CHAPTER 9 CONSTRUCTION OPERATIONS
INTRODUCTION

The role of the construction team in executing a green building project, in making it a reality, is extremely important and should not be underestimated.  A construction management firm or general contractor that orients its employees and its subcontractors to the purpose of the project can make an enormous difference in the outcome of the overall effort.  There are a number of areas that are specifically called out in the LEED standard as being in the realm of the construction team: construction waste management, erosion and sedimentation control, limiting the footprint of construction operations, and construction indoor air quality. It should be noted that there are a wide variety of other significant contributions the construction team can make that are not specifically covered by LEED.  Some innovative major contributions made by construction teams on green building projects include:

· Improved materials handling to reduce construction waste

· Recycling of site materials such as topsoil, limerock, asphalt, and concrete into the new building project

· Making provisions for installing products and materials to reduce the potential for indoor air quality 
· Extensive training of subcontractors in construction waste management

· Attention to moisture control in all aspects of construction to prevent future mold problems

These are just a few of the many approaches that can be used by the construction team to improve the green building project that they have been selected to build.  This chapter will cover some of these innovations that have been noted in green building projects in the general categories:

· Site protection planning
· Health and safety planning

· Construction waste management

· Subcontractor training

· Reducing the footprint of construction operations

· Materials handling and installation

· Protection of indoor environmental quality during construction

The best way to insure a well-thorough approach to 

SITE PROTECTION PLANNING
A Site Protection Plan spells out the requirements for the builder for minimizing ecological and other damage to the site and maintaining good community relationsduring the construction process.  Although not specifically required by the LEED standard, a Site Protection Plan provides in depth coverage of many site aspects that can help produce a far more environmentally friendly project. LEED in fact does require an Erosion and Sedimentation Control Plan (see Chapter 4, Sustainable Sites Prerequisite 1), which is at least partially addressed in a Site Protection Plan.  The Department of Design and Construction of the City of New York, in its High Performance Building Guidelines (1999) specifies that a Site Protection Plan is required for municipal construction projects.  This Site protection Plan requires:
· A protection plan for vegetation/trees.

· A ‘tree rescue’ plan for those trees and plantings that must be removed (a park, community garden, nursery, or some other entity may want them).

· A site access plan, including a designated staging or ‘lay down’ area designed to minimize damage to the environment. Indicate storage areas for salvaged materials, and access and collection areas for recyclable materials, including day-to-day construction waste (packaging, bottles, etc.). Designate site-sensitive areas where staging, stockpiling, and soil compaction are prohibited.

· Waste water runoff and erosion control measures.

· Measures to salvage existing clean topsoil on site for reuse
· Plans to mitigate dust, smoke, odors, etc.

· Noise control measures, including schedules for particularly disruptive, high decibel operations, and procedures for compliance with the state and local noise regulations.  
By implementing these site protection measures as part of a Site Protection Plan, the builder will insure that everything possible is being done to protect the natural systems on the site, minimize erosion off-site into surface waters, maximize infiltration of water into the soil on site, and generally make the job site a more responsible operation.
HEALTH AND SAFETY PLANNING
A Health and Safety Plan addresses the health of workers on the building site and the health of the building’s future occupants.  The High Performance Building Guidelines (1999) produced by the New York City Department of Design and Construction requires that the contract documents require the contractor to produce a Health and Safety Plan.  As is the case with the Site Protection Plan, the Health and Safety Plan is not specifically required by the LEED standard although some of its elements, such as protection of ducts and airways during construction, are possible LEED credits (See Chapter XX, Indoor Air Quality Credit 3.1).  The Plan should take into account the building’s air quality design and provide for:
· Adequate separation and protection of occupied areas from construction areas.
· Protection of ducts and airways from accumulating dust, moisture, particulates, VOCs and microbes resulting from construction/demolition activities.

· Increased ventilation/exhaust air at the construction site.

· Scheduling of construction procedures to minimize exposure of absorbent building materials to VOC emissions. For example, complete ‘wet’ construction procedures such as painting and sealing should occur before storing or installing ‘dry,’ absorbent materials such as carpets and ceiling tiles. These porous components act as a ‘sink,’ retaining contaminants and releasing

· A flush-out period, beginning as soon as systems are operable and before or during the furniture, fittings, and equipment installation phase. The process involves flushing the building with 100% outside air for a period of not less than 20 days.

· Appropriate steps to control vermin.
· Prevention of pest infestation once the building or renovated portion is occupied using integrated pest management (IPM)

No matter how well designed a building, poor job-site construction practices can frustrate the best design by allowing moisture and other contaminants to become potential long term problems. Preventive job-site practices can prevent residual problems with indoor air quality in the completed building and reduce undue health risks for workers.

Table 9.1 shows steps that can be followed to insure provisions for good indoor air quality are followed during the course of the entire project. Table 9.2 contains a list of actions that can be taken directly by the builder to insure air quality is not compromised by the construction process.
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Clearly the Health and Safety Plan described here does not cover the wide range of construction safety planning and execution required by OSHA.  It does cover a wide range of human safety issues not anticipated by OSHA and which have become a part of the green building movement.  

Note that in Norway, builders are required to install a vacuum system that can intake all dust generated on the building project each day for the purpose of insuring that particulates do not end up in ductwork and eventually in the air of the building’s work spaces.  The impacts of construction particulates on future occupant health should not be underestimated and all possible measures to keep the building clean during construction and protect ductwork from contamination should be made.

CONSTRUCTION AND DEMOLITION WASTE MANAGEMENT
Construction and demolition (C&D) waste management takes advantage of opportunities for source reduction, materials reuse, and waste recycling. Source reduction is most relevant to new construction and large renovation projects and involves reduced “waste factors” on materials ordering, tighter contract language assigning waste management responsibilities among trade contractors, and value-engineering of building design and components. During renovation and demolition, building components that still have functional value can be reemployed on the current project, stored for use on a future project, or sold on the ever-growing salvage market. And recycling of building materials can be accomplished whenever sufficient quantities can be collected and markets are readily available. According to a recent EPA study, construction and demolition (C&D) waste totaled more than 135 million tons (122.5 million tonnes) in the U.S. in 1998; about 77 million tons (69.9 million tonnes) resulted from commercial work alone. Per-square-foot waste generation ranges from about 4 pounds (19.5 kg/m 2 ) for new construction and renovation to about 155 pounds (757 kg/m 2 ) for building demolition. On many construction projects, recyclable materials such as wood, concrete and masonry, metals, and drywall make up as much as 75% of the total waste stream, present-ing opportunities for significant waste diversion. As more C&D landfills reach capacity, new ones become increasingly difficult to site, and as more municipal waste landfills exclude C&D waste, tipping fees will continue to rise. Construction waste—and costs—can be managed just like any other part of the construction process, with positive environmental impacts on land and water resources.
According to the New York City High Performance Building Guidelines, construction and demolition (C&D) waste management techniques divert materials from the waste stream, thus preserving valuable resources and landfill space. C&D waste typically includes building components such as doors, lighting fixtures, packaging materials, hazardous materials, and miscellaneous construction waste such as bottles, cans, or paper.  For municipal projects in New York, there must be a requirement in the contract documents for a Waste Management Plan written and executed by the building contractor or construction manager. The Plan must cover salvaged materials, recycling, packaging, hazardous materials, and other waste protection measures.  These measures and requirements are described in the following paragraphs.
Salvaged Materials
· List materials to be salvaged for reuse in the project in the contract documents.

· Identify local haulers for salvaged materials and products that will not be reused in the project. List additional materials that are economically feasible for salvaging in the project.

Recycling
· Identify licensed haulers of recyclables and document costs for recycling and frequency of pick-ups. Confirm with haulers what materials will and will not be accepted. List those materials that are economically feasible for recycling in the project.

· Identify manufacturers and reclaimers who recover construction/demolition scrap of their products for recycling. List materials that are economically feasible for reclamation and any special handling requirements for each material. Examples include carpets, ceiling tiles, and gypsum wallboard.

· List procedures to be taken to comply with New York City recycling law. Recyclable materials include bulk metals, corrugated cardboard, bottles, and cans.

Packaging
· Identify manufacturers who reclaim their packaging for reuse or recycling. Identify manufacturer and distributor options for reduced packaging, where available.

Hazardous Materials.

· Develop procedures for separating hazardous waste by-products of construction (examples include paints, solvents, oils and lubricants) and for disposing of these wastes according to appropriate federal, state, or local regulations.

Other Waste Prevention Measures
· Educate workers on waste prevention goals and the proper handling and storage of materials.

· Where applicable, re-use salvaged material at the site.

· Coordinate ordering and delivery of materials among all contractors and suppliers to ensure that the correct amount of each material is delivered and stored at the optimum time and place. This can help prevent material loss, theft, and damage.

SUBCONTRACTOR TRAINING

Perhaps the most important group in a building construction project are the subcontractors.  It is generally true in today’s construction industry that general contractors are self-performing less and less of the work involved in the actual physical erection of the building.  The general contractor or construction manager organize and orchestrate a wide range of subcontractors to produce the actual building.  For a green building project to live up to its objectives, the subcontractors must be made aware of how the building project differs from a conventional construction project. Some of the key areas that all subcontractors be made of aware of by job site training are:
· The Construction Waste Management Plan: all subcontractors should have input to the Plan to make it effective and all workers should be informed of the job’s waste reduction and waste handling procedures.  The buy-in of the subcontractors is certainly the key to the success of minimizing waste.

· Construction Indoor Air Quality Plan: each subcontractor has the potential for creating hazards that can affect the future air quality of the building. Protection of ductwork and components of the air handling system is the responsibility of the mechanical contractor.  However, due to the extent of the system in many buildings and the possibility that the mechanical subcontractor is not always on the jobsite, it is helpful if all the other subcontractors are watchful over the condition of the measures made to prevent the entry of dust into the air handling systems.

REDUCING THE FOOTPRINT OF CONSTRUCTION OPERATIONS

Construction of a building and the creation of the infrastructure supporting the building, connecting it to power, water, communications, sidewalks, and roads creates a tremendous change in what may have been the previous conditions of the site, especially
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Incorporate indoor air quality goals into the bid and construction documents


Ensure that all members of the project team are knowledgeable about indoor quality issues and have defined responsibilities for implementation of good indoor air quality practices


Require the development and use of an indoor air quality management plan. The purpose of the management plan is to prevent residual problems with indoor air quality in the completed building and protect workers on the site from undue health risks during construction. The plan should identify specific measures to address:


Problem substances, including: construction dust, chemical fumes, off-gassing materials, and moisture; it will make sure these problems are not introduced during construction, or, if they must be, eliminates or reduces their impact. 


Areas of planning, including: product substitutions and materials storage, safe installation, proper sequencing, regular monitoring, and safe and thorough cleanup. 


Conduct regular inspection and maintenance of indoor air quality measures including ventilation system protection, and ventilation rate.


Conduct safety meetings, develop signage, and establish subcontractor agreements that communicate the goals of the construction indoor air quality plan. The indoor air quality construction plan is also a good opportunity to proscribe behaviors unacceptable to the owner that represent a potentially negative impact on long term indoor air quality such as smoking, using chew tobacco, or wearing contaminated work clothes.


Require contractors to provide information on product substitutions sufficient to enable O&M staff to properly maintain and repair low-emitting or otherwise "healthy" materials in place.





Table 9.1 Indoor Air Quality Management During Construction (Source: U.S. EPA http://www.epa.gov/iaq/schooldesign/construction.html)





Keep building materials dry. Building materials, especially those like wood, porous insulation, paper, and fabric, should be kept dry to prevent the growth of mold and bacteria. 


Dry water damaged materials quickly. Water damaged materials should be dried within 24 hours. Due to the possibility of mold and bacteria growth, materials that are damp or wet for more than 72 hours may need to be discarded.


Clean spills immediately. If solvents, cleaners, gasoline, or other odorous or potentially toxic liquids are spilled onto the floor, they should be cleaned up immediately. 


Seal unnecessary openings. Seal all unnecessary openings in walls, floors, and ceilings that separate conditioned space (heated or cooled) from unconditioned space..


Ventilate when needed. Some construction activities can release large amounts of gases into the school, and if the school is enclosed with walls, windows, and doors, outdoor air can no longer easily flow through the building and remove the gases. During certain construction activities, temporary ventilation systems should be installed to quickly remove the gases.


Provide supplemental ventilation.  During installation of carpet, paints, furnishings, and other VOC-emitting products, provide supplemental (spot) ventilation for at least 72 hours after work is completed. 


Require VOC-safe masks for workers installing VOC-emitting products (interior and exterior).


Reduce construction dust. Minimize the amount of dust in the air and on surfaces. Examples include use of vacuum assisted drywall sanding equipment, and use of vacuums instead of brooms to clean construction dust from floors.


Use wet sanding for gypsum board assemblies.


Avoid use of combustion equipment indoors.  





Table 9.2 Measures for Builders to Implement to Insure Good Indoor Air Quality for Building Occupants (Source: http://www.epa.gov/iaq/schooldesign/construction.html)








