances that affect the construction and oper-
ation of laboratories. The committee emphasizes that every major building project
team should have the support of EH&S professionals throughout all phases of
the laboratory facility design and construction process. Expertise provided by
these professionals will help the client team set health and safety objectives for
the project, select appropriate engineering criteria to meet those objectives, and
identify soundly conceived strategies for achieving compliance with regulatory
requirements. EH&S professionals should also be involved in the commission-
ing process that precedes occupancy of a newly constructed or renovated facility
to help ensure the operational integrity of all engineering systems that protect the
occupational health and safety of the laboratory users. A knowledgeable mem-
ber of the institution’s EH&S program should serve as a technical advisor to the
client team. This person should be well informed about the program of require-
ments for the facility; have expertise in laboratory safety, environmental protec-
tion, and pollution control; be experienced in working with the cognizant regula-
tory authorities; and be familiar with facility engineering systems that can create
effective, safe, and compliant laboratories.

Codes and Regulations

Construction or renovation of a laboratory building is regulated mainly by
state and local laws that incorporate, by reference, generally accepted standard
practices set out in uniform codes. Box 3.1 lists the kinds of codes that affect
most laboratory construction projects. The codes are usually administered at a
municipal or county level but some locations may be administered at a regional
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BOX 3.1 Types of Code Requirements That Affect
Most Laboratory Construction Projects

¢ Ventilation—to maintain comfort and occupational health

* Fire prevention—to detect and suppress fires, in part by limiting quantities of
flammable and hazardous chemicals

* Emergency power supply—to maintain operation of vital life-safety systems
such as egress lighting, fire detection, and protection systems during electrical
interruption

* Control of hazardous gases—to reduce the risk from and to control accidental
releases of gases

¢ Building height—to limit the height of laboratory buildings based on chemical
usage

* Seismic requirements—to reduce the hazards posed by earthquakes

or state level. Scheduling the obtaining of permits required for construction will
help prevent unnecessary delays in a project.

It is important to give permit-granting agencies early notification of signifi-
cant construction projects within their jurisdiction so that they can anticipate
their workload and staffing needs. Agency professionals can offer guidelines
and insight into unique local needs that could influence a building project. Agen-
cies in some jurisdictions like to set up a single point of contact between the
agency and representatives of the project team, usually the client and architect
project managers, to facilitate and coordinate the exchange of important infor-
mation and to establish a good working relationship. One benefit of this struc-
ture is that it minimizes the number of people who have to spend time learning
the unique processes and procedures of the organizations involved, thus optimiz-
ing communication. When an agency has clear and sufficient information about
a complicated research facility construction project before actual plans are sub-
mitted, it can move more quickly through the required approval and permit-
granting process.

Generally, a project must comply with building, fire, electrical, plumbing,
and mechanical codes at the local level that may be prescriptive or performance
based. Because agencies have widely varying levels of experience in evaluating
complex facilities like research buildings, outside experts can be a valuable in-
vestment toward timely inspection of plans and construction site activities. Some
codes allow hiring mutually acceptable outside experts for plan review and con-
struction inspection, should the agency need the added expertise or personnel to
expedite a project.

Local codes often include nationally recognized standards developed by or-
ganizations such as the National Fire Protection Association (NFPA), the Amer-
ican National Standards Institute (ANSI), the American Society for Testing and
Materials (ASTM), and the American Society of Heating, Refrigeration, and
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Air-conditioning Engineers (ASHRAE). These organizations often adopt stan-
dards by consensus of a committee of nationally recognized experts. Many
institutions and professional associations have members on a standards commit-
tee, who could be a valuable resource to a laboratory construction project team.

Both codes and the national standards evolve over time. Additions and
revisions are based on advances in science and technology and on knowledge
gained from accidents or incidents involving significant loss of life or property,
or environmental damage. A summary of codes existing as of 1995 is contained
in Mayer (1995).

As this current report was being written, the three regional code organiza-
tions—the International Conference of Building Officials (ICBO), the Building
Officials and Code Administrators International (BOCA), and the Southern
Building Code Congress International (SBCC)—were drafting one uniform na-
tional code. Adoption of this building code is projected for the year 2000. Even
when there is a uniform national code, however, some large cities may still have
their own codes or amendments to the national code to deal with local concerns
and circumstances.

Environmental Issues

Four major acts of Congress that set the national agenda on environmental
protection have a direct bearing on the operation of laboratories. The Resource
Conservation and Recovery Act (RCRA) addresses waste disposal and reduc-
tion. The Clean Air Act (CAA) concerns air quality and its effects on human
health. The Federal Water Pollution Control Act covers the improvement and
protection of water quality. Title III of the Superfund Amendments and Reau-
thorization Act (SARA) ensures a community’s right to know what hazardous
materials are present in facilities in their community, which enables community
emergency response authorities and local fire departments to protect themselves
when responding to a fire, explosion, gas or chemical release, or other emergen-
cy. Communities are rightfully concerned about what is occurring in their neigh-
borhoods. A laboratory construction project team must become familiar with the
requirements associated with relevant environmental regulations to ensure that
the completed project achieves compliance.

A major objective of much of this legislation is pollution prevention. SARA
Title IIT is intended to enhance communication between facilities that use hazard-
ous chemicals, the communities in which the facilities are located, and the emer-
gency response organizations of those communities. Laboratory facilities should
develop excellent programs in pollution prevention, emergency response planning,
communication, and public outreach. This means going beyond regulatory com-
pliance to ensure constructive responsiveness to community concerns. Doing so
will foster good relations with the community and will ease conflict that too often
arises in the construction of new laboratory facilities. Means to encourage support
are discussed in the “Community Relations” section in Chapter 1.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/9799.html

novation: Participants, Process, and Product

TECHNICAL ISSUES 63

Managing Hazardous Waste

Under RCRA, the Environmental Protection Agency (EPA) is responsible
for promulgating and enforcing prescriptive regulations for controlling hazard-
ous waste at all stages, from generation to disposal. The regulatory philosophy
of the EPA is to treat laboratory and industrial-scale waste generators in the
same way, although there are significant differences between the two in terms of
waste volume produced and number of chemicals handled, as well as in the
associated potential environmental risks. Universities, in particular, have had
great difficulty in implementing an industrial-scale regulatory model to manage
hazardous chemical waste generated in individual laboratories.

Management of hazardous waste must be considered by the project team in
planning and designing a laboratory facility. The team must understand the life
cycle of chemicals within the facility; how they are purchased, delivered, cen-
trally stored, moved to individual laboratories, used, converted to waste, further
treated, and packaged for disposal. The establishment of a system to handle this
process is important for the safe operation of the facility and to ensure regulatory
compliance and cost containment.!

Controlling Chemical Vapor Emissions

The 1990 amendments to the CAA require the EPA to vigorously regulate
emissions of sulfur dioxide, volatile organic compounds, hazardous air pollut-
ants (HAPs), and ozone-depleting chemicals. Large institutions with laborato-
ries are affected by these rules if they have the potential to emit one or more of
the EPA-listed HAPs in amounts greater than 10 tons per year for a single HAP
or 25 tons per year for total HAPs. These quantities include emissions from all
sources in a contiguous area and under control of a common authority, such as
an institution’s power plant and boilers and its laboratory facilities. For these
reasons, the chemical vapor emissions from individual fume hoods at larger
institutions may be required to meet emission standards that the EPA designates
based on “maximum achievable control technologies,” a sliding scale that chang-
es as technology changes.

The 1990 amendments also require the EPA to establish a separate category
covering research or laboratory facilities as necessary to ensure the equitable
treatment of such facilities. The result may be a regulatory model for laborato-

1Users can assist by attempting to identify opportunities to reduce waste generation through substi-
tution of less hazardous chemicals or adopting procedures that require smaller quantities of chemi-
cals; recycling, reusing, or recovering chemicals before they become a part of the waste stream; and
implementing bench or facility waste treatment. Additional suggestions for working with chemicals
are given in Chapters 4, 5, and 7 of Prudent Practices in the Laboratory (NRC, 1995). The publica-
tion, Less Is Better: Laboratory Chemical Management for Waste Reduction (ACS, 1993), addresses
micro-scale experimentation that promotes waste minimization.
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ries that recognizes the differences between laboratories and major industries,
although it is unlikely to provide relief for major institutions with laboratories
that already exceed the limits on quantity of controlled materials emitted.

The potential need for treatment of air exhausted from fume hoods is a
major environmental issue affecting laboratory design and presents a daunting
challenge for the laboratory designer. Technology for maximum achievable
control will increase cost and space requirements. Uncertainty about the re-
quirements of a revised EPA regulatory model for laboratories may justify pro-
viding additional space to accommodate future emission control technology,
should it be required, to reduce retrofit costs. Current hood use practices should
be reviewed by the user representative to explore ways in which air emissions
could be reduced. For example, experiments and other operations conducted in
hoods should be planned so that they never involve the intentional discharge of
hazardous emissions, and control apparatus such as condensers, traps, or scrub-
bers (to contain and collect waste solvents, toxic vapors, or dusts) should be
incorporated into the experimental process. Thus, hazardous materials should be
vented from the fume hood only when, in an emergency, a chemical is acciden-
tally released within the hood. Such planning will simplify the problem of
treating fume hood exhausts.

Controlling Liquid Effluents

Liquid effluent discharge from laboratories is less difficult to handle proper-
ly than is vapor exhaust. Requirements controlling the discharge of pollutants
are set by the local sewer authority or publicly owned treatment works (POTW).
Sinks are no longer used to dispose of hazardous laboratory waste. Waste water
from laboratory sinks must flow through an acid neutralization system that ad-
justs the pH of the effluents prior to their discharge into the POTW. In new
construction this requirement is generally met by installing a central building
dilution tank with a monitoring system that measures pH and automatically adds
acid or base to ensure compliance with effluent standards. Early communication
with the POTW about the intentions of the institution to install such systems in a
new laboratory facility will help maintain the good record of compliance that
laboratories have in this area of environmental protection.

Health Issues

Under the Laboratory Standard promulgated in 1990 by the Occupational
Safety and Health Administration (OSHA), an institution or employer with labo-
ratories is required to develop its own program to protect the health and safety of
its employees. This standard represents a welcome and significant departure
from the conventional approaches of regulatory agencies that issue detailed pre-
scriptive standards. An institution-developed program, called the Chemical Hy-
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giene Plan, must meet performance standards set by OSHA. Information in the
plan will help guide the development of a healthful and safe laboratory environ-
ment. The project team should be familiar with its institution’s Chemical Hy-
giene Plan—the centerpiece of the regulatory program—and refer to it through-
out the design process.

Laboratory Chemical Hoods

The fume hood is the principal device used in a laboratory facility to protect
the health of workers. The selection, placement, and installation of the fume
hood collectively constitute the most important health-related issue the project
team will consider. Decisions affecting the entire building’s ventilation system,
which is perhaps the major cost component of any new laboratory construction
or renovation project, will be influenced by hood-related choices. Poor selection
and installation of fume hoods will create a serious problem that either endan-
gers the health of workers or drastically curtails the use of the laboratory for
potentially hazardous experiments. The design group must accept responsibility
for ensuring that the facility fume hoods and ventilation system are properly
designed to provide a healthful and safe laboratory environment.

The selection of the proper fume hood requires specific information about
the intended use of the hood and the institutional policies that may limit the
choice of hood. Kinds of user information that should be obtained in the prede-
sign phase are shown in Box 3.2. Some relevant aspects of institutional policies
affecting hood use and design are in Box 3.3.

The number and size of necessary hoods will vary considerably with the
type of laboratory. For example, biochemistry laboratory experiments involve
minute quantities of chemicals and are usually performed on the open bench. A
single hood that provides 6 linear feet of working space may be sufficient to
support the needs of several bench scientists who occupy 600 square feet of
biochemistry laboratory space. For general chemistry laboratories, one hood
providing 5 to 6 linear feet of working space at the face would be the minimum
requirement for every two workers. There will be an even higher requirement
for hoods in organic and inorganic synthesis laboratories, where a single chemist

BOX 3.2 Information Needed for Hood Selection

Equipment and activities that require containment within a hood

Properties of materials that will be used in a hood

Quantity of materials that will be used in a hood

Number of people who will use a hood and the frequency and duration of use
Anticipated changes in future use
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BOX 3.3 Elements of Institutional Policies Related to Hoods

* Requirements for performance and containment

* Density of hood use

* Requirements for limitations affecting the ventilation system
* Cost

* Requirement for fume hood controls—occupancy sensors

may require 8 linear feet of working space to contain equipment and other exper-
imental apparatus. The density of hood use in synthetic laboratories could ap-
proach a single hood that provides 6 to 8 linear feet of working space at the face
of the hood for every 100 square feet of laboratory space. Benchmarking hood
use in comparable institutions can be a valuable guide in selecting the type and
the number of hoods.

Laboratory Ventilation System

The density of hood use will have a significant impact on the design of the
ventilation system because of the large quantity of air that will be exhausted to the
outdoors by properly functioning hoods. The ventilation system in chemical labo-
ratories must satisfy two principal health-related objectives: occupational health,
which is achieved through the proper installation and operation of chemical labo-
ratory hoods, and occupant comfort, which is achieved by heating and humidifying
the general laboratory air in the winter and cooling it in the summer.

A secondary function of the laboratory ventilation system is to prevent the
migration of contaminants caused by incidental and accidental release of chemi-
cals from the laboratory into other areas of the building. This is accomplished in
part by providing single-pass air (air discharge from the laboratory directly out-
doors) and in part by controlling the direction of airflow. The ventilation system
should be designed so that air will flow from the areas with the least potential for
contamination toward areas with the highest potential. Caution in setting system
design parameters is important to ensure that safety considerations do not signif-
icantly increase cost. For example, a design requirement that the system should
maintain designated pressure differentials rather than simply satisfy the objec-
tive of unidirectional airflow may substantially increase the cost of the project.

An enormous amount of energy can be consumed in conditioning the quan-
tity of air that is delivered to laboratories to maintain comfort and ensure safe
operation of the chemical hoods. Since laboratory air is not recirculated but
instead is discharged as single-pass air, much energy is wasted. This problem is
significantly exacerbated as the magnitude of hood use increases.

Fiscal responsibility provides a strong incentive to implement energy con-
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servation in the design of laboratory ventilation systems so that utility cost sav-
ings can be achieved. Energy-efficient systems will most certainly be required
for laboratory buildings with high hood use. Technical details of different hood
designs are outlined in the “Laboratory Configuration” subsection of the “De-
sign Considerations” section in this chapter and are discussed in Chapter 8 of
Prudent Practices in the Laboratory (NRC, 1995).

The principal approach to conserving energy and reducing operational costs is
to reduce the quantity of conditioned air that flows to the outdoors through labora-
tory chemical hoods. The project team should recognize the inherent conflict
between the objectives of conserving energy and preserving the health of laborato-
ry users. Reducing the airflow to hoods can increase the hood users’ risk. Never-
theless, it makes sense to reduce airflow during times when the number of hoods in
use is significantly reduced. Changing airflow characteristics in an operating ven-
tilation system without compromising occupational health is an achievable, but
daunting, engineering and operational challenge. Selecting a competent and expe-
rienced mechanical engineer to design an energy-efficient ventilation system will
help ensure that operational reliability is achieved and that energy conservation
and occupational health are compatible as objectives. Such design solutions are
complex, and their initial costs will be high. Operating costs, conversely, will be
lower than the cost of using conventional hoods. The institution must also recog-
nize that continued operational reliability will be an essential requirement for main-
taining a healthful environment. The completed system will require a sophisticat-
ed staff of facility engineers and a dedicated preventive maintenance program.
While planning for a healthful, energy-efficient ventilation system, the project
team must ensure that cost considerations never take precedence over the institu-
tion’s moral and legal obligation to protect the health of the worker and the envi-
ronment. If there is a question, EH&S professionals should be consulted.

Unique and Particularly Hazardous Operations

It is important for the project team to identify operations or processes that
involve highly hazardous chemicals or that may present unique hazards. A
useful first step would be to review the types of operations, protocols, and exper-
iments that are not allowed to be performed without the prior approval of the
institution. The Chemical Hygiene Plan is a good resource for this information
as it describes the circumstances under which administrative controls would be
put into place. Both scientists who carry out these operations and EH&S profes-
sionals should be consulted in developing any design strategy to control risks
associated with these types of operations. It is important to ensure that the
controls are relevant to the risks, are practical to implement, and comply with
regulatory requirements. User input in these decisions will afford higher levels
of operational compliance in the completed facility.

Processes presenting unique hazards will require careful consideration by ex-
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perienced users and consultants. Chemistry is becoming the universal language of
science, and the planners of new chemistry buildings should anticipate that space
requirements in some situations may differ considerably from those associated
with traditional chemistry laboratories. For example, mutual scientific interests
among combinatorial chemists, synthetic chemists, and molecular biologists have
encouraged the placement of modern biology laboratories in close proximity to
organic and inorganic synthesis laboratories to facilitate collaboration.

Future chemistry laboratory buildings may likely have requirements for lab-
oratory space appropriate for experiments involving human pathogens. If a re-
quirement such as this arises, the project team will need to become familiar with
consensus standards for the design and operation of safe biological laboratories.
An authoritative reference on biological safety is Richmond and McKinney
(1993). Guidance for facility safeguards is provided according to four levels of
risk that are based on the potential for occupationally acquired infection and the
severity of disease.

Areas that can present unique hazards—such as high-pressure facilities; ra-
diochemistry, x-ray diffraction, nuclear magnetic resonance (NMR), and high-
energy laser laboratories; and laboratories for research in which the risk of ex-
plosion is high—are likely to be included in the program of requirements for
new facilities or major renovation projects. Other potentially hazardous areas
include those that contain large volumes of chemicals, such as chemical storage
or hazardous waste accumulation areas. Each of these areas will present special
hazards for which expert consultation will be required to ensure that appropriate
criteria are identified to achieve a safe design.

Access Control

The concept of controlled access is relevant in all areas that may be hazard-
ous to health. The objective is to protect persons who are not assigned to the
laboratory from exposure that may compromise health. The degree of control
over access should correspond to the level of risk. For example, in high-risk
areas, access should be limited to individuals specifically trained and assigned to
work in the area. In low-risk areas, it may be sufficient to design laboratory
corridors so that they are not perceived as public thoroughfares.

The configuration of space so as to control access merits careful consider-
ation, particularly for laboratory areas that require limited access. It is important
that both the controlled areas and the access points to these areas be easily recog-
nized as such. There should be a way to inform the visitor of appropriate entry
procedures or prohibitions against entry. The location of a controlled access area
should be convenient for the laboratory staff. It is equally important that access
control measures be no more restrictive than the potential risks require; otherwise,
they will be quickly abandoned by the assigned laboratory staff.
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Safety Issues

The Occupational Safety and Health Act of 1970% established two principal
duties for each employer covered by the act. The first duty requires that each
employer “shall furnish to each of his employees employment and a place of
employment which are free from recognized hazards that are causing or are
likely to cause death or serious physical harm to his employees.” The second
duty requires that each employer “shall comply with Occupational Safety and
Health Standards promulgated under this Act.” These duties underscore the
need of an employer to insist that a new or renovated facility promote, rather
than hinder, safe occupancy. The initial Occupational Safety and Health Stan-
dards promulgated under the act addressed workplace safety hazards that were
known to cause physical injury to workers. OSHA continues to emphasize an
employer’s responsibility to safeguard workers from electrical, mechanical, and
fire hazards, as well as from exposure to flammable, corrosive, reactive, and
toxic chemicals. All of these physical hazards have relevance to the design,
construction, and operation of chemical laboratories.

Several safety issues that need to be addressed by the project team are brief-
ly described below. They are intended to highlight the importance of addressing
physical hazards that could cause injury to workers as a result of the poor design
of chemical laboratories.

Emergency Egress

The most important safeguard for preventing serious personal injury that a
building can provide is a means of egress that will permit the prompt escape of
building occupants in case of fire or other emergency. The means of egress
consist of three separate and distinct parts: the pathway of exit access, the exit,
and the pathway of exit discharge. Local fire codes and OSHA standards require
that a means of egress be a continuous and unobstructed route from any point in
the building to a public way.

In chemical laboratory buildings, the exit access comprises the hallways and
corridors that lead directly from a laboratory module or work area to the entrance
of a designated exit. This part of the means of egress must provide an unob-
structed path of travel both to promote the fast and orderly exit of building
occupants and to allow emergency responders to gain safe and efficient access to
the emergency scene. These functions can best be preserved if the corridors are
designed so that they do not encourage misuse. For example, if a laboratory
corridor that serves as an exit access is designed with a greater width than is

2pL. 91-596, Occupational Safety and Health Act of 1970 section 5, codified at 29 USC 651
et seq.
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necessary to provide for efficient travel of staff and movement of supplies and
equipment, it is inevitable that a portion of the corridor will be used for storage
of equipment and supplies. In the absence of rigorous administrative controls,
obstructions will occur and safety will be quickly compromised. Another occa-
sional design deficiency that invites corridor misuse is the placement of columns
that project into corridor spaces. Extending the laboratory wall to the corridor
side of the column solves the problem and provides more space for laboratory
use.

Emergency Equipment

Safety showers and eyewash fountains are essential emergency equipment
in chemical laboratory buildings. Design requirements are specified in national
consensus standards, such as ANSI Z358.1-1990, that by rule have been promul-
gated as OSHA Occupational Safety and Health Standards. Safety showers and
eyewash fountains should be available in areas where chemicals are handled.
Safety showers should be located in the corridor near the exit doors from each
laboratory module or in the laboratory on the hinged side of the exit door. It is
preferable that all safety showers be placed in a standard location throughout the
laboratory building to facilitate occupants’ awareness of their location. The
safety showers should be equipped with a rigid pull-down delta bar. Chain pulls
are not advisable because they can hit the user and be difficult to grasp in an
emergency. While vanity curtains should be discouraged as they interfere with
efforts to provide emergency treatment, the inherent conflict between modesty
and safety needs to be addressed.

Eyewash fountains should be placed in a dedicated and standard location.
Travel time from any potential source of exposure to the eyewash fountain should
be less than 10 seconds. While the laboratory sink appears to be an obvious
choice for placement of an eyewash fountain, normal sink functions often ob-
scure the presence of the fountain or obstruct access. A dedicated place close to
or part of the emergency shower is therefore more desirable. The location of
eyewashes and safety showers needs to be coordinated with laboratory security
provisions. An eyewash fountain should provide a soft stream or spray of aerat-
ed potable water for at least 15 minutes. Fountains that flush both eyes simulta-
neously should be installed.

Dedicated Storage Space

The safety of occupants in a chemical laboratory building and compliance
with environmental regulations can be improved by providing dedicated and
appropriately designed space for storage of chemicals, hazardous waste, and
emergency equipment. The requirements for storage of chemicals in stockrooms
and laboratories will vary widely depending on local code; the quantity, hazard-
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ous nature, and characteristics of the chemicals; and the nature of the laboratory
operations. A careful review of all requirements by the project team is needed to
ensure an adequate design for chemical storage space and to safeguard this space
against reappropriation to other functions. Special attention should be given to
storage requirements for flammable and combustible liquids, gas cylinders, high-
ly reactive substances, toxic materials, and controlled substances.

Dedicated space within or near the laboratory is desirable for the accumula-
tion and temporary storage of hazardous chemical waste materials. These areas
could also be used to foster and support recycling and reuse programs. Safety
considerations should be a primary concern in the design of these spaces. For
example, the areas should not interfere with normal laboratory operations, and
ventilated storage may be necessary. In larger accumulation areas, it may be
necessary to consider fire suppression systems, ventilation, and dikes to avoid
sewer contamination in case of spills. Requirements for such space should be
specified by the EH&S program staff.

A central storage area for emergency equipment will improve the effective-
ness of emergency-response functions. Space should be provided for storing
self-contained breathing apparatus, blankets for covering injured persons, first-
aid equipment, personal protective equipment, and chemical spill cleanup kits
and spill-control equipment. The need and requirements for this space should be
coordinated with the EH&S official responsible for managing the facility’s emer-
gency-response program.

Workers with Disabilities

The well-designed chemical laboratory should provide, or be capable of
being easily modified to provide, reasonable accommodations for qualified work-
ers with disabilities. Reasonable accommodation may include making laborato-
ries readily accessible to and usable by individuals with disabilities and by ac-
quiring or appropriately modifying equipment for use by individuals with
disabilities. Most laboratory designs that allow simple rearrangement of case-
work—i.e., laboratory cabinetry—can be easily adapted to provide reasonable
accommodations for workers with disabilities. Many accommodations will also
improve the safety of occupants without disabilities. For example, keeping aisle
space clear of obstructions to accommodate workers with impaired mobility will
enhance everyone’s safety. Special hardware that makes it easy to open and
close doors can benefit all laboratory workers who carry supplies and materials
from one laboratory to another. In considering reasonable accommodations for
workers with disabilities it is necessary to ensure that the accommodation will
not result in a significant risk to the health or safety of other workers. Qualifica-
tion statements for workers with disabilities who seek employment in chemical
laboratories should include a requirement that an individual shall not pose a
direct threat to the health or safety of other individuals in the laboratory.
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Space Layout Issues

Laboratory worker safety is an important consideration when determining
the specific layout for laboratory equipment, casework, and work desks. Worker
safety issues, for example, should take precedence over program needs in deter-
mining the appropriateness of open laboratories for chemical operations, the
location of chemical laboratory fume hoods, the location of entrances and exits,
and whether student work desks should be included within the operational area
of a working laboratory. Other aspects of these issues are discussed in the
section on “Sociology” in Chapter 1.

Open laboratories have had a positive effect on improving laboratory occu-
pants’ compliance with safety requirements. Peer pressure can be persuasive in
elevating the standards of individuals whose commitment to safety falls below
the standards set by the group. But open laboratories are not appropriate for
laboratory operations that present moderate to high risks or for laboratories where
the level of safety practice appropriate for the work conducted by individuals in
the laboratory varies considerably. Generally it is not advisable to adopt an open
laboratory design concept if the potential risks associated with laboratory opera-
tions require formal access control measures.

The placement of laboratory fume hoods should allow alternate routes of
egress so that laboratory personnel do not pass in front of the face of the hoods in
emergency situations. A desk or seated workstation should never be located
directly across the laboratory aisle from a hood. Hoods should be placed in low-
traffic areas away from doors and air supply grills to prevent air turbulence that
could compromise hood performance.

Generally student desks should not be located in working laboratories that
present moderate to high occupational risks. Desks may be provided for stu-
dents in low-risk laboratories, but the placement of the desks should be carefully
considered by the laboratory supervisors and the project team’s EH&S profes-
sional. For example, student desks should be placed near an exit door so that
students will not have to move through a hazardous area to reach the exit, but the
desks should also be located such that they do not create a barrier to emergency
egress.

DESIGN CONSIDERATIONS

Laboratory users involved in the predesign or design phase of a research
laboratory project often have preconceived impressions of what features their
future laboratory must have. However, laboratory users often lack experience in
laboratory design and so may be unfamiliar with design issues, possible design
alternatives, or methods of evaluating those alternatives. The design consider-
ations described in this section are unique to laboratory buildings. While some
of the design approaches discussed in this chapter may increase construction and
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BOX 3.4 Examples of Large- to Small-Scale
Design Considerations

1. Building and site issues
* Renovation versus new construction
* Building site
2. Floor planning
* Adjacencies
* Traffic flow
3. Laboratory configuration
* Individual laboratories
e Support spaces
4. Building services and structure

operation costs, they are critical to the functionality of the facility and the safety
of the building users and surrounding community. Users’ familiarity with alter-
native approaches to specific laboratory design issues will most likely lead to a
more efficient, cost-effective, flexible, safe, and environmentally appropriate lab-
oratory facility. Although an experienced and knowledgeable design profession-
al can assist in the identification of design issues to consider and can evaluate
appropriate alternative approaches to laboratory design, this is not always the
case. Even when an experienced and knowledgeable design professional is avail-
able, it is advantageous for the user representative and the client team to become
informed consumers of the design professional’s services.

The design considerations presented here range from those requiring large-
scale decisions, such as constructing a new building versus renovating an exist-
ing building, through intermediate-scale options, such as floor planning, to small-
scale issues, such as laboratory configuration. They also include considerations
related to structural as well as mechanical, electrical, and plumbing (MEP) sys-
tems (Box 3.4). Administrative policies should be considered throughout, since
many institutions have defined practices or standards that affect many design
issues. Many of the design considerations are interdependent. Decisions regard-
ing larger-scale issues, which should be made early in the design process, can
limit or preclude many of the smaller-scale design decisions. Knowledge of
these dependencies, often provided by the laboratory design professional to the
client team, will help streamline the design process and maximize the potential
for a cost-effective and optimum design solution.

Some of the design considerations discussed in this chapter include specific
alternative approaches. What is acceptable as an alternative in laboratory design
may differ according to scientific discipline. This report focuses primarily on
chemical, biochemical, and molecular biology laboratories, but it is also relevant
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to laboratories in related disciplines such as food science, agricultural science,
pharmacy, materials science, some engineering sciences, and physics. However,
the requirements of highly specialized laboratories, such as animal facilities, are
covered in other guides such as the Guide for the Care and Use of Laboratory
Animals (NRC, 1996). Richmond and McKinney (1993) provides design details
for laboratories using identifiable infectious agents.

Acceptable design alternatives also differ between organizations on the ba-
sis of their goals, geographic location, governing authorities, and other factors.
The goals for a new research laboratory building or renovation should be deter-
mined in the early stages of planning as they will influence the development of
appropriate design alternatives. Geographic location may influence the accept-
ability of a particular design alternative; for example, the more stringent seismic
requirements of building codes in southern California, as compared to New Jer-
sey, will influence the overall height of the laboratory building in California both
because of the increased structural costs associated with the applicable building
codes and because of building height restrictions. Similarly, the authority of
local governing authorities to interpret zoning regulations, building and fire
codes, and other local regulations can influence the design of the laboratory
facility.

Choosing between the different alternatives is a complex process that must
strike a balance between benefits and costs. The latter include construction, total
project, operation, and lifetime costs of the building; these costs are discussed in
the section on “Research Laboratory Cost Considerations” in this chapter. When
choosing between the different alternatives, other factors besides costs and bene-
fits also need to be considered (see Box 3.5).

Of all the criteria noted in Box 3.5, flexibility is the one that often pervades
all the design considerations discussed in this chapter. Flexibility, which is also
referred to as adaptability, is the ability of a building site, building design, or
individual laboratory to meet both current and unforeseen future needs. Future
laboratory additions, renovations, and modifications can be implemented cost
effectively, in a timely manner, and with less disruption to other users if the
laboratory facility is designed to be flexible. Flexibility may come at a modest
increase in the initial construction cost; however, because numerous changes
will be made to a laboratory over its lifetime, the cost incurred to design and

BOX 3.5 Criteria for Evaluating Design Alternatives

e Present versus future costs * Operating versus capital costs
* Tangible and intangible benefits * Functionality

e Zoning environmental requirements * Aesthetics

e Schedule and time to completion * Flexibility
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BOX 3.6 Building Design and Site Selection Issues

* New construction/ addition/ ¢ Building air intake and exhaust
renovation e Campus interactions

* Building site * Access to the building

* Zoning and regulations e Total environmental design

* Building height and footprint approach

build a flexible laboratory building will be more than recovered over the lifetime
of the laboratory.

Building Design and Site Selection

Designing and siting any large building involves many considerations, some
of which are given in Box 3.6. Siting a laboratory facility requires attention to
all those listed and others. Some issues, such as new construction versus reno-
vation, must be resolved before others can be considered. Others, such as build-
ing height and number of floors, are interrelated. The resolution of some, such
as desired interactions, depends on the sociology of the institution. Others, such
as zoning, require the participation of specialty consultants. A master plan and a
facilities program should be successfully completed before any decisions are
made about building design and site selection.

The resolution of these issues requires a large number of participants. The
design professional should assist the client team to understand the dependencies
of some of these issues, and expert consultants should be engaged where neces-
sary. The process discussed in Chapter 2 should be used.

Renovation Versus New Construction

The predesign phase of the laboratory project often includes a recommenda-
tion to renovate an existing facility, build an addition to an existing facility,
build a new facility, or combine the three approaches. The recommended reno-
vations may involve an existing laboratory building, or the conversion of a non-
laboratory building to laboratory use. The primary advantage of renovating an
existing building is the potential savings that result from reuse of the existing
structure, enclosure, partitions, and MEP systems and equipment. However, for
large renovations or additions, the potential savings may be minimal because
some or all of the building components may require modification or rehabilita-
tion. For example, the building structure may require reinforcement either to
accommodate programmatic requirements related to loading or vibration-free
environments or to comply with current building codes. Programmatic require-
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ments may also necessitate modifications to the building enclosure or demolition
and reconstruction of existing partitions, or both. Changes may also be needed
to facilitate repairs. The existing MEP systems and equipment will most likely
require replacement or substantial modification to extend their useful life or to
meet programmatic requirements. On the other hand, it may be necessary to
renovate if the existing building is designated as historical.

One advantage of building an addition is the potential for reducing costs by
simply extending the existing MEP systems. Such savings are most often real-
ized if the existing MEP systems and equipment were initially designed with
future additions in mind. If the MEP systems were not designed and sized to be
extended, the necessary modifications to the existing system will reduce the
potential savings. Another advantage to building an addition versus a new free-
standing building is its proximity to existing facilities; connecting adjacent facil-
ities could support the trend towards collaboration, interaction, and interdiscipli-
nary research.

Building Site

If the predesign recommendation is to construct an addition or a new build-
ing, a building site must be selected. While the selection process for a building
site is complicated by many factors and can be difficult, the decision regarding
the building site should ultimately be based on a total environmental approach.
How does the building fit into the campus and community? What demands are
placed on the natural and man-made environment? (See Box 3.7.) Construction
of a laboratory building, as with any large building, places demands on the local
infrastructure of roads and utilities. Improvements to the infrastructure are often
required, and the cost has to be borne by the project, the sponsoring institution,
or the local community. For example, electric power, telephone and communi-
cations lines, and sewer and water connections may have to be upgraded. For
corporate and academic campuses with other centralized utilities, such as steam

BOX 3.7 Demands Made on the Environment by
Laboratory Facilities

Natural Environment Man-made Environment

e Air quality e Transport of hazardous materials
—Building emissions e Additional vehicular traffic
—Traffic emissions * Space for parking

e Water quality * Fire protection
—Building effluents * Access for emergency response

—Storm water runoff
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BOX 3.8 Elements of the Regulatory and Legal Environment
Affecting Laboratory Renovation and Construction

* Laws * Pedestrian access
—Clean Air Act * Historic designation
—Clean Water Act * Required permits
—Americans with Disabilities Act —Occupancy

e Zoning requirements —Sewage

e Fire codes —Building

* Access and parking requirements —Use

for heating and cooling water, expansion of or upgrades to the central power
plant and cooling towers may also be needed.

Zoning Laws, Codes, and Regulations Affecting
Building Design and Site Selection

The zoning, permit, and regulatory process can influence the design, use,
construction start-up, progress, and occupancy of the research laboratory facili-
ty. A laboratory building must comply not only with the laws, codes, and regu-
lations to which any building must conform but also with additional legal and
regulatory restrictions specific to laboratories and the work conducted within
them. Many of the kinds of restrictions and considerations affecting the use and
design of laboratory buildings are listed in Box 3.8, and some of these are dis-
cussed in the “Environmental Health and Safety” section above in this chapter.
Requiring permits is a routine aspect of the regulatory process. Building, occu-
pancy, use, air rights, storm water, and sewage permits may all be required in a
laboratory construction or renovation project.

Zoning regulations often dictate the acceptable use of the proposed building
site and can place severe restrictions on the siting and design of a laboratory
building. They may restrict or regulate the building height, footprint size, users’
parking, service requirements, building appearance, landscaping, and even the
intended use of the building. Zoning regulations and building codes governing
the use, storage, and disposal of potentially hazardous materials, which are com-
mon in laboratory facilities, can influence the location of a new laboratory build-
ing or an addition to a laboratory building. Zoning regulations and building and
fire codes can restrict the conversion of an existing nonlaboratory building and
the renovation of an existing laboratory building.

The zoning and building permit processes in many communities may re-
quire public hearings and interagency reviews. A municipality’s call for public
comment can politicize proposed construction if appropriate community support
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is not sought. Methods for engaging community involvement are discussed in
the “Community Relations” section of Chapter 1.

Building Height and Footprint

The maximum allowable building height in a given locality is commonly
limited by zoning regulations and local building and fire codes based on the
nature of the activities conducted in the building and the potential fire hazard
created by the use of flammable materials. The height of each floor is influenced
by programmatic requirements related to MEP systems and the desired ceiling
heights in laboratories. A floor-to-floor height of 15 to 16 feet is common,
although in some types of laboratories 12 feet suffices, and in buildings with
interstitial floors a greater floor-to-floor height is necessary. Interstitial floors
are service floors between the laboratory floors that provide dedicated space for
MEP equipment and air and water distribution systems to the laboratories.

The combination of the maximum allowable building height and the floor-
to-floor height will limit the number of floors that may be built on a site. If a
specific gross square foot area is wanted, a building with fewer floors will re-
quire a larger footprint to obtain that amount of gross square foot area. Zoning
regulations, however, can also restrict the maximum allowable footprint. Re-
strictions imposed by zoning regulations concerning the building footprint and
height can exclude certain sites from further consideration based on the amount
of gross square feet needed in the proposed building.

Regardless of the restrictions on height and footprint size, the overall size of
the proposed building or addition should strike a balance between programmatic
requirements and the scale of the surrounding campus or community. Footprint
areas of 20,000 to 30,000 gross square feet are not uncommon and have the
potential to accommodate a number of research groups. Footprint widths of 80
to 100 feet are also not uncommon and provide sufficient dimensions for a
variety of contiguous laboratory and laboratory support functions. However,
academic campuses or surrounding residential neighborhoods may not have many
multistory buildings with footprints of these dimensions. Therefore the scale of
the surrounding campus and community should be considered when determining
the building footprint.

Building Air Intake and Exhaust

The siting of a laboratory facility and the location of its air intake systems
and exhaust stacks require careful consideration to minimize the possibility of
contamination of the incoming air by neighboring buildings or activities, exhaust
from vehicles on nearby streets, or exhaust from vehicles in the building loading
area. The local prevailing winds as well as building exhaust and other sources of
pollutants, such as vehicle exhaust, all need to be considered when locating the
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air intake for the building. Similarly, the location of the building exhaust must
be considered to avoid contamination of neighboring buildings via their air in-
take, windows, or other openings. Equally important, the exhaust stacks must be
located so as to prevent exposure of people outside the building to potential
exhaust hazards. A more detailed discussion of the design considerations related
to the fume hood exhaust system is provided below in this chapter.

Campus Interactions

In selecting the building site for a laboratory facility, planners should con-
sider desirable campus interactions that should be encouraged and maintained.
An academic or research campus is a dynamic environment where researchers in
one building routinely interact with colleagues in other buildings. Interdiscipli-
nary research is commonly promoted, encouraging chemists to interact with ma-
terials scientists and engineers, biologists to interact with agricultural scientists
and environmentalists, and project teams to interact with academic and planning
committees. In additional to collegial interactions, researchers interact with in-
dividuals who provide campus support services, which vary from campus to
campus but may include machine shops, graphic arts, instrument repair shops,
libraries, accounting offices, central stores, and many others.

In the predesign phase, a diagram of interactions is commonly developed to
rate the relative importance of interactions between laboratory users and individ-
uals or groups outside the laboratory building. The same approach can be used
to rate different siting alternatives based on how each promotes or discourages
important interactions; the siting of an addition or new building should consider
and, if possible, support the interactions identified as most important. The loca-
tion of entries to a laboratory facility as well as public and private amenities can
all affect the interactions between building users and outside parties.

Access to the Building

The site of a laboratory addition or a new laboratory building must allow
unrestricted access by people and vehicles. Access to the building itself must
comply with the Americans with Disabilities Act (ADA) and other relevant laws
and regulations. Because people will arrive by car, by bike, on foot, in wheel-
chairs, and by public transportation, provisions for dropping off and picking up
people by car and requirements for access to public transportation all have to be
considered.

Research is a 24-hour-a-day activity, and so the safety implications of pro-
viding 24-hour access need to be considered when a building site is selected.
For example, a building located on the edge of a campus may be more accessible
to visitors from outside the institution, but such access could possibly create a
safety risk to building users, particularly at night. A building located in the
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center of a campus may reduce access for uninvited visitors and encourage inter-
actions with other campus occupants but may also require visitors and users to
walk from possibly unsafe perimeter parking lots day and night. The risks posed
by the proposed building location, whether it is on a campus, in the center of
town, or at any other location, need to be assessed as part of the siting decision.
Once the site is selected, appropriate site lighting and accessibility features, such
as ramps, should be designed to minimize risks, improve personal safety, and
maximize access.

Access to a laboratory building by large vehicles, such as tractor-trailer
trucks, is required for delivery and pickup of materials and supplies. Proper
access to and design of the loading dock are also required for the safe handling
of materials that may present chemical or biological hazards. Equally important,
a laboratory building must be accessible on multiple sides by large fire protec-
tion vehicles and other emergency response equipment and vehicles.

Total Environmental Design Approach

Ultimately, the design and siting of a laboratory facility should incorporate a
total environmental approach based on knowledge of all aspects of the building’s
function and environment. The issues include both natural and man-made envi-
ronmental elements, as well as legal and regulatory requirements.

Floor Planning

The planning of the laboratory floor is influenced by the building’s site,
building and fire codes, security concerns, laboratory users, the culture of the
organization, and other design decisions made during previous phases. The
laboratory floor layout and the resulting traffic flow can reflect or change the
culture of an organization. For example, the building can promote interaction by
centralizing or clustering research offices and by locating conference rooms or
other meeting spaces to allow ready access from the laboratories and offices, or
it can isolate researchers by placing small, closed laboratories along a lengthy
circulation corridor.

Interaction diagrams can be used as a method to identify desirable and unde-
sirable interactions within the building as well as critical interactions between
occupants of the building and the surrounding campus and community. These
interactions should be considered when alternative floor layouts are evaluated to
identify appropriate adjacencies.

In a corporate research facility, the research laboratories may need to be
located in areas of the building that are not readily accessible to the general
public. In that case, meeting rooms are needed so that visitors can interact with
the building occupants without having to enter the secure area of the building. A
reception area with adjoining conference rooms, augmented by the necessary
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security measures, is a common solution to the need for providing spaces acces-
sible to invited guests while restricting access to other portions of the building.
The building can be designed to clearly define the entrance and the areas within
the building intended for use by the general public.

The design group can help the client develop a systematic approach to iden-
tifying intended interactions, security levels, and functions of the building. The
planning of the various spaces on each floor should reflect the established inter-
action criteria.

Modular Approach to Laboratory Floor Layout

A modular approach to laboratory floor layout is generally recommended by
design professionals and often used. The single laboratory module is the starting
point for the floor layout. Larger laboratories, which can support group research
activities, sharing of support facilities, and the larger area required for teaching
laboratories, can comprise multiple laboratory modules. When a floor layout is
modular, partitions to separate laboratory units can easily be added to the larger
laboratory units to define space for different activities if the need arises.

The size of the laboratory module and the grid configuration are often deter-
mined at the same time—one typically informs the other. In turn, the number of
modules and the grid configuration determine the overall size of the building
footprint. The structural grid is defined by the structural column and beam
locations. Thus for a building with a structural grid of 24 feet by 30 feet, a single
laboratory module would typically occupy one-half of the width of the grid, or in
this example an area 12 feet by 30 feet, or 360 square feet. The area of the
laboratory module may be reduced, however, by the configuration of the circula-
tion corridor. For example, the area of the laboratory module would be reduced
to 12 feet by 24 feet if a 6-foot-wide peripheral circulation corridor were used.
Mayer (1995) discusses typical laboratory module sizes and standard work area
layouts for them.

Planning a floor layout by the modular approach and standardizing the sizes
and shapes of the individual laboratories will create a flexible floor plan that is
space efficient and less costly to construct than one with fixed assorted-sized
laboratories. Developing a generic laboratory design with features that accom-
modate the majority of the researchers’ requirements can also result in a highly
efficient research laboratory facility. Customized configurations of the laborato-
ry and its support spaces can be less flexible, less space efficient, and more
costly to construct. Some customization, however, is necessary to accommodate
the specialized requirements of individual research laboratories. On the one
hand, customization in laboratory support spaces can provide necessary unique
facilities without compromising the integrity of the generic approach to the re-
search laboratories. On the other hand, inessential personal customization of
research laboratories or laboratory support spaces can delay the progress of the
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design and documentation phases and escalate project costs. Highly customized
laboratories limit the ability to move research activities from one laboratory to
another, and highly customized features desired by one researcher may represent
an encumbrance and safety hazard to other researchers. Minor changes to a
generic laboratory are easy to accomplish at a modest cost, whereas changes to a
highly customized laboratory can be costly.

Laboratories, Offices, and Support Space Adjacencies

The relationship of the laboratories, offices, laboratory support spaces, and
other support spaces in a building is critical to the functionality of the building
and the efficiency of the research facility. For instance, the functionality of the
research facility can be maximized if laboratory areas are configured contigu-
ously, and the efficiency of the research suite can be maximized if the laboratory
support spaces are located adjacent to the research laboratories. But some
laboratory facilities may require particular activities to be separated. For exam-
ple, in a university environment, research laboratories are most often separated
from teaching laboratories and classrooms. Teaching laboratories and class-
rooms that support introductory science courses may generate considerable pe-
destrian traffic, which can inhibit the movement of researchers, supplies, and
equipment between laboratories and laboratory support spaces. Further, in-
creased security problems may result if research laboratories are located adjacent
to public access corridors. Other laboratory settings may require separation for
technological reasons. For instance, researchers using vibration-sensitive equip-
ment often need to be physically separated from those whose use of large motors
or impact devices creates vibrations. And, as pointed out in the section “Envi-
ronmental Health and Safety” above in this chapter, controlled access may be
required for health and safety reasons.

Laboratories are the most expensive space in a research facility. They should
be organized with appropriate proximity to laboratory support areas, storage
space, offices, and building support areas in an effort to maximize the cost-
efficient use of all spaces of the building. Laboratory support spaces, storage
space, and, to the extent possible, offices should be designed to facilitate possi-
ble future conversion to laboratories. The modest increase in project costs in-
curred as a result of designing for this future adaptability will be saved many
times over during the building’s lifetime through savings in future laboratory
renovations and minor alterations. Research laboratory buildings designed with-
out adaptability in mind may require major renovation for a minor alteration to a
laboratory as a result of inaccessibility to laboratory services or unavailability of
appropriate space for expansion.

During the planning of the laboratory floor, researchers commonly request
offices located adjacent to the laboratories. Decentralized offices located adja-
cent to and interspersed with laboratories allow researchers to circulate between
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office and laboratory with minimal effort. However, centralized offices may
encourage researcher interaction. Further, because offices can use recirculated
air, they can be served by a dedicated heating, ventilation, and air conditioning
(HVAQC) system if centralized. Laboratories, which in most cases cannot recir-
culate the exhaust air, can then be served by a separate HVAC system sized only
for the laboratories. Using the less costly, recirculated-air HVAC system for
offices and minimizing the size of the costly HVAC system serving the laborato-
ries can reduce operating costs. Finally, creating laboratory zones composed of
many contiguous laboratory modules is generally considered a more flexible
arrangement than isolated laboratories because it allows research groups to grow
and shrink without costly renovations to the space they occupy.

Laboratory support functions, including instrument rooms, equipment rooms,
tissue culture rooms, glassware wash rooms, and storage rooms, are also often
centralized in areas or zones. Sometimes laboratory support zones flank a cen-
tral circulation corridor with research laboratories located on the periphery. In
these instances, offices are often clustered and located at the corners of the
laboratory floor to ensure that each office has an exterior window. This config-
uration also ensures that laboratories are adjacent to rooms housing laboratory
support functions. Other configurations locate laboratory support spaces in a
central zone separated from the peripheral laboratory zones by a racetrack circu-
lation corridor. A service corridor may bisect this laboratory support zone. The
various types of corridor configurations are more fully discussed below in this
chapter, in the section on “Corridors.”

The size and location requirements for storage space—a laboratory support
function—should be carefully considered, as should expectations for short- or
long-term use. Appropriate and adequate storage areas should be included in the
planning phases, particularly for storage of potentially hazardous chemicals that
require unique environments. Supervision and management of the storage areas
can be as critical as the provision of adequate, well-designed storage spaces and
should also be considered in design specifications. Storage space should support
the research and other activities within a laboratory building and should not be
used to house defunct equipment or unusable chemicals.

Strategic design and use of storage areas, particularly those for chemicals,
can have many safety, environmental, and health-related benefits, as discussed
in the section “Dedicated Storage Space” in this chapter. Conversely, storage of
chemicals and flammable materials in a laboratory can increase users’ exposure,
increase the fire load in the laboratory, exacerbate a fire or other incident, and
increase the cleanup cost after such an incident. Laboratory storage rooms should
therefore be located adjacent to the laboratories they support and equipped with
storage cabinets built to house flammable materials and ventilated cabinets for
the storage of toxic and noxious materials. Equipment storage rooms should be
included in the design of a laboratory facility to minimize the storage of unused
equipment in the laboratory.
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BOX 3.9 Common Floor Layouts

e Central circulation corridor

» Off-center circulation corridor system

* Peripheral or racetrack circulation corridor

* Peripheral or racetrack circulation corridor with exterior offices
* Central service corridor

¢ Open laboratory suite concept

Laboratory floors are often designed around building service cores that cen-
tralize building support areas such as stairways and elevators, utility shafts, com-
munication equipment rooms, rest rooms, and other shared functions, such as
MEP equipment.

Corridors

The layout of circulation corridors should support efficient access to all
adjoining spaces and encourage interaction. It should also support efficient emer-
gency egress as described in the “Environmental Health and Safety” section of
this chapter. Long, uninteresting circulation corridors and circuitous circulation
pathways can inhibit interaction of the building’s occupants.

The arrangement of corridors in research laboratory buildings can take sev-
eral different forms (see Box 3.9). The “central circulation corridor” layout has
laboratories located on either side of the corridor. The “off-center circulation
corridor” layout has laboratories on one side and offices or support spaces or
both on the other. The “peripheral” or “racetrack” layout has a circulation corri-
dor on the periphery with laboratories located in the interior of the building. A
common variation on the peripheral circulation corridor layout has offices on the
exterior of the building with the circulation corridor separating the offices and
laboratories, which are then centrally located. A disadvantage of the peripheral
or racetrack corridor design is the lack of natural light into and views out of the
laboratories located on the interior of the building.

In larger laboratory buildings, service corridors and freight elevators are
included in the design to facilitate the movement of supplies and equipment
throughout the building without using the circulation corridors and elevators.
Service corridors typically serve as pathways for deliveries and MEP systems
and as limited storage areas for equipment. A service corridor that combines
these functions may require a width of 12 feet and should include typical interior
finishes on the walls, ceiling, and floors. A service corridor that serves a single
function may require only a 6-foot width and may provide storage space for the
adjoining laboratories for cylinders and limited supplies. Valves serving labora-
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tory systems can be located in the service corridor, thus enabling access to ser-
vice controls if repairs or an emergency shutdown are required. A service corri-
dor may also provide a secure area for pickup and delivery of materials without
requiring entry to the laboratories.

For floors configured with peripheral circulation corridors, the service corri-
dor is typically located in the center of the building at the interface of two
laboratory zones. For floors with a central laboratory support zone flanked by
corridors in a racetrack configuration, the service corridor may bisect the labora-
tory support zone. The peripheral or racetrack corridor configuration typically
results in a building with a footprint exceeding 100 feet. Research laboratory
buildings with footprints of this width, though not uncommon, often require
careful consideration during the site selection process as discussed above.

Traffic Flow

A laboratory building is a dynamic environment. Hundreds of people from
different professions use the building and maintain the operating systems and
equipment. These people include researchers, technicians, students, customers,
secretaries, and maintenance staff, at a minimum. Specialized service techni-
cians are also needed to keep both the building and the instruments and comput-
ers within the building in good operating conditions. The ability of these various
individuals to move as required throughout the laboratory facility needs to be
considered during the design phases of a renovation or construction project.

The flow of supplies and equipment throughout the building also needs to be
seamless. Special considerations are needed to address the quantity, size, and
weight of supplies and equipment moved within the building. Large instruments
such as NMR spectrometers, mass spectrometers, and laser optics tables, and
equipment such as mixers, extruders, walk-in refrigerators, and ovens are used in
a typical laboratory building. Other large items such as gas cylinders, cryogen
cylinders, and photocopiers also are moved through a laboratory building.

The people, equipment, and supplies all need to enter and move smoothly
within the building. Entrances for people should be separate from loading docks
for receiving supplies and equipment. Inside the building, people and supplies
may share circulation corridors and elevators or, in larger buildings, separate
freight elevators and delivery service corridors may be provided. While corri-
dors must be designed to optimize the flow of people, equipment, and supplies,
they should also be carefully designed to discourage inappropriate uses, such as
storage of equipment and supplies.

In addition to the various users and occupants noted above, chemicals, sup-
plies, instrumentation, and furnishings will need to be safely and efficiently
transported to and throughout the building. Safe and appropriate paths for haz-
ardous and nonhazardous materials should also be considered during the design
phase. Some building and fire codes restrict or prohibit the transport of hazard-
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ous materials in circulation corridors, requiring noncirculation corridors for such
use. Corridor and door widths and elevator cab sizes and capacities should all be
considered with these special needs in mind during the design process.

Access

Points of access to research laboratories, teaching laboratories, and laborato-
ry support areas have to accommodate people and also large, bulky, and poten-
tially hazardous materials. Large items require wide corridors, wide doors, large
elevators, and specially designed corners to permit a wide turning radius. Trans-
porting extremely heavy items within a building may be restricted or even pro-
hibited if the building was not designed to support extremely heavy loads. If
only part of the building is designed to support extremely heavy loads, the circu-
lation corridors and elevators used to access that part of the building must also
be designed to support the heavy loads.

A 36-inch-wide door is standard for laboratories and laboratory support
areas; however, commonly used laboratory equipment and large instruments may
require a wider door opening. Door widths of 42 or 48 inches should be consid-
ered in these instances. If a single door leaf of 42 or 48 inches is heavy, it may
require special hardware to meet ADA access requirements. Double doors could
also be used, but a common solution is to use two doors of unequal width.
Typically a 36-inch door, called the active leaf, is used with an 18- to 24-inch
door called the inactive leaf. The 36-inch door, the minimum size required to
comply with ADA requirements, is used on a daily basis to access the laboratory.
The smaller door can be opened easily in the infrequent instances when the extra
width is needed to move a large item into or out of the laboratory.

For similar reasons, corridors 6 feet wide or wider are common in research
laboratory facilities. Narrower corridors do not permit the movement of large
items and can obstruct the bidirectional flow of traffic. Even corridors 6 feet
wide may not provide a turning radius sufficient for some large items to turn a
corner through a door along the corridor.

Elevators pose similar problems. The width and height of the elevator doors,
the size of the cab, and the capacity of the elevator all are critical to the efficient
movement of large and heavy items throughout the building. Where large pieces
of equipment must be moved, high ceilings and doorways are required. Corridors
often must have ceiling heights greater than 8 feet. The movement of tall appara-
tus may require doorways taller than 7 feet. These standards, regularly used for
other building types, should be reexamined when planning a research laboratory
facility. Corridor ceiling heights of 9 or 10 feet and door heights of 8 or 9 feet may
be required in parts of a building where large equipment is used and moved.

The entry to the building and the pathways within the building for move-
ment of large equipment start at the loading dock and must be clear of any low
obstructions. During the lifetime of a building, large pieces of equipment will
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need to be replaced in the building equipment rooms, and provisions for their
replacement should also be included in the initial design of the building.

Egress

Laboratory egress requires all the physical specifications detailed above in
the section on “Access” but is also regulated by codes. Dual egress—i.e., two
exits—for all laboratories is often required by fire and building codes, and dual
egress for other areas is often encouraged. Storerooms or laboratory preparation
areas with flammable materials, water and electrical hazards, and chemical haz-
ards should also have dual egress. In addition, there must be a continuous and
unobstructed path from any point in the building to an outside exit. This require-
ment is further discussed in the section “Environmental Health and Safety” in
this chapter.

Special Features

Atrium. An atrium can make a strong statement about the ideology of the re-
search laboratory facility. An atrium can serve many functions, such as a recep-
tion area, a meeting area, or an opening to bring daylight into the center of a
large building. However, atriums can create additional ventilation requirements
as a result of additional solar gain or code-mandated smoke evacuation systems.
Shading or filtering the solar gain in the atrium can minimize the additional
ventilation requirements. An atrium in a laboratory building can create addition-
al complications associated with the balancing of the HVAC system. A proper
evaluation of the advantages and disadvantages of an atrium should be complet-
ed during the design phase.

Loading Dock. The loading dock is the primary point of entry for supplies and
equipment to the building. In addition to an area for receiving and shipping
goods, the loading dock is also a staging or collection area for a laboratory
building. Many laboratory buildings have storerooms, gas cylinder holding ar-
eas, waste collection facilities for both office and hazardous laboratory wastes,
storage facilities for flammable materials, and refrigerated storage all located
adjacent to or easily accessible to the loading dock. Once the materials are in the
building, the network of corridors and elevators must support their safe transport
throughout the building. Factors determining the location of the loading dock
have been considered in the “Building Air Intake and Exhaust” and “Access to
the Building” sections of this chapter.

Elevators. Elevators facilitate the safe movement of people and materials

throughout a building. Elevators are needed even in a two-story building to
move large and heavy items between floors and to comply with ADA require-
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ments for accessibility. In a smaller building, a single elevator may serve for
both passengers and freight. A larger building may have passenger elevators
accessible from the main pedestrian entrance and separate freight elevators ac-
cessible from the loading dock and the service areas.

In a laboratory building, larger elevators with increased capacity may be
needed to move the large, bulky, and heavy equipment and supplies throughout
the building. Entry areas adjacent to elevators need to be sized to permit large
items to easily be loaded into and unloaded from the elevator. If an elevator
opens directly into a 4-foot-wide hall, the turning radius may not be sufficient
for loading the elevator with large equipment.

Materials Distribution. Larger quantities of materials and supplies are moved
within a laboratory building than in an office building. Orderly movement of the
materials is accomplished by a well-designed network of hallways, service corri-
dors, elevators, and a loading dock with adjacent areas for receiving, storage,
and staging. In larger buildings, a dedicated network of service corridors and
freight elevators can be used to minimize the congestion in the pedestrian circu-
lation corridor and passenger elevators of the building. Service corridors with
designated freight elevators provide an additional margin of safety for the build-
ing users. People using pedestrian circulation corridors are physically isolated
from the movement of large, heavy, bulky, and potentially hazardous items
through the service corridors. The delivery personnel, using the service corri-
dors, can focus their attention on their task and are less likely to be distracted or
startled by a person stepping out of an office into the path of an oncoming, fully
loaded delivery cart.

Security. The building design, especially the means of access and egress, should
take personal security and the need to protect property from theft into consideration.

Laboratory Configuration

A laboratory with fume hoods, benches, and a sink may be the generic
image of a laboratory, but the specific needs of different laboratory activities or
scientific disciplines require highly specialized facilities (see, e.g., DiBerardinis
etal., 1993, pp. 123-342). In general, research laboratories require special venti-
lation, are utility intensive, and require special furnishings that can withstand
instruments, equipment, and potentially caustic and damaging chemicals. In
chemistry laboratories, a fume hood usually provides the special ventilation need-
ed. In molecular biology laboratories, high-efficiency particulate air (HEPA)
filters and biosafety cabinets may be required to meet the special ventilation
requirements. These and other features (Box 3.10) of laboratories and many of
the related issues that must be considered when designing a laboratory are dis-
cussed in this section.
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BOX 3.10 Laboratory Features and Furnishings

* Laboratory desks * Bench tops

* Fume hoods * Flooring

* Special ventilation e Lighting

e Laboratory casework and e Accommodation of special
furniture environments

* Laboratory utility services

The modular approach to laboratory floor layout is discussed above in this
chapter. It is often more cost-effective to also use standardized laboratory de-
sign throughout the laboratory modules for layout, utilities, furnishings, and oth-
er features. The standardized or generic laboratory design can be modified to
accommodate specific research requirements. Necessary modifications are those
that enable laboratory occupants to do their work safely and efficiently.

Laboratory Desks

The location of desks for researchers and support staff should be determined
based on considerations of safety and efficiency but should also reflect institu-
tional or departmental preference. The extended exposure of laboratory occu-
pants seated at desks to chemical and other laboratory hazards and the common
occurrence of eating food at desks are the most frequently given safety-related
arguments against desks in the laboratory. The consumption of food and bever-
ages should be strictly prohibited in laboratories where any hazardous materials
are used and can be discouraged if the laboratory floor layout includes lounges
designed for eating, drinking, and interaction (NRC, 1995, pp. 82, 94). Previ-
ously, smoking was an additional argument against desks in the laboratory, but
as a result of changing social practices smoking has been banned in laboratories
and in many buildings.

Locating desks for researchers and staff in the laboratory is generally more
area-efficient than locating desks in adjacent shared offices. In addition, re-
searchers seated at desks in the laboratory are able to closely monitor the progress
of ongoing experiments. Alternatively, some institutions require that the labora-
tory floor be planned with adjacent shared offices rather than desks in the labora-
tory. Windows in the wall separating the shared offices from the laboratory
allow researchers in the adjacent offices to monitor laboratory activities.

Laboratories with adjoining shared offices may be more difficult to expand
for larger research groups without expensive renovations. However, researcher
and staff interaction may be encouraged when desks are located in a shared
office.
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Fume Hoods

Laboratory fume hoods are costly to purchase, install, and operate, but for
chemistry laboratories, fume hoods are essential for laboratory safety. Fume
hoods are necessary for most chemical research activities, and the use of person-
al fume hoods in academic chemistry teaching and research laboratories is be-
coming more common. Many academic institutions believe that both undergrad-
vate and graduate students should be trained in the proper use of laboratory fume
hoods. The safety aspects of the hoods are discussed in “Environmental Health
and Safety” in this chapter.

In many research disciplines, the area covered by the fume hood is the
primary location of all laboratory experimentation. The primary function of the
fume hood is to protect the researcher and other building occupants from the
hazards of the experiment. Proper selection of the fume hood features and prop-
er design of the entire HVAC system are required for the fume hood to function
properly and to provide the protection for which it was installed.

Many features of a laboratory fume hood should be considered when plan-
ning a research laboratory (see Box 3.11). The research to be conducted in the
fume hood, as well as environmental, fire protection, and safety issues, must all
be considered when specifying a laboratory fume hood.

Performance. A discussion of the aerodynamic design of a laboratory fume hood
cabinet is beyond the scope of this report and is best left to the fume hood manu-
facturer. Manufacturers typically specify a fume hood face velocity for optimal
performance of their products. Face velocities of 90 to 100 feet per minute (fpm)
are typical but can range from 60 to 120 fpm. The capabilities of a building’s
HVAC system will dictate whether the specified face velocity is obtained and can
be maintained. Face velocities too high or too low are detrimental to safety and to
the performance of the fume hood. Fume hoods with too high a face velocity are
also less energy efficient, which contributes to higher operating costs.

Fume Hood Utility Services. In addition to air supply and exhaust systems,
many other utilities typically required for experimentation must be readily avail-
able in the fume hood. Typical utility services include running nonpotable wa-

BOX 3.11 Features of a Laboratory Fume Hood

* Performance * Base cabinets

e Utility services e Construction materials

* Dimensions * Location in the laboratory
e Sash type e Special characteristics
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ter, laboratory waste removal, electric outlets, and lighting. Other utility servic-
es can include the supply of natural gas, compressed air, nitrogen, argon, vacu-
um, steam, and chilled water as discussed in the section “Building Services”
below in this chapter. As with the design of generic laboratories, it is advanta-
geous to standardize the design of the fume hood used in most research laborato-
ry facilities that require numerous hoods.

Dimensions. Common exterior widths for fume hoods are 4, 5, 6, and 8 feet
with 5 and 6 feet the most commonly requested lengths. The standard exterior
depth is 3 feet with an interior depth of about 30 inches. Larger fume hoods are
more expensive to operate because of the increased volume of air needed to
maintain the specified face velocity. Fume hoods less than 5 feet long can be
confining and difficult to use. Some small, narrow, custom-designed fume hoods
are used in academic teaching laboratories where laboratory space is at a premi-
um. Fume hoods more than 6 feet long allow researchers to set up more than one
experiment in the fume hood or use part of the fume hood for storage. Both
practices are forms of misuse that may create a hazardous situation and may
increase the potential for an accident. Some academic and corporate laborato-
ries, particularly those whose work involves synthetic and organic chemistry
activities, require that each researcher be provided with an 8-foot-long fume
hood.

Sash Type. Vertical, horizontal, and combination fume hood sashes are com-
monly used and are typically composed of tempered glass. A vertical sash is
guided up and down in track rails attached to the hood and to the sash sides. The
weight of the sash is balanced with counterweights in the back of the fume hood.
Periodic inspection and adjustment are needed to maintain an easy, effortless
movement of the sash. Horizontal sashes consist of multiple panels, with or
without frames, which slide independently and horizontally in tracks at the top
and bottom of the sash. Some fume hoods are designed to allow the horizontal
sashes to be easily removed, reducing obstructions during experiment setup. In a
combination sash, the panels of a horizontal sash are mounted in a vertical sash
frame. The sashes can be moved in a horizontal direction as in a horizontal sash,
and the frame can be moved up and down as in a vertical sash. The cost of sash
type increases from vertical to horizontal to combination. Fume hoods with
horizontal sashes generally require less air to maintain the specified face velocity
because of the smaller opening created by the multiple panels. These fume
hoods are therefore generally less costly to operate. Fume hoods with horizontal
sashes, when correctly used, provide a safety barrier of tempered glass for the
researcher reaching around the centered panels. However, some researchers find
the horizontal sash fume hoods awkward to use correctly and often remove the
sash panels or slide them up if combination sashes are provided.
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Base Cabinets. Storage cabinets for flammable solvents and for acids are com-
monly placed beneath the fume hood, a convenient location because the solvents
and acids are routinely dispensed in the fume hood. In addition, such storage
cabinets frequently require connection to the exhaust air system. Base cabinet
drying ovens are occasionally used but may pose a safety risk because of the
location of a heat source in an area where flammable-solvent vapors may be
present. Fume hoods with no base cabinets may be used to comply with ADA
requirements.

Construction Materials. Fume hood construction materials should be selected
for durability and suitability for the required task. The construction materials,
types of finishes and surfaces, and the type of research all need to be considered.
Epoxy-coated metal is typically used for fume hood and base cabinet enclosures.
Nonferrous fume hood enclosures are also available for specialized research
applications. The interior cabinet enclosure is typically made of an inert, non-
flammable, nontoxic, synthetic material. The working surface is typically mold-
ed epoxy resin or stainless steel.

Location in the Laboratory. Although experts may disagree on the best location
for a fume hood in the laboratory, all agree that the fume hood should be located
so as to minimize researcher movement in front of the fume hood. The move-
ment of people and equipment creates eddy currents of air, which decrease the
efficiency of the fume hood and can expose the passerby to potentially harmful
vapors drawn from the fume hood. Fume hoods should be located away from
doors because doors also can create eddy currents. In the event of an accident in
the fume hood, one located by the door could block the primary path of egress
from the laboratory. A dual-egress design for all laboratories can minimize this
problem.

Face-to-face configurations of fume hoods should be avoided due to com-
plex air currents that may be generated by two opposing fume hoods. If a face-
to-face arrangement is required, the minimum dimension separating the fume
hoods should equal the length of the fume hood but should not be less than 5
feet. Fume hoods should be located as far from researcher desks as is reasonably
possible. Beneficial air currents can be created if makeup air (for description see
“Exhaust and Makeup Air” below in this chapter) is delivered at the end of the
laboratory opposite the fume hoods.

In some research disciplines and for some laboratory activities, such as sol-
vent distillations, researchers prefer that the fume hood be isolated in a room
separate from the primary laboratory.

Special Characteristics. Many different, highly specialized fume hoods, such as

explosion proof, corrosive resistant, or with filtered exhaust, are manufactured
either on a routine or custom basis. Special fume hoods are required when
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working with radioisotopes, perchlorate, and pathogens. Height-adjustable fume
hoods without base cabinets are available for ADA compliance.

Ductless Fume Hoods. Many academic institutions are investigating and start-
ing to use ductless fume hoods in their undergraduate teaching laboratories.
Technically, they are not fume hoods because they do not exhaust air from the
enclosure to the outside. There is currently insufficient information to recom-
mend them as substitutes for ducted fume hoods (NRC, 1995, p. 185).

Special Ventilation Devices

The laboratory fume hood is the most commonly used device for removal of
odors and vapors from a laboratory building, but other devices are also used.
Canopies are used to ventilate odors from weighing activities at a balance, ozone
and other toxins from plasma emission spectrometers, and excess heat from an
oven or other equipment. The exhaust from many instruments, such as gas
chromatographs and atomic absorption instruments, should be exhausted from
the laboratories. For many instruments, the exhaust venting can be accom-
plished with a small flexible duct from the instrument to a larger building or
fume hood exhaust duct. Numerous special ventilation requirements of instru-
ments and common laboratory activities are frequently overlooked in the plan-
ning and design of laboratory facilities.

Laboratory Utility Services

Utility services must be provided to each laboratory. These are discussed in
detail in the section “Building Services” below in this chapter.

Laboratory Casework, Furniture, and Bench Tops

Laboratory casework includes cabinets of various configurations above and
below the laboratory bench. Casework comes in several different types includ-
ing built-in, modular, and freestanding. Built-in cabinets below the laboratory
bench typically support the bench top. Modular casework is constructed as a
system of modular units typically composed of a supporting frame that indepen-
dently supports the laboratory bench, upper and lower bench cabinets. Some
modular casework systems also integrate the laboratory services. A ventilated
reagent cabinet adjacent to a hood can be substituted for similar under-hood
cabinets. The modular design has a slight initial cost premium but provides
substantial savings for organizations that frequently reconfigure laboratories. The
modular system allows bench heights to be changed from a standing (36 inches)
to a sitting (30 inches) height without major renovations. Base cabinets can also
be changed without major disruption to the laboratory.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/9799.html

novation: Participants, Process, and Product

94 LABORATORY DESIGN, CONSTRUCTION, AND RENOVATION

Laboratory furniture includes freestanding tables, desks, and file cabinets
that are not physically connected to the building and do not have built-in servic-
es. Furniture can also include rolling base cabinets that can be put under fixed
casework or freestanding tables. For laboratories with the services mounted on
the wall or on superstructures, conventional freestanding furniture can provide
laboratory flexibility at a minimal cost.

Laboratory casework, furniture, and bench tops come in a broad range of
quality and materials of construction. Commonly used materials include wood,
metal, plastic laminates, and combinations of these types. Within each type of
material a broad range of quality is available. Selection of the type and quality of
material is determined by the image the institution wants to project, the type of
research conducted in the laboratory, the anticipated useful life of the laboratory,
the frequency of renovations, and the project budget available for laboratory
furniture. Corrosives can damage the finish and material on a metal cabinet and
decrease its useful life. Many laboratories require surfaces that are nonporous
and easily cleaned, disinfected, and decontaminated. In these situations, metal
or laminates are preferred. Solvent resistivity of materials and finishes should
also be considered in selecting laboratory furnishings.

Flooring

The selection of the laboratory flooring should be based on the type of
laboratory and the scientific discipline. The flooring should be easy to clean and
maintain; it should prevent water penetration and withstand damage from harsh
chemicals such as strong acids and caustic and organic solvents. If damaged, the
flooring system should permit simple repair or complete replacement. Seamless
vinyl, epoxy coatings, or painted concrete are commonly used laboratory floor-
ing materials. Antislip and antistatic mats, pitched floors, and gratings may also
be required in special situations.

Lighting

Lighting design is a specialty in itself. Lighting in laboratories, offices, and
other interior spaces; control of ambient light; emergency lighting; and illumi-
nating the outside of the building at night all require care in their design, installa-
tion, and operation. Lighting levels of 80 to 120 footcandles are common in
laboratories and typically exceed lighting levels in other building types such as
office buildings. A significant portion of the electricity consumed in a building
goes to lighting. Energy-efficient lighting products should be considered, and
local power companies may offer incentives for their use. The expertise of a
lighting design specialist is required for most laboratory construction and reno-
vation projects.
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BOX 3.12 Building Services and Structure

Services

* Utility distribution

* Exhaust and makeup air

* Heating, ventilation, and air conditioning
* Fume hood exhaust

e Laboratory and fume hood services

e Special electrical power requirements

e Communications and data equipment

Structure

e Structural grid
e Vibration

* Floor loading

Accommodation of Special Environments

The list of highly specialized laboratory requirements is endless and varies
by discipline. Some commonly encountered requirements include radio frequen-
cy shielding, magnetic shielding, isolation from vibrations, constant tempera-
ture, humidity control, and particulate control. In general, accommodating these
specialized needs is costly, and satisfying a specialized need on a case-by-case
basis is more cost-effective than trying to satisfy the need universally throughout
the building.

Building Services and Structure

The building services, the configuration of the mechanical, electrical, and
plumbing services and equipment, and the structural system (Box 3.12) are typi-
cally determined in the design phase.

Building Services

Laboratory buildings require robust HVAC systems to handle the additional
demands placed on the equipment by laboratory fume hoods. In addition, build-
ing services may include laboratory-grade, potable, nonpotable, and cooling wa-
ter; laboratory and sanitary waste removal; and the supply of natural and special-
ty gas, vacuum, and other specialized services. Many laboratories require special
electric services; their electrical circuit breaker panels need to be in the laborato-
ry or immediately adjacent to it. All utility shutoffs need to be easily accessible
and strategically designed so that service to localized areas, such as a laboratory
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or a wing, can be shut down for routine maintenance, for renovation, or in an
emergency. Seemingly minor incidents in a laboratory building can have signif-
icant financial consequences for want of a readily accessible service shutoff. For
example, if a water pipe breaks and water runs for several hours, it may cascade
through several floors of a building, damaging ceilings, flooring, wall finishes,
and scientific equipment. Water damage, electrical fires, and flammable gas
leaks can easily be prevented with strategically placed shutoff valves. The ser-
vices to each laboratory and to each wing or floor should be isolated and easily
shut off. Small laboratory installations, maintenance, or minor repairs become
major incidents when the entire building must be shut down to change one wash-
er in a valve that would not close. Shutoffs on deionized water systems are
commonly overlooked.

Utility Distribution. Utility chases and interstitial spaces are used to distribute
utility services throughout a building. Since laboratory buildings are much more
utility intensive than are office buildings, routing the utilities throughout the
building is more difficult.

Use of interstitial spaces can simplify utility distribution in a laboratory
building and can provide greater flexibility over the building’s lifetime. Hous-
ing utility services and equipment between occupied floors permits routine main-
tenance and modification with minimal disruption of the activities of laboratory
users. Designing a laboratory building with interstitial space may significantly
increase the construction cost, but that cost likely will be recovered over the
lifetime of the building through decreased maintenance costs, decreased cost of
modification and renovation, and decreased disruption of the primary activities
for which the laboratory building was built.3

Utility chases for ventilation ducts, plumbing, and electrical services can run
vertically or horizontally, in a wall or along the ceiling. When distributed at the
ceiling, ducts and pipes can be left exposed as an intended design element or
concealed with a drop ceiling. Servicing or modifying utilities distributed at the
ceiling will frequently disrupt the activities of the laboratory staff and other
building users.

Box 3.13 lists a variety of locations for placement of utility chases. A utility
service corridor, which is very much like an interstitial space except that it can
be horizontal or vertical, is a passage within the building with utilities running
along its walls either vertically or horizontally. A horizontal utility service corri-
dor is for use by building maintenance personnel and is not intended as a circula-
tion corridor for other building users. DiBerardinis et al. (1993) includes an

3Reported in presentations to the committee by P. Richard Rittelman, Burt Hill Kosar Rittelman
Associates, April 13-15, 1998.
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BOX 3.13 Options for Location of Utility Chases
Within Laboratory Buildings

* Utility service corridor * Between laboratory modules
* Rear laboratory wall e Central utility shaft

e Exterior wall e Central shaft in service core
e Corridor wall

extensive discussion of the advantages and disadvantages of the different ap-
proaches used for locating utility chases within a building.

Exhaust and Makeup Air. Laboratory fume hood operation is dependent on
large quantities of air exhausted at high velocities. Laboratory makeup air is
required to maintain the code-required balance between negatively pressured
laboratories and positively pressured corridors. Ideally, makeup air is intro-
duced to the laboratory at the point farthest from the fume hood, thus allowing
for an efficient airflow and “flushing” of the laboratory. Makeup air can also be
introduced through a perforated ceiling plenum. Air intake locations should be
carefully chosen to prevent cross-contamination by exhaust air. The design of
laboratory airflow requires consideration of the whole airflow balance within a
building.

Heating, Ventilating, and Air Conditioning System. Many contemporary re-
search laboratory facilities are designed to use variable-air volume (VAV) or
constant air volume (CAV) HVAC systems. The VAV system uses sensors of
various types, installed in the fume hood cabinet, exhaust duct, or sash guide
rails, that indicate the amount of supply and exhaust air required to maintain a
constant face velocity and a safe working environment in the fume hood. Valves
controlled by a microprocessor connected to the sensors are installed in the
laboratory air supply and exhaust systems; they regulate the amount of air enter-
ing and leaving the laboratory and maintain a constant face velocity at the fume
hood as the position of the fume hood sash is changed.

VAV HVAC systems are generally more energy efficient and less costly to
operate than other ventilation systems. The higher equipment cost, associated
primarily with the need for numerous valves and sophisticated microprocessor
controllers, is partially offset by the need for smaller air supply and exhaust fans.
These fans can be smaller because, typically, only some of the fume hoods will
require the maximum amount of air; others will demand lesser amounts. Each
university or corporate laboratory must determine the appropriate relation for its
installation. Because of this variable demand, the size of the HVAC supply fans
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and fume hood exhaust fans can be smaller, which results in both lower project
costs and operating cost. However, some experts caution against assuming less
than 100 percent maximal usage.

Other fume hood makeup air systems are based on a CAV system that
maintains constant supply and exhaust air volumes. These fume hoods, often
called bypass fume hoods, are designed with a louver that is exposed when the
fume hood sash is closed and that is blocked when the fume hood sash is opened,
thus maintaining a constant opening for exhaust air regardless of the sash posi-
tion. A CAV HVAC system using bypass-type fume hoods may be less costly to
install and maintain but is less energy efficient than a VAV system.

Fume Hood Exhaust System. Fume hood exhaust ducts should be made of a
corrosion-resistant material, such as stainless steel. Lower grade, less costly
materials such as galvanized metal with various coatings have not proven to be
as successful for long-term application. Although the initial use of the fume
hood may not involve corrosives, the research laboratory’s requirements may
change over time. The projected savings from using a lower grade material may
not justify its use when the future costs of replacement and disruptions to labora-
tory activities are considered. Some research institutions have chosen to use
galvanized exhaust ductwork where ductwork is exposed and stainless steel
where ductwork is concealed.

The fume hood exhaust system can be designed as a single exhaust stack or
as multiple exhaust stacks. Traditionally, a single exhaust fan and stack served
each fume hood in a building. In large laboratory buildings, it was not uncom-
mon to have hundreds of exhaust stacks extending through the roof. Each roof
penetration represented a potential hazard in terms of both the exhaust and the
possibility of water damage. Routine maintenance of such a roof was difficult
because of the potential for exposure to exhaust. With the individual exhaust
stacks occupying a significant portion of the roof, rooftop locations for air in-
takes were limited.

Current building codes mandate the height of the exhaust stack above the
roof to minimize potential exposure to the stack exhaust. In modern laborato-
ries, the exhaust from many fume hoods, if not all the fume hoods in the build-
ing, is combined in one or more large manifolds. These manifolds may exist as a
horizontal duct on each floor, as a vertical duct or riser connecting all floors, or
as a single manifold in the penthouse or on the roof. Large exhaust fans serve
these exhaust manifolds, and the exhaust exits through one or more stacks often
extending 12 to 20 feet above the roof. On many large systems, a second
exhaust fan is installed on a single manifold to provide a backup fan, should the
primary fan fail or be shut down for maintenance.

A system of manifolds and central exhaust fans has numerous advantages
over the traditional design of a single exhaust fan for each fume hood. The
maintenance, or balancing, of the relative air pressure in laboratory and nonlabo-
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ratory spaces is critical in laboratory buildings. Balancing air pressure in a
system with exhaust manifolds, thus allowing the use of fewer exhaust fans, can
be easier than balancing air pressure in buildings with hundreds of exhaust fans.
Further, the initial equipment, installation, and operating costs are lower for
manifolded exhaust systems than for traditional one-fan-per-fume-hood systems.
The manifolded exhaust system is safer to operate because the exhaust stack and
the building air intake can be separated more easily to minimize the likelihood of
exhaust entrainment. It is more efficient in dispersing the stack exhaust because of
increased dilution, increased velocity, and a larger air mass. (The manifolded
exhaust system increases dilution because a number of fume hoods are vented
simultaneously and additional air is introduced to allow the fan to operate con-
stantly at a higher speed, hence a higher velocity. The increased air mass is created
by the number of fume hoods served as well as by the additional exhaust air.) The
increased velocity and mass allow the exhaust to be dispersed more effectively and
to be less affected by wind. The centralization of exhaust stacks in a manifold also
has the advantage of allowing for the installation of monitoring systems should
they be required in the future, as discussed in the section “Controlling Chemical
Vapor Emissions” earlier in this chapter. Further advantages and disadvantages of
manifolded fume hood exhausts versus a fan per hood are discussed in Prudent
Practices in the Laboratory (NRC, 1995, pp. 192-193).

Laboratory and Fume Hood Services. The concept of generic laboratory design
discussed in the section “Modular Approach to Laboratory Floor Layout” above
in this chapter can also be applied in providing services for both the laboratory
bench and the fume hood, which typically require similar kinds of services. Wet
services can include nonpotable hot and cold water, laboratory-grade water,
chilled water or glycol, and waste removal connections. Safety-related services
include potable tempered water serving eyewash and emergency shower fix-
tures. The laboratory-grade water may be produced by distillation, deionization,
reverse osmosis, or a combination of these techniques. Air and gas services
could include compressed air, natural gas, specialty gases, and vacuum. The list
of specialty gases can include nitrogen, hydrogen, argon, helium, and propane.
Special regulations apply to many of these gases, such as hydrogen and combus-
tible gases. Electrical services could include outlets of various voltages and
voltages controlled by rheostats. Other electrical services often include data and
telephone connections.

Specialized laboratory and fume hood services needed by only a few labora-
tories should be provided on a case-by-case basis. For instance, central vacuum
services can be costly. Water aspirators can be used but have some drawbacks
and are banned by many institutions. As an alternative, vacuum pumps could be
provided. They have a modest initial cost per installation; however, they require
cold traps in most applications to condense potentially harmful vapors and to
protect the pump, and they require routine servicing and oil changes. Used
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vacuum pump oil is hazardous and should be disposed of properly. A decision
thus must be made about whether or not to install an expensive central vacuum
system for an entire building or use an alternate. For some disciplines, the cost
can be justified. Similarly, specialized gases can be provided from individual
cylinders equipped with regulators. Chilled water or glycol can be provided by
individual refrigerated circulating bath units.

Several different approaches are used to distribute services within a labora-
tory. Hardware delivering laboratory services is commonly mounted on the
bench superstructure for island benches and on the wall superstructure for wall
benches. Laboratory service drops from the ceiling can be contained in service
chases to minimize visual clutter in the laboratory. When services are mounted
on a metal frame superstructure that is independent of the laboratory benches,
services and laboratory benches can be independently installed and dismantled.
Distributing services from the ceiling typically provides a greater degree of flex-
ibility since modifications or repair need only involve the laboratory being mod-
ified or repaired. Distributing services from the floor will require numerous
penetrations of the floor, creating the potential for leaks from a laboratory above.

Penetrations through the laboratory floor should be restricted to laboratory
waste lines and floor drains to reduce the potential for water and hazardous
chemicals leaking from one laboratory onto the spaces below. Floor drains are
recommended in most chemistry laboratories because of the potential for flood-
ing caused by many sources of water.

Many types of laboratories, such as instrument laboratories, have extensive
electrical power requirements. A modern laboratory typically has six or more
20-amp/120-volt circuits and several circuits require ground-fault interrupters;
these are often best supplied by a dedicated electrical panel for each laboratory.
Dedicated panels minimize the likelihood that the electrical service to a neigh-
boring laboratory will be turned off by mistake. Higher voltages, such as 220 or
possibly 440 volts, should be available at the panels for each laboratory. Some
pieces of laboratory equipment may require higher voltages or three-phase cur-
rent. Other requirements for uninterruptible power, emergency lighting, and
backup power are pointed out below in “Special Electrical Power Requirements.”

Special Electrical Power Requirements. Laboratory buildings have special re-
quirements for power to protect people, property, and the environment in addi-
tion to those, such as emergency lighting and ground-fault interrupter circuits,
common in any public building and specified by code. Special requirements in-
clude conditioned power or uninterruptible power to protect sensitive instruments
and computers, maintain heating or cooling for critical experiments, and permit
long-term experiments to continue through even brief periods of power interrup-
tion. Conditioned or uninterruptible power can be provided universally throughout
a laboratory building via special circuits or can be handled on a case-by-case basis
where smaller, local equipment is used to provide the special power at a single
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location. Another option is to locate all users with similar requirements in the
same part of the building and provide the service in that one location. Providing
conditioned and uninterruptible power is costly. The requests, as articulated by
the building users, should be scrutinized to ensure their legitimacy.

Laboratories that use highly toxic materials require emergency shutdown
capabilities in the event of an electrical power failure. Some designers have
opted to install emergency power backup to the fume hoods used for these appli-
cations. Emergency power may also be needed to operate the exhaust fans for
these specialized fume hoods. In a building with a manifolded exhaust system
for fume hoods, substantial power is required to operate the central exhaust fan,
and the supply fan must be operated simultaneously to maintain a positive pres-
sure differential between the building and the fume hoods. Using emergency
power to maintain the operation of the fume hood exhaust (and possibly the
building supply) during a power outage can be costly.

Communications and Data Equipment. A centrally located, secure room on
each floor is needed for the communications and data equipment for telephones,
computers, and instruments in a laboratory building. The space should be easily
interconnected with other equipment rooms in the building and with the service
entry. Information technology and communications specialists should be con-
sulted about room design and equipment installation. The room should be venti-
lated to remove heat generated by the equipment and will require conditioned
electrical power and emergency power for lighting and possibly powering the
information technology and communications equipment. Because technology
changes rapidly, the building should be designed for adaptability to ever more
modern communications. Networking and communications wiring and possibly
fiber-optic links should be an integral part of the design and construction of any
laboratory building. Prewiring the building during construction is essential for a
cost-effective installation and smooth occupancy of the building. Wiring and
communications equipment should be installed so that it is accessible for repairs,
upgrades, and replacements.

Building Structure

The laboratory building structure should be designed to promote flexibility
and adaptability. The structural grid should be sized to support contemporary
research laboratory modules. The structure should be sufficiently strong to safe-
ly support heavy instruments or a large number of medium-weight instruments.
Vibrations transmitted through the building should be minimized so as not to
restrict the performance of vibration-sensitive instruments.

Structural Grid. Modern laboratory buildings are built with a structural grid
that is often 22 to 24 feet wide by 25 to 30 feet long. A typical floor-to-floor
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height is 14 to 16 feet without an interstitial space and 20 feet with an interstitial
space (Mayer, 1995). Vibration problems are common in buildings with grid
lengths longer than about 30 feet. The width of the grid dictates the width of a
laboratory module. A width of 22 to 24 feet is divided in half to make a
laboratory module (or bay) of 11 to 12 feet. The use of the laboratory module to
design the layout of the laboratories is discussed in the section titled “Modular
Approach to Laboratory Floor Layout” in this chapter. The traditional laborato-
ry module width of 10 feet may be too narrow for some research activities,
especially in instrumentation laboratories. The wider grid provides greater flex-
ibility in laboratory design and for future renovations.

Floor Loading. Some instruments and research equipment are heavy, and their
weight exceeds the floor loading of many buildings. Some commonly encoun-
tered heavy equipment is listed in Box 3.14. Laboratory buildings should be
designed with floor loading of 100 to 150 pounds per square foot to meet both
current and future needs.

Frequently, various pieces of equipment require additional floor loading
support. Several options are available to address the problem: place the equip-
ment on the ground-level floor grade, strengthen several of the lower floors, or
strengthen a wing or defined area of the building. A common problem with the
last option is that the defined area of the building will support the equipment, but
the circulation corridors and elevators in the building will not have been de-
signed to support the weight.

Placing the heavy equipment at ground level has several advantages: little or
no additional building stiffening is required, on-grade equipment is in a low-vibra-
tion zone of the building, and elevators do not need the higher load capacity.

Heavy equipment is usually large and bulky, thus requiring wider halls and
doors and corners with a wide turning radius. If such equipment is kept in a
designated area, then standard-dimension halls and doors can be used in the
remainder of a laboratory building for a saving of space and construction costs.

BOX 3.14 Commonly Encountered Heavy Equipment
and Instruments

* Nuclear magnetic resonance
spectrometers

* Mass spectrometers

e Large number of medium-weight
instruments

* Extruders

Freezers and refrigerators
Optics and laser tables
Incubators

Fabrication equipment
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Vibration. Some instruments, such as NMR spectrometers, laser and optics
tables, and electron microscopes are susceptible to vibrations, which can limit
their performance capabilities. Some common sources of vibration include ele-
vators, large motors such as those in air handler fans, and nearby road and train
traffic. Some instruments are sensitive to footfall vibrations originating in adja-
cent corridors. The equipment room and the mechanical penthouse are common
sources of vibration that can be propagated throughout a building by its struc-
ture. The size of the building grid, the selection of structural materials, and the
need for other measures to stiffen the building may need review.

Vibration is characterized by frequency and displacement, which must both
be considered. The vibration controls of general laboratory buildings may be
insufficient for some instrumentation. If sensitive equipment will be used, it
should be provided with special vibration-isolational mounts or tables. Poor
planning regarding vibration control can be very costly. Slab-on-grade construc-
tion with well-compacted soil in intimate contact with the slab is usually a low-
cost method for achieving particularly low vibration levels. Achieving desirably
low vibration levels for upper-floor laboratory spaces usually requires a building
structure that is substantially stiffer than a structure designed to meet average
standards for strength (Ruys, 1990, pp. 387-388).

RESEARCH LABORATORY COST CONSIDERATIONS

Whether in academic institutions, corporations, or government, most scien-
tists and laboratory administrators lack familiarity with the costs of building and/
or renovating basic and laboratory-specific facilities.

Building costs are commonly divided into two components, construction
costs and project costs. The former, the bricks-and-mortar costs, are discussed
below. The latter, which encompass all other costs incurred by the client (e.g.,
nonbuilding construction costs, such as utility and construction permits; fees,
such as site and materials testing fees; design professionals’ fees; contingencies;
and move-in activities) are detailed in the section “Project Cost Components”
below in this chapter. Construction costs typically range from 65 percent to 80
percent of the total project costs.

Both construction and project costs for laboratory buildings are traditionally
higher than those for other building types. Table 3.1 shows how the relative
construction costs per square foot (adjusted for the Philadelphia area market in
1996) of several types of laboratory facilities compare with those for office
facilities. Constructing or renovating laboratory facilities costs more because of
their greater complexity, including, for example, requirements for specialized
HVAC, mechanical, and electrical systems as discussed in the section “Building
Services” above in this chapter.

Over the past 25 years, laboratory building construction costs have increased
faster than the overall consumer price index owing to several factors: safety
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TABLE 3.1 Comparison of Construction Costs for
Various Types of Laboratory Facilities

Relative Construction Cost®

Facility Type Low Average High
Office 0.5 1.0 2.0
Laboratory 1.3 2.0 2.8
Animal Research 1.5 2.3 2.5
Manufacturing 33 35 5.0
Biotechnology Production 5.0 5.8 7.5
Microelectronics Fabrication? 16.0 21.0 25.0

aAll costs have been normalized to the average cost of office construc-
tion.

bThe extremely high cost of constructing a microelectronics fabrication
plant is due to the complexity of classified clean rooms, tight construction
performance specifications, and usually very aggressive construction
schedules.

SOURCE: Bender (1996).

considerations and regulatory requirements have increased the complexity of
laboratory building design, users now demand better performance in laboratory
buildings (particularly in mechanical, electrical, and information technology sys-
tems); and the number of manufacturers and suppliers has dramatically decreased
for many laboratory building specialties, such as casework, cold rooms, chemi-
cal fume hoods, and sterilization equipment, thus reducing cost competition.

Budget Formulation

After a need is established for an improved, enlarged, or new laboratory
facility, a budget can be established in a top-down or bottom-up process.

In the top-down approach, a board of trustees or executive authority consid-
ers the strategic benefit of meeting the need established, evaluates the overall
financial impact and risk of committing resources to develop the facility, and, if
the project is deemed desirable, allocates a fixed sum for it based on a thorough
study of the need and alternate ways to meet it or simply on what resources are
currently available. An approved project and budget are sent down the organiza-
tional structure to be executed to the extent possible by the facility manager in
cooperation with the person(s) who initiated the original request. The design
group, the client, and the users must determine a scope, quality, and schedule
that fits the fixed budget.

In the bottom-up approach, the institution determines, in a predesign pro-
cess, the scope, quality, and schedule of the project (see the “Predesign Phase”
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section in Chapter 2). The client then obtains estimates from competent cost
estimators and construction experts who have extensive experience in estimating
the costs of conceptualized laboratory projects. Gathering the necessary infor-
mation is the first cost of the project.

The reality, however, is that often neither time nor funds are available for a
thorough predesign process. In addition, even though a project’s scope and justi-
fication may be adequate, resources currently available to the organization often
are not. As a result, it may be necessary to reduce the scope of the project or to
phase construction over a period of time. This is the first decision to be made in
the project. Possible solutions include leaving some or all of the building a shell
and, as more funds become available, constructing the laboratories floor by floor,
if permitted; designing and constructing a smaller building and to plan for future
addition(s) to the structure when funding becomes available; or phasing the con-
struction floor by floor, or wing by wing.

Build Versus Renovate

Feasibility and Other Considerations

In addition to cost, the decision to build or renovate is based on feasibility
and other considerations. Before making any firm decision, clients should ar-
range for a thorough study of the feasibility of renovation and reuse of an exist-
ing structure for laboratories. Many cities and communities have architectural
review boards and historical-building commissions with the authority to deny
amendments to zoning or occupancy permits for existing buildings for historical
reasons, political and environmental considerations, structural capacity, or code
changes.

Other factors influencing a decision to renovate or replace an existing build-
ing, include loss of use during renovation, time and phasing of construction,
quality of renovated versus new space, and most important, anticipated perfor-
mance of a renovated versus a new laboratory facility. Some of these issues are
discussed in the “Predesign Phase” section of Chapter 2 and in the “Design
Considerations” section above in this chapter.

Relative Building Cost

The construction costs for renovating technically intensive laboratories can
equal those for erecting a new facility. Moreover, construction costs are only
part of total project costs (see “Project Cost Components” below in this chapter).
Total project costs for a renovation, which can be 1.5 to 2.0 times the construc-
tion cost, are often relatively greater than total project costs for entirely new
construction, which can range from 1.2 to 1.5 times the “bricks-and-mortar”
construction costs. Thus, overall project costs for major renovations often ex-

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/9799.html

novation: Participants, Process, and Product

106 LABORATORY DESIGN, CONSTRUCTION, AND RENOVATION

TABLE 3.2 An Example of Relative Costs for Renovation and New
Construction of Laboratories

Cost per Gross Square Foot? (in dollars)

Level Low Average High
Construction Cost
Renovation
Light? 78 84 90
Moderate€ 120 135 150
Heavy9 180 195 210
New Construction 240 250 260

Total Project Cost

Renovation
Light? 117 147 180
Moderate® 180 236 300
Heavy9 270 341 420
New Construction 288 338 390

NOTE: These data are intended to show only relative costs for different types of construction, not
current costs. Absolute costs for construction vary tremendously by geographical area and with
time.

dIncludes all floor areas included within the outside faces of the exterior walls.
bPrimarily cosmetic, with no significant mechanical, electrical, or plumbing changes.
¢Involves changes in occupancy, utilities, and ventilation.

dCompletely replaces systems and fits out laboratories, as well as changes layout.

SOURCE: Muskat (1993).

ceed those for new construction projects. Table 3.2, which shows the relative
costs of different types of laboratory renovation in the New York City region in
1993, gives an example.

Construction costs vary in different locations in the United States, ranging
from highs in areas like New York City, Los Angeles, and San Francisco to
lower costs in areas like Billings, Montana. Urban cores are more expensive to
build in than are suburban areas. On the other hand, the costs are relatively
invariant with institution type (academic, industrial, government).

Building Construction Cost Considerations

Quality, Scope, and Schedule Factors

When a fixed budget has been established for a project, there is generally a
trade-off among the three factors of scope (size and complexity), quality (materi-
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als and construction detailing), and schedule (design, documentation, and con-
struction activities). The construction costs of new construction and renova-
tions, hence the total project costs, are consistently and directly affected by these
three factors.

To maintain a fixed budget, increases in the quality of construction materi-
als must be balanced by a reduction in the project’s scope, or vice versa. If the
schedule is to be accelerated, either the project’s scope or its quality will have to
be reduced to maintain the budget. A slow construction process, however, is not
necessarily less expensive. Making slow or intermittent progress is less efficient
and therefore more expensive than keeping to a normal construction schedule,
such as that illustrated in Figure 2.1, Chapter 2.

For large laboratory construction projects, the total cost may be higher, but
the cost per gross square foot may not be: large projects can achieve economies
of scale in the purchase of materials, as well as labor efficiencies that cannot be
achieved in small projects.

Complexity increases the cost of new construction, independent of the size
of the project. Complexity factors range from site conditions to the number and
quality of utilities installed in laboratory buildings. By definition, laboratory
renovations are more complex than new construction projects, because existing
conditions in laboratory buildings are varied and often hidden and may require
unexpected adjustments or accommodation.

Life-Cycle Costing

Buildings are complex, long-term investments. Investment decisions made
during the predesign, design/documentation, and construction phases of a project
will affect building performance and functionality for the life of the facility. The
life-cycle costing approach to the evaluation of building costs should be used as
an overall philosophy for decisions concerning building performance.

The design group should provide not only initial cost estimates but also
utility and maintenance cost estimates over the expected useful life of selected
equipment, materials, and construction assemblies. This information enables
informed choices to be made between lower initial cost or lower lifetime costs.
Details of some of these choices are discussed in the section “Design Consider-
ations” above in this chapter. A simple but complete model for life-cycle cost-
ing is best. The design group should list assumptions made and the effects of
those assumptions. Each institution and controller’s office has its own account-
ing model to verify these estimates. The client’s facility operations groups should
verify operating costs. When accurate cost data on operations are not available,
good benchmark data should be sought from other buildings of comparable qual-
ity and complexity in the organization or in the local area.
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Impact of Scientific Discipline and Special Laboratory Types

Although there are large and identifiable differences in the cost of construct-
ing different types of chemical laboratories, it is difficult to generalize about the
cost of one laboratory building versus another. Each laboratory has thousands of
factors that must be taken into consideration by the client and the design group
for quality, performance, longevity, and availability. When facilities are used as
a benchmark, these differences should be taken into account.

Impact of Campus Utility Capacity and Distribution

Central utility plants (CUPs) often generate steam and chilled water that
provide essential heating and cooling for laboratory buildings. CUPs can pro-
vide electrical power through cogeneration for large campuses. Savings can be
significant if a plant is constructed with spare capacity in anticipation of future
new or renovated laboratory buildings. If a CUP does not have adequate capac-
ity in one or more key utilities, clients then face two options: add equipment in
the CUP to expand capacity or place new equipment in the new or renovated
building for either stand-alone operation or connection to the CUP distribution
lines.

In making this decision, initial cost, life-cycle cost, and redundancy of ca-
pacity of utilities should all be considered. Adding to the CUP is often prefera-
ble because the redundancy of the facility both enables loads between campus
buildings to be balanced and provides backup equipment if any one piece of
equipment must be shut down for maintenance or replacement. For many re-
search and development laboratory buildings, continuity of service is essential.

When enlarging a CUP is not feasible, an alternate strategy to achieve at
least some redundancy is to link the chilled-water and steam-generating equip-
ment in as many buildings as is practical. This strategy budgets for each new
building, or renovation, funds for building equipment and for connection to the
site loop. Long-term energy savings are not as easy to achieve as with a CUP,
but savings are higher than in typical stand-alone installations.

Long-range utility expansion and replacement capital plans are a necessary
part of the life-cycle approach. Accurate documents of utility usage are vital for
planning. If documents are not available, funds must be budgeted to study all
utilities before the scope is developed. Lack of proper definition on this subject
can greatly affect the project cost.

Impact of Value-Adding Design Strategies

Flexibility and Adaptability

The very desirable characteristics of flexibility and adaptability in lab-
oratory buildings can be achieved in many ways and at many scales. Options
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ranging from modular, generic laboratories to plug-in/plug-out or replacable
modular casework can contribute to useful, long-term adaptability. The key
issue, however, is that the utility distribution (ventilation, electrical/data, and
plumbing systems) must have commensurate flexibility and adaptability. The
value of providing additional capacity, adequate and accessible shutoff valves,
capped “T” joints in utility mains for future connections, and accessible electri-
cal and data panels cannot be overemphasized. Laboratory renovations occur
more frequently in utility distribution than in any other feature. The ability to
easily access the utility infrastructure for modifications and repairs often influ-
ences satisfaction with a laboratory.

Flexibility is the key to effective life-cycle costing. Built-in adaptability
reduces renovation costs over the entire life of a laboratory. If an institution or
organization has a record of undergoing frequent renovations and adaptations,
initial costs to ensure flexibility can be quickly recouped. Flexibility also ap-
plies to programmatic flexibility: the ability to reallocate space. Because a small
space is easier to reallocate than a large one, the inclusion of a few small modu-
lar laboratories per floor can be cost-effective.

Sustainability

Sustainability or green design is an international trend in the chemical indus-
try and in both architectural and engineering disciplines. Hundreds of options in
laboratory design improve and conserve the inside and outside environments. Se-
lection of energy-control systems, materials and methods of construction, and pol-
lution-control mechanisms during construction and their proper use during occu-
pancy are critical aspects of sustainable design. The cost feasibility of sustainability
should be evaluated in the context of life-cycle costing, whereby the (sometimes)
increased initial cost may be reclaimed by long-term maintenance and energy
savings, or reduction of regulatory burdens.

Sustainability is much more than energy efficiency. Other aspects include
the use of water, the impact on the environment when the building materials are
produced, the air quality of the building, and so on. For example, the landscap-
ing can be done with water-efficient, low-maintenance plantings that limit the
use of water and pesticides, and the pollution from mowing. Water demands
within a laboratory can be reduced through the use of central vacuum systems
that replace the need for water aspirators if used. The reduced load on the
laboratory waste system can reduce the size of the waste system components.

Although prevalent in small-scale applications, sustainability on a large scale
is a particular challenge for laboratory buildings. At present, little information is
available about construction premiums and operating savings in the few large-
scale sustainable laboratory buildings that have been designed. It may take
another decade to recognize the most cost-effective strategies for achieving sus-
tainable laboratories. However, one common practice applicable to laboratory
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facilities is the installation of heat-recovery systems on the fume hood exhaust
air systems. Closed-loop glycol systems, although less efficient than heat-wheel
systems, eliminate the possibility of supply air contamination.

Low Operating and Maintenance Costs

Many occupants of university and government laboratories are not familiar
with the operating and maintenance (O&M) costs of their laboratory procedures
and normal operating modes. Often individual buildings on large campuses
have no meters for basic utilities; there is no accountability for O&M cost con-
trol by decision makers in departments or schools that use those buildings. Some
corporate laboratories, perhaps because of their for-profit orientation, provide
information and financial incentives to their building occupants to save on O&M
costs. Management strategies involving discounted charge-backs for utilities or
for the use and maintenance of space are rarely if ever applied to academic
buildings.

Investments in equipment and practices that reduce operating costs are nec-
essary for new laboratory buildings. Most laboratories are energy intensive in
part due to their nonrecirculating HVAC systems. Additional attention to energy
efficiency is therefore warranted. Operational cost projections and energy audits
of the HVAC system design are a good investment. Initial costs should be
compared with life-cycle costs. For example, an 1,800-ton chiller that uses
0.451 W/ton costs $50,000 less per year to operate than one that uses 0.52 W/
ton. Clearly the former will recover its greater initial capital cost—about
$45,000—in less than a year.

Energy-Efficient Design

National guidelines and state building codes require energy-efficient design
for general building lighting. However, there are no generally accepted national
guidelines for heavy energy consumers such as research and development labo-
ratory buildings.

Costs and Cost Control During Design and Construction

Predesign Phase Activities

Prior to the design/documentation phase, many activities may take place to
justify a project, formulate the budget, or reduce the risk of making a poor
facility investment. As discussed in the “Predesign Phase” section of Chapter 2,
each of these activities deals with project uncertainties such as scope and func-
tion, quality and performance, and the time frame from site acquisition to con-
struction phasing and move-in. Each of these factors has an impact on the
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budget. The magnitude of the budget and the effect of these factors on the
desired building or renovation should be explored before a formal design process
is undertaken if the budget is not predetermined. A preliminary budget should
be estimated before preliminary design commences and then should undergo
final revision when a schematic design is completed. If the budget is preset, all
design work must take this limit into consideration. In addition, given the con-
siderable uncertainty in the cost of a construction project, the reliability of the
materials, the schedule, and other aspects of the process, assorted contingencies
(see “Contingencies” below in this chapter) should be established early in the
process. As the project progresses, contingencies can be recovered or the funds
shifted to other uses.

Generally, there are costs associated with all predesign activities either in
time for the in-house staff or in fees for design professionals and estimating
services. Although predesign costs are frequently omitted from building or ren-
ovation budgets, these costs are typically offset by the lack of schedule delays,
improved definition of the project’s requirements, and attainment of a superior
building that maximizes users’ desires and minimizes costly changes in design.
Predesign costs were estimated by the experts consulted by the committee to be
typically less than 2 percent of the project budget.

Design and Documentation Phase Activities

The three main phases of design/documentation are discussed in Chapter 2.
They are schematic design, design development, and construction documenta-
tion. In each phase, important choices arise concerning size, quality, complexity
of materials, and methods that affect the cost of the project. For each phase there
are design milestones at which the design group asks the client team or other
client representatives to make critical decisions. These decisions will be based
on the information provided by the design group, by the client’s consultants, and
by the client’s previous experience in managing laboratory buildings. Effective
cost control is achieved by considering the project goals and performance re-
quirements in all design decisions and by recognizing that many small, seeming-
ly insignificant, decisions by the user, owner, or design team can add a larger
amount to the project cost than one would initially expect—and then acting
accordingly.

Schematic Design. If a predesign phase is not conducted, the activities normally
completed during that phase, such as identification of project goals, scope defini-
tion, and site selection, will need to be carried out during the schematic design
phase. Following the completion of these preliminary activities, the design group
documents the site through architectural and engineering concepts in drawings
and preliminary specifications. Engineers and architects provide written de-
scriptions of recommended building and utilities systems, materials, and meth-
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ods of construction. The cost estimator or the client’s construction manager, or
both, use this information to develop a preliminary construction cost. If two
estimates are developed, appropriate members of the client group plus responsi-
ble members of the design group meet with both estimators to understand the
estimators’ and design professionals’ assumptions, to check that the estimates
are comprehensive and accurate, and to reconcile any major differences between
the estimates.

The client and the design groups review the schematic estimate(s) and either
reconcile the cost estimates or proceed to the next stage of design development.
If there is agreement in the reconciled estimate, and confidence that the design
meets the client’s goals and budget, the client may decide to reduce the design
contingency. Cost control is achieved in this phase through design selection.
Before this phase can be concluded the client will need to develop the overall
budget for the project including construction and project costs. If the budget is
externally mandated and projected estimates are higher, value engineering should
begin at this point.

Design Development. During design development, the design group completes
documentation of the design concept. Descriptions of design work done during
this phase are detailed in the section “Design and Documentation” in Chapter 2.
The cost estimator and the client’s construction manager use this information to
estimate construction cost. The cost estimates are evaluated and reconciled. The
client group, the client team, and the representatives of the facilities and opera-
tions departments then refine the total project cost, the construction cost, and the
other project cost components. For this step, the client may also request the
assistance of the design group, which may be able to provide examples from
previously completed projects.

If the project or reconciled construction estimates are over budget, the design
group begins a formal process of generating options to reduce costs to present to
the client for a decision(s). This process is commonly called “value engineering”
by construction managers. Careful evaluation of alternatives should be based on
the goals and performance objectives that were originally established. Operating
and life-cycle costs should not be ignored in efforts to reduce initial costs, and the
essential quality and scope (program effectiveness) of the project should not be
sacrificed. This process calls for careful investigation and wisdom.

Construction Documents. In the construction documents phase, the design group
develops and documents construction details with all engineering systems inte-
grated and coordinated with the plans, sections and elevation drawings, and
specifications. In addition to completing comprehensive and coordinated con-
struction documents, the design group also has cost control and constructability
as main objectives during this phase. The design group translates the design
concept into the language and metrics of construction. Construction contractors
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and subcontractors, and materials and equipment vendors, use construction doc-
uments for their bids. When a contractor and its subcontractors are awarded the
construction contract, the documents instruct the laborers and tradespeople.

So that all these functions can be performed successfully, construction doc-
uments must be complete, thorough, coordinated, and accurate. The quality of
these documents directly affects the number and cost of change orders submitted
during construction. Change orders add cost to a base construction contract. In
addition, if “low-bid” awards are mandated by the funding authority, only items
detailed in these documents will be built, and they will be constructed only as
detailed. Money spent to verify their completeness and accuracy is well repaid
through reduction of change orders. Means of verifying the accuracy and com-
pleteness of documents are discussed in Chapter 2.

To keep the design within budget, design architects and engineers request
materials and equipment costs from vendors and subcontractors. They continu-
ally evaluate cost-effective systems and methods of construction that meet the
client’s quality and performance requirements.

To confirm that the project remains within the construction budget, detailed
estimates or updates of estimates are recommended during the construction doc-
ument phase. The estimates completed during this phase are typically based on
documents that are 50 to 75 percent complete. If there is reason to believe that
there is “creep” in the scope of the project during this phase, the client may
require additional updated estimates based on construction documents that are
75 to 90 percent complete. Following the completion of each of these estimates,
the client may require the design group to conduct formal cost reduction exercis-
es, as mentioned above. In addition, the design group may include “add and
deduct alternatives” within the construction documents to respond to an uncer-
tain bidding climate. “Add” alternatives provide additional or improved quality
and additional materials and equipment to the project; “deduct” alternatives re-
duce quality and scope. If the selected contractor’s price comes in lower than
the budget, the client can decide to select one or more of the add alternatives that
meets the budget. Conversely, should the bids exceed the budget, the project
scope or quality, or both, may require reduction.

The client continues to develop and refine the list of and cost for the non-
construction components (itemized in “Project Cost Components” below in this
chapter) that, along with the basic construction cost, constitute the project cost.

Construction Phase Activities

Bid and Negotiation Activities. This phase establishes the contract price for
construction, the details of which are discussed in the “Construction Phase”
section of Chapter 2. Unless previously established, a construction contingency
must be determined that represents client funds available above and beyond the
accepted construction price, which is based on a bid, or a guaranteed maximum
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BOX 3.15 Construction Contingency Considerations

¢ Contract method

* Client’s (or design group members’) previous experience with a successful
contractor and subcontractors

e Condition of the construction market

* Complexity and timing of the project

price. Since the construction documents are complete at this time, the design
phase contingency is no longer required. Based on the factors given in Box 3.15,
the client, with assistance from the design group, will set the construction contin-
gency and other project-cost-related contingencies.

When the price is determined, the schedule agreed to, and the client’s con-
struction contract signed, the bid and negotiation stage is complete. The client
releases the contractor to commence construction.

Construction Administration Activities. Construction administration refers to
the efforts of the design group and client group during construction and before
occupancy. Cost control in this phase focuses on reducing the number of change
orders and achieving quality construction so work does not have to be torn out
and reconstructed.

Construction Review. Ideally the client engages an experienced construction
inspector to continuously review the construction activities during the entire
construction period. During the construction review, the client’s inspector in-
spects building materials and equipment brought to the site and validates labor
slips for all construction workers. This individual works diligently to reduce
change orders and substitution of inferior materials in the construction, thereby
controlling costs.

The architects and engineers also employ individuals to review the progress
of the construction activities. These construction administrators check shop
drawings from vendors and subcontractors, issue responses to requests for infor-
mation from contractors, recommend acceptance or rejection of change orders to
the client, and approve applications for payment to the general or primary con-
tractor. One of the construction administrator’s responsibilities is to help control
change orders and control costs.

Construction Supervision. Construction supervisors, employed by the general

contractor, manage the delivery of materials to the site and supervise the overall
work force. The supervisor issues requests for information to the design group,
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manages the distribution of shop drawings, and provides estimates for change
orders. Because this individual typically plays a vital role in the success of a
laboratory construction or renovation project, he or she should be carefully se-
lected by the client team and design group if it is possible to do so.

Change Orders. “Change order” is a term that refers to both the documentation
and the process for approval of modifications to the contract documents during
construction. Change orders can be initiated by all three parties to the design
and construction contracts—the client, the design architect/engineer, and the con-
tractor or subcontractors. Change orders are used to correct, modify, and add
essential materials or details to accomplish the intent of the contract documents.
They are a mechanism for correcting errors arising from lack of coordination
between subcontractors as well as design errors or omissions; they are also gen-
erated when a client changes the scope of a project or modifies previously ap-
proved components. In some projects, if the construction documents have not
been completed or coordinated prior to the initiation of the construction phase,
the architects and engineers continue to complete the construction documents
during the construction phase, often creating additional change orders. It is often
better to delay the bidding and negotiation period until the client team and the
design group are confident that the construction documents are complete and
coordinated.

Change orders are initially approved by the design group and finally ap-
proved by the client. The architect/engineer submits to the client recommenda-
tions for the changes requested by the client or required by code or for some
other reason. The contractor provides the price of the materials and labor to
complete the modification. The contractor may also provide alternatives and
recommendations for accomplishing the desired results.

The cost of change orders is offset by the client’s construction contingency.
Change orders not initiated by the client should not exceed 5 percent of the
construction cost for a typical laboratory project and should ideally fall below 3
percent. The best way to avoid those change orders not initiated by the client is
to verify that the construction documents have been competed, are accurate, and
are coordinated. Many architects and engineers perform substantial quality re-
views and coordination of documents to reduce the potential for change orders.

The design group and, if one is engaged, the construction manager should
carefully scrutinize change orders initiated by the contractor or subcontractors,
as should the client project manager. Cost control is achieved by controlling
contractor-generated costs for all change orders. Public agencies and institutions
may be vulnerable to excessive requests for change orders because of low-bid
acceptance practices. Government and public construction projects typically
experience far higher levels of change orders than do projects that are negotiated
with prequalified contractors or those that do not require taking the lowest bid.
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Project Cost Components

Nonbuilding Construction Costs

Prior to actual construction, there are many other activities for which the
client may have to budget depending on the conditions of the site selected for the
laboratory building,

Land. The site for the proposed building or campus, if not already owned, must
be purchased. Owners should consider the impact of future expansion of the
laboratory facility on the site. If adjacent parcels are available, purchase of land
for a temporary buffer and long-term site for expansion may make a good invest-
ment. Brown-field sites have existing buildings and usually some site utilities.
Green-field sites are free of buildings and often free of roads and all utilities.
Both categories of sites need careful evaluation regarding the cost to bring con-
struction materials to the site or to move utilities and roads and to deal with other
encumbrances such as drainage.

Sites for new construction and even major building renovations require site
area for construction staging, which includes construction trailers, parking for
workers, and secure storage of building materials and heavy equipment.

Demolition. Some demolition may be required if the site has existing structures
that obstruct the footprint or the immediate construction zone of the proposed
building. Demolition is normally required in renovations. The extent of demoli-
tion ranges from select limited demolition to total interior demolition of the
spaces or building to be renovated and everything in between. Selected limited
demolition may remove only certain laboratory building components, such as
mechanical systems or laboratory casework. Gut demolition removes everything
down to the basic building shell. Often windows and roofing are also removed
and replaced.

Because laboratories and laboratory buildings contain hazardous materials,
preliminary investigations and an industrial hygiene survey should be undertak-
en well before completion of the design documents for the renovation. If haz-
ardous materials are present, in ducts, pipes, chemical hoods, and so on, they
must be properly removed and the building remediated to safe condition prior to
demolition. This is an extra cost inherent in laboratory building renovation.

When existing structures near or in the immediate construction zone will
continue to be occupied during the construction of a laboratory, the foundations,
exterior walls, windows facing the construction side, and roof must all be pro-
tected—a responsibility of and cost to the client whether or not the client owns
the abutting building.

Special Foundations. If a laboratory building is constructed as an addition to or
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very close to an existing building, underpinning of the existing building’s foun-
dations may be required. Underpinning is done when excavation for the new
building’s foundation extends beneath the existing building’s footings or for
some other reason that may cause temporary or permanent unstable conditions.
Underpinning involves installing structural elements beneath or beside existing
foundations to support the existing building. For similar reasons, sheeting may
be installed to stabilize and support the earth around the foundation of an exist-
ing building next to an excavation. These and other special foundations repre-
sent costs borne by the laboratory building owner.

Site subsurface investigations and geotechnical surveys are normally con-
ducted very early in the design process, if they have not already been done in a
feasibility study or during site selection. Laboratory buildings constructed in
regions of documented seismic activity also often have special foundations, struc-
tural design, and construction costs associated with them. Laboratories with
sensitive analytic equipment may also require special foundations, such as pil-
ings or piers to bedrock, in order to isolate the building from local vibration.

Site Utilities. Subsurface site investigations on many developed sites reveal
existing campus utility and city service lines. If it is not feasible to relocate these
obstructions to construction, then the utilities must be supported and protected
during excavation and construction. Temporary shutdown of certain utilities
may be necessary during installation of these protective measures. If not consid-
ered early during design, this step costs both money and time in a construction
schedule. New utilities may have to be brought through or to the site, such as
fiber-optic cable. They, too, have to be planned and budgeted.

Site Work and Landscaping. An integral part of design is site and landscape
design. Landscaping is a small part of the entire construction budget but has a
significant and immediate impact on the entire image of the laboratory project,
as well as on the environment. Good landscape design and siting can influence
the community’s acceptance of a laboratory facility. Well-designed sites pro-
vide laboratory staff with places for psychological respite and physical recre-
ation. See the section “Sociology” in Chapter 1 for more information.

Permits. Permits are usually a direct expense to the client, although the contrac-
tor may pull the permits and work with the building department of the municipal
government. In some jurisdictions permits are required for services such as
water, natural gas, and sewer connections, for exhaust discharge, and for other
activities with environmental impacts. These permits are required above and
beyond the ordinary building permit. Central utility plants must comply with
particular environmental regulations, such as for sulphur dioxide and nitrous
oxide emissions.
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Owner Supervision and Institutional Surcharges. Many institutions and corpo-
rations have qualified and experienced in-house staff members who manage pro-
gram, design, and construction processes, as well as maintenance and operations.
The work that these staff members perform may be charged directly to the project
on a fixed fee or hourly basis. Some organizations perform actual construction
management, holding contracts from the general contractor and subcontractors
and scheduling and coordinating construction activities. This is a major respon-
sibility and requires a major commitment of personnel by the organization. The
project budget should include the necessary salaries for the full-time staff.

Mock-up Construction. A mock-up of a typical laboratory space and even of
adjacent areas, such as service corridors or laboratory support cores, is an ex-
tremely useful preconstruction tool. Laboratory mock-ups can be constructed as
early as the design development phase or, more commonly, during the construc-
tion document phase of the design process. Mock-ups can be assembled with the
actual full-size casework in the design configuration and finish materials with
fittings, fixtures, and even pipes, conduits, and ducts. These are installed within
a temporary shell constructed of lightweight enclosure materials, such as painted
homosote or plywood. The mock-up can also be assembled in the actual build-
ing shell. Major architectural features in full scale, such as windows, doorways,
lighting fixtures and ceiling heights, should be simulated to provide as realistic a
model as possible.

The laboratory mock-up has two major functions. One is to allow early, and
the most effective, feedback on the laboratory design, finishes, and material
selections from future building occupants, health and safety professionals, and
maintenance personnel. As many participants as possible should be encouraged
to walk through the mock-up and comment on it. The comments should be used
to improve the laboratory design. Mock-ups can be used for training operations
and maintenance staff. Some mock-up components can be stored and reinstalled
in the actual building.

The second function of a laboratory mock-up is to give a preview to con-
struction contractors who will bid on or negotiate the construction cost. Inspec-
tion of the major components, materials, and quality of the construction offers
important insight regarding the intent of the design and it supplements the design
documents. Some clients have achieved measurable savings in bids offered by
contractors when a mock-up was made available for investigation.

If the laboratory mock-up is delayed until the construction contract is let,
very little change can be achieved economically in the original design, because
the price is already fixed.

Fees. In addition to the actual cost of construction, clients must budget for

service fees for design, construction, EH&S, and legal and financial professions,
as well as for other nonconstruction costs. Basic architectural design fees do not
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normally include any special consultants or any additional services, unless their
inclusion is specifically negotiated with the design team. Basic fees also do not
include reimbursable expenses, which typically include costs for travel, telecom-
munications, mail and delivery, and document reproduction, not only for the
prime architect and engineer but also for their consultants.

Services. Architectural and engineering design consists of basic services for the
design of a building or renovation, such as architectural, structural, mechanical,
electrical, and fire protection engineering services. The obligations of designers
and owners and deliverables from designers are outlined and described in design
service contracts such as the American Institute of Architects’ B141 Standard
Form of Agreement between Owner and Architect. Standard fees are usually
expressed as a percentage of the construction costs. While the Brooks Act*
limits such fees to 6 percent for federal projects, fees for new laboratory con-
struction are more commonly in the range of 7 to 9 percent for projects with
construction costs of $10 million to $50 million (more for smaller projects, less
for larger projects). For renovations the fees are often 25 to 35 percent higher
than those for new construction.

Additional design-related services include all predesign activities, such as
planning and programming, and design studies such as energy audits, architec-
tural models, and mock-up construction documents. Fees are associated with
each of these services. Although basic design fees for federal projects are limit-
ed by the Brooks Act, total design-related services for such projects are more
commonly 10 to 14 percent of the construction costs.

Consultants are hired to perform specific design tasks and to offer informa-
tion for specific requirements of the laboratory design. Either the client or prime
architect/engineering firm may enter into a contract with consultants. Consult-
ants who often assist the prime design team for the laboratory building or reno-
vation include a laboratory planner, laboratory safety professional, environmen-
tal engineer, code consultant, geotechnical engineer, vibration-control structural
engineer, acoustical engineer, lighting engineer, construction cost estimator, in-
formation and audiovisual technology specialist, interior designer, and landscape
architect. Clients may hire an economist to perform a market analysis or eco-
nomic feasibility study. Because legal issues are always a consideration for
owners during design and construction, legal assistance is highly recommended
for contract negotiation.

Construction managers are often hired by clients to assist with cost estimat-
ing, scheduling, and improving the efficiency of construction of the design dur-

4p.L. 92-582, the Brooks Act of 1972 to amend the Federal Property and Administrative Service
Act of 1949.
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ing the design process. During the construction phase, construction managers
may continue to represent clients by assuming major managerial responsibilities
for scheduling and cost control. Construction management fees are a major
expense in laboratory projects.

Construction supervisors hired by the clients are independent of the contrac-
tor. They perform inspection services and directly represent the client at the
construction site. In complex construction, such as laboratory buildings or in
difficult site conditions, the engagement of dedicated supervisors who are expe-
rienced and qualified is recommended.

Site and Materials Testing. In construction projects, site and materials testing
fees are normal expenses of a client. Concrete, steel welds, soil and subsurface
conditions, and curtain wall assemblies (preformed outer walls that are attached
to the basic building frame) are typically tested and certified to meet design
specifications. Other testing may be performed on other building materials such
as driveway paving, brick, or stone.

Zoning Amendments, Environmental Impact Studies, and Public Hearings.
Zoning amendments and hearings are a source of additional expense for the
services of design professionals and legal counsel to prepare documents and
present the owners’ reasons for amendment to government agencies and, if re-
quired, to the public. Similar efforts and considerable expertise are required
from design professionals, legal counsel, and a wide array of engineers, biolo-
gists, archeologists, and other specialists to perform environmental impact as-
sessments or environmental impact studies. Public hearings are often required
for approval of environmental impact assessments.

Surveys. A wide variety of surveys may be required to obtain information re-
quired for the design of the laboratory building and site. Surveys include land
and site utilities, soils, traffic, vibration, and wind conditions. Equipment sur-
veys are highly recommended to inventory existing scientific equipment that
will be moved into and reinstalled in the new or renovated laboratories. Equip-
ment surveys can include a listing of new movable, as well as fixed equipment,
that will be purchased by the client and installed. The laboratory planner con-
sultant can perform this survey if in-house staff cannot.

An industrial hygiene survey is recommended for a major renovation of
laboratory buildings and when the presence of hazardous materials is suspected.
Owners bear the cost of and responsibility for most surveys, but the architect/
engineer can manage the process if this service is included in the contract.

Furnishings, Fixtures, and Equipment. Furnishings, fixtures, and equipment,

or FF&E as this cost item is called, can be a very large component of the project
cost. Furnishings, fixtures, and equipment are not included in the basic design or
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typical construction contract. The only items in this category that are covered in
both laboratory design fees and construction costs are “fixed” equipment, such
as chemical fume hoods or glass washers and autoclaves, fixtures, and “built-in”
furnishings, such as fixed work counters or reception desks.

Movable FF&E items must be budgeted separately. Movable furnishings in
a laboratory building include laboratory chairs and tables, office and guest chairs,
conference tables, desks, file cabinets, bookcases, and other standard open-office
partitions and furniture. Installation of all other furnishings and fixtures should
be an item in the budget.

Movable equipment includes scientific equipment that is not permanently
installed, such as nuclear magnetic resonance and mass spectrometers, centrifug-
es, refrigerators, microscope tables, computers, and the like. Installation and
recalibration of equipment are discussed in the section “Installation and Calibra-
tion of Scientific Equipment,” below. Fixtures in a laboratory building may
include window coverings and treatment, decorative plants, and artwork.

FF&E costs for new laboratory buildings and renovations can range from 10
to 30 percent of the construction budget. Clients need to manage the FF&E
selection and budgeting processes carefully or hire consultants such as laborato-
ry planners and interior designers to assist them with this activity.

Information Technology. Telecommunications, video, security, and data sys-
tems installation are an increasingly critical part of laboratory buildings. Many
systems and levels of technological sophistication are available according to the
immediate and projected future needs of the building occupants and owners. In
laboratory buildings, budgets for information technology normally range from 5
to 15 percent of the construction cost. Again, this is a big ticket and complex
item, as is FF&E, and requires careful planning with the assistance of in-house
information technology specialists or consultants. There are options for distribu-
tion of communications cables, such as cable trays and conduit. Basic design
services and typical construction contracts do not include pulling wires or mak-
ing final connections to terminal outlets and devices.

Finance Costs and Bonding. Interim financing may also be required for a
laboratory renovation or construction project. Bonding protects the client against
some of the financial difficulties and potentially catastrophic failures or delays in
the construction process. Bonds that are recommended under normal construc-
tion conditions are bid, performance, payment, and price-escalation bonds.

Insurance Costs. Insurance is important to protect clients from a wide range of
liabilities, such as public liability, vehicle liability, property damage and fire
coverage, vandalism, workmen’s compensation, and employees’ liability. Other
insurance may be needed according to the specific conditions of the site, existing
building(s) in the case of renovations, and the construction contract. Clients
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should consult with expert insurance agencies to provide the appropriate scope
and level of coverage required for each project.

Contingencies

Contingencies—funds reserved for unanticipated events—are diverse and cover
many aspects of the design and construction process. Owners should structure
contingencies sensibly to cover the risk of unknowns and factors that emerge, or
that become priorities, during the 2- to 5-year design and construction process.

Design Contingency. The most commonly used contingency is the design con-
tingency. During the design process, the estimated construction cost is increased
by a carefully determined percentage to account for unknown design compo-
nents and construction factors, not changes in the scope of the project. (See the
section “Program Contingency,” below, for information on scope modifications.)
As the design is developed and comes to closure during later stages of construc-
tion documents, the design contingency can diminish. According to the com-
plexity of the new laboratory project or renovation, the design contingency can
be as much as 20 percent in the schematic design stage. It drops to 5 to 10
percent at the end of the construction documents phase.

Construction Contingency. After the bidding or price negotiation process is
completed, the client’s construction contingency should be reconfirmed. This
contingency is spent as construction proceeds and modifications to the contract
documents (change orders) are requested by the client. At the end of construc-
tion the client can apply remaining construction contingency funds to other
project cost items or to the organization’s general funds.

The general contractor will maintain and control his or her own construction
contingency during the course of the project to cover unforeseen construction
factors. Because laboratory buildings are complex, it is prudent to provide ade-
quate contingencies.

Program Contingency. The program contingency, the owner’s responsibility,
budgets for possible changes in the scope, quantity, or quality of the project. If
the nature or size of any of the building components is increased or decreased,
the program contingency is used to finance the change and allow continuation of
the construction.

Consultants Contingency. The consultants contingency is a small fund set aside
during the design and construction phases to pay for additional services that are
needed or other specialty consultants required to resolve issues or problems that
were unforeseen.
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Equipment Contingency. As discussed in “Furnishings, Fixtures, and Equip-
ment” above, an FF&E budget is difficult to develop and estimate accurately.
An equipment contingency is used to fund any shortfall in the estimate or for
modifications in quantities or quality of items in the FF&E schedule.

Financing Contingency. A financing contingency offers the owner a budgetary
cushion for unforeseen circumstances that might affect the funding available for
the project. The amount or proportion required for this contingency is based on
the amount and nature of risk.

Costs of Move-in Activities

The moving costs associated with a laboratory construction or renovation
project can involve more than the expense of transferring the contents of one
building into another. Move coordination—identifying what moves, what stays,
and what gets discarded—is a formidable task. A move to a new or renovated
laboratory is the ideal time to dispose of old chemicals and establish a depart-
ment-wide computerized chemical inventory system. The one-time costs associ-
ated with these activities need to be budgeted. Moving costs may include those
for use of temporary facilities, building commissioning, installation and calibra-
tion of scientific equipment, and hazardous materials assessment, transportation,
and disposal.

Use of Temporary Facilities. Temporary facilities may have to be leased to
accommodate phasing of renovations or even with new construction if the sched-
ule for completion does not coincide with the demand for functional laboratory
space. Short-term laboratory rentals are generally expensive and hard to find.
Office facility rentals are easier to negotiate.

Although it would be expensive, manufactured mobile laboratory units can
be purchased, transported to an open site, and installed to site utilities. Mobile
laboratory units are approximately the same size as mobile homes and construc-
tion trailers. Units can be joined to form doublewide units. As a practical matter
on a campus or site, only a limited number of scientists can be accommodated in
mobile laboratories. Alternately, the feasibility of dispersing laboratory occu-
pants temporarily into other operating laboratories within the organization can
be explored if necessary.

Commissioning. The objective of commissioning is to have the building sys-
tems perform as designed and as specified. This process is described in the
section “Postconstruction Phase” in Chapter 2. Building commissioning has
received a great deal of attention in the past few years from building owners
because new building systems have routinely failed to perform acceptably. Prob-
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lems with heating, ventilation, and air conditioning systems are particularly fre-
quent upon start-up. Commissioning should be done by an independent agent,
not the design engineer, construction manager, or contractor, in order to obtain
an objective, unbiased evaluation of building systems. Many institutions strong-
ly believe that commissioning should be part of the design engineers’ or general
contractors’ basic services. This arrangement is the ideal, but complex buildings
such as laboratories really deserve a second, objective inspection. Fees for com-
missioning services range up to 1.5 percent of the construction cost.

Installation and Calibration of Scientific Equipment. The budget for a labora-
tory construction or renovation project should include realistic and adequate
costs to provide for installation and calibration of all major scientific equipment
moved into any temporary facilities and finally into the completed new building
or renovation. Surveys of scientific equipment give clients an indicator of the
scope of the installation effort. Some scientific equipment can be installed either
by the construction contractor or by the vendor or service agency for the equip-
ment. The installer should be selected according to the value or sensitivity of the
equipment, or both, not just according to lowest cost. If some of the instruments
are installed by the contractor, most will still require calibration.

RECOMMENDATIONS

To address the technical issues in a laboratory design, construction, or
renovation project, the committee recommends the following actions:

1. Appoint an environmental health and safety technical advisor. An
experienced EH&S professional is needed to advise the client team in all phases
of a laboratory construction or renovation project.

2. Establish communications with regulatory authorities. Early in the
project the institution should develop a working relationship with regulatory
authorities whose approvals are necessary for various aspects of the project.

3. Consider design alternatives. Explore alternative solutions for fulfill-
ing needs.

4. Complete predesign before committing to a budget. If possible, defer
setting the budget total until completion of the schematic design phase, when the
scope, concept, and special conditions of the project are determined.

5. Obtain cost estimates. Construction cost estimates should be obtained
from at least two separate, experienced sources, and the estimates should be
reconciled at the end of each phase. Develop a list of project cost items as early
as possible. Carefully review all bids, and compare them to design-phase esti-
mates.

6. Set adequate contingencies. Even with the best planning, some changes
will be necessary.
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Biographical Sketches of
Committee Members

John I. Brauman, committee chair, is the J.G. Jackson and C.J. Wood
Professor of Chemistry at Stanford University. Dr. Brauman’s research centers
on structure and reactivity of organic and organometallic compounds in solution
and in the gas phase. A physical organic chemist, he received his B.S. in 1959
from the Massachusetts Institute of Technology and his Ph.D. in chemistry from
the University of California at Berkeley in 1963. Dr. Brauman is a recipient of
numerous awards including the American Chemical Society’s Award in Pure
Chemistry, the Harrison Howe Award, and the James Flack Norris Award in
Physical Organic Chemistry. He is a fellow of the American Association for the
Advancement of Science and a member of the National Academy of Sciences.
He is deputy editor for physical sciences for Science magazine and has served on
several National Research Council panels and committees, including the Com-
mittee on Risk Assessment of Hazardous Air Pollutants.

John L. Anderson is the dean of engineering and a professor of chemical
engineering at Carnegie Mellon University. His research interests are in colloid
science, membrane transport and separations, fluid dynamics, and bioengineer-
ing. He received a bachelor’s degree in chemical engineering in 1967 at the
University of Delaware and a Ph.D. at the University of Illinois (Urbana). He is
a member of the National Academy of Engineering and is co-chair of the Nation-
al Research Council’s Board on Chemical Sciences and Technology.

W. Emmett Barkley is the director of laboratory safety at the Howard Hugh-
es Medical Institute (HHMI). Dr. Barkley directed the National Cancer Insti-
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tute’s office of research safety and the divisions of safety and engineering servic-
es at the National Institutes of Health before joining HHMI in 1989. He received
his B.S. in civil engineering from the University of Virginia in 1961 and his
M.S. and Ph.D. in environmental health from the University of Minnesota in
1966 and 1972, respectively. Dr. Barkley has received of numerous awards,
including the Distinguished Service Medal of the U.S. Public Health Service. He
served on the National Research Council’s Committee on Prudent Practices for
Handling, Storage, and Disposal of Chemicals in the Laboratory and was the
chair of the Committee on Safety and Health in Research Animal Facilities.

Janet S. Baum is an architect and the founder of Health Education + Re-
search Associates, Inc. (HERA). Ms. Baum specializes in the programming,
planning, and design of technical facilities. Her experience focuses on state-of-
the-art institutional and corporate research facilities in the traditional scientific
disciplines, as well as in biotechnology and materials science. Before forming
HERA, Ms. Baum was director of Science and Technology Facility Design at
Hellmuth, Obata + Kassabaum-St. Louis. During the past 32 years she has pro-
grammed and planned the renovation or construction of numerous chemistry,
biochemistry, and medical facilities and has written several books on laboratory
design principles. She received a B.S. from Washington University in 1966 and
a master’s of architecture from Harvard University in 1970.

Robert H. Becker is the research planning manager in Workplace Strategies
and Operations at Monsanto Company, specializing in Agricultural Research
Growth Facilities. He has worked on projects for research facilities/workplace
planning for biotechnological, pharmaceutical, and agricultural facilities at Mon-
santo. He is a civil structural engineer with extensive experience in operating
and designing, developing, and building research facilities. He received his B.S.
in civil engineering from the University of Missouri in 1969 and his M.S. in
engineering management from the University of Missouri at Rolla in 1971. He is
a registered Professional Engineer and a certified facility manager with the Inter-
national Facility Management Association.

Peter J. Bruns is a professor of genetics at Cornell University. He is a
biologist who conducts research in molecular and developmental genetics. He
received his A.B. from Syracuse University in 1963 and his Ph.D. in cell biology
from the University of Illinois in 1969. He served as associate director of the
Biotechnology Program at Cornell University, overseeing the design and con-
struction of the biotechnology building. He has served on the editorial board of
Current Genetics and of the European Journal of Protistology and as an associ-
ate editor of the Journal of Experimental Zoology.
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Carol Creutz, chair of the Department of Chemistry at Brookhaven National
Laboratory, is an inorganic chemist whose research interests include electron,
atom, and proton transfer reactions; photochemistry of transition metal complex-
es; small molecule coordination; and catalytic chemistry. She received her B.S.
from the University of California at Los Angeles in 1966 and her Ph.D. in chem-
istry from Stanford University in 1970. She has served on the Inorganic Chemis-
try editorial board. She was a member of the National Research Council’s Com-
mittee on Prudent Practices for the Handling, Storage, and Disposal of Chemicals
in the Laboratory.

Daniel L. Hightower, director of Facilities Management at the University of
Kansas, is an architectural engineer who has had extensive experience in labora-
tory design and planning. In his previous position as associate director for man-
agement controls and policy in the Division of Engineering Services at the Na-
tional Institutes of Health (NIH) he helped write NIH Design Policy and
Guidelines. He is a member of the American Institute of Architects’ steering
committees for “Guidelines for Construction and Equipment of Hospitals and
Medical Facilities” and the new “Guidelines for Biomedical Research Laborato-
ries.” He received his B.S. in building design and construction from Pittsburgh
State University in 1971 and his M.S. in architectural engineering from the Uni-
versity of Kansas in 1974.

David R. Parker is the administrator of the Hazardous Materials Division of
the Santa Clara Fire Department. He consults on issues of hazardous materials
storage, handling, and use; reviews building plans for facilities using hazardous
materials; and inspects work done on such facilities. In addition, he has worked
as a chemist in the chemical industry, at Clorox Corp. He received his B.S. and
Ph.D. degrees in chemistry from the University of California at Davis in 1968
and 1976, respectively.

Frank J. Popper is a professor of urban studies at Rutgers University. He is
an expert on locally unwanted land use. He has written extensively on the topic
of land use, serves on the editorial boards of several land-planning journals, and
consults on land use for various organizations. He received his B.A. in psychol-
ogy from Haverford College in 1965 and his M.P.A. in public administration and
Ph.D. in political science from Harvard University in 1968 and 1972, respective-
ly. He has received the Rutgers University Presidential Award for Distinguished
Public Service and the American Geographical Society’s Paul Vouras Medal for
regional geography.

Charles A. Potter is a research scientist with Hercules, Inc. He is a general

analytical chemist whose current research is focused in the area of thermal anal-
ysis. He has been involved in coordinating the renovation of a large laboratory
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building in a research complex that contains facilities ranging from research
laboratories to a pilot plant. He received a B.A. in chemistry from the University
of Connecticut in 1975, a Ph.D. in analytical chemistry from the University of
Georgia in 1979, and an M.B.A. in 1985 from the University of Delaware.

Michael Reagan is an architect and vice president of Ellenzweig Associ-
ates, specializing in the programming, design, and construction administration of
scientific research and teaching facilities. His major projects over 20 years in-
clude science research and teaching facilities for major universities, colleges,
and private industry. He serves as a member of the Project Kaleidoscope steering
committee for facilities. He received a bachelor of environmental design from
Miami University and a masters of architecture from the University of Michigan,
and he has completed advanced studies at the Architectural Association School
of Architecture in London.

Paul R. Resnick, retired, was a DuPont fellow employed by DuPont Fluoro-
products. He is an organic chemist whose research focused on fluorine chemis-
try. He has been involved both in laboratory renovations and in building a new
structure for chemical research. Dr. Resnick received his B.A. from Swarthmore
College in 1955 and his Ph.D. in chemistry from Cornell University in 1961. He
is past chair of the Fluorine Division of the American Chemical Society and has
received the American Chemical Society’s Award in Fluorine Chemistry.

Amos B. Smith III is the Rhodes-Thompson Professor of Chemistry at the
University of Pennsylvania. He is an organic chemist whose research is focused
on the synthesis of complex biologically active compounds and theoretically
interesting unnatural products and novel materials. He was involved in the con-
struction of a recently completed, new laboratory research building at the Uni-
versity of Pennsylvania. He received his combined B.S. and M.S. from Bucknell
University in 1966 and his Ph.D. from Rockefeller University in 1972. He has
served on numerous national editorial and advisory boards and has been chair of
the Organic Division of the American Chemical Society (ACS) and is currently
first editor-in-chief of the new ACS publication, Organic Letters. He has won
awards including the Alexander von Humboldt Research Award for Senior U.S.
Scientists, the ACS Ernest Guenther Award in the Chemistry of Natural Prod-
ucts, and the ACS Award for Creativity in Synthetic Organic Chemistry.
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Statement of Task

The committee on the Design, Construction, and Renovation of Laboratory
Facilities will provide guidance on effective approaches for building laboratory
facilities in the chemical and biomedical sciences. The study will provide a
framework of prudent practices for the members of the scientific community; the
facilities managers and architects that work with them in constructing or modify-
ing laboratories; the various federal, state, and local governmental bodies that
must develop regulations and monitor compliance; and the federal agencies and
private foundations that invest their limited funds in construction and renovation
projects. The goal of the study is to provide guidance that can result in buildings
that provide effective and flexible laboratories, are safe for laboratory workers,
are compatible with the surrounding environment, have the support of the neigh-
boring community and governmental agencies, and can be constructed in a cost-
effective manner.
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Committee Meetings

First Meeting, February 10-11, 1998

Presentations

Introduction of committee members and staff
Introduction to the National Research Council (NRC)
NRC expectations of its study committees

Discussion of Balance and Composition of the Committee
Discussion of Individual Bias and Conflict

Study Planning
* Scope of study
* Objectives of study
» Study approach Role of the staff

Discussion of laboratory planning and construction considerations
* Role of the user
* Role of the architect
Continuation of planning and construction considerations
* Regulatory considerations
» Stakeholder considerations
Identification of major issues in laboratory design/construction/renovation
Presentation and discussion of related studies

Rassa Davoodpour, National Institutes of Health
Jeanne L. Narum, Project Kaleidoscope
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Second Meeting, April 13-15, 1998

Presentations

An Architect’s View of the Laboratory Design Process
Todd S. Phillips, American Institute of Architects
Leo A. Phelan, Veterans Administration

An Administrator’s View of Laboratory Design
Robert E. Burnett, University of Virginia

Presentation by the Princeton University Project Team
Allen Sinisgalli, associate provost; Gary H. Ireland, scientific construction;
George J. Barker, building manager; Martin F. Semmelhack, scientist; Rob-
ert Schaeffner, architect (Payette Associates); Keith W. Stanisee, project
management (Barr & Barr)

Presentation by Users—I
David J. Goldsmith, Emory University
Stephen L. Brenner, DuPont Merck Pharmaceutical Company
Steven W. Baldwin, Duke University

Presentation by Users—II
K. Peter Walter, University of California at San Francisco

Presentation by Users—III
Malcolm F. Nichol, University of California at Los Angeles
Frederick D. Lewis, Northwestern University
M. Tom Thomas, Pacific Northwest National Laboratory
Leonard D. Spicer, Duke University

Presentation by Design Professionals—I
P. Richard Rittelmann, Burt Hill Kosar Rittelmann Associates
David Harris, National Institute of Building Sciences

Presentation by Design Professionals—II
Victor Cardona, Smith Group
Michael Somin, Earl Walls Associates

Presentation by Regulatory and Code Agencies
Eric R. Rosenbaum, Hughes Associates, Inc.
James Pecht, U.S. Access Board
Patricia Weggel-Laane, Environmental Protection Agency
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Third Meeting, June 16-17, 1998

Presentations

Review 1991! Workshop: Scope and Study Plan
Review of earlier meetings

* 1st meeting

* 2nd meeting

Review of outline
* Comparison with scope
* Adequacy

Substantive discussion of report
* Introduction
* Discussion of participants
* Discussion of Environmental Health and Safety issues
* Discussion of sociology
* Discussion of costs
* Discussion of design alternatives
* Discussion of strategy
* Discussion of community relations
* Discussion of resources
* Summary of report contents
* Discussion of writing assignments

Fourth Meeting, August 31, 1998 - September 1, 1998

Committee Deliberations

Fifth Meeting, November 4-6, 1998

Committee Deliberations

Sixth Meeting, January 28-29, 1999

Committee Deliberations

IBoard on Chemical Sciences and Technology Workshop on Design, Construction, and Renova-
tion of Laboratories, June 28-29, 1991, Washington, D.C.
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Selection of a Design Professional

A research laboratory facility typically requires more time for design and
construction, a larger capital expenditure, and higher operational costs than most
other building types. Because of the highly technical and complex nature of
research laboratory facilities, the design professional should be selected careful-
ly and thoughtfully. An objective selection process should be developed so that
a highly qualified design professional is selected. Fee and agreement negotia-
tions typically follow the selection of this person. The Brooks Act of 1949
codifies this type of selection process, by which the most highly qualified design
professional is selected prior to fee and agreement negotiations. However, if
funds for professional design fees are limited, this should be disclosed at an early
point in the process. Institutions that favor working with a local design profes-
sional may be at significant risk; the attractiveness of familiarity is generally not
a reasonable substitute for appropriate experience. Conversely, if a more re-
motely located design professional is engaged, the extent and method of local
oversight by this person should be established.

The selection process described below represents a formalized step-by-step
procedure that should result in the selection of an architectural firm experienced
in the appropriate building type and the assignment by the firm of individuals
who have the appropriate qualifications for the project. Other less-formalized
selection procedures can also be used; each institution should decide the most
appropriate objective selection process. Some institutions may wish to use a
design competition to select an architect. Although the amount of time and
interaction generally associated with a design competition is only a fraction of
the effort typically required to design as technologically and programmatically
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complex a facility as a research laboratory, it normally requires 12 to 14 months,
as well as extensive interaction with the proposed users and institutional repre-
sentatives. For this reason, most institutions do not use a competition for select-
ing the architect.

The selection process begins with the identification of a “long list” of poten-
tial candidates, usually by a selection committee, and proceeds through the re-
quest and review of qualifications, the development of a “short list” of candi-
dates, the request and review of formal proposals, and interviews, to the selection
of the most appropriate architectural candidate. The selection committee is typ-
ically composed of representatives from the administration (e.g., CEO, CFO),
researchers (e.g., principal investigators and technicians), and physical plant and/
or buildings and grounds representatives. One individual, often the client project
manager, should be identified to oversee this process and be the single point of
contact for the architectural candidates.

LONG LIST OF ARCHITECTS

Often, a “long list” of architectural candidates is developed by the selection
committee after the institution has identified the project’s need, program, and
site. Some institutions, however, choose to begin selection of the architect be-
fore the project site is selected and before the project program is developed, as
most architects are trained in site planning and some are experienced in develop-
ing detailed programs for research laboratory facilities. Other institutions en-
gage a site planner and or programmer to complete a preliminary description of
the overall project program and site. Each institution should decide the best time
to begin the architect-selection process. The sooner the architect becomes famil-
iar with the project, however, the sooner the architect will be able to assist the
institution in the selection of a site, development of the project’s program, and
design of the research laboratory facilities that respond to its needs.

Once it has been decided to engage an architect, the institution develops a
“long list” of potential architectural candidates. This long list can be anywhere
from 7 to 15 architectural firms. Too short a list may not capture the best
potential candidates, while too long a list may risk a cumbersome review process
and discourage potential candidates from responding. The length of this list is
determined by the number of potential candidates identified by the institution.
Potential candidates should be identified by asking colleagues for referrals, con-
tacting the American Institute of Architects, and checking with other institutions
that have built science facilities similar to the anticipated project. The identifica-
tion of the long list of architects can take anywhere from 2 to 4 weeks.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/9799.html

ation: Participants, Process, and Product

APPENDIX D 139

REQUEST FOR QUALIFICATIONS

Once the institution has identified the long list of architects, the selection
committee should prepare a request for qualifications (RFQ). The RFQ should
include a general description of the anticipated project, including its size, loca-
tion, and stage of development (e.g., initial planning stages, just starting pro-
gramming, ready to start design). The RFQ should also include established
project requirements such as cost, schedule, program, design goals, project par-
ticipants, background information, existing buildings if involved, and so forth.
The RFQ should include a request for information about the architectural firm,
including similar projects, history of the firm, size of firm, list of key individuals
including resumes, list of references, list of awards, and the like. The purpose of
this RFQ is to receive materials about each candidate that provide the institution
with a better understanding of the firm’s general qualifications. The information
requested from the architect is generally information that the firm has prepared
previously for similar requests.

It is important that the architect be provided with as much information as is
available about the anticipated project so that the firm can provide the appropri-
ate qualification information. Architectural firms may want to know more about
the project, and a representative of the institution should be available to answer
the architect’s questions. Some architects may want to visit the site prior to the
preparation of the RFQ package. Although tours of the campus should not be
discouraged at this stage, giving tours to those architects who are identified on
the subsequent “short list” would be more appropriate. The architect should be
informed about the selection process as well as the criteria by which the institu-
tion will decide which firms are appropriate for the subsequent short list and
interview process. Typically 2 to 3 weeks should be allowed for the architect to
prepare a qualifications package.

SHORT LIST

After the selection committee has reviewed the qualifications of the long list
of architects, a short list is developed by reviewing the qualifications packages
based on prescribed criteria. This process often includes assigning values to
various criteria, such as appropriate experience, references, organizational depth,
size of the firm, and so on. Of all the criteria, appropriate experience is probably
the most important. It can also be important to match the size of the firm with
the size of the project. For instance, a smaller firm that has done only projects
on the order of $1 million to $5 million may find a project of $10 million to $15
million a significant challenge. Similarly, larger architectural firms that typical-
ly work on $40 million to $100 million projects may find it difficult to give a $5
million to $10 million project appropriate attention. The short list typically
consists of 4 to 6 architectural firms.
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REQUEST FOR PROPOSALS

Once the short list of architects is developed, the selection committee should
prepare a request for proposals (RFP). The RFP includes a detailed list of ques-
tions that the architect should answer in a formal proposal. An RFP typically
includes questions such as the following:

* How will the architect approach this project?

* How will the architect establish priorities and make decisions?

* Who will be assigned to this project on a day-to-day basis, for overall
management during the construction process?

* What are the qualifications of the individuals who will be assigned to this
project?

» How does the architect typically establish a fee for a project?

* What does the architect deem to be the most important issues for consid-
eration on this project?

* How does the architect manage schedule and costs during design and
during construction?

*  Who would the architect recommend as engineers and consultants?

It is appropriate to request detailed resumes of the individuals who will be as-
signed to the project, as well as references for those individuals.

Some institutions have found it helpful to include as part of the RFP a draft
of an Owner/Architect Agreement prepared by the institution. Other institutions
have chosen to provide a standard Owner/Architect Agreement produced by the
American Institute of Architects (AIA-B141 Standard Form of Agreement be-
tween Owner and Architect) and ask each architect to provide a list of the modi-
fications he or she would typically make to this standard document.

Some institutions may ask the architect to prepare a formal fee proposal. If
a formal fee proposal is requested, it should be understood that this represents
only a guideline for the institution to compare with that of other architectural
firms. It is difficult for an architect to estimate accurately the services that will
be required by a project at such an early stage, and therefore it is difficult to
project a fee accurately. It is appropriate, though, to request that the architect
provide a description of how the fee would be established and what services the
architectural firm includes within its standard scope of services. The RFP should
include the names of the other architects that the institution is considering so that
each architect can decide whether to proceed with the selection process. In
general, the preparation of a proposal, particularly one responding to a formal
RFP prepared by an institution, requires a substantial effort on the architect’s
part. This is particularly true if the architect decides to visit the site, which will
require travel expenses and time in addition to that needed to prepare the RFP.
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An architectural firm usually will expend a significant amount of time and ener-
gy on the preparation of a proposal once it has made the short list. Typically, 3
to 4 weeks is allowed for the architect to prepare a proposal.

INTERVIEW

Once the selection committee has received the proposals from the short list of
architects, it should review and rank the proposals, using a method similar to that
used in reviewing the qualifications package sent in response to the RFQ. The
selection committee may choose to reduce the number of candidates or to inter-
view all candidates on the short list. At this point, the architects should be encour-
aged to visit the site, if they have not done so, and to review the project details with
the appropriate representatives on site. In addition, for major projects the selection
committee may wish to visit facilities built previously by the architects on the short
list. Prior to the interview, the selection committee may develop a list of questions
and issues that it would like the architect to address. This may simply be the list of
questions and issues developed as part of the RFP, or alternatively, a list of ques-
tions and issues developed specifically for the interview.

The interview typically includes a presentation by the architect of projects
he/she has developed that are similar to the anticipated project. The interview
may also include a description by the architect of the process that would be used
to develop this project program, identify the project site, develop the design,
collaborate with the institution, manage the schedule and costs, and administer
the construction contract. A sufficient amount of time should be allowed for the
architect to present qualifications and ideas, and also for the selection committee
to ask the architect questions about the project. On average, a presentation
lasting 45 minutes followed by a 45-minute question period is adequate. Prior to
the interview, the selection committee should develop selection criteria that al-
low each member of the selection committee to record thoughts and evaluations
during and immediately after each interview. As much as possible, interviews
should be scheduled for the same day, or for two consecutive days, to minimize
the amount of time between the first and last interviews. It is essential that those
individuals who will be assigned to the project be present at the interview.

Some selection committees visit similar projects completed by the architect.
References should be contacted before or immediately following the interviews.
Shortly after the interview, the selection committee should meet to discuss its
impressions and observations and to decide as quickly as possible which archi-
tect is the most appropriate for the project.

Personalities and human chemistry form an important part of the decision-
making process. The institution and the architect will be working together for an
extended period, and it is important that the design team and the institution’s
representatives form a constructive working relationship.
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FINAL SELECTION

Once the institution decides to engage an architect, the amount of time need-
ed to develop the long list (in order to prepare the RFQ, review qualifications
packages, develop the short list, develop the RFP, review proposals, interview
architectural candidates, call references, and decide on the appropriate choice)
can range from 12 to 16 weeks. This process requires the focused attention of
the selection committee and especially that of the individual designated to over-
see and manage the process.

After the selection committee has made its decision, the architect selected
should be notified, as should those who have not been selected. If ratification by
a higher authority is required and may delay prompt notification, a letter of
intent or other similar document should be prepared and executed to formalize
the working relationship until a formal agreement can be executed.
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Definitions

TERMS

Americans with Disabilities Act—Law mandating that facilities should provide,
or be capable of being easily modified to provide, reasonable accommodation
for qualified workers with disabilities.

As-builts—Construction documents on which are recorded all changes made
during construction.

Benchmarking—Comparing proposed with existing facilities by obtaining infor-
mation on similar existing facilities.

Building code—A code applicable to buildings, adopted by a government body,
and administered with the primary intent of protecting public safety, health, and
welfare; generally includes both review and approval process requirements and

specific technical standards.

Building commissioning—A process that gives the owner assurances that a build-
ing will perform, in the short term and over the life of the facility, as designed.

Building permit—Authorization by a government body for construction of all or

part of a building, or installation of a utility. Signifies that the governing body

143
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has reviewed the construction documents and given approval. Inspectors moni-
tor construction and sign the permit when all construction meets building codes.

By-pass hood—A fume hood design in which there is an opening above the sash
through which air may pass at low sash position.

Central utility shaft—A horizontal or vertical central shaft within a building used
to run ventilation ducts, plumbing, and electrical services.

Champion—Person who articulates the need for a project and drives the project
from beginning to end.

Change order—Any modification to the original construction documents.

Client budget authority—A person who has been appointed by a senior financial
administrator and can authorize major budget changes.

Client project manager—A member of an institution’s in-house architectural or
engineering team who derives authority from the head of facility operations.

Client user representative—A person who represents scientist-users. He or she
is appointed by a senior administrator such as a dean or a director of research.
This person is knowledgeable about the functional use of the facility and knows
many of the ultimate users of the facility. Also referred to as user representative.

Client team—Composed of the client user representative, client project manager,
and client budget authority. This team stays intact from predesign through post-
construction and maintains continuity in the scope and execution of the construc-
tion project.

Code—A collection of laws, regulations, ordinances, or other statutory require-
ments adopted by government legislative authority. Some professional and trade
organizations have published advisory documents that they term “codes,” but
these documents do not have the force of law (unless adopted by a government
body) and therefore are actually collections of promulgated criteria and stan-
dards, rather than codes.

Conditions assessments—Formal and informal processes providing building in-
formation for facility programs. Information may include immediate building
needs, highlight building deficiencies for short-term and long-range projects,
and present program information in terms of building requirements.
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Delivery service corridor—Corridor designated for deliveries, not for movement
of people.

Design team—Members of the design group (design professional, engineers, and
specialty consultants) and client group who work together to program construc-

tion or renovation.

Elevation—A flat scale drawing of the front, back, or side of the interior or
exterior of a structure.

Existing conditions—Documented current physical state of a facility to be reno-
vated or replaced.

Facility evaluation—Assessment of the existing condition of a facility.

Facility inventory—Set of as-builts, drawings showing existing conditions, list
of deferred maintenance items, and other documents detailing existing facility.

Facility program—Detailed description of the function, area, utility, and envi-
ronmental requirements for a project.

Flexibility—Ability of a facility to be easily modified to support varied research.
Floor loading—Weight (per square foot) a floor can support.
Floor plate—Floor area corresponding to the structural grid of a building.

Floor-to-floor height—The distance between floors, including the space between
floors for utilities, ceilings, flooring, and the like.

Footprint—The exterior dimensions of a building.

Generic laboratory design—A design in which similar elements are similarly
arranged within each laboratory space.

Gross square feet—Measure of area bounded by the outside faces of exterior
walls.

Interaction diagram—A diagram used to rate the relative importance of interac-
tions among different individuals and groups.

Interstitial floor—Service floor between laboratory floors that provides dedicat-
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ed space for mechanical, electrical, and plumbing equipment and distribution
systems.

Laboratory programmer—Design professional specializing in laboratory design;
may or may not be an architect.

Life-cycle cost—Costs incurred over the life cycle of a building system, a piece
of equipment, or an entire building.

Make-up air—Air required to maintain the code-required balance between (rela-
tively) negatively pressured laboratories and positively pressured corridors.

Manifold exhaust system—An exhaust system in which the intake of many, or
all, fume hoods is combined in one or more large manifolds and then exhausted
through a single exhaust stack.

Master plan—An overall long-range plan for the land use of an institution.
Mechanical, electrical, and plumbing—Utilities needed to service a building.

Modular design—A technique that uses a standardized size module as the funda-
mental unit for space planning. Larger spaces comprise multiple modules.

Net square feet—Measure of the area bounded by the inside finish of the outer
walls and the inside finish of permanent partitions.

Open laboratory—Laboratory in which a large open space and common equip-
ment rooms are shared by several researchers or even research groups.

Operations and maintenance manuals—Manuals that detail information about
the operations and maintenance of all laboratory systems and equipment.

Postoccupancy evaluation—The process of surveying and analyzing recently
completed and occupied facilities, preferably after the first year of operation, to
provide the owner, and others involved with a construction or renovation project,
a determination of how the building is performing and a review of the organiza-
tion of participants and process for the construction or renovation.

Project leader—Client’s single point of contact within the client group and with

the design and construction groups for a project. He or she has operational
authority and responsibility for the project.
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Project team—Group of participants involved throughout the project. Includes
client team, design professional, and general contractor.

Record drawings—Construction documents on which are recorded all changes
made during construction.

Service corridor—Within a building, a horizontal passage of two types: the
utility service corridor and the delivery service corridor.

Strategic plan—Long-range and large-scale operational plan for an institution
that encompasses both the physical plant and organizational plans.

Structural grid—Horizontal spaces between the structural members (beams) of a
building.

User representative—See client user representative.

Utility chases—Vertical shafts within a building used to run ventilation ducts,
plumbing, and electrical services vertically within a building.

Variable air volume hood—Fume hood for which the airflow is regulated to
maintain a constant face velocity.

Zoning—The system of local land-use regulations.

ACRONYMS
A&E architectural and engineering
ADA Americans with Disabilities Act
AHJ agencies having jurisdiction
BOCA Building Officials and Code Administrators International
CAA Clean Air Act
CAV constant air volume
CUPs central utility plants
EH&S environmental health and safety
EIA environmental impact assessment
EIS environmental impact study
EPA Environmental Protection Agency
FF&E furnishings, fixtures, and equipment
GMP guaranteed maximum price
GSF gross square feet
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HAP
HEPA
HVAC
ICBO
MEP
NASF
NMR
0&M
OSHA
POE
RCRA
RF
RFP
RFQ
SBCC
VAV
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hazardous air pollutant

high-efficiency particulate air (filter)

heating, ventilation, and air conditioning
International Conference of Building Officials
mechanical, electrical, and plumbing

net assignable square feet

nuclear magnetic resonance

operations and maintenance

Occupational Safety and Health Administration
post-occupancy evaluation

Resource Conservation and Recovery Act
radio frequency

request for proposal

request for qualifications

Southern Building Code Congress International
variable air volume
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A

Access and egress, 21, 69-70, 72, 79-80,
86-87
corridors, 20, 34, 83, 84-86, 96, 102, 145
disabled persons, 13, 21, 71, 79, 87-88
elevators, 84, 86, 87-88
fume hoods, 92
Access and egress control, 19, 68, 80-81
Administrators and administration, see
Managers and management
Advisory boards, 23, 40
Aesthetics, 21
landscaping, 21, 77, 109, 117
Air quality, see Clean Air Act; Chemical vapor
emissions; Fume hoods; Heating,
ventilation, and air conditioning
American Institute of Architects, 1, 42, 44, 45,

119, 138, 140

Americans with Disabilities Act (ADA), 21, 79,
87-88, 92, 93

Architects, 1, 2,4, 5,6, 11, 12-13, 27, 33, 59,
118-119

American Institute of Architects, 1, 42, 44,
45,119, 138, 140

construction phase, 48-49

facility inventories, 35

facility program, 35

landscaping, 119

predesign phase, 32
schematic design phase, 41, 111-112
selection process, 137-142
Architect project manager, 49, 61
The Architect’s Handbook of Professional
Practices, 47
As-builts, 6, 54, 56, 58, 143

B

Bathrooms, see Rest rooms
Benchmarking, 33-34, 36, 108
cost factors, 34, 108
defined, 143
fume hoods, 66
space planning, 34, 36
Bids, bidding, 5, 39, 40, 41, 45, 46, 47-48, 52,
113-114, 115, 118, 124
Brooks Act, 137
Budgetary factors, see Cost factors
Building codes and permits, 6, 12, 14, 37, 60-
62,75, 77-78, 85-86, 87, 105, 117
defined, 143
Building commissioning, 5, 6, 54-55, 56, 58,
123-124
client groups and teams, 54-55
defined, 143
experts, 11-12

149
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Building Officials and Code Administrators
International, 62
By-pass hoods, 98
defined, 144

C

Cabinets, 39, 71, 83, 88, 90, 92, 93, 94, 121
Casework, 72, 89, 93, 94, 104, 109, 116, 118
Central utility shafts, 97, 144
Chambers of commerce, 24
Champion, 2, 3, 4, 8, 9, 27
defined, 144
Change orders, 5, 6, 28, 52-53, 56, 115, 144
contingencies and, 7, 122
cost of, 52-53, 114, 115
defined, 144
record drawings, 115
sources of, 51
Chemical hygiene plan, 64-65, 67
Chemical vapor emissions, 63-64
see also Fume hoods
Clean Air Act, 62
Client budget authorities, 10, 11, 46, 144
Client groups and teams, 3, 8, 9, 30, 40, 73,
112
building commissioning, 54-55
defined, 144
design and construction documents, 39, 41,
45-46
membership, 11
phases of participation, 10, 30-31, 32, 39,
41, 43, 44-46, 48, 53, 55
sociological factors, 11, 15, 16
Client project leader, 32
Client project managers, 3, 11, 14, 144
defined, 144
phases of participation, 10
Client user representatives, 3, 4, 11, 27
champion and, 9
defined, 16, 144
phases of participation, 10, 30-31, 32, 40,
41, 48, 50-51
role of, 16-17, 31
Codes, see Regulatory issues
Communication factors, 2, 4, 5, 14, 15, 58
construction phase, 46-47
design and documentation, 39, 40, 46
equipment, 95, 101
information technology, 16, 17, 19, 121
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mass media, 4, 24
postconstruction interactions, 56
predesign, 32-33
public education, 4, 20-21, 24
regulatory authorities, 7, 61, 124
Community relations, 2-4, 7, 8, 14, 15, 20-27
chambers of commerce, 24
consultants, 23-24
phases of participation, 10, 53
postconstruction interactions, 56
public education, 4, 20-21, 24
rumor control and risk communication, 25
zoning, 14, 74, 75, 77-78, 105, 120, 147
Computer technology, see Information
technology
Conditions assessments, 58, 144
Conference rooms, 19, 80
Construction documents, 39, 45-46
Construction groups and teams, 8, 13-14, 48-
49, 52-53, 55
partnering, 50
Construction phase, 46-53
contingencies, 122
cost factors, 51-53, 113-115, 122
change orders, 6, 52-53, 114, 115
documentation, 38-39, 45-46, 47, 49, 87-88,
112; see also Change orders
foundations of buildings, 51, 116-117
scheduling, 13, 46, 47, 50, 51-52, 114
Consultants, 3, 4, 11-13, 118-120
community relations, 23-24
contingencies, 122, 124
cost estimators, 12, 38
design, selection process, 137-142
hazardous materials, 67-68
insurance, 121-122
phases of participation, 10, 32-33
see also Architects; Engineers
Contamination, see Hazardous materials
Contingencies, 7, 122-123, 124
Contractors and contracting, 4, 13-14, 27, 51
bids, bidding, 6, 29, 39, 40, 41, 45, 46, 47-
48,52, 113-114, 115, 118, 121, 124
building commissioning, 54, 55
construction documentation, 45-46, 47; see
also Change orders
general contractors, 3, 4, 10, 13, 27, 47, 49,
50, 51, 52, 55, 112-113, 118
partnering, 50
phases of participation, 10, 39, 40, 41, 45,
46, 47, 48, 49, 52
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procedural guidelines, 47
selection, 13, 47-48
subcontractors, 5, 10, 13, 45, 46, 47, 49, 50,
51,52, 112-113, 114, 115, 118
see also Consultants
Contracts, contract documents
architect, 55, 119, 140
construction, 47, 113
Corridors, 20, 34, 83, 84-86, 96, 102, 145
Cost factors, 1, 6, 51-53, 57, 58, 103-124
benchmarking, 34, 108
bidding, 6, 29, 39, 40, 41, 45, 46, 47-48, 52,
113-114, 115, 118, 121, 124
budget authorities, 10, 11, 28
community relations, 21, 23
construction phase, 51-53, 106-107, 112,
113-115, 122
change orders, 3, 6, 23, 24, 52-53, 113,
114, 115
nonbuilding costs, 116-122
contingencies, 122-123, 124
design development phase, 5, 6, 31, 44, 72-
73, 111-113, 122
energy use and conservation, 66-67, 109-
110
environmental health and safety, 103-104
estimates, 7, 30, 37-38, 124; see also
“bidding” supra
expert estimators, 12, 38
flexibility, 19, 42-43, 74-75, 108-109
floor layout, 81-83
floor loading, 102
fume hoods, 90
funding, 6, 57, 58
heating, ventilation, and air conditioning,
66-67, 103, 108, 110
insurance, 121-122
life-cycle, 57, 107, 108, 110, 112, 146
modular design, 19, 42-43, 81-82
postoccupancy evaluations, 56
predesign and, 7, 30, 36, 104-105, 110-111,
124
regulatory, 103-104, 117, 120
renovation vs new construction, 38, 105-
106
schematic design, 6, 42, 111-112
ventilation systems, 66-67, 103
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D

Demolition, 116
Design groups and teams, 8, 12-13, 27, 111,
114-115
defined, 145
phases of participation, 10, 31, 32-33, 48-
49, 50-51, 55
see also Architects; Engineers
Design phase, 5, 38-46
alternative designs, 36-37, 38, 112, 124
building commissioning, 54
cost factors, 6, 44, 72-73, 111-113, 122,
124
design considerations, 59, 72-103
generic laboratory designs, 42-43, 81-82,
88, 89, 91, 100, 108-109, 145
mock-ups, 16, 44, 118, 119
computer design models, 16, 43, 44
modular design, 3, 19, 42-43, 81-82, 83, 93,
146
schematic design, 6, 39, 40, 41-43, 111-112
Desks, 42, 72, 89
Diagrams, 35-36, 79, 80-81, 145
see also Drawings
Disabled persons, 13, 21, 71, 79, 87-88
fume hoods, 92, 93
Documentation, 58
client groups and teams, 39, 40, 45-46
construction documents, 38-39, 45-46, 47,
49, 112; see also Change orders
design/documentation phase, 5, 38, 39-40,
41-46, 111-115
diagrams, 35-36, 79, 80-81, 145
drawings, 32, 37, 40, 43, 44, 45, 46, 55,
111,112
shop, 49, 51, 114-115
facility evaluations, inventories, and
programs, 34-36, 53-58, 145
floor layout, 81-82
operations and maintenance manuals, 55,
58, 146
predesign phase, 34-38
verification, 5, 6
Drawings, 37, 40, 43, 45, 46, 56, 111, 112, 147
as-builts, 6, 54, 56
code compliance, 44
diagrams, 35-36, 79, 80-81
existing condition, 32
shop, 49, 51, 114-115
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Earthquakes, 61, 74
Economic factors
community relations, 27
see also Cost factors; Funding
Educational outreach, see Public education
Egress, see Access and egress
EH&S, see Environmental health and safety
Electrical systems, see Mechanical, electrical,
and plumbing (MEP) systems
Elevation, 44
defined, 145
Elevators, 84, 86, 87-88
Emergency planning, 22, 25-26, 56, 69-70, 95-
96
earthquakes, 61, 74
equipment, 70-71
fire prevention and response, 61, 62, 85-86,
87
Employment issues, see Occupational safety
and health
Energy use and conservation, 66-67, 109-110
Engineers, 1, 3, 11, 12, 13, 111-112, 119
phases of participation, 10, 40, 49
Entrances, see Access and egress
Environmental health and safety (EH&S), 2, 6,
7, 11, 59-73, 124
building commissioning, 54-55, 60
community relations, 14, 22, 25-26
cost factors, 103-104
facility inventories, 35
hazardous materials, 16, 22, 61, 62, 63-64,
67-68, 70, 71, 85-86, 87, 88; see
also Fume hoods
phases of participation, 3, 10, 31-32, 40, 45,
53, 54-55, 60
regulations, 59, 60-64, 64-65, 69, 70
waste disposal, 21, 63
see also Access and egress; Occupational
safety and health
Environmental impact assessments, 22, 120
Environmental Protection Agency, 63-64
Evaluation, facilities, see Facility evaluations;
Postoccupancy evaluations
Existing conditions, 145
Exits, see Access and egress
Eyewash fountains, 70
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Facility evaluations
defined, 145
postconstruction phase, 53-58
postoccupancy evaluations, 55-56, 146
predesign phase, 30, 34-35
Facility inventories, 30, 35
defined, 145
Federal Water Pollution Control Act, 62
Fire prevention and response, 61, 62, 85-86, 87
Flexibility, 19, 33, 74-75, 108-109, 133
defined, 145
modular design, 3, 19, 42-43, 81-82, 83, 93,
146
Flooring, 94
Floor loading, 95, 102, 145
Floor planning, 43, 73, 80-84
open laboratories, 18, 33, 72, 146
Floor plates, 42, 101, 145
Floor-to-floor height, 78, 101-102, 145
Focus groups, 15-16
Food services, 19
Footprints, 78, 81, 85, 145
Foundations of buildings, 51, 116-117
Fume hoods, 44, 54, 64, 65-67, 72, 79, 88, 90-
93, 95, 97-99, 101, 109-110, 144,
147
Funding, 6, 57, 58, 104-105
see also Cost factors
Furniture, 20, 89, 93-94, 120-121
desks, 42, 72, 89

G

Generic laboratory designs, 42-43, 81-82, 89,
91, 108-109, 145

Guide for the Care and Use of Laboratory
Animals, 74

H

Handicapped persons, see Disabled persons
Hazardous materials, 16, 22, 61, 62, 63-64, 67-
68, 70, 71, 85-86, 87, 88, 99-100
sociological factors, 72
see also Fume hoods
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Health issues, see Environmental health and
safety; Occupational safety and
health

Heating, ventilation, and air conditioning, 13,
54, 66-67, 76-77, 78-79, 83, 88, 90,
93, 95, 97-98, 103

codes, 61-62

cost factors, 66-67, 103, 108

liability issues, 66-67

makeup air, 92, 95, 97, 98, 146

manifold exhaust systems, 98-99, 101, 146

see also Chemical vapor emissions; Fume
hoods

Height, buildings, 75, 78

Human factors, see Managers and management;
Sociological issues

I

Information technology, 19, 101, 121
design models, 16, 43, 44
use of, 16, 17
Insurance, 121-122
Interaction diagrams, 79, 80-81, 145
International Conference of Building Officials,
62, 148
Interstitial space, 78, 96, 101-102
defined, 145-146

L

Landscaping, 21, 77, 109, 117, 119
Leadership, see Champions; Managers and
management
Legal issues, see Building codes and permits;
Contractors and contracts;
Legislation, specific; Liability;
Regulatory issues
Legislation, specific
Americans with Disabilities Act, 21, 77, 79,
86, 87-88, 93
Brooks Act, 137
Clean Air Act, 62, 63, 77
Federal Water Pollution Control Act, 62
National Environmental Policy Act, 22
Occupational Safety and Health Act, 69
Resource Conservation and Recovery Act,
62, 63
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Superfund Amendments and
Reauthorization Act, 22, 62
see also Regulatory issues
Less Is Better, Laboratory Chemical
Management for Waste Reduction,
63 (n. 1)
Liability issues, 46-47, 121
insurance, 121-122
ventilation systems, 66-67
Libraries, 19-20, 41
Life-cycle costs, 57, 107, 108, 110, 112
defined, 146
Lighting, 20, 91, 94
Liquid effluents, 64
Loading docks, 80, 87
Local issues, see Building codes and permits;
Community relations; Zoning

M

Maintenance, see Operations and maintenance
Makeup air, 92, 95, 97, 98, 146
Managers and management, 1, 3, 11
advisory boards, 23, 40
construction, 13, 39, 119-120
phases of participation, 10
see also Champion; Client project
managers; Communication factors
Manifold exhaust systems, 98-99, 101, 146
Manuals, see Operations and maintenance
(manuals)
Mass media, 4, 24
Master plans, 25, 26, 30, 32, 33, 58
defined, 146
Mechanical, electrical, and plumbing (MEP)
systems, 73, 75, 76-77, 84, 95, 96-
97, 100-101
central utility shafts, 96, 144
construction documents, 45
cost factors, 103, 117
defined, 146, 147
design development phase, 43
elevators, 84, 86, 87-88
energy use and conservation, 109-110
fume hoods, 90-91
utility chases, 96-97, 147
variable air volume systems, 97-98, 147
see also Heating, ventilation, and air
conditioning
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Media, see Mass media
Meeting rooms, see Conference rooms
Mixed use, 3, 15, 18
Mock-ups, 16, 44, 118, 119
computer design models, 16, 43, 44
Modular designs, 3, 19, 42-43, 81-82, 93
defined, 146

N

National Environmental Policy Act, 22
National Institute of Building Science, 55

(0

Occupational safety and health, 2, 64-72, 133
building commissioning, 54-55
construction phase, 49
disabled workers, 71, 79, 87-88
fume hoods, 54, 64, 65-67, 72, 90, 91, 92,
93, 97-99, 101, 109-110

heating, ventilation, and air conditioning,
54, 61, 66-67, 78-79, 83, 88, 90, 93,
97-98, 103-104

safety showers, 70

see also Access and egress; Environmental
health and safety

Occupational Safety and Health Act, 69

Occupational Safety and Health

Administration, 64-65, 70

Offices, 82-83, 89
facility inventories, 35
sociological factors, 18
windows, 18, 79, 89, 116

Open laboratories, 18, 33, 72, 146
safety, 72

Operations and maintenance, 20, 28, 53
cost factors, 107, 110
funding and staffing, 6, 57
life-cycle costs, 57, 107, 146
manuals, 6, 55, 58, 146
phases of participation in design, 10, 31-32,

40

Parking, 21, 51
Partnering, 50

novation: Participants, Process, and Product

INDEX

Pay Now or Pay Later: Controlling Costs of
Ownership from Design Throughout
the Service Life of Public Buildings,
57

Permits, see Building codes and permits

Planning alternatives, 36-37, 38, 112, 124

Plumbing systems, see Mechanical, electrical,
and plumbing (MEP) systems

Postconstruction phase, 53-58

see also Operation and maintenance
Postoccupancy evaluations, 55-56
defined, 146

Predesign phase, 2, 4, 5, 6, 18, 28, 30-38, 39,

58,79
budget, 7, 30, 36, 104-105, 124
cost factors, 110-111
documentation, 34-38
lacking, 40
participants, 30-33

Privacy, 19, 70

Procedural guidelines, 5, 30-33, 39-40, 47-48

Project groups and teams

defined, 147

see also Client groups and teams;
Construction groups and teams;
Design groups and teams

Project leader, 11

Project managers, see Architect project
manager; Client project manager

Architect project manager, 49

Prudent Practices in the Laboratory: Handling
and Disposal of Chemicals, 56, 63
(n. 1), 67

Public education, 4, 20-21, 24

mass media, 4, 24

R

Regulatory issues, 6, 25, 59, 60-63, 75, 105

building codes and permits, 6, 12, 14, 37,
60-62, 75, 77-78, 85-86, 87, 105,
117, 143

cost factors, 103-104, 117, 120

communications with authorities, 7, 49, 124

makeup air, 92-93, 97, 98, 146

occupational safety and health, 64-65, 69,
70

zoning, 14, 74, 75, 77-78, 105, 120, 147

see also Environmental health and safety;
Legislation, specific; Standards
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Renovation, per se, 31-32, 33, 37, 74, 109
benchmarking, 34
modular design, 42-43
new construction vs, 38, 73, 75-76, 105-106
sociology of, 14, 16, 17
temporary facilities during, 17

Resource Conservation and Recovery Act, 62,

63
Rest rooms, 20

S

Safety issues, see Environmental health and
safety; Occupational safety and
health

Scheduling, 30, 31, 38, 105, 106-107

accelerated, 13, 47
construction phase, 13, 46, 47, 50, 51-52,
114
designer selection and, 137-138, 139, 140-
141, 142
mock-up construction, 118
planning, 16-17
renovation, 17, 38, 123
Schematic design, 39, 40, 41-43, 111-112
cost factors, 6, 42, 111-112
Security, 20, 79-81, 88
see also Access and egress control

Seismic activity, see Earthquakes

Service corridors, 84, 96, 147

Site selection, 32, 75, 76-78, 116

Sociological issues, 2, 3, 4, 14-21, 27, 75, 79-
80, 82-83, 84

assembly areas, 19

atriums, 87

champions, 2, 144

client groups and teams, 15, 16

client user representatives, 16-17, 31

focus groups, 15-16

food services, 19

information technology, 16, 17, 19

interaction diagrams, 80-81, 145

schematic design phase, 42

see also Community relations;
Environmental health and safety;
Occupational safety and health

Southern Building Code Congress
International, 62

Space planning, 3, 18-20, 31, 41, 42, 73, 80-86

assembly areas, 19
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atriums, 87
benchmarking, 33-34, 36
building height, 75, 78
conference rooms, 19, 80
corridors, 20, 34, 83, 84-86, 102
environmental health and safety, 70-71, 72
facility programs, 35-36
floor planning, 43, 73, 80-84
open laboratories, 18, 33, 72, 146
floor plates, 42, 145
floor-to-floor height, 78, 101-102, 145
footprints, 78, 81, 145
fume hoods, 92
interaction diagrams, 80-81, 145
interstitial spaces, 78, 96, 101-102, 145-146
modular design, 3, 19, 42-43, 81-82, 83, 93,
146
offices, 18, 82-83, 89
open laboratories, 18, 72, 146
private space, 19
public space, 3, 15; see also Landscaping
schematic design, 42
storage, 18, 20, 21, 42, 70-71, 83, 87
structural grids, 81, 95, 101-102, 147
Standards
aesthetic, 21
area requirements, 36
facility program summaries, 36, 56
occupational safety and health, 64-65, 69,
70
operations and maintenance manuals, 55,
58, 146
see also Benchmarking; Building codes and
permits; Legislation, specific;
Regulatory issues
Stewardship plans, 5, 6, 57, 58
Storage, 18, 20, 21, 42, 70-71, 83, 87
cabinets, 39, 71, 83, 88, 90, 92, 93, 94, 121
casework, 72, 89, 93, 94, 104, 109, 116,
118
Strategic plans, 33
defined, 147
predesign phase, 30, 32, 33
Structural grids, 81, 95, 101-102
defined, 147
Subcontractors, 5, 10, 13, 45, 46, 47, 49, 50,
51,52, 112-113, 114, 115, 118
Superfund Amendments and Reauthorization
Act, 22, 62
Sustainability, 109-110
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T

Temporary facilities, 17, 123
Toilets, see Rest rooms
Traffic flow, 18, 85-86
interim traffic, 51
see also Access and egress; Corridors;
Elevators
Transportation services, 21, 80, 85-86, 87, 88

U

User representatives, see Client user
representatives

Utilities, see Mechanical, electrical, and
plumbing systems

Utility chases, 96-97, 147
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Vapor emissions, see Chemical vapor
emissions

Variable air volume systems, 97, 147

Ventilation, see Chemical vapor emissions;
Heating, ventilation, and air
conditioning

Vibration, 18, 95, 102, 103

W

Windows, 18, 21, 79, 83, 89, 116, 118

V/

Zoning, 14, 74, 75, 77-78, 105, 120
defined, 147
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COLOR WELL 1 1

Client
Group

Special
Consultants

FIGURE 1.1 Members of the client group and their lines of communication. The mem-
bers of the client team—who are representatives of the users, the financial office, and the
facilities operations group—are intimately involved in all phases of a laboratory construc-
tion or renovation project. The client group is composed of the client team and all other
members of the institution who are involved in the project, such as the users, campus
architect, environmental health and safety (EH&S) officer, and the external relations
office. This group also includes special consultants, such as a construction manager and
site assessor, who are hired by the client. Users communicate with the client team through
the user representative. All other communication within the client group, including that
with consultants, is through the client project manager, with the possible exception of
communication between the EH&S officer and the facilities operations group. The colors
assigned to the members of this group—red for members of the institution, purple for
consultants—are used in the communication figures in Chapter 2.
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2 COLOR WELL 1

Architect
Staff

Architect
Project
Manager

Special
Consultants

FIGURE 1.2 Members of the design group and their lines of communication. The
members of the design group are the architect and other design professionals, such as
laboratory programmers, engineers, and specialty consultants hired by the design firm
(e.g., fire specialists, environmental consultants, and code consultants). All communica-
tion within this group is through the architect project manager. The color for this group—
green—is used in the communication figures in Chapter 2.

General
Contractor

Construction Sub-
Group Contractors

FIGURE 1.3 Members of the construction group. Members of the construction group
are the general contractor and the subcontractors, and may also include suppliers. The
color for this group—blue—is used in the communication figures in Chapter 2.
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COLOR WELL 2 1

Program Architect
Requirements Staff

Special
Consultants

Institutional
Requirements

Special
Consultants

External
Community

FIGURE 2.2 Participants involved in predesign phase activities and their lines of com-
munication. The client team is central to all communications within the client group. The
users communicate with the client team through the user representative; all other client
communication with the client team is through the client project manager. The external
community communicates with the client team only through the external relations office.
Communications between the design and client groups in this phase of the project are
between the architect project manager in the design group and, depending on the issue,
the user representative or the client project manager of the client team. It is essential that
these primary points of contact be respected. Red = client group, green = design group,
purple = external members of client group.
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