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Abstract: This report presents technical information to incorporate sus-
tainable design principles into historic buildings owned by the Department
of Defense (DoD). The study follows the U.S. Green Building Council’s
Leadership in Energy and Environmental Design rating system for Exist-
ing Buildings (LEED-EB), Version 2.0, June 2005, and provides specific
discussion and strategies relevant both to historic preservation and sus-
tainable design and development. The intent is to provide technical, feasi-
ble ways that the DoD can utilize LEED-EB criteria on historic buildings.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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Introduction

Background

In 2002, the Office of the Federal Environmental Executive (OFEE), a task
force of the White House Council on Environmental Quality, adopted sus-
tainable construction as one of its six priority areas. Emphasis was placed
on energy consumption, materials use, waste, water, and air quality. The
scope of interest included siting, design, construction, operation, mainte-
nance, and removal of federal buildings. An OFEE report, The Federal
Commitment to Green Building: Experiences and Expectations (OFEE
n.d.), reviews and assesses federal government policies and activities that
promote sustainable construction. It identifies barriers to progress related
to budget, education, research, and metrics, and it provides recommenda-
tions on how federal agencies can make further progress. Many of report’s
findings and recommendations directly pertain to, and may be supported
by, reuse of historic properties owned by the Department of Defense
(DoD).

Federal budget preparation guidelines (OMB 2006) require construction
project decisions to incorporate life-cycle cost analysis, but decisions are
often made on the basis of first cost without considering valuable oppor-
tunities to advance the sustainability of DoD infrastructure. Decisions
based primarily on first-cost generally overlook the considerable economic
benefits of appropriate historic infrastructure reuse. OFEE cites the lack of
emphasis on life-cycle cost analysis in construction project planning as the
main barrier to progress in sustainable government infrastructure. DoD
has major roles and responsibilities in advancing OFEE goals because
military activity accounts for two-thirds of all federal building utilization
and floor space. The cost of energy used to support this inventory exceeded
$2.6 billion in Fiscal Year 2002.

A unique potential DoD resource for promoting federal sustainability goals
is the large inventory of military buildings listed or eligible for listing in
the National Register of Historic Places (NRHP). Section 110 of the Na-
tional Historic Preservation Act (NHPA) requires federal agencies to use
their historic properties to the maximum extent feasible for heritage rea-
sons, and a significant number of resources are already dedicated to this
activity. However, it is now apparent that there are compelling economic
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reasons to investigate the reutilization of historic infrastructure (i.e.,
building rehabilitation promotes DoD goals for transformation to sustain-
able installations). By preserving or renovating significant historic prop-
erty characteristics and features in accordance with the Secretary of the
Interior’s (SOI) Standards, installations can revitalize a building’s original
passive energy-conservation features such as skylights, operable windows,
transoms, etc. These renovations can restore the integrity of a historic
building while improving daylighting, indoor air exchange, and the like,
for better energy management, healthier indoor environments, and re-
duced life-cycle costs.

Various military directives provide basic guidance on incorporating sus-
tainability principles into the design, construction, and operation of new
facilities. However, these emphasize new construction rather than reha-
bilitation of existing facilities. A compelling argument can be made that
appropriate rehabilitation and reuse of existing facilities, rather than new
construction, is the single most important way for an installation to im-
prove its sustainability rating while meeting current and developing mis-
sion requirements.

Reuse promotes sustainability by reducing virgin materials consumption
and processing energy, waste production, and ecological degradation.
Building reuse exploits yesterday’s investment in materials and construc-
tion-related energy to reduce today’s construction bills and extract new
value from buildings long-since paid for. When viewed from this perspec-
tive, it is easy to see that the rehabilitation of historic and vintage build-
ings can help DoD execute sustainability initiatives and comply with
NHPA Section 110 while concurrently advancing OFEE’s mission.

But while the SOI Standards and sustainability design principles signifi-
cantly reinforce each other, they may also pose conflicting demands. New
guidance clearly identifying and addressing such conflicts could help to
better integrate DoD’s cultural resources and sustainability goals while
cross-educating both cultural resource managers and building designers.

Objective

The primary objective of this research is to produce guidance that concur-
rently advances OFEE, DoD, and NHPA Section 110 priorities by compar-
ing and aligning federal heritage and sustainability requirements, meth-
odologies, and metrics in order to identify where they are mutually
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supportive. The guidance uses the Leadership in Energy and Environ-
mental Design—Existing Building (LEED-EB) rating system to validate the
informed retention, reuse, and rehabilitation of historic DoD buildings in-
stead of demolishing them. The intended users of this guide are installa-
tion cultural resources and public works personnel, project planning and
design teams, and user groups and tenants who can use this guide to iden-
tify and implement viable sustainability strategies for DoD historic build-
ing projects.

Approach

The research objective was accomplished by:

1. investigating inherent features of historic buildings and sites that support
sustainability objectives;

2. conducting a survey of existing LEED-EB qualifying historic building pro-
jects and assessing them to determine the best ways of obtaining LEED-EB
credits without significantly impacting historic character-defining fea-
tures;

3. compiling a comprehensive list of sustainable design and development
strategies for achieving LEED-EB credits, and developing guidelines for
implementing heritage and sustainability design; and

4. providing resource lists for obtaining [a] cost issues associated with sus-
tainable design, [b] green products and materials for LEED point accumu-
lation, and [c] information on the LEED certification process.

Scope

This document is organized to parallel the LEED-EB rating system and
addresses the following primary topics:

e Sustainable Sites

e Water Efficiency

e Energy and Atmosphere

e Materials and Resources

e Indoor Environmental Quality

e Innovation in Upgrades, Operations and Maintenance (creative solu-
tions that allow properties to perform above the requirements set by
LEED-EB)
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This study was based on the LEED-EB rating system instead of LEED-NC
(New Construction) because LEED-EB is less invasive to historic build-
ings, and it offers ways to earn LEED credits through sustainable opera-
tions as an alternative to major renovations.” LEED-EB can also be im-
plemented on a building at any time without being driven by a
construction project or other major capitol investment.

Benefits of sustainable designh and development
The basics

Sustainability is generally defined as “...development which meets the
needs of the present without compromising the ability of future genera-
tions to meet their own needs” (The Brundtland Commission 1987). Sus-
tainable development is a specific strategy to balance environmental pro-
tection with continued economic growth (Benson, Roe, and Millard 2000).
Sustainable development ideally resolves environmental issues within a
development so that the products and energy systems of urban processes
are beneficial instead of degrading (Hough 1990). But successful sustain-
able development requires monitoring and maintenance of properties after
construction completion. The maintenance of properties should target
these three goals: to keep the living parts of sites healthy, to keep the con-
structed parts repaired and maintained, and to balance the first two goals
with human use (Thompson and Sorvig 2000).

Leadership in Energy and Environmental Design (LEED)

The United States Green Building Council (USGBC) has developed a
framework for assessing the environmental benefits of building within sus-
tainable guidelines. The framework, Leadership in Energy and Environ-
mental Design (LEED), is intended to publicize and define standards for
achieving these goals. The LEED Green Building Rating System is a volun-
tary, consensus-based, market-driven building rating system that is based
on accepted energy and environmental principles. It strikes a balance be-
tween established practices and emerging concepts (LEED-NC Reference
Guide 2003). The rating system has been tailored to specific project types,
including new construction (NC), existing buildings (EB), commercial in-
teriors (CI), etc. The system functions as a checklist of prerequisites and

* General consensus among the sustainable design and development community is that once a decision
is made to replace an existing building’s HVAC system, it may be more appropriate to use the LEED-NC
rating system.
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credits, with each one reflecting an aspect of sustainability. Each credit is
worth one or more points, with maximum possible point totals varying by
rating system. (A total of 80 points is possible under LEED-EB.) A LEED
certified building reaches one of four levels of sustainability: certified, sil-
ver, gold, or platinum (Malin 2003). The levels provide a method for de-
termining the degree to which a building achieves commonly accepted en-
vironmental standards. Buildings significantly impact human lives and the
environment, and the USGBC developed LEED to facilitate minimizing
this impact and preventing further ecological damage.

Resource conservation

One of the primary goals in sustainable design is the conservation of re-
sources. Sustainable design practices target reducing both construction
waste and building occupant waste. Credits are also given to reusing exist-
ing materials and using new materials with high recycled content. The re-
use of an existing building maximizes resource conservation. By avoiding
any demolition associated with new construction, the renovation project
reduces materials destined for a landfill and reuses substantial portions of
the existing building.

Likewise, historic buildings are inherently sustainable because their pres-
ervation maximizes the use of existing materials and infrastructure, re-
duces waste, and preserves the historic character of older installations. In
addition to reducing construction waste and demolition waste that would
otherwise go to a landfill, reusing existing buildings often prevents the de-
velopment of other land that would otherwise remain green space. Fur-
thermore, historic buildings were traditionally designed to conserve en-
ergy in a time when electricity and air conditioning was not widely
available. Many of their sustainable features responded to climate and site
conditions, including:

e site components and vegetation that reduce solar energy gains during
the cooling season while providing northerly windbreaks and passive
solar heating during the heating season;

e thick masonry walls that provide insulation to prevent excessive tem-
perature changes;

e user-operable windows, transoms, shutters, blinds, shades, awnings,
and vents, that provide energy neutral ways to tailor temperature,
lighting, and ventilation to the differing needs of occupants in different
zones of the building;
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e cupolas, monitors, skylights, sunrooms, porches, tall windows, and
transoms that admit natural light into interior spaces and reduce the
daytime demand for artificial lighting; and

e high ceilings which, in conjunction with historically compatible ceiling
fans, exploit convection and thermal stratification to comfortably con-
dition the occupied space while moving seasonally uncomfortable tem-
peratures up and away from the occupants.

Putting these types of features back into use can conserve material and en-
ergy resources, and fulfill several LEED credits.

Cost savings

Sustainable design and development can result in first-cost savings, re-
duced regulatory delays during permitting processes, improved leasing
and occupancy rates, higher property values, reduced operating costs, re-
duced liability risk, and better health and higher productivity of building
occupants (Rocky Mountain Institute et al. 1998). Renovating an existing
building can result in fewer site preparation and infrastructure costs over
constructing a new building at a remote edge of the cantonment. Manag-
ing construction waste and implementing aggressive building recycling
programs reduce fees paid to landfills and postpones the cost of construct-
ing a new landfill when the old ones are at capacity. Utilizing daylighting
and control systems can reduce the size and cost of mechanical systems.

The most obvious cost savings of a sustainably designed building is in
lower energy costs. Likewise, prudent fixture selection results in a substan-
tial reduction in water use, which is especially valuable for installations
located in drought-prone areas. Green buildings are also designed for
overall life-cycle costs, which translates to greater durability and fewer re-
pairs. Many sustainable design credits also target reducing the cost associ-
ated with cleaning and maintenance.

During building assessments, one of the primary complaints of building
tenants is poorly functioning HVAC systems. A sustainably designed
HVAC system is meant to maintain occupant comfort and provide direct
controls. As a result, there are fewer tenant complaints, fewer mainte-
nance runs, and ease in attracting paying tenants. A well-designed build-
ing also reduces the government’s exposure to liability from sick-building
syndrome and assists the installation in maintaining a positive image in
the community.
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The DoD owns a total of 344,950 buildings in the United States and Terri-
tories; of these, 109,595 are 50 years of age or older (as of 30 September
2005). In the coming years, an additional 32,814 will reach 50 years of age
(through 2015) (Sullivan 2006). Since all buildings 50 years of age or older
are subject to NHPA requirements, effectively 67% of the DoD’s buildings
could be considered historic (i.e., eligible or potentially eligible for the
NRHP) by 2015. Even with adjustments for new construction, demolition,
and other disposal activities, over half of the DoD’s real property inventory
consists of older, existing buildings. As a result, it only makes economic
sense to develop solutions to renovate existing and historic buildings for
effective long-term use.

A well-rehabilitated historic building can become a showpiece for the in-
stallation, with tenant groups eager to use it. But historic materials and
craftsmanship are virtually impossible to duplicate today without signifi-
cant cost. Therefore, utilizing existing historic building stock and their
components (e.g., high ceilings, architectural ornament, abundant win-
dows, and rich finishes) is typically less expensive than constructing a new
building of similar material and features.

Quality of life

Since Americans spend 85—95% of their time indoors, a key goal in sus-
tainable design and development is improving the health of building occu-
pants by controlling moisture, reducing pollution and contaminants, and
implementing ventilation strategies. Sustainable design also results in en-
hanced comfort for building occupants by empowering them with direct
environmental controls. Improving the health and comfort of workers ul-
timately results in reduced absenteeism, better productivity, documented
improvement of learning, and faster recovery from illnesses.

Comply with federal mandates

Integrating sustainable design into DoD construction projects has been the
subject of federal mandates for the past several years. These include the
2002 adoption of sustainable construction as one of six priority areas by
OFEE. The Energy Policy Act of 2005 extends previous Congressional di-
rection with even greater goals of energy efficiency improvements in both
existing and new facilities. Chief among the provisions are increased use of
renewable energy sources, advanced utility metering, and procurement of
energy efficient equipment and building systems in all applicable con-
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tracts. The goal of the act continues to be reducing energy consumption in
federal buildings, and includes funding for items such as the establishment
of a photovoltaic energy commercialization program in federal buildings.

In January 2006, over 150 top federal facilities managers and decision
makers came together at the White House Conference Center for the first-
ever White House Summit on Federal Sustainable Buildings. This historic
event included the following milestones:

e Signing of the Memorandum of Understanding Federal Leadership in
High Performance and Sustainable Buildings by 17 agencies, at which
these agencies pledged to make their facilities more sustainable in spe-
cific, measurable ways;

e Strong support for the greening of federal buildings expressed by top
officials from agencies including Council on Environmental Quality
(CEQ), Department of Health and Human Services (HHS), DoD, Gen-
eral Services Administration (GSA), Environmental Protection Agency
(EPA), Department of Energy (DOE), Department of the Interior
(DOI), National Aeronautics and Space Administration (NASA) and
others;

e Introduction of OMB's new Executive Management Scorecards for en-
vironment, energy, and transportation.

Also in January 2006, the Army released a Sustainable Design and Devel-
opment Policy Update memorandum that formally stated all new con-
struction would transition from the Army’s Sustainable Project Rating
Tool (SPiRIT) system to LEED. In addition, for FY08, all new building
construction would meet the LEED-NC Silver rating.

Ultimately, DoD’s transition to sustainable design and development is be-
ing made to minimize the impacts and ownership costs of military sys-
tems, material, facilities, and operations.

How to use this document

This document is organized to parallel the LEED-EB rating system as
closely as possible to aid in LEED point accumulation. Each chapter begins
with a select list of mandates and guidelines pertinent to the chapter topic.
Each prerequisite or credit within a chapter is introduced in a text box that
guotes the LEED-EB intent and requirements. This method of organiza-
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tion is intended to facilitate pre-design charrettes” that are commonly used
for sustainable design and development projects. The text box is followed
by credit-specific sustainability and historic preservation overviews that
provide background and context for each subtopic.

A comprehensive list of credit-specific sustainable design and develop-
ment strategies follows, any one of which may or may not be suitable for a
particular historic property based on field conditions. Individual or cate-
gories of strategies were interpreted for probable historic preservation im-
pacts. These impacts, expressed by SOI Standard number (see Table 6.4),
are shown in brackets throughout the document (example: [SOI Stan-
dards: 2, 6.]). Since the nature of these impacts is often shared by other
strategies within a credit, users should read the entire credit to get a gen-
eral understanding of impact consequences.

Each chapter ends with a chapter-specific reference list, table of military
Unified Facilities Guide Specifications (UFGS) that may be invoked during
the design of chapter-relevant property systems or components, and addi-
tional resources for supplementary information on chapter subtopics.*
Additional general resources are provided in the appendices to guide his-
toric property rehabilitation projects that may benefit from costing, green
products and materials, and LEED certification assistance.

Only a small number of LEED-EB points apply directly to sites, but site
management or modification can contribute to the achievement of more
than half of the total available points within the LEED systems. For this
reason, how a site is defined is critical to LEED point accumulation. The
project team must define the project site area and then apply all credits
consistently using the defined boundaries. The site area will typically be
less than the entire installation, cantonment area, and distance from the
project location to any adjacent buildings. It is recommended that the site
boundary include the subject building, any site features attributable to it

* A charrette is a collaborative session in which a group of designers drafts a solution to a design prob-
lem. Charrettes often take place in multiple sessions in which the group divides into sub-groups by pro-
fessional specialty. They serve as a way of quickly generating a design solution while integrating the
aptitudes and interests of a diverse group of people.

T Strategies with little or no historic preservation impact were included to facilitate design decisions (i.e.,
these strategies may be good choices for use on historic properties).

¥ Following the research phase of this project, DoD adopted the MasterFormat 2004 specification sys-
tem. To convert the UFGS MasterFormat 1995 references in this document to the new format, see
http://www.wbdg.org/ccb/browse_org.php?0=70. Note that there is not a one-to-one mapping of
specifications, as some were added, deleted, or combined during the conversion.
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(e.g., parking lots), and half the distance between adjacent buildings and
their associated site features. Following a ‘municipal’ model, the street-
side boundary line should be inside any sidewalks (LEED-NC Application
Guide for Multiple Buildings and On-Campus Building Projects, October
2005).
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Sustainable Sites (SS)

Sustainable Sites—Select Mandates and Guidelines
40 CFR 122.26, The Clean Water Act, and State Regulations
7 USC 136 et seq., Federal Insecticide, Fungicide, and Rodenticide Act of 1972 (amended 1996)
42 USC 13101 et seq., Pollution Prevention Act of 1990
AR 11-27, Army Programs: Army Energy Program (DA, 3 February 1997)

AR 200-1, Environmental Protection and Enhancement (DA, 21 February 1997) (to be replaced by AR 200-1
Environmental Sustainability and Stewardship)

AR 200-2, Environmental Effects of Army Actions

AR 200-5, Pest Management

AR 210-20, Master Planning for Army Installations (DA, 16 May 2005)

AR 420-10, Management of Installation Directorates of Public Works

Army Installation Design Standards (DA, 3 May 2004)

Army Technical Instruction 811-16, Lighting Design (HQUSACE, 3 August 1998)

ASHRAE/IESNA Standard 90.1-2004, Energy Standard for Buildings Except Low-Rise Residential Buildings,
Section 9, Lighting ( ASTM, 2004)

ASTM C 1549, Standard Test Method for Determination of Solar Reflectance Near Ambient Temperature Using
a Portable Solar Reflectometer (ASTM)

ASTM E 408-71, Standard Test Methods for Total Normal Emittance of Surfaces Using Inspection-Meter Tech-
nigues (ASTM, 2002)

ASTM E 1084, Standard Test Method for Solar Photometric Transmittance of Sheet Materials Using Sunlight
(ASTM, 2002)

ASTM E 1918, Standard Test Method for Measuring Solar Reflectance of Horizontal and Low-Sloped Surfaces
in the Field (ASTM)

Cool Roof Rating Council Directory of Rated Products

DA PAM 200-1, Environmental Protection and Enhancement (DA, 17 January 2002)

DODD 3200.15, Sustainment of Ranges and Operating Areas (DoD, 10 January 2003)

DODD 4165.6, Real Property (DoD, 13 October 2004)

DODD 4715.1E, Environment, Safety, and Occupational Health (DoD, 19 March 2005)

DODI 4150.7, DoD Pest Management Program (22 April 1996)

DODI 4170.11, Installation Energy Management (DoD, 22 November 2005)

DODI 4715.3, Environmental Conservation Program (DoD, 3 May 1996)

EO 12191, Federal Facility Ridesharing Program (White House, 1 February 1980)

EO 12873, Federal Acquisition, Recycling, and Waste Prevention (White House, 20 October 1993)

EO 13101, Greening the Government through Waste Prevention, Recycling and Federal Acquisition (White
House, 14 September 1998)
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EO 13112, Invasive Species (White House, 3 February 1999)

EO 13149, Greening the Government through Federal Fleet and Transportation Efficiency (White House, 21
April 2000)

Engineering Pamphlet 1110-1-16 Engineering and Design - Handbook for the Preparation of Storm Water
Pollution Prevention Plans for Construction Activities (HQUSACE, 28 February 1997)

EPA 832-R-92-005, Stormwater Management for Construction Activities, Chapter 3, Sedimentation and Ero-
sion Control (EPA Office of Water, 1992) OR local erosion and sedimentation control standards and codes

EPA 832-R-92-006, Stormwater Management for Industrial Activities: Developing Pollution Plans and Best
Management Practices (EPA Office of Water, September 1992)

EPA 840-B-92-002, Guidance Specifying Management Measures for Sources of Non-Point Pollution in Coastal
Waters (EPA, January 1993)

EPA Comprehensive Procurement Guidelines, found in 40 CFR 247 (EPA, April 2004)

EPA ENERGY STAR Rated Products

EPA ENERGY STAR-compliant, high-reflectance and high emissivity roofing materials

EPA Greening Your Purchase of Cleaning Products: A Guide For Federal Purchasers

EPA National Pollutant Discharge Elimination System (NPDES) Permit Program

Green Seal GS-02, Green Seal Standard 02, Alternative Fueled Vehicles (GC-02) (Green Seal, 10 March 1994)

PWTB 200-1-13, Source Information for Petroleum, Qil, and Lubricant (POL) Spill Containment and Cleanup
Materials

PWTB 200-1-18, Guidance for Non-Native Invasive Plant Species on Army Lands: Western United States

PWTB 200-1-35, Construction Discharge and National Pollutant Discharge Elimination System (NPDES) Re-
quirements

PWTB 200-1-37, Method to Estimate Vegetative Cover on Army Training Lands

PWTB 200-3-29, Sources of Plant Materials for Land Rehabilitation

PWTB 200-3-30, Current Technologies for Erosion Control on Army Training Lands

PWTB 200-3-33, Regional Cost Estimates for Rehabilitation and Maintenance on Army Training Lands
PWTB 420-49-14, Composting for Army Installations

UFC 2-000-02AN, Installation Master Planning (by reference TM 5-803-1 Installation Master Planning) (DA, 1
March 2005)

UFC 3-210-01A, Design - Area Planning, Site Planning, and Design (by reference Tl 804-01 Area Planning, Site
Planning, and Design) (DoD, 16 January 2004)

UFC 3-210-06A, Site Planning and Design (by reference TM 5-803-14 Site Planning and Design) (DA, 16 Janu-
ary 2004)

UFC 3-210-10, Design: Low Impact Development Manual (HQDA, 25 October 2004)

UFC 3-230-14A, Evaluation Criteria Guide for Water Pollution Prevention Control and Abatement Programs (DA,
16 January 2004)

UFC 4-010-01, DoD Minimum Antiterrorism Standards for Buildings, Change 1 (DoD, 22 January 2007)
Whole Building Design Guide (WBDG), Tools, LEED-DoD Antiterrorism Standards Tool
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Prerequisite 1 — Erosion and Sedimentation Control (Required)

Intent—Control Erosion to reduce negative impacts on water and air quality.

Requirements—Develop and implement a site erosion and sedimentation control policy that
incorporates best management practices. The policy shall address ongoing maintenance of
the facility’s site to prevent soil erosion and sediment transfer under ongoing operation, as
well as addressing erosion and sedimentation control for any future infrastructure repairs or
other construction activities. The policy provisions shall address restoring eroded soil areas
and eliminating conditions that result in erosion or sedimentation. The provisions addressing
erosion and sedimentation control for additions and repairs shall require a sediment and ero-
sion control plan specific to the site that conforms to U.S. Environmental Protection Agency
(EPA) Document No. EPA 832/R-92-005 (September 2000), Storm Water Management for
Construction Activities, Chapter 3, OR local erosion and sedimentation control standards and
codes, whichever is more stringent. The person responsible for its ongoing implementation
will sign on the facility sedimentation and control policy. The plan shall meet the following ob-
jectives:

= Prevent loss of soil during construction by stormwater runoff and/or wind erosion, includ-
ing protecting topsoil by stockpiling for reuse,

=  Prevent sedimentation of storm sewer or receiving streams,

=  Prevent polluting the air with dust and particulate matter, and

= Log building operations and maintenance activity to ensure that plan has been followed.

Sustainable design and development overview

Erosion is the breakdown and transport of surface materials that results
from precipitation and wind. It leads to degradation of property and sedi-
mentation of local water bodies. The accumulation of sediment affects wa-
ter quality by disrupting and polluting stream and estuary habitats. Addi-
tionally, suspended sediment contributes to a decline in water quality by
blocking sunlight, reducing photosynthesis, decreasing plant growth, and
carrying attached pollutants such as phosphorous (Maryland Department
of the Environment 2002). Contributors to erosion problems include de-
struction of vegetation that previously slowed runoff and reconfiguration
of natural site grading.

Erosion on existing sites typically results from foot traffic killing
the vegetation, steep slopes where stormwater sheet flow exceeds
vegetation holding power, or point stormwater outflow that ex-
ceeds vegetation holding power (USGBC, LEED-EB Reference
Guide 2005, 24).

Reduction of sedimentation and erosion through appropriate site plan-
ning, design, and maintenance can reduce the size, complexity, and cost of
stormwater management measures.
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Historic preservation overview

Soil erosion can potentially damage or destroy historic fabric on the site.
At the same time, some interventions to prevent erosion can have the same
effect. For instance a retaining wall designed to curtail erosion may se-
verely alter the spatial comprehension of the site. The challenge then is to
find erosion control measures that are most compatible with the physical
and historic constraints of the site. In some cases, a suitable compromise
of interventions is most effective, like hydroseeding or geotextiles with in-
creased vegetation (see Strategies for more information).

Prior to implementing any sediment and erosion control plan, measures
should be taken to protect and preserve historically significant site fea-
tures. If an erosion control strategy requires new construction, the materi-
als, size, placement, and visual effect should be compatible with the his-
toric character of the site. While military installations have typically
conducted archaeological surveys, all proposed ground-disturbing activi-
ties located in areas with high probability of archaeological resources
should be monitored for unexpected discoveries.

Strategies
Topsoil

Topsoil is vital to all vegetation because most vegetation root activity oc-
curs in the first few inches of soil. Topsoil, composed of billions of organ-
isms, can be easily lost or damaged from erosive events and is expensive to
restore or replace (Thompson and Sorvig 2000, 45). For this reason, it is
important to review erosion and sediment control measures in military in-
stallation design guides (IDGs) and other applicable site design guides.
Military service requirements typically defer to EPA guidance on the topic.
However, some localities may have more stringent erosion and sediment
control requirements than needed to achieve this credit, so it is important
to determine if any local or regional mandates are applicable or appropri-
ate for the project. [SOI Standards: None.] Typically, efforts to protect this
soil layer are consistent with protecting the quality and integrity of historic
sites.

Conduct a site survey to classify the different types and composition of
soil, and to identify potential erosion site problems (USGBC, LEED-EB
Reference Guide 2005, 24). [SOI Standards: None.]
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Develop sediment and erosion control plans, pollution prevention plans,
and monitoring systems that reflect best management practices for
stormwater management (USGBC, LEED-NC Reference Guide 2003).
Plans should include stringent erosion and sedimentation control re-
guirements for construction drawings and specifications (USGBC, LEED-
EB Reference Guide 2005, 24). These plans should be consolidated with
vegetation and stormwater management plans (see SS Credits 5.1 & 5.2)
because uncontrolled stormwater flows, impervious surfaces, and inade-
guate vegetation significantly contribute to erosion. Development of plans
does not involve physical changes to historic sites, but action items within
plans can impact historic integrity. [SOI Standards: None, unless noted
otherwise below.]

e Plan to use temporary plantings during construction and to install his-
torically appropriate vegetation as soon as possible after any kind of
site clearing for maintenance or construction.

e Plan drainage methods that allow infiltration as outlined in UFC 3-210-
10. ‘Hard’ erosion and flood control structures deflect and concentrate
the force of water onto other surfaces like nearby soft soil. This can in-
crease erosive undercutting and can undermine the structure itself
(Thompson and Sorvig 2000, 74). Therefore, hard structures are not
recommended unless they were part of the historic site design. In this
case, careful consideration should be given to effectively resolving ero-
sion problems associated with hard structures. [SOI Standards: 2, 6, 9,
10.]

e Plan for new grading in the future; use structures that allow for water
to drain more slowly (e.g., detention areas and gentle slopes). Note that
regrading may not be possible due to constraints within the historic
site design and affected viewsheds. [SOI Standards: 2, 6, 7, 9, 10.]

e Plan for use of existing grade. Stabilize soil and reduce weeds by de-
priving them of sunlight with organic filtration barriers (e.g., straw bale
dams, filter-fabric fences, and earth dikes), soil cells, starch-based soil
tackifiers, vegetated geo-grids, jute netting, mulch, or more permanent
geotextiles (i.e., fabrics designed to filter soil from water) (Mendler and
Odell 2000, 61-62). Soil stabilizers typically fall under two types: tem-
porary biodegradable control structures or more permanent geotextiles
(Figure 1.1) that become masked by vegetation. Note that long-term
slope stabilization comes from biotechnical erosion control (using
plants that sprout from a fresh cut twig stuck in soil), or hydroseeding
with quick-sprouting plants like annual ryegrass. Temporary soil stabi-
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lizers should not conflict with historic preservation requirements; how-
ever, there may be temporary incompatibilities between appropriate
stabilizing vegetation and historic vegetation. [SOI Standards: 2, 6, 7,
9,10.]
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Figure 1.1. Stabilize soil with diversion channels and plantings (USAF 1998, para 18.5.2).

Plan for situations where the use of crib, block, gabion, mesh (Figure
1.2), or retaining walls (Mendler and Odell 2000, 62) or stepped slopes
are necessary for steep grades to slow erosive stormwater and increase
infiltration (Thompson and Sorvig 2000, 72). Note that stepped slopes
or retaining walls are inappropriate if they are located in primary his-
toric viewsheds. If they prove necessary, plans should be made to dis-
guise their presence as much as possible. [SOI Standards: 2, 6, 7, 9,
10.]

Figure 1.2. Galvanized wire mesh wall reinforcement (ICIMOD).
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e Avoid plans for drainage towards structures and avoid erosion around
foundation walls (Fournier and Zimnicki 2004, 9). Soil erosion can
lead to unstable foundations and loss of structural integrity, and can
require expensive repairs (Thompson and Sorvig 2000, 45).

Air quality is an important concern inside and outside of the building. On
windy days, unprotected soil can become a significant air pollution issue.
The Dust Bowl of the 1930’s is an extreme example of how airborne soil
can cause unexpected and damaging results. Therefore, schedule grading
and construction activities as appropriate for weather conditions (USGBC,
LEED-NC Reference Guide 2003, 12). [SOI Standards: None.]

Sedimentation

Sedimentation can affect both storm conveyance systems and natural
streams. Sedimentation in storm sewers can be a maintenance issue, de-
pending on the frequency of cleanout needed to keep the drains from clog-
ging. Downstream water bodies have to contend with the additional soil
buildup and pollutants. For these reasons, monitor erosion and sedimen-
tation control activities during construction and maintenance phases to
ensure that erosion and sedimentation guidelines are being followed
(Paladino 2001, 1). [SOI Standards: None.]

Minimize terrain disturbance on the site thus eliminating potential erosion
and secondary pollution (Fournier and Zimnicki 2004, 9). This includes
reducing foot traffic on more sensitive areas to avoid destruction of vegeta-
tion. [SOI Standards: None.]

Develop and use maintenance practices that respect infrastructure; for ex-
ample, clean out debris from drainage systems (Fournier and Zimnicki
2004, 9). [SOI Standards: None.]

Use construction phasing to reduce sedimentation. An example would be
to postpone some land clearing activities until necessary, thereby minimiz-
ing the amount of disturbed soil at any one time. [SOI Standards: None.]

Keep the staging area close to the construction site, reduce land clearing if
possible, and temporarily seed in areas that will not be built upon for a pe-
riod of time.
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Install temporary structural controls like earth dikes, silt fences, oil grit
separators, sediment traps, sediment basins, or straw bales (Figure 1.3)
prior to grading and construction to minimize washout of topsoil and to
filter water (Mendler and Odell 2000, 62). [SOI Standards: 2, 7, 9, 10.] In-
stall and remove all temporary erosion control measures so they do not
adversely impact historic site features and plantings.

anghe first stake toward
previously [aid bale
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buried at [sast § inches deap s Novww HIGHER THAN POINT D

Figure 1.3. Straw bale check dams minimize washout of topsoil (USDA).

Sediment traps and basins, if regularly dredged of sediment buildup, can
continue to provide places for settling of sediment. [SOI Standards: 2, 9,
10.] On a historic site, they can be located out of site in an existing pond.
This would entail excavating a deeper area within the pond near the water
release structure for sediment to settle. However care needs to be taken to
avoid damaging the site during implementation and maintenance.

Shorten flow-lines to reduce the speed of water and reduce maintenance
costs for silting structures installed to prevent sedimentation (Thompson
and Sorvig 2000, 157). Shorter flow-lines require lower water pressure,
while longer flow-lines have more joints (i.e., potential locations for line
breakage and leakage). [SOI Standards: 2, 7, 8, 9, 10.] If flow-lines are un-
derground conveyance, take care to protect historic features and plantings
when digging and replacing piping. Note that ground-disturbing activities
must be carried out in accordance with SOI Standard 8 on archeological
resources. If new flow-lines include on-grade swales or ditches, avoid ad-
versely affecting the site’s historic design and viewsheds.

If additional soil is required for the site, acquire recycled soil. An example
would be using sediment dredged from local lakes or streams. [SOI Stan-
dards: None.]
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Scarify or till soils before mulching to increase water retention capacity
and soil permeability (Mendler and Odell 2000, 63). Till the subgrade on
the entire surface to 8 inches. [SOI Standards: 7.] Take care to not harm
historic features or plantings when tilling.

Mulch with hay, grass, woodchips, straw, or gravel to control erosion.
(Note that these methods may not be as effective as hay bails or seeding in
a hard or wind-driven rain.) Mulching near plant roots cools soil tempera-
ture; helps to retain soil moisture; deters growth of competing weeds; and
reduces erosion, soil compaction, and plant damage from maintenance
equipment (especially from lawn mowers). Mulching should occur annu-
ally and the application should be 2-4 in. deep depending on plant type
and geographical location. Organic materials are preferred as rock or stone
reflect sunlight, retain heat, and may cause plant stress (USAF, Landscape
Design Guide, “Maintenance” 1998, 3.3). [SOI Standards: 2, 6, 7, 9, 10.]
Mulching may not have been part of the historic site design; however it is
now a widely accepted practice on historic sites because it provides many
benefits. The kind of mulch chosen should either follow historic precedent
for the site (i.e., mulch with straw if straw was used historically) or have a
limited visual impact. Some mulch alternatives such as brightly colored
recycled plastic may be inappropriate for the historic site.

Use the newest technology vacuum-assisted dry sweepers to remove sedi-
ment and pollutants from streets and parking lots, potentially achieving a
50-88% overall reduction in the annual sediment loading (EPA, National
Pollutant Discharge Elimination System 2005). [SOI Standards: None.]

Ongoing building operations and maintenance activity

As mentioned previously, erosion and sedimentation control measures
should be addressed in an Erosion Control Plan in accordance with EPA
Document 832/R-92-005 (September 2000). This plan often covers
stormwater management because stormwater is the primary cause of ero-
sion and sedimentation. It should include (1) objectives of erosion control
and stormwater control, (2) descriptions of all temporary and permanent
erosion control and stormwater control measures, and (3) descriptions of
the type and frequency of erosion control maintenance activities required.
Careful documentation of erosion control operations (1) ensures imple-
mentation, (2) provides a record and a standard to be followed in the fu-
ture, and (3) affords an opportunity to document existing (and historic)
stormwater solutions to determine what (if any) adjustments need to be
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made to the site to maintain an efficient stormwater management plan
(USGBC, LEED-NC Reference Guide 2003, 12).

During building occupancy, schedule stormwater system inspections
annually, before forecasted storm events, and after storm events to en-
sure proper operation of stormwater controls (USGBC, LEED-NC Ref-
erence Guide 2003, 12). [SOI Standards: None.]

Inform construction and maintenance workers of provisions in the ero-
sion control plan, and require they adhere to the plan (USGBC, LEED-
NC Reference Guide 2003, 12). [SOI Standards: None.]
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Prerequisite 2 — Age of Building (Required)

Intent—Provide a distinction between buildings that are eligible to apply for LEED-NC certifica-

tion and buildings that are eligible to apply for LEED-EB certification.

Requirements—Buildings that have not been certified under LEED-NC must be at least two

years old before they can achieve certification under LEED-EB.

=  Buildings that are more than two years old can register to participate in LEED-EB and ap-
ply for LEED-EB certification as soon as they are prepared to do so.

= LEED-NC Certified buildings that are less than two years old can also register to partici-
pate in LEED-EB and apply for LEED-EB certification or re-certification as soon as they are
prepared to do so.

= Buildings that are less than two years old that have not been certified under LEED-NC can
register to participate in LEED-EB but must reach two years of age before LEED-EB certifi-
cation will be awarded by USGBC.

Sustainable design and development overview

Project managers may consider whether to apply for LEED-Existing Build-
ing (LEED-EB) or LEED-New Construction (LEED-NC) certification based
on the type of project anticipated. For minor rehabilitation of a historic
building, use the LEED-EB standards.

For major rehabilitation of a historic building, use LEED-NC standards.
The U.S. Green Building Council encourages use of LEED-NC for projects
that involve total replacement of mechanical, electrical, and plumbing sys-
tems. LEED-NC offers more credits in energy savings through these build-
ing systems than the LEED-EB standards.

For construction of new additions to a historic building, use the LEED-NC
standards for initial construction of the addition. After two years, recertify
the ongoing operation and maintenance of the facility under the LEED-EB
standards. Early implementation of sustainable operations and mainte-
nance strategies, coupled with data collection and documentation of per-
formance, allows for the development of a body of building performance
data needed to achieve LEED-EB certification once the building is two
years old.

For projects that involve both construction of a new addition and rehabili-
tation of a historic building, take a hybrid approach. Apply the LEED-EB
or LEED-NC standards to the original building depending on the level of
work involving the building systems listed above. Apply the LEED-NC
standards to the new addition. After two years, recertify the entire building
under LEED-EB.
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Historic preservation overview

Most historic sites will automatically qualify for this prerequisite. Proper-
ties less than 50 years old are generally excluded for listing to the National
Register due to the lack of historical perspective necessary to accurately
assess their significance. However, a set of exceptions, called Criteria Con-
siderations, modify the various National Register Criteria for Evaluation in
narrowly defined circumstances. Properties that have not reached the typi-
cal 50-year National Register threshold may be eligible if they meet the
test of Criteria Consideration G. Criteria Consideration G states that prop-
erties younger than 50 years old may be eligible for listing on the National
Register only if it is determined that they have exceptional significance
(National Register Bulletin 15 2002, 41; National Register Bulletin 22
1995).

Thus a building two years old or less can be historic (i.e., eligible for listing
on the National Register) if it has been determined to be of exceptional
importance. For example, Olympic Sites can become significant and his-
toric as soon as the games begin. Nonetheless, the site must be two years
old before being qualified for LEED-EB certification. In extremely rare cir-
cumstances where the site is less than two years old, apply for certification
under LEED-NC.

Strategies

None; the age of the property will either be two years old or not. While it is
possible for historic properties to be less than two years old, it is not likely.
Most historic military properties already meet the requirements of this
prerequisite. No further strategies are required.
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Credit 1.1 & 1.2 — Plan for Green Site and Building Exterior
Management (1-2 Points)*

Intent—Encourage grounds/site/building exterior management practices that have the lowest
environmental impact possible and preserve ecological integrity, enhance diversity and pro-
tect wildlife while supporting building performance and integration into surrounding land-
scapes.

Requirements—Have in place over the performance period a low-impact site and green build-
ing exterior management plan that addresses the topics listed below. One point is earned for
each four items addressed.

Maintenance equipment

Plantings

Animal and vegetation pest control
Landscape waste

Irrigation management

Fertilizer use

Snow removal (where applicable)

Cleaning of building exterior

Paints and sealants used on building exterior
10 Other maintenance of the building exterior

© 0N A®DNR

Sustainable design and development overview

Maintenance is an important component of management practice and
communication of maintenance policies is vital to ensuring long-term site
integrity (Hitchmough 1994). However maintenance policy is not simply a
matter of implementation; it involves complex biological and social sys-
tems that require educated personnel (Hitchmough 1994). Green mainte-
nance procedures are similar to traditional procedures, with the difference
being a matter of focus rather than technique (Ashkin et al. 2000). One
primary focus is protecting the health of site occupants. Executive Order
13101, Section 201 defines ‘environmentally preferable’ products as
“[p]roducts or services that have a lesser or reduced effect on human
health and the environment when compared with competing products or
services that serve the same purpose. This comparison may consider raw
materials acquisition, production, manufacturing, packaging, distribution,
rescue, operation, maintenance, or disposal of the product or service.”
Composting, for example, targets many of these processes and hence con-
tributes to several of the ten LEED-EB-specified management topics listed
above. Compost can act as soil amendment, mulch, or topdressing (thus

* A maximum of 2 points can be earned under this credit. If all ten topics can be addressed, consider
applying for Innovation credit for excess points.
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reducing water needs) while reducing erosion and weed control. It reduces
energy waste, maintenance costs, and negative environmental impacts.

Historic preservation overview

For preservation purposes, while management plans alone do not impact

historic sites, implementation of plans can. Therefore, preservation issues
presented here address execution aspects of the plan rather than the plan

itself.

Site and building exterior management strategies are broad in scope and
applicability, and therefore they can affect historic sites in countless ways.
It is generally understood that they should not damage, alter, or destroy
historically significant site features. Measures should be taken to protect
and preserve these features before implementing any management strate-
gies. If the potential for damage is high, alternative strategies should be
employed. However, if negative impacts are unavoidable, minimize their
effects with appropriate repairs or replacements. If any management
strategies require new construction, the materials, size, placement, and
visual effects of the new site additions should be taken into consideration
to address historic integrity and character concerns.

Acquiring points under this credit can be relatively easy for historic sites
since many of the strategies involve preventative maintenance or restora-
tive efforts that protect site integrity. Furthermore, if properly imple-
mented, many of these strategies have no visual component that could de-
grade historic site character.

Subtopics

A low-impact green site and building exterior management plan should
include: overall site management practices, planting/wildlife plans, chemi-
cal/fertilizer use, pest management/snow removal practices, and building
exterior cleaning and maintenance practices. The plan should also con-
sider the interdependence and interconnectivity of the site and surround-
ing ecosystem (Fournier and Zimnicki 2004, 4). The grounds manager and
staff tasked with implementing the plan should be well trained in chemical
use and application, and should be licensed where applicable (Ashkin et al.
2000, 16). Green site and building exterior management plans should be
updated at least every five years.



ERDC/LAB TR-07-15 25

1. Maintenance equipment

Most historic preservation conflicts related to maintenance equipment will
fall under SOI Standard 7 on treatments. [SOIl Standards: 2, 7.] This stan-
dard promotes the use of gentle, appropriate chemical or physical treat-
ments so that maintenance in no way damages, alters, or otherwise im-
pacts historic materials. For example, chemicals leaking from equipment
can cause erosive damage and/or stain significant historic site features
and thus may constitute a conflict with SOI Standard 7.

Strategies

Develop a policy on the use of maintenance equipment. The primary ob-
jective is to reduce exposure of site users and maintenance personnel to
potentially hazardous chemical, biological, and particle contaminants,
which adversely impact air quality, health, material finishes, and the envi-
ronment. This can be accomplished through the development and imple-
mentation of a policy for the use of site equipment that effectively reduces
environmental impacts. A written equipment policy is the best way of en-
suring that quality work is executed cost-effectively on a continuing basis.
The policy should provide a framework for the successful integration of
staff, landscape, and equipment (Hitchmough 1994).

Develop an equipment and vehicle maintenance plan. This plan would ad-
dress waste and pollution reduction by introducing safer alternative prac-

tices including the dry clean up of spills, proper washing procedures, regu-
lar equipment inspection and repair, recycling of solvents, and elimination
of connections to the sanitary sewer from drains (EPA, NPDES 2005).

Prevent site contamination from maintenance equipment (e.g., spilling
gasoline). In 2005 the EPA produced a report in conjunction with the Na-
tional Agriculture Compliance Assistance Center that outlines the main
categories of concern for vehicle and equipment maintenance repair.
These categories include: used oil, spent fluids, batteries, and machine
shop wastes. Without proper handling, storage, and protection from
weather, these wastes can be released into the environment causing con-
tamination of surface waters, groundwater, and soils, as well as toxic re-
leases to the air (EPA, Vehicle and Equipment Maintenance and Repair
2005). In addition, PWTB 200-01-13, Source Information for Petroleum,
Oil, and Lubricant (POL) Spill Containment and Cleanup Materials, out-
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lines EPA oil spill regulations and provides information on items that
might be included in oil spill cleanup Kits for use in POL storage areas.

Place fuel tanks over drip pans that can contain 110% of tank volume.
Cover tanks and pans in inclement weather and when work is not in pro-
gress (UFGS-01355A 2005, 26). Tanks can leak over time and should be
outfitted with drip pans to prevent spillage. Fuel can cause fires, contami-
nate soil and ground water, kill plant material, and stain manmade site
features.

Maintain the safety and proper operation of onsite refueling stations
(USGBC, LEED-EB Reference Guide 2005, 61).

Follow manufacturer recommendations for proper operations and main-
tenance of building/site systems and equipment including warranty re-
guirements. Systems and equipment need regular monitoring and mainte-
nance for efficiency, and to avoid damage or failure. Proper maintenance
and use of equipment not only saves money and time, but it often reduces
environmental impacts (e.g., leaking gas, oil, or lubricant) on the land-
scape. Though it may seem obvious to maintain and monitor equipment
for quality performance, too often machines are expected to operate like
they did when purchased without intervention (Thompson and Sorvig
2000, 276-77). Green Seal has standards for site equipment that are in-
tended to reduce the negative impacts of maintenance equipment.

Keep a log for all powered equipment to document the date of equipment
purchase, use (date and hours), fuel and lubricants used, problems en-
countered, name of operator, and all repair and maintenance activities.

Include vendor cut sheets for each type of equipment in use in the logbook.

Regularly inspect permanent site equipment, mechanical apparatus, and
water quality of fountains, pools, and ponds (USAF, Landscape Design
Guide, “Maintenance” 1998, 3.4).

Reduce the size and use of power equipment to save the site from noise
pollution, abusive mower blades, soil compaction, emissions, and also to
save money (Thompson and Sorvig 2000, 276-77). The age of equipment
is also important; the newest handheld power tools produce 70% lower
emissions and some models consume 30% less fuel (Thompson and Sorvig
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2000). Use equipment made after 1997 that meets higher EPA emissions
standards.

Plan for eventual machinery use in the site design to reduce the impacts of
machines on built and natural site features. For instance, if turf is planted
immediately adjacent to a tree, larger mowing and maintenance equip-
ment can damage the tree trunk, inviting diseases and risking the health of
the tree.

Purchase/use powered small spark-ignition engine equipment that has
been regulated by the EPA Phase 1 rule (low-emissions) and is equipped
with vacuums, guards and/or other devices for capturing fine particulates.
The Agency requires that the engine manufacturer label the equipment
with: “this engine conforms to Phase 1 U.S. EPA regulations for small non-
road engines” or language that indicates compliance with both EPA and
California regulations.

Choose electric or propane instead of gas-powered machines. Gasoline has
a lot of negative environmental effects, both in production and use. For
example, choose electric instead of gas-powered mowers. The Green Seal
report entitled Lawn Care Equipment states that “[t]he average gasoline
mower tested by the EPA emits in 1 hour of operation the same amount of
hydrocarbons that a 1992 Ford Explorer emits over 23,600 miles” (Green
Seal, Lawn Care Equipment, 1998). Alternatively, using reel mowers is an
energy-free option that provides the added benefits of reduced noise (no
motor), mulch (from the clippings), and waste reduction (not sending the
clippings to a landfill).

Reduce the use of electric- and gas-powered maintenance equipment to
decrease power and fuel consumption. Use battery-powered equipment
that is equipped with environmentally preferable gel batteries or recharge-
able batteries. Powered equipment should be ergonomically designed to
minimize vibration, noise, and user fatigue.

Do not use weed eaters in mulched beds or around younger trees. Guards
are available for trees; however there is no protection for herbaceous
ground plants (Ashkin et al. 2000, 23).

Use newest technology vacuum-assisted dry sweepers to remove sediment
and pollutants from streets and parking lots, potentially achieving a 50-
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88% overall reduction in the annual sediment loading (EPA, NPDES
2005).

Use the most efficient tool for the job. If possible, select a tool with low
horse-power and fuel consumption. Consider manual tools if speed is not
an issue (Thompson and Sorvig 2000).

Use the lightest equipment possible to avoid soil compaction and site
damage. This strategy benefits both preservation and sustainability goals
by reducing destructive habits on the site.

Use hand labor when it is reasonable to do so (Thompson and Sorvig
2000). Despite advances in machinery, human labor is still often the most
energy efficient way to accomplish certain tasks. This is especially true
when dealing with awkward terrain, irregular materials, or artistic care
(Thompson and Sorvig 2000). Human labor can be estimated at about
300 Btu/hr or 2,500 Btu/day, comparable to only a few electric motors
that manage to run on fewer than 500 Btu/hr and petroleum-fueled ma-
chines using 10,000 Btu per hour or more (Thompson and Sorvig 2000).
Human effort is renewable energy, while virtually all machine energy
comes from nonrenewable resources.

Clean equipment responsibly. Follow federal, local, and state regulations
for spill notification, cleanup, and disposal. Use hoses that turn off when
not in use. Use biodegradable soaps.

Clean all previously used equipment prior to bringing them onsite to avoid
the threat of soil residuals (e.g., cross-contamination by eggs from pests
and by seeds from noxious weeds and non-native plants) (UFGS-01355A
2005, 26). Preemptive cleaning can circumvent the introduction of intru-
sive and historically incompatible plant material onto the historic site that
may conflict with SOI Standard 9.

Change oil and clean or replace air filters regularly. Use the proper fuel/oil
mixture in two-stroke equipment. Get periodic tune-ups, maintain sharp
mower blades, and keep the underside of the deck clean. Winterize equip-
ment each fall (EPA, Your Yard and Clean Air, 1996). Contact local state
environmental agencies for information about local oil recycling programs.

Recycle old equipment (EPA, Your Yard and Clean Air, 1996).
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Buy or rent equipment, large or small, that has low fuel consumption, pol-
lutant emission, and ground pressure. Insist on getting information about
fuel consumption per hour, pollutant emission, and ground pressure
(Thompson and Sorvig 2000). Ground pressure is the pressure exerted on
the ground by the tires or tracks of a motorized vehicle; it can indicate po-
tential mobility, especially over soft ground (Wenger 1984, 499).

Cut down travel miles and fuel costs to the site through car pooling and
regular tune-ups of maintenance vehicles.

Involve the maintenance contractor to help spot maintenance issues that
require redesign, and to prepare a maintenance calendar (Mendler and
Odell 2000, 63-64).

Educate occupants and staff on green design and how to ensure benefits of
a high performance workspace (Mendler and Odell 2000, 63-64). Use the
EPA listings of pollution prevention equipment, products, and services
found at http://es.epa.gov/vendors/.

2. Plantings

On military installations, the comprehensive historic site layout or design
is typically more significant than the component plant specimens. How-
ever, the plant material itself may be considered significant as a character-
defining feature if a planting design was done by a notable landscape de-
signer or landscape architect. Nonetheless, replacing non-sustainable
plant material with ecologically compatible species is acceptable under the
SOl Standards as long as the substitutes maintain the original character
(habit, form, color, texture, bloom, fruit, fragrance, scale, and context) of
the historic plantings (Birnbaum and Peters 1996, 66). Maintaining these
characteristics with turfgrass alternatives (e.g., native grasses) is more
problematic. [SOI Standards: 2, 3, 6, 8, 9, 10.]

Strategies

Develop a site plan based on historic site design using plants tolerant of
soils, climate, and water availability. Maximize the use of native plants and
plant variety (Mendler and Odell 2000, 43). The planting plan should ad-
dress site conditions such as dryness, slope, shadiness, soil texture (clay,
loam, or sand), estimated soil depth, and direction of exposure (Ashkin et
al. 2000, 11). Choosing plants appropriate to a region may conflict with
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historic site design if exotics were used during the historical period of sig-
nificance. Yet exotic and inappropriate plant material is often cumbersome
and expensive to maintain due to irrigation, fertilizers, and pesticides re-
qguirements, and will still suffer in harsher climates. Therefore use plants
that maintain overall historic site character while thriving in specific site
conditions.

Include in the planting plan best management practices for new and exist-
ing vegetation, especially trees. Proper planting, watering, pruning, and
general care of plants and trees provide long-term health and vitality, and
maintain their aesthetic and energy conservation value (USAF, Landscape
Design Guide, “Maintenance” 1998, 3.3). Since different types of plants
require different types of care, best management practices (BMPSs) can in-
volve many aspects of plant care such as: where and how vegetation is
planted and irrigated, sun exposure, partial and rejuvenation pruning,
winter protection, grass mowing, bush sculpting, and prairie burning.
Vegetation BMPs can get complicated when there are multiple species va-
rieties (especially exotics) located on the site. For large-scale sites it is im-
portant to have someone trained in horticulture or a related field to prop-
erly care for the needs of different plants.

Include in the planting plan proper soil preparation procedures. Soil culti-
vation, subsoiling (or deep tillage), removal of pest plants, and improving

soil texture and nutrition help plant survival and vigor, reduce later main-
tenance, and make for a more attractive site (Ashkin et al. 2000, 13).

Provide soil testing for organic, inorganic, metals, and microbiology con-
centrations including fecalfolia, polychlorinated biphenyls (PCB), hydro-
carbons, dichlorodiphenyltrichloroethane (DDT), lead, arsenic, vinyl chlo-
ride, and mercury. Remediation can involve soil cleansing or removal that
can adversely affect the ground plane of the historic site and disturb ar-
cheological resources.

Procure soil testing every 6 months to determine the pH and nutrient re-
guirements of plant material. Use the test to determine what (if any)
amendments are needed.

Implement the site plan using native and regionally appropriate plants
suitable for the site conditions. Identify those that naturally occur together
and plant according to these groupings. Choose species that not only can
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survive the region and onsite microclimates, but also form dense clumps
and/or do well on heavily disturbed soils (Ashkin et al. 2000, 11). Cluster
the species groups by water use to promote large root systems, prevent
erosion, and reduce water waste. University ecology, botany, and forestry
departments and botanical gardens are good sources for acquiring native
plants (Ashkin et al. 2000, 11-12).

Eliminate high input decorative lawns and reduce the negative environ-
mental and human impacts from poorly managed turfgrass. “In the United
States, 1,400 species of 170 genera of grass are indigenous. Of the 14 spe-
cies that the Lawn Institute claims are suitable for turf, only two are na-
tive—buffalo grass (Buchloé dactyloides), and red fescue (Festuca rubra)”
(Daniels 1999). Traditional lawn maintenance utilizes a lot of resources
and if done improperly can cause poor lawn performance. Since the grass
planted often is inappropriate for the regional climate, large amounts of
water are used to keep it alive and hazardous chemicals are applied to pre-
vent disease and improve color. Furthermore, gasoline-powered machines
are typically utilized in its care, thus polluting the air.

Make practical use of turfgrass. Provide a planting plan with contour lines
that shows no turfgrass on slopes in excess of 25%, in shady areas (less
than 70% sunlight), or within 50 ft of creeks and wetlands. Also provide a
turfgrass management plan that includes turfgrass BMPs and fertilizer and
pesticide use plans.

Plant turfgrass alternatives such as native or drought tolerant grass mixes
adapted to the particular region (Daniels 1999). Work with the appropriate
National Resources Conservation Service (NRCS) Plant Materials Center
to establish native grass plots or meadows. This minimizes mowing, fertil-
izer use, and weed control while increasing wildlife habitat, seasonal vari-
ability, and water infiltration (Ashkin et al. 2000, 17). This may not be
possible on historic sites where meadows are not consistent with historical
design precedents.

Leave grass clippings on the lawn to replenish nitrogen in the soil and re-
duce organic waste.

Consult a Pest Control Adviser (PCA) or equivalent before utilizing any
pesticides as defined by the Federal Insecticide, Fungicide, and Rodenti-
cide Act (FIFRA).
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Aerate turfgrass areas that receive heavy traffic (i.e., areas that receive
compaction from more than 50 people or 1 vehicle per day) every fall to
reduce compaction and water saturation (USAF, Landscape Design Guide,
“Maintenance” 1998). Aerating in the spring can invite weed seeds to ger-
minate. Aerate areas less than 100 square feet with a hand aeration tool.
When aeration is complete, apply a thin layer of organic matter (e.g., com-
posted manure and/or peat moss mixed with sand and/or topsoil) to the
entire surface of the lawn to encourage new turf growth while discouraging
weeds.

Cut grass no shorter than 2.5 in. Taller grasses develop have deeper roots
and are less susceptible to erosion, drought, and pests (Mendler and Odell
2000, 43).

Keep turf at least 12 in. away from the trunks of young trees to minimize
growth-retarding effects and to avoid trunk damage from string trimmers
and mowers.

Use only fertilizers made with materials approved and recommended by
the Ecological Landscape Association (ELA).

Properly calibrate spreaders for any chemical applications. To determine
how much is released in a specific area by a particular spreader, spread out
a tarp, run the spreader over the entire tarp area once, and weigh the
amount of chemical that is collected on the tarp. Adjust the spreader to
apply the appropriate amount per manufacturer instructions (Sachs 1996).

3. Animal and vegetation pest control

Pesticide use is problematic because (1) it can be harmful to on-site hu-
mans, plants, and animals and (2) pesticide-polluted runoff can adversely
affect downstream aquatic life. Many unnatural chemicals are found in the
human body, which is not surprising considering pesticides have been
found in drinking water and in household dust. For DoD, issues related to
pesticides are addressed in DODI 4150.7 and DODD 4715.1, reference (a).
[SOI Standards: None.] The reduction of these harmful chemicals should
have no preservation impacts, except the benefit of protecting historic fab-
ric from potentially damaging chemicals.



ERDC/LAB TR-07-15 33

Strategies

Establish a safe, effective, and environmentally sound integrated pest
management (IPM) program to prevent or control pests and disease vec-
tors that may adversely impact readiness or military operations by affect-
ing the health of personnel or damaging structures, material, or property
(DODD 4715.1 para 4.1).

Establish an installation pest management plan that addresses achieving,
maintaining, and monitoring compliance with all applicable Executive Or-
ders and federal, state, and local statutory and regulatory requirements
(DODD 4715.1 para 4.2).

Incorporate sustainable IPM philosophies, strategies, and techniques in all
aspects of pest management planning, training, and operations. This in-
cludes installation pest management plans and other written guidance to
reduce pesticide risk and prevent pollution (DODD 4715.1 para 4.3).

4, Landscape waste

A significant portion of our landfills is composed of organic waste. Of the
total tonnage of municipal solid waste generated in 2001, 12% was vegeta-
tion materials (EPA, Municipal Solid Waste, 2005). Grass clippings,
branches, leaves, and other kinds of natural accumulation should be re-
moved from the waste stream to reduce landfill tonnage. Excess plant ma-
terial can be reused in the landscape with practices such as chipping and
composting. [SOI Standards: 1, 2, 9, 10.] Onsite holding areas for excess
plant material should be placed in areas that do not interfere with historic
site features and the visual integrity of the site.

Strategies

Conduct a waste stream audit of the ongoing organic waste stream (not
specific upgrade project waste) to establish a current site landscape waste
baseline. Organic waste includes all kinds of vegetative waste (e.g., grass
clippings, pruning waste, fallen leaves, fruit, and dead trees and branches).
Then evaluate how each type of waste identified in the waste stream can be
reduced through composting.

Develop a management policy and plan for reducing the site waste stream
that includes on- and off-site reuse where possible.
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Implement the site waste stream plan to reduce the waste stream through
on-site or off-site compost strategies and maintenance education. Com-
post organic waste onsite or deliver organic waste to a local composting
facility or equivalent.

Use organic waste as compost; it encourages better plant growth, works as
effective erosion control and slope stabilization, reduces the landfill vol-
ume, improves water-holding and drainage, and reduces weeds and the
need for herbicides and fertilizers (Thompson and Sorvig 2000, 81). Public
Works Technical Bulletin 420-49-14, Composting for Army Installations,
provides information on composting technology and procedures that can
be implemented at military installations.

Chip dead branches and trees for landscape border muich.

Seek a location with easy access and correct environmental conditions for
on-site composting. Review local requirements (Mendler and Odell 2000,
58).

Leave grass clippings on the lawn to decompose and return nutrients back
to the solil, rather than bagging and disposing of them (EPA, Municipal
Solid Waste, 2005).

Use reel or mulching mowers to reduce yard waste, fertilizer needs, and
water consumption (USGBC, LEED-EB v. 2 2005, 17). Reel mowers can
provide mulch without noise or gasoline use.

For off-site composting, identify local composting facilities. Then locate a
temporary holding area with easy access for pickup (Mendler and Odell
2000, 60).

5. Irrigation management

Waterwise Site Design (a site designed and constructed to use water effi-
ciently), offers many strategies to effectively reduce water use at the site
(Thompson and Sorvig 2000, 159). Creating a more efficient site conserves
water, labor, and equipment use, thus reducing resource costs. Further-
more, reducing excessive water use onsite reduces the burden on the water
supply, as well as the treatment and delivery systems (USGBC, LEED-EB
Reference Guide 2005, 35).
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Strategies

Develop an irrigation management plan that (1) outlines when and how to
irrigate, (2) reduces potable water use for irrigation, (3) encourages the
planting of drought tolerant plant species, and (4) utilizes advanced irriga-
tion systems. Also include provisions for the maintenance and monitoring
of irrigation systems and their performance over time. [SOI Standards: 2,
6, 9, 10.] Note that poor plant substitutions can negatively impact historic
site integrity. The installation of mechanical irrigation systems should be
carefully planned to avoid damaging historic site features during digging.

6. Fertilizer use

Non-agricultural lands used at least 6% or over 2,650,000 tons of fertilizer
in the United States in 1997 according to those states reporting data to the
Association of American Plant Food Control Officials (AAPFCO) (Battelle
1999). Soil-amending fertilizers are overused, and they often encourage
weak and weedy species to replace hardy natives. Artificial fertilizers in-
volve hazardous chemicals and nonrenewable resources in production and
have considerable energy costs. Use of compost, organic fertilizers, and
manures reduces the need for fertilizer and leads to healthier and sturdier
plants (Thompson and Sorvig 2000, 80-81). As with pest management,
fertilization requirements are site- and species-specific. [SOI Standards:
None, unless noted otherwise.] Fertilizer use is a maintenance-based ac-
tion that should have no negative impact on historic sites if applied prop-
erly.

Strategies

Plan for fertilizer use onsite. Consider organic fertilizers. Reduce the use of
unnecessary fertilizers, which can adversely affect environmental health.

Utilize appropriate regional vegetation to reduce the need for fertilizer ap-
plication. Choose plants that maintain historic site character (i.e., massing,
shape, etc.) but that also have fewer maintenance demands. [SOI Stan-
dards: 2, 3, 6, 9, 10.]

Know your local conditions (regional weather) and soil components to in-
form any soil amending (Thompson and Sorvig 2000, 80).
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Test soil (lawn and garden separately) every two years to determine pH
and soil fertility. Use test results to determine what (if any) amendments
are needed. The standard soil test provides the status of phosphorous (P),
potassium (K), calcium (Ca), magnesium (Mg), pH, exchange capacity,
lime requirement index, and base saturation. Additional tests are also
available for iron (Fe), zinc (Zn), manganese (Mn), soluble salts, and ni-
trates (Ohio State University Fact Sheet, Soil Testing, 2001).

Use only fertilizers made with materials approved and recommended by
the Ecological Landscape Association.

Apply all fertilization in compliance with the 1998 American National
Standards Institute (ANSI) report A300 (Part 2), Tree, Shrub, and Other
Woody Plant Maintenance-Standard Practices (Fertilization). This report
provides guidance in preparing maintenance specifications, including in-
formation (the interrelationship among plants, soil, nutrients, and water)
that should be considered when planning, developing, and managing plant
nutrition programs (Harris et al. 2004).

Document all fertilizer applications, including: date, time, wind condition,
temperature, humidity, volume applied, and method of application.

For sites larger than 1 acre, follow the Association of American Plant Food
Control Officials’ model Uniform State Fertilizer Bill or state regulations
about (1) required registration and/or licensing of each brand and grade of
fertilizer and (2) a guaranteed analysis, whichever is more stringent.

Eliminate fertilizer use after the first year of vegetation establishment.

Avoid over-fertilization, especially on relatively undisturbed and healthy
native soils, and avoid exotic plants that require excessive fertilization
(Thompson and Sorvig 2000, 80-81).

Use organic fertilizers on a regular schedule. Irregular fertilization can
cause more harm than good (USAF, Landscape Design Guide, “Mainte-
nance” 1998, 3.3).

Limit the use of nitrogen fertilizers; plants can only take in so much and
the rest becomes pollutant. Nitrogen is the most expensive macronutrient



ERDC/LAB TR-07-15

37

in fertilizer and the most polluting to manufacture (Ashkin et al. 2000,
14).

Any nitrogen fertilizer used should be coated with a time-release substance
such as SCU (sulfur coated urea) to increase effectiveness and reduce ni-
trogen waste (Ashkin et al. 2000, 15).

Never apply more than 250 Ibs/ac nitrogen active ingredient at one time,
and never apply nitrogen fertilizer more than three times a year (Ashkin et
al. 2000, 15).

Use compost to decrease the need for fertilizer (Thompson and Sorvig
2000, 80-81).

Apply fertilizers around the specific rooting zone or base of target plants as
much as possible (Ashkin et al. 2000, 14).

Do not apply fertilizers before a rain event.

Apply each nutrient separately. Phosphorous and potassium need applica-
tion only every 3 to 5 years, even in soil originally deficient. In forested ar-
eas, one application after planting is usually all that is needed. If nitrogen
is needed based on the soil test, once per year is sufficient for regular
growth in most soils. Refer to the soil test for deficiencies before applying
fertilizers.

7. Snow removal (where applicable)

Though not applicable in every region or season, conventional efforts to
remove snow can have serious environmental consequences. Chemical de-
icers including sodium chloride are toxic to animals and plants, can irri-
tate the paws of pets, and pollute the environment. Sodium chloride has
been used to ‘salt’ roads since the 1930s; by the 1970s, 8 million tons were
applied annually to roads in the United States (Forman et al. 2003). In
addition to sodium chloride, road salt can also include doses of heavy met-
als and essential plant nutrients (such as iron), which travel to water bod-
ies as contaminated road runoff (Forman et al. 2003). Other problems
caused by this road runoff include groundwater contamination, corroded
bridges (adding heavy metals to streams), attraction by certain animals to
roadways (increasing road-kill rates), severe losses of roadside plant



ERDC/LAB TR-07-15 38

communities (especially during droughts), and soil compaction that re-
duces soil permeability (causing erosion) (Forman et al. 2003).

Strategies

Create a plan for snow removal on the site. Include provisions that reduce
both chemical use and mechanical means when possible. Include best
management practices for chemical use that reduce pollutant levels along
roadways with either pollutant mitigation (trapping and detaining runoff
to allow pollutants to settle out or be filtered) or source control (land use
planning, chemical storage, and bridge maintenance) (Forman et al.
2003). [SOI Standards: None.]

Calculate contaminant load for site based upon meltwater analysis and
volume estimates. [SOI Standards: None.]

Use no salt for snow removal. Avoid salt and salt additives altogether by
using mechanical controls and/or environmentally friendly chemicals.
This can reduce exposure of site users and maintenance personnel to po-
tentially hazardous chemical, biological, and particle contaminants that
adversely impact air quality, health, material finishes, and the environ-
ment. [SOI Standards: None.]

Use snow removal methods appropriate to the weather conditions and the
situation. Shoveling, ice crackers, and brooms are the most environmen-
tally healthy options for snow removal. [SOI Standards: 7.] Gentle shovel-
ing or sweeping is necessary on or near historic structures and materials.

Do not use clay cat litter or ash. Although they offer some traction, they do
not melt snow and are difficult to clean up. [SOI Standards: 7.]

Plant grass ‘snow fences’ to reduce snow drifts on roadways. [SOI Stan-
dards: 2, 9, 10.] If they have no historical precedent on the site, keep snow
fences outside of historic viewsheds.

For filtering constructs, choose fine-grained loamy soils with a sufficient
organic contact that will trap potential contaminants, such as metals. Do
not construct filtering systems in sandy soil and avoid siting filters in areas
with shallow bedrock. [SOI Standards: 2, 9, 10.]
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Optimize chemical use. [SOI Standards: 7.]

If chemicals must be used, check standards for minimizing use and
proper storage to avoid polluting local soil and groundwater (EPA,
Manual for Deicing Chemicals, 1974). [SOI Standards: None.]

Remove snow and ice in a timely manner to avoid traffic compaction
and to decrease the need for chemicals (Ashkin et al. 2000, 27).

For more severe weather conditions, apply an ice melter before precipi-
tation to maximize effectiveness (Ashkin et al. 2000, 27).

Use calcium magnesium acetate (CMA). CMA is made from limestone
and acetic acid. It is reported as being biodegradable, having no toxic
effects on terrestrial or aquatic animals, and having no negative im-
pacts on soils or vegetation (Wyatt 1989). Although CMA is more ex-
pensive than salt, the costs of repairing roadway structural damage and
ecological impacts caused by salt make it a worthwhile alternative
(South Dakota Department of Water and Natural Resources 1990).

In addition to CMA, use sand, potassium chloride, or magnesium chlo-
ride ice-melting products instead of sodium chloride or calcium chlo-
ride. They are less damaging to plants, concrete, carpeting, and hard
surface flooring. However, since these alternatives have their own pol-
lution concerns, use as little as conditions will allow (Ashkin et al.
2000, 27).

Reduce the need for de-icing chemicals through selective closing of re-
dundant stairs, sidewalks, and roads (Ashkin et al. 2000, 27).

Proper calibration of the spreader can minimize overuse (EPA, Storm
Water Management Fact Sheet, 1999).

Store deicing chemicals properly. Store salt in an enclosed structure
with a foundation that is higher than the surrounding terrain. The floor
must be impervious and strong enough to withstand the weight of the
loading equipment. Brine runoff from the storage container should be
contained in a lined collection basin.

Optimize use of machinery.

If a snow removal machine is needed, use those that run on electricity
instead of gasoline. [SOI Standards: None.]

Improve mechanical removal strategies by increasing the frequency of
shoveling, brushing, or plowing (Ashkin et al. 2000, 27). Use machines
that do not overly compact soil. [SOI Standards: 7.] Mechanical snow
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8.

removal can damage historic features (e.g., paving materials or vegeta-
tion) if not performed in a responsible way.

Designate a place to pile removed snow that will not be damaged from
the snow load. Consideration should also be made for snowmelt in
terms of the concentration of water on the site. [SOI Standards: 1, 2, 9,
10.] Consider only locations for snow piling that avoid damage to his-
toric features including plant material.

Minimize chemical release onto the site and into the local watershed
from the snow piles. Select snow piling sites with adequate filtering ca-
pabilities. Snow disposal sites must be located in areas where there is
enough top soil depth (approximately 2 ft between the ground surface
and water table) to act as a filter. If the disposal site drains to a surface
water body, the meltwater must drain first into a detention area
(minimum depth of 2 ft) with a filter berm (minimum height of 1.5 ft)
and cross a gravel or erosion-resistant buffer zone between the filter
berm and surface water. Disposal sites must not be located in areas
designated for wellhead protection and should be located down gradi-
ent. The disposal site must be at least 100 feet from surface water bod-
ies. Enclose all disposal sites with grass snow fencing. Disposal sites
should not be located in areas susceptible to erosion, in sections of
parks or playgrounds that will be used for direct contact recreation af-
ter the snow season, on sanitary landfills, in wetlands, or in quarries.
[SOI Standards: 2, 9, 10.]

Workers operating machinery should be properly trained and wear
safety goggles and ear protection (Ashkin et al. 2000, 27). [SOI Stan-
dards: None.]

Cleaning of building exterior

Cleaning products can be toxic to humans, animals, and vegetation in
proximity to them. Cleaning chemicals can also pollute groundwater.
Common cleaning products can damage the material integrity of site fea-
tures. They can also damage vegetation directly or by leaching into the soil.

Strategies

Utilize an environmentally responsible exterior building cleaning plan to
ensure positive air quality and occupant health (Fournier and Zimnicki
2004, 56). Environmentally safe cleaning and maintenance products may
cost more. However, the human and environmental benefit from their use
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is typically thought to outweigh this cost in terms of quality of life.” [SOI
Standards: 7.] To minimize the impact on historic features, choose respon-
sible cleaning products that have little or no impact to historic materials,
surfaces, and finishes.

9. Paints and sealants used on building exterior

Paints, finishes, and sealants often contain Volatile Organic Compounds
(VOCs). Also until 1978, paint containing lead was commonly used on
building interiors and exteriors (EPA, Lead in Paint, Dust, and Soil,
2005).

Strategies

Develop a building exterior maintenance plan that emphasizes the use of
durable coatings with fewer negative environmental impacts. Include in
the plan provisions for the storage and disposal of chemicals. [SOI Stan-
dards: None.]

Reduce or eliminate the toxic impact of paints, finishes, and sealants. [SOI
Standards: 6, 7.] Most historic buildings predate 1978 and therefore were
originally painted with lead-based paint. Historic preservationists have
since had to find safer paint alternatives. Note that some of these alterna-
tives may not be available in historically correct colors or effects.

10.  Other maintenance of the building exterior

Proper planning for the site and its maintenance is essential to reducing
wasteful and toxic practices. Planning is also critical to maintaining his-
toric site character. Educating those involved is the only way to ensure that
environmentally friendly and preservation friendly practices are imple-
mented and maintained.

Strategies

Include in the building exterior management plan green maintenance
practices and materials that minimize environmental impacts. Greenseal

* According to an April 1998 report by the Massachusetts Department of Public Health, more than 10%
of its reported work-related asthma cases listed cleaning agents (e.g., bleach, chlorine, floor stripper,
ammonia, sodium hydroxide, muriatic acid, detergents, and disinfectants) as the suspected asthma
agent (EPA, Cleaning National Parks 2000).
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recommends and certifies green products and equipment that may be ap-
propriate for the site. [SOI Standards: None]

Design a Historic Site Management Plan to protect and maintain historic
site features. [SOI Standards: None] The plan should include provisions
for using the least degree of intervention possible when maintaining his-
toric features (e.g., repairing brick pavements or masonry walls, regrading
a silted swale, or replacing deteriorated features in part or whole) (Birn-
baum and Peters 1996). The plan should also address protecting historic
features from damaging situations, materials, and processes. Examples
may include: avoiding heavy materials or machinery on historic paving,
testing cleaning chemicals before use on historical features, and protecting
historic site furnishings from damage during maintenance.
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Credit 2 — High Development Density Building and Area (1 Point)

Intent—Channel development to urban areas with existing infrastructure, protect greenfields,
and preserve habitat and natural resources.

Requirements—Occupy a building that has a density of at least 60,000 square feet of building
floor space per acre located within an area with a density of at least 60,000 square feet of
building floor space per acre (two-story downtown development). The goal is to encourage the
occupancy of high development density buildings in high development density areas. Once
earned and for subsequent re-certifications, the only requirement is that the building itself
have the required density.

Sustainable design and development overview

The farther a site is located from urban cores and infrastructure, the more
the building occupants become dependent on automobiles, increasing air
and water pollution. Urban development is a way to confine sprawil, utilize
existing infrastructure, and conserve dissipating greenfields, local habitat,
and natural resources (USGBC, LEED-NC Reference Guide 2003, 20). Not
only does this credit promote new construction in urban areas, but it also
encourages the use of existing high density buildings in the form of adap-
tive reuse. Reuse can be extended to include preexisting site features, util-
ity infrastructure, and transportation systems, thereby drawing develop-
ment away from undeveloped areas, protected lands, and nature
preserves.

Although DoD installations vary from dense urban to remote rural envi-
rons, many were initially sited in isolated areas for safety and security rea-
sons. Today the typical military installation is comprised of one or more
cantonments, large tracts of training lands, and security buffers. The result
is generally a low overall development density (Paladino 2001, SSc2). In
keeping with the intent of this credit, development on DoD installations
should be focused in urban areas or on cantonments where higher concen-
trations of facilities and infrastructure exist. Point accumulation for this
credit will depend on the existing or planned density per acre. Buildings
that meet the requirements of this credit will typically be two or more sto-
ries in height located in an area of other multi-story facilities. The LEED-
NC Application Guide for Multiple Buildings and On-Campus Building
Projects offers an alternative to density requirements and submittals of
this credit by reconsidering the site from a multi-building perspective
(USGBC, LEED-NC Application Guide for Multiple Buildings and On-
Campus Building Projects 2005).
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Project managers must also consider the pros and cons of upgrading exist-
ing buildings to meet UFC 4-010-01, DoD Minimum Antiterrorism Stan-
dards for Buildings. These standards, depending on building occupancy
and size, can require structural reinforcement against progressive collapse,
blast-resistant windows, and vehicle access limitations to meet minimum
standoff distances in high-density areas. However, existing buildings, de-
pending on occupancy, also qualify for exemptions from some standoff
distance requirements if an adequate level of protection is provided. As a
result, a new building on the site of an existing building may be forced into
a smaller footprint in order to meet standoff distance requirements that
the existing building would not.

Historic preservation overview

Many, though not all, historic properties on military installations are lo-
cated in high-density areas. Section 110 of the National Historic Preserva-
tion Act encourages government agencies to reuse historic properties to
the fullest extent feasible (NHPA 1966). This federal mandate supports
point accumulation for this credit where historic properties are located in
high density areas. However, since the site location of historic buildings is
pre-determined, there may be limitations to attaining this credit. If a
choice exists between multiple sites for sustainable rehabilitation, prefer-
ence should be given to higher density historic sites.

DoD project managers can encounter obstacles when considering a his-
toric building for renovation. Many project managers cite the unwritten
“75% rule” where a renovation is deemed unfeasible if the costs exceed
75% of the cost to construct a new facility of similar size and occupancy.
However, installation cultural resource managers will counter that the
“75% rule” is not valid with buildings determined to be historically signifi-
cant. The MILCON requirement of removing an equal amount of existing
building square footage in order to obtain approval and funding to con-
struct a new facility often results in historic buildings being the first on an
installation demolition list. Older installations with a dense cantonment
area are also likely to experience complaints about parking shortages. In
response, project managers often historic target buildings for demolition
in order to free up land for parking to service other historic buildings. Fi-
nally, most military architectural projects are designed by firms previously
selected for a multi-discipline indefinite delivery type contract. Firms se-
lected for these contracts are more likely to be familiar with new building
design and construction than historic building rehabilitation.
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Nonetheless, active and proper management of historic properties can
help to reduce impacts to greenfields and natural resources by removing
non-historic buildings and structures in historic districts, restoring his-
toric vegetation, reducing impervious areas, and restoring historic build-
ings and/or original site density. Regrettably, the reuse of historic proper-
ties in denser areas can increase the need for parking or driving
alternatives (see SS Credits 3.1, 3.2, and 3.4 in this document for more in-
formation on parking in historic districts).

Ill-conceived adaptive reuse plans can compromise historic property use
and/or integrity. Care should be taken to preserve to the maximum extent
feasible those qualities, both exterior and interior, that convey the prop-
erty’s historic character. This treatment should extend to areas surround-
ing the building, to show relationships between densely developed historic
properties that form districts.

Though site alterations may be necessary to adapt individual properties to
new uses, modifications should be compatible with the existing historic
property. Incompatible uses (those that necessitate extensive modification
of the site and thus compromise historic integrity) must be avoided. The
construction of new building additions should be constrained to the origi-
nal building footprint when possible to protect the historic site. Site modi-
fications should ensure a balance between improved environmental condi-
tions and the preservation of historic features, materials, and finishes
(Birnbaum and Peters 1996, 88). Consider removing or replacing (i.e.,
tearing down and building in footprint) any structures (e.g., buildings,
storage facilities, or unused site features) that detract from or do not con-
tribute to the significance of a historic property. If replacing a noncontrib-
uting structure (instead of just removal), the new structure should be built
in the vacated footprint and be in keeping with the historic character of the
property without conveying a false sense of history.

Strategies

Avoid construction of buildings and vertical structures in greenfields, pro-
tected areas, and nature preserves. [SOI Standards: None.]

Avoid construction of expansive site features such as parking in
greenfields, protected areas, and nature preserves. [SOI Standards: None.]
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Reduce the need for and amount of parking to limit resource and
greenfield use (see SS Credit 6.1 in this document). [SOI Standards: 1, 2.]
Reduction or removal of noncontributing parking areas will promote sus-
tainability principles and help to restore the historic integrity of the site.
However, paved areas that contribute to the comprehension of a historic
site should be preserved.

Put new parking structures on pre-disturbed areas (USGBC, LEED-EB v. 2
2005, 30). [SOI Standards: 1, 2, 9, 10.] An exception is if pre-disturbed ar-
eas are historically significant and such structures have no precedent on
the site.

Cluster underground utilities in the same or nearby conduits to minimize
site disturbance and preserve open space (Mendler and Odell 2000, 52).
[SOI Standards: None.] This works in conjunction with historic preserva-
tion by reducing the likelihood of damage to historic site features from

digging.

Minimize interference with and disturbance and damage to fish, wildlife,
and plants, including their habitat. Protect any endangered or threatened
species onsite or in the area (UFGS-01355A 2005, 24-25). [SOI Standards:
2, 6.] The impact of biodiversity loss typically outweighs concern for his-
toric plantings, though every attempt should be made to maintain plants
that mimic the texture and consistency of historic plantings.

Avoid demolition of contextually appropriate buildings (e.g., historic prop-
erties) to make room for surface parking lots in densely developed areas.
This is contrary to sustainable design practices and undermines the intent
of this credit. [SOI Standards: 1, 2.]
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Credit 3.1 — Alternative Transportation: Public Transportation Access
(1 Point)

Intent—Reduce pollution and land development impacts from automobile use.

Requirements—Meet the criteria of at least one of the following three options:

= QOption A—the building is located within %2 mile of a commuter rail, light rail or subway sta-
tion.

= QOption B—the building is located within ¥ mile of two or more public or campus bus lines
usable by building occupants.

= Option C—building occupants are provided with a conveyance (shuttle link) that supplies
transportation between the building and public transportation meeting the criteria in Op-
tion A or Option B above.

Sustainable design and development overview

Increased use of public transportation can reduce traffic congestion, en-
ergy consumption, and vehicular pollution. Consider both current condi-
tions and long-range planning for the region (Mendler and Odell 2000, 9,
46). Alternative transportation also reduces the amount of impervious sur-
face necessary on a site, thus reducing heat island effects (Fournier and
Zimnicki 2004, 13).

This credit could either be easy or difficult to achieve on a site, depending
on its distance from public transportation. If the site is located in a rural
area, it may be difficult or impossible to earn this credit due to a lack of
mass transit infrastructure or potential ridership (Paladino 2001, SSc41).
DoD installations are often located in areas not serviced by public trans-
port. However some DoD personnel have no personal vehicles and require
a mass transit system, and so some installations offer transportation pro-
grams (Paladino 2001, SSc41). These programs typically include shuttle
bus service that connects personnel with amenities throughout the instal-
lation as well as to the neighboring communities. This type of transporta-
tion setup could meet the intent of the credit. However it is feasible only if
there are enough users for the system.

Regrettably, security issues after 9/11 have reduced the number and fre-
guency of public transportation opportunities on military installations.
Some installations may find it more convenient to utilize Option C, which
allows public transportation vehicles to remain off the installation.
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Historic preservation overview

Many military installations, especially those historically associated with
flying fields, weapons storage, manufacturing, or training, were deliber-
ately constructed far away from population centers. Although some of
these historic installations have been surrounded by subsequent develop-
ment, many remain in rural countryside or outlying desert areas. These
isolated installations will likely not be able to meet any options in this
credit. But for installations in proximity to mass transit systems, careful
consideration should be given to viewsheds and overall site design when
installing alternative transportation infrastructure on historic sites. Such
infrastructure must be integrated with historic vehicular roadways, pedes-
trian pathways, and building footprints.

Preventing access of mass transit vehicles for security reasons may protect
historic resources by limiting construction on the installation of transit-
related infrastructure. However, this may simply move construction activi-
ties to installation access points such as historic gatehouses. Since 9/11,
guard houses, pass and identification buildings, and visitor parking lots
have undergone extensive renovation to allow for adequate vehicle ap-
proach, turnaround, and search. In many cases, the existing sequence of
roads and buildings was completely demolished to make way for new
screening complexes. New pavement often encroached on historic districts
and nearby historic buildings. Guard house canopies that span multiple
access lanes can be out of scale and character with the historic context.
Many historic gatehouses have been demolished or moved to a different
location. Ultimately, project designers (with input from installation cul-
tural resource managers) must weigh the pros and cons of constructing
alternative transportation infrastructure on historic sites within or just
outside installation fencelines, with the objective being to minimize im-
pacts to these sites.

Strategies
Planning and operations

Planning for public transportation can save money up front and prevent
future capacity problems by negating the need to construct unnecessary
additional parking structures. Determine the feasibility of public transpor-
tation by calculating the current and projected future ridership, and cur-
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rent and potential proximity to public transportation. [SOI Standards:
None.]

Work with the existing transportation plan to create an alternative transit
strategy and plan for current and long-term needs. Include public transit,
bicycle commuting, alternative fuel vehicles, and parking reduction and
car pooling strategies. [SOI Standards: 1, 2, 9, 10.] The plan itself will not
impact historic sites; however, the plan needs to reflect consideration for
historically significant pedestrian and vehicular transportation systems.
Avoid designating bus/large vehicle access points adjacent to historic
buildings or within historic districts. Use installation access points near
historic buildings and districts for egress only, or as secondary entrances
that do not require multiple turn lanes, guard houses, and canopies.

Survey building occupants and determine if available mass transportation
options meet their needs, especially if parking space is reduced (USGBC,
LEED-EB v. 2 2005, 15). [SOI Standards: None.]

Engage public transportation link service providers in the planning and
implementation stages (USGBC, LEED-EB v. 2 2005, 120). [SOI Stan-
dards: None.]

Explore the possibility of sharing facilities with other nearby sites for
transportation link services (USGBC, LEED-EB v. 2 2005, 120). [SOI
Standards: None.]

Educate building occupants on options available and encourage the use of
alternative transportation. [SOI Standards: None.]

Encourage building occupants to utilize public transit through positive re-
inforcement techniques, like incentives and pedestrian-friendly linkages.
Incentives could include transit subsidies (e.g., free or discounted transit
passes). The authorized amount can be determined based on actual cost to
commute. Promote the mental and physical health benefits of walking be-
tween linkages. [SOI Standards: None.]

Implementation

Provide pedestrian-friendly physical links to subway, bus, or trolley stops
or stations (Mendler and Odell 2000, 52). Plan the route to include visual
interest at a walking scale. Provide covered or enclosed waiting areas
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(Figure 1.4). [SOI Standards: 1, 2, 6, 9, 10.] The location and size of the
historic site will determine whether or not new pedestrian links to trans-
portation are possible, helpful, or realistic. If the historic site is isolated,
the links could lead to and from the site.

Figure 1.4. Historic bus shelters can fit into the historic context (ERDC-CERL).

If there is no direct link to public transportation on site, provide shuttles
to the local transportation systems (Mendler and Odell 2000, 52). The
schedule and frequency of shuttle services must be adequate to serve
building occupants during standard commuting times for all shifts, as well
as periodic service at other times (USGBC, LEED-EB Reference Guide
2005, 47). [SOI Standards: 1, 2, 6, 9, 10.] If shuttles are to be provided,
consideration needs to be made for any necessary changes to the historic
site involving (1) new construction, (2) new site amenities, and (3) wear
and tear in pick up/drop off locations and shuttle fleet areas (i.e., where
shuttles rest when not in use). If appropriate for the historic site, add shut-
tles or pedestrian-friendly walks in a manner that minimizes negative im-
pacts to the site. Generally, use of public transit results in an overall reduc-
tion of vehicles and parking on the site. This in turn reduces the
invasiveness of vehicles and their associated infrastructure on the historic
site (e.g., blocked viewsheds and extensive paving).

Use existing transportation networks to minimize the need for new trans-
portation lines. [SOI Standards: 1, 2, 6, 9, 10.] Care should be given if his-
toric pathways need to be changed to facilitate the use of mass transit or
alternative transportation. New pedestrian pathways should be designed
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using original pedestrian circulation patterns to maintain the historic
building/site relationship (Fournier and Zimnicki 2004, 16). If the rela-
tionship between the building and site will change through the introduc-
tion of mass transit infrastructure, new pathways added should be in a ma-
terial differentiating them from the historic pathways. New signage and
shelters should be historically compatible in design and materials.
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Credit 3.2 — Alternative Transportation: Bicycle Storage & Changing
Rooms (1 Point)

Intent—Reduce pollution and land development impacts from automobile use.

Requirements—

= For commercial or institutional buildings, provide secure bicycle storage with convenient
changing/shower facilities (within 200 yards of the building) for regular building occu-
pants. Maintain bike storage and shower capacity that is sufficient for the greater of 1%
of the building occupants or 125% of peak demand for these facilities.

=  For residential buildings, provide covered storage facilities for securing bicycles for 15% or
more of building occupants in lieu of changing/shower facilities. These facilities may be
provided incrementally as long as the capacity of the facilities supplied exceeds the de-
mand for these facilities.

= |n campus settings, if secure bicycle storage and showers are provided for all building
occupants on a campus-wide basis, the maximum distance from individual buildings to
showers requirement can be replaced with a requirement that two lines be drawn at 90
degrees to each other through the center of the campus on a campus map and that it be
documented that the bicycle storage and showers requirements are met for all building
occupants within each quadrant.

Sustainable design and development overview

As mentioned previously, increased use of alternative transportation re-
duces traffic congestion, energy consumption, vehicular pollution, and im-
pervious surfaces on a site (Fournier and Zimnicki 2004, 13). Bicycles are
a great alternative option to vehicles for both recreation and transporta-
tion activities. Besides the environmental benefit, the exercise from biking
leads to a healthier lifestyle. Biking is a popular recreation activity that is
enhanced and encouraged by the availability of a safe and well-planned
system of bike trails (Army Installation Design Standards 2004, 4.13.1).

Due to the isolated locations of many military installations and the dis-
tance between the entry gate and workplace, the commute from home to
the installation is often too long to be feasible. However, many installa-
tions have been successful in promoting the use of bicycles by staff that
regularly visit multiple on-base buildings in the course of a day. This type
of bicycle use also requires space where bicycles can be secured overnight
and for long periods of time. DoD facilities already have slow vehicular
speeds, and with limited cost and planning could make the sites conducive
for biking with the addition of bike lanes and safe crossing areas. Military
sites are typically made up of multiple buildings with functional relation-
ships between them, and they are relatively self-sufficient like educational
and corporate campuses. The campus-like military setting can provide a
good framework and rational to introduce bike trails and racks.
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Historic preservation overview

The benefits to alternative transportation should be carefully considered in
any transportation planning for historic sites. This point should be easily
attainable for most historic sites since not only is bicycle use and storage
generally less costly and energy intensive than automobile use and park-
ing, but it is also less intrusive. Nonetheless, the footprint of a historic site
or building should not be significantly altered to facilitate the use of alter-
native transportation, and new bicycle racks and pathways introduced
should be unobtrusive and designed to maintain the historic building-site
relationship (Fournier and Zimnicki 2004, 16). Bike paths, bike racks, and
bike storage structures are typically not historic; therefore the introduc-
tion of these amenities into a historic site can impact historic integrity.

Providing changing/shower facilities and covered bicycle storage may pose
greater challenges on historic sites. The construction of freestanding struc-
tures in historic districts or extensive interior modifications to historic
buildings may be necessary. Fortunately, historic quarters already provide
changing rooms and showers within the homes. But non-housing facilities
will likely need building additions or interior rehabilitation. Chang-
ing/shower facilities are typically designed to be adjacent to restroom
cores for plumbing efficiency. These bike-related amenities could be added
when historic building restrooms are expanded to meet Americans with
Disabilities Act (ADA) clearances and code-compliant fixture counts. Note
that additional space added to an expanded restroom may impact historic
rooms adjacent to the original restroom. Furthermore adding dressing
rooms and shower facilities in spaces not originally intended for this use
may require special treatment of existing windows.

Strategies

Map the existing traffic patterns for pedestrians, bicycles, automobiles,
public transit, and other modes of transportation on site and at neighbor-
ing locations (Mendler and Odell 2000, 50). [SOI Standards: None.]

Create a Transportation Access Guide, or a document or set of documents
that provide concise, customized information on how to access a particular
destination by various travel modes, with special consideration of efficient
modes such as walking and cycling (Victoria Transport Policy Institute
2005). [SOI Standards: None.]
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Encourage site occupant utilization of bicycle transportation and recrea-
tion by providing safe and pleasant linkages through the site, connecting
to off site trails or pathways.

Make on site trails or trail sesgments visually attractive and provide pe-
destrian amenities like benches, tables, waste receptacles, drinking
fountains, and signage in appropriate locations (Army Installation De-
sign Standards 2004, 4.13.5). When these locations are within historic
sites, choose amenities and trail design methods that are appropriate to
the historic nature of the site. [SOI Standards: 2, 9, 10.]

Onsite bikeway systems should link to existing routes and destinations
within the installation, and be designed using original circulation pat-
terns to the maximum extent feasible (Fournier and Zimnicki 2004,
16). Minimize conflicts between bikes, pedestrians and vehicles (Army
Installation Design Standards 2004, 4.13.2). In order to minimize con-
flicts between varied uses and increase site efficiency, it may be neces-
sary to impact or change historic circulation patterns. If changes occur,
it should be made obvious that the additions or changes are not part of
the historic site design; new pathways should be constructed in a mate-
rial differentiating them from the historic pathways. [SOI Standards: 2,
9,10.]

Provide a designated right-of-way for bike traffic, separate from ve-
hicular and pedestrian routes (Army Installation Design Standards
2004, 4.13.4.1 and 4.13.4.3) (Figure 1.5). Widening streets or designat-
ing part of the roadway for bicycle traffic may not be possible depend-
ing on the narrowness of historic streets. When constructing a separate
bike trail or enlarging existing roadways to accommodate bicycles, con-
sider how this may negatively affect the historic design. Make new ad-
ditions to the site distinguishable from historic components. [SOI
Standards: 2, 6, 9, 10.]
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Figure 1.5. A designated bike lane can encourage utilization of bike transportation (EPA n.d.).

e For shading, visual interest, and route definition, use trees that are ap-
propriate for the site (Army Installation Design Standards 2004,
4.13.6). (See the plantings section of SS Credit 1.1 & 1.2 in this docu-
ment.) [SOI Standards: 2, 6, 8, 9, 10.] If the historic site did not have
trees along the pathways or roadways during the period of significance
it is still possible to include them for the environmental benefit. How-
ever, avoid poor plant selection and over planting with dense or under-
story plant material. The plantings along a well-designed path will not
detract from the historic site design; nor will it block from view impor-
tant historical site amenities and vistas.

Because bicycle storage by itself can provide an opportunity to reduce
more visually disruptive and environmentally detrimental forms of vehicu-
lar parking, provide convenient bicycle racks and storage (Mendler and
Odell 2000, 52). Consider that bicycles may require secure, overnight or
long-term storage. Conceal bicycle storage in the basement of a building or
integrate it into parking lot or vehicular garage design. Bicycle storage ar-
eas can be designated within these locations, but care should be given to
avoid conflicts with pedestrian circulation (National Institute of Building
2005). Bicycle storage areas should be covered (especially at barracks) and
easily accessible from buildings (Army Installation Design Standards
2004, 9.13.6). However, bicycles and racks near military building en-
trances are generally discouraged for security reasons. On military instal-
lations this credit may be satisfied by provisions from nearby buildings
(see the LEED-NC Application Guide for Multiple Buildings and On-
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Campus Building Projects for more information). [SOI Standards: 2, 9,
10.]

Provide convenient changing/shower facilities. [SOI Standards: 2, 6, 8, 9,
10.] Ideally showers and changing rooms should be located within existing
buildings. If this is not an option, freestanding changing/shower facilities
should be designed and located to minimally impact historic site features,
including historic views to and from the property.

Consider the reuse of historic outbuildings or unused utility buildings as
changing rooms and bicycle storage. [SOI Standards: 1, 2, 6.]
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Credit 3.3 — Alternative Transportation: Alternative Fuel Vehicles (1
Point)

Intent—Reduce pollution and land development impacts from automobile use.

Requirements—Have a communication program in place over the performance period that
promotes the use of alternative fuel vehicles for building occupants. In addition, meet the cri-
teria of at least one of the following three options:

= Option A—Alternative fuel refueling station(s) for 3% of the total vehicle parking capacity
of the site. NOTE: liquid or gaseous fueling facilities must be separately ventilated or lo-
cated outdoors.

= QOption B—Provide (or achieve result in some other way) alternative fuel vehicles or hybrid
vehicles for 3% of building occupants and provide preferred parking for these vehicles.

= QOption C—Provide preferred parking programs for hybrid or alternative fuel vehicles for at
least 3% of the total vehicle parking capacity and increase as necessary the amount of
preferred parking to meet the demand for preferred parking up to 10% or more of the to-
tal vehicle parking capacity.

Sustainable design and development overview

Increased use of alternative transportation reduces mobile source air
emissions and the reliance on foreign petroleum. Alternative fuels for ve-
hicles currently include biodiesel (B20), ethanol (E85), electricity, hydro-
gen, compressed natural gas (CNG), liquefied natural gas (LNG), liquefied
petroleum gas (LPG), methanol, and propane. Acquisition and use of Al-
ternative Fueled Vehicles (AFVs) is required for all federal agencies by Ex-
ecutive Order and by the Energy Policy Act of 1992 (EPACT). Part 2, Sec-
tion 201 of Executive Order 13149 (2000), Greening the Government
Through Federal Fleet and Transportation Efficiency, states:

Each agency operating 20 or more motor vehicles within the
United States shall reduce its entire vehicle fleet’'s annual petro-
leum consumption by at least 20 percent by the end of fiscal year
(FY) 2005, compared with FY 1999 petroleum consumption lev-
els.

The strategy an agency develops to comply with EO 13149 should include

provisions fulfilling the acquisition requirements for AFVs established by
Section 303 of EPACT. Note, however, that subsections allow exemptions
for vehicles acquired and used for military purposes that the Secretary of

Defense has certified must be exempt for national security reasons (Office
of the Under Secretary of Defense 1997).

Dense cantonments with minimal parking may not be able to assign prime
spaces for private hybrid or alternative fuel vehicles since these spaces are
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typically assigned by military rank or for government vehicles only. In
these situations, the best that can be achieved for private vehicles is to as-
sign them the best of the remote parking spaces, such as those closest to
the crosswalk or access drive. Dense cantonments may also have difficulty
assigning areas for refueling; refueling stations may have to be located at a
remote/common fueling station. The LEED-NC Application Guide for
Multiple Buildings & On-Campus Building Projects offers an alternative
way to satisfy this credit’s requirements in multi-building settings.

Historic preservation overview

This AFV credit can be achieved without negatively impacting the historic
site or its component features. Careful consideration of historic and exist-
ing site conditions is needed to determine how to avoid or minimize any
impacts from adding refueling stations or reconfiguring parking to ac-
commodate AFVs. Electrical charging stations are typically discreet units
similar in size to a utility meter that are mounted on a wall. These units are
easily integrated into historic exteriors, especially if they are located on
service elevations. Liquid/gaseous stations, however, may require larger
pumps and site area.

Strategies
Planning, communication, and operations

Poll building occupants to determine which alternative fuel type is in high-
est demand (USGBC, LEED-EB Reference Guide 2005, 61). [SOI Stan-
dards: None.]

Compare the environmental and economic cost and benefits of different
alternative fuel types to determine which alternative fuel type would pro-
vide the highest benefit (USGBC, LEED-EB Reference Guide 2005, 61).
[SOI Standards: None.]

Investigate local codes and standards for refueling stations in the area
(USGBC, LEED-EB Reference Guide 2005, 61). [SOI Standards: None.]

Compare different fuel station equipment options and fuel availability. The
type of alternative fuel determines expense, installation complexity, and
whether or not the particular fuel is acquirable for the site (USGBC, LEED-
EB Reference Guide 2005, 61). [SOI Standards: None.]
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Develop a communication program to convey to building occupants the
rewards of any incentive programs, as well as the environmental benefits
of alternative vehicles (USGBC, LEED-EB Reference Guide 2005, 61).
Positive reinforcement techniques include incentives and preferred park-
ing for AFVs to use.

Train personnel in operation and maintenance of refueling stations
(USGBC, LEED-EB Reference Guide 2005, 61). Emphasize safety consid-
erations, including fuel handling, use, safety, and facility maintenance
procedures (DoE, Alternative Fuels Data Center 2005). [SOI Standards:
None.]

Provide long-term maintenance to assure optimum performance of the re-
fueling station and to ensure that soil around the refueling station does not
become contaminated. Procedures for maintaining the safety and proper
operation of refueling stations should be included in the Plan for Green
Site and Building Exterior Management if applicable (USGBC, LEED-EB
Reference Guide 2005, 61). Follow any federal, state, or local regulations
regarding alternative fueling stations. These mandates often include

(1) notification and registration of any new storage tanks or a change in
the use of existing tanks; (2) specific leak detection requirements; (3) leak
monitoring tests; and (4) corrosion protection tests (DoE, Alternative Fu-
els Data Center 2005). [SOI Standards: 7.] Contaminants that come in
contact with historic materials can cause physical damage.

The site operator must keep thorough records of the site’s design, equip-
ment installations or conversions, maintenance, containment area evalua-
tions, tank monitoring, and inspections. The operator must also conduct a
daily ‘walk-by’ to make certain the equipment is functioning properly and
to ensure no leaks are present (DoE, Alternative Fuels Data Center 2005).
[SOI Standards: None.]

Replace filters used on fuel dispensers regularly, based on the volume of
fuel being pumped through the system (usually every 3 to 6 months) (DoE,
Alternative Fuels Data Center 2005). [SOI Standards: None.]

Option A—Provide alternative fuel refueling station(s)

Retrofit existing refueling stations to accommodate alternative fuels. Cur-
rently, many DoD installations operate conventional gas stations that
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could also dispense alternative fuels (Paladino 2001, SSc43). [SOI Stan-
dards: None.]

Build new alternative fuel refueling stations (which may be necessary in
isolated locations) taking into consideration existing codes and standards,
and finding the right fueling appliances (DoE, Alternative Fuels Data Cen-
ter 2005) (Figure 1.6). [SOI Standards: 2, 9, 10.] Refueling stations can
negatively impact historic sites if located in major viewsheds. Fortuitously,
off-site AFV refueling stations (those located elsewhere on the installation)
can be utilized (USGBC, LEED-NC Application Guide for Multiple Build-
ings and On-Campus Building Projects 2005).

Figure 1.6. Alternative fuel station (left) and electric refueling station (right) (Texas
Department of Transportation; McQuiggan 2005).

Provide electric refueling stations (Figure 1.6). [SOI Standards: 2, 9, 10.]
These stations feature an electric plug that would not be invasive on a his-
toric site if the exterior power source was discreetly placed.

Option B—Provide AFVs or advanced technology vehicles (ATVs) and preferred
parking for these vehicles

Federal and local incentives are becoming more common for AFVs and
ATVs (Advanced Technology Vehicles), especially hybrid vehicles. The
American Council for an Energy Efficient Economy (ACEEE) recently pro-
duced a list of estimated tax credits for 2005 models and the *best-
available’ information online (ACEEE Estimates of Light-Duty Vehicles
Tax Credits 2005). San Jose, California, offers free metered and public ga-
rage parking to hybrid drivers who purchased their car in the city (Miller
2005). Private incentives have included cash bonuses to employees who
purchase hybrids (Hyperion offers $5000; Timberland offers $3000),
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while other companies offer preferred parking in company lots or parking
coupons for employees commuting in a hybrid (Miller 2005).

Create an alternative transit strategy for alternative fuel vehicles. [SOI
Standards: None.]

Provide company-owned alternate fueled or hybrid vehicles to building
occupants (USGBC, LEED-EB v. 2 2005, 24). [SOI Standards: 1, 2, 9,
10.] AFVs do not negatively impact historic sites unless they require the
construction of new onsite facilities to house them.

Provide preferred parking for AFVs. Preferred parking for AFVs may
not be possible on sites with no or limited available parking. Expanding
the size of an existing lot to accommodate preferred parking may affect
other LEED-EB credits (e.g., SS Credit 4, Reduced Site Disturbance; SS
Credit 5, Stormwater Management; and SS Credit 6, Heat Island Re-
duction) (USGBC, LEED-EB Reference Guide 2005, 62). [SOI Stan-
dards: 1, 2, 9, 10.] AFV parking provisions do not impact historic sites
if existing parking can simply be redesignated for preferred use. How-
ever, if AFV parking must be added to the site, this undertaking could
negatively impact various aspects of a historic site.

Option C—Preferred parking programs for hybrid or alternative fuel vehicles

This option targets the perks of preferred parking. However if no available
parking can be designated for hybrid or alternative vehicles, new parking
may need to be constructed to meet this credit. Considering the number of
credits and strategies throughout the sustainable sites section that pro-
mote the reduction of parking lots, this credit could potentially work
against other sustainability efforts.

Use employee newsletters, postings, signs, or other forms of communi-
cation to inform occupants about the preferred parking (USGBC,
LEED-EB Reference Guide 2005, 61) (Figure 1.7). [SOI Standards:
None.]
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Figure 1.7. Signage designates parking for electric vehicles only (McQuiggan 2005).

e Perform quarterly checks of the total vehicle parking capacity to verify
that preferred parking for alternative fuel vehicles continues to be pro-
vided and that it continues to meet the demand (USGBC, LEED-EB
Reference Guide 2005, 61). [SOI Standards: None.]

e Provide incentive programs to encourage private ownership of ATVs or
AFVs. This could include monetary purchasing grants (USGBC, LEED-
EB Reference Guide 2005, 61). [SOI Standards: None.]



ERDC/LAB TR-07-15 63

Credit 3.4 — Alternative Transportation: Car Pooling & Telecommuting
(1 Point)

Intent—Reduce pollution and land development impacts from single-occupancy vehicle use.
Requirements—

= Option A—Provide preferred parking and implement/document programs and policies for
car pools or van pools capable of serving 5% of the building occupants and add no new
parking.

= QOption B—Operate an occupant telecommuting program over the performance period that
reduces commuting frequency by 20% for 20% or more of the building occupants and pro-
vides the necessary communications infrastructure in the building to accommodate tele-
commuting.

Sustainable design and development overview

Car pooling and telecommuting are viable alternatives for reducing nega-
tive impacts from excessive vehicular use such as urban air pollution. The
regular commute of vehicular traffic causes significant environmental im-
pacts. According to the EPA, each gallon of gas burned by a vehicle re-
leases 20 pounds of CO2 into the atmosphere (EPA, Global Warming: Ac-
tions—Transportation, 2005). Car pooling provides benefits such as
maximizing use of employee parking, encouraging sociability between em-
ployees, reducing employee stress, and improving institutional image. The
benefits of car pooling are so compelling that Executive Order 12191, Fed-
eral Facility Ridesharing Program, instructs executive agencies to promote
the use of ridesharing. The intent is to conserve petroleum, reduce traffic
congestion, improve air quality, and provide an economical alternative for
federal employees commuting to work.

Alternatively, telecommuting reduces fuel consumption or eliminates it
altogether, depending on whether employees are telecommuting from
home or a location close to home such as a telecenter. A study by the In-
ternational Telework Association and Council (ITAC) revealed that tele-
commuting reduced average staff turnover figures by 20%, increased
worker productivity by 22%, and cut absenteeism by 60% (OPM, Telework
Handbook 2004). Additional telework trials indicate similar results re-
lated to productivity and absenteeism, while also showing reduced service
delivery time and costs and increased employee motivation and morale
(EPA, Global Warming: Actions—Transportation 2005). Employees tele-
commuting on an occasional or regular basis are able to reduce their
commute travel and manage their work outputs more effectively. In addi-
tion, telecommuting means fewer individuals on site, resulting in a de-
crease in onsite energy consumption.
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DoD Directive 4165.6, Real Property Acquisition, Management, and Dis-
posal, gives installation commanders the freedom to obtain goods and ser-
vices that best satisfy their requirements whenever they can get quality,
responsiveness, and lowest cost. It also allows installation commanders to
retain and decide on the use of a share of money they save. From this di-
rective, multiple instructions, including ridesharing programs, were cre-
ated to save money for installations.

As was the case for dedicated AFV parking in the previous credit, dense
military cantonments with minimal parking may not be able to assign
prime spaces for car pools since these spaces are often assigned by military
rank or for government vehicles only. The best that can be achieved in
these situations is to assign the best of the remote parking spaces to car
pools, such as those closest to the crosswalk or access drive.

Historic preservation overview

This credit should be easily attainable for historic sites since it requires no
physical changes to the property. Car pooling and telecommuting reduce
the number of vehicles entering the site, thus lowering the need for park-
ing structures and amenities that often negatively impact historic sites.

Strategies
Option A—Car pooling

Rideshare programs usually consist of car pool matching, van pool spon-
sorship, marketing programs, and incentives to reduce driving. Rideshar-
ing is a common and cost-effective alternative mode of transportation, es-
pecially in areas that are not well served by public transit (Victoria
Transport Policy Institute 2005).

Because they have significant economies of scale (the more peo-
ple who register, the more effective they are at successfully
matching riders), it is helpful if one well-publicized ridematching
program serves an entire geographic region (Victoria Transport
Policy Institute 2005).

A geographic region could easily include a military installation. Van pools
are often self-supporting with operating costs divided among members,
and the van drivers are often allowed to commute for free and use the ve-
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hicle for personal use. Ewing (1993) concludes that ridesharing programs
can reduce daily vehicle commute trips to specific worksites by 5-15%, and
up to 20% or more if implemented with parking incentives. The most ef-
fective programs tend to have paid parking, subsidies for alternative
modes of transportation, and other incentives to encourage reduced auto-
mobile commuting (Victoria Transport Policy Institute 2005). [SOI Stan-
dards: None.]

e Survey potential building occupants and determine if available mass
transit options meet their needs (USGBC, LEED-EB v. 2 2005, 20).

e Offer alternative work schedules (also called variable work hours) in-
cluding flextime, compressed workweek (working fewer days but
longer shifts), and staggered shifts (Victoria Transport Policy Institute
2005). This strategy reduces the need for onsite parking by reducing
the number of spaces needed at any given time.

e Encourage car pooling through initiatives for high-occupancy vehicles
(HOV) such as preferred parking areas, parking fee discounts, awards,
and HOV highway lanes (USGBC, LEED-EB v. 2 2005, 26; Victoria
Transport Policy Institute 2005).

e Provide intersection controls that give priority to HOVs, such as a traf-
fic light set to stay green for several extra seconds if that allows an HOV
to avoid stopping (Victoria Transport Policy Institute 2005).

e Consider financial incentives such as a standard reimbursement rate
for employees who car pool, or a voucher that covers van pool fees (Vic-
toria Transport Policy Institute 2005).

e Pre-register motorists and riders to increase security (Victoria Trans-
port Policy Institute 2005).

e Utilize ‘dynamic ridesharing.” or match passengers with drivers for in-
dividual trips (as opposed to regularly scheduled trips) (Behnke 1996;
Seattle Smart Traveler 1997).

e Eliminate parking subsidies for non-car pool vehicles, or offer the cash
equivalent if the commuters use alternative travel modes (USGBC,
LEED-EB v. 2 2005, 26; Shoup 2005).

e For van pools, consider offering empty seat subsidies when the van has
less than its full potential of paid passengers (Victoria Transport Policy
Institute 2005).

Option B—Telecommuting

Public Law 106-346 (FY 2001 Department of Transportation and
Related Agencies Appropriations Act), Section 359 states that,
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“Each executive agency shall establish a policy under which eligi-
ble employees of the agency may participate in telecommuting to
the maximum extent possible without diminished employee per-
formance.” The law defines telecommuting as “any arrangement
in which an employee regularly performs officially assigned du-
ties at home or other work sites geographically convenient to the
residence of the employee,” and eligible employee as “any satis-
factorily performing employee of the agency whose job may typi-
cally be performed at least one day per week at an alternative
workplace” (OPM, Telework Handbook 2004).

Federal agencies with telework programs have found a decreased need for
additional office space, while employees save money from reduced com-
muting, improve morale, and are more productive (OPM, Telework Hand-
book 2004). Other positives of teleworking programs include (1) enhanced
ability for an agency to recruit and retain a wider variety of quality em-
ployees, including those with disabilities; (2) decreased costs for road con-
struction and public transportation; (3) decreased costs for fuel, transpor-
tation, and heating and air conditioning of office space; (4) reduction of
impact employees have on traffic congestion; and (5) limits on disruption
of work in the event of emergencies (OPM, Telework Handbook 2004).
[SOI Standards: None.]

¢ ldentify positions appropriate for teleworking one day [or more] each
week and offer those employees the option of participating in such an
arrangement (OPM, Telework Handbook 2004).

e Provide alternative worksites, or telecenters, to reduce employee com-
mute time and inconvenience while allowing employees to accomplish
their work effectively (OPM, Telework Handbook 2004).

e Implement a telecommuting strategy similar to the EPA’s Flexiplace
including regular, episodic, and medical arrangements (EPA,
Flexiplace Policy 1997).

¢ Provide incentives for telecommuting, encouraging occupants to re-
duce vehicle miles traveled (USGBC, LEED-EB v. 2 2005, 26).

e Include the option of telecommuting in the building design and size
facilities appropriately (USGBC, LEED-EB v. 2 2005, 26).

e Encourage off-site work to reduce office space requirements and em-
ployee facilities (USGBC, LEED-EB v. 2 2005, 28).
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Credit 4.1 & 4.2 — Reduced Site Disturbance: Protect or Restore Open
Space (1-2 Points)

Intent—Conserve existing natural areas and restore damaged areas to provide habitat and
promote biodiversity.

Requirements—Have in place over the performance period, native or adapted vegetation or
other ecologically appropriate features:

=SS Credit 4.1—Covering a minimum of 50% of the site area excluding the building foot-
print (1 point).

=SS Credit 4.2—Covering a minimum of 75% of the site area excluding the building foot-
print (1 point).

Improving/maintaining off-site areas with native or adapted plants or other ecologically ap-

propriate features can count toward earning both SS Credit 4.1 and 4.2. Every 2 square feet

off-site will be counted as 1 square foot on-site. Off-site areas must be documented with a

contract with the owner of the off-site area that specifies the required improvement and main-

tenance of the off-site area.

Native/Adapted Plants are those that are indigenous to a locality or cultivars of native plant
materials that have adapted to the local climate and are not considered invasive species or
noxious weeds. Such plants require only limited irrigation water for sustenance once estab-
lished, and do not require active maintenance such as mowing. Native/Adapted Plants should
provide habitat value and promote biodiversity through avoidance of monoculture plantings.
Other ecologically appropriate features are natural site elements beyond vegetation that
maintain or restore the ecological integrity of the site, and may include water bodies, exposed
rock, un-vegetated ground, or other features that are part of the historic natural landscape
within the region and provide habitat value.

Sustainable design and development overview

Biodiversity, the variety and variability of living organisms and the envi-
ronment in which they occur, is proving to be important to sustainable
systems and has become a focus for natural resource managers. Diversity
of ecosystems, species, and genetic characteristics provide the means for
communities to adapt to change (USAEC, Defending our Natural Heri-
tage). Unfortunately, biodiversity is currently threatened by excessive de-
velopment; in the United States, sprawling development is occurring at a
non-sustainable rate. Facts from the American Farmland Trust include:

e From 1982-1997, the U.S. population grew by 17%, while urbanized
land grew by 47%.

e Over the past 20 years, acreage-per-person figures for new housing al-
most doubled.

e Since 1994, 10-plus-acre housing lots have accounted for 55% of devel-
oped land (American Farmland Trust 2006).

The inability to regulate the amount of developed land creates fragmented
areas of natural space, destroying ecosystems and endangering biodiver-
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sity. Furthermore, widespread disturbances of natural areas have resulted
in drastic reductions of native plant populations. The natural areas that do
remain are increasingly degraded by invasive alien species (North Ameri-
can Native Plant Society). Thus conservation of natural areas protects re-
maining native plants and maintains functional ecosystems.

Military installations often have a significant amount of undeveloped land
that could satisfy this credit if restored or preserved as natural areas. In an
effort being led by the Air Force, DoD (with the assistance of The Nature
Conservancy and The Keystone Center) is developing a biodiversity con-
servation policy to enhance and protect biological diversity and further re-
duce any adverse impacts of military training and testing missions
(USAEC, Defending our Natural Heritage). Open areas on military instal-
lations can be used for activities such as recreation and stormwater man-
agement. They can also provide a connection and transition between in-
stallation facilities and the natural surroundings (Paladino 2001, SSc51).

Historic preservation overview

Vast areas of a military installation may be considered part of a historic
landscape. This credit may not be achievable for large historic landscapes
that include extensive paving or areas of monocultures (e.g., turfgrass) as
character-defining features. However for sites that historically included
native areas over at least 50% of the site, this credit supports proper man-
agement of these historic sites. Reduction of existing non-historic paving
areas can also improve the historic integrity of sites while increasing natu-
ral areas and stormwater infiltration. However, if paving areas are re-
placed with turfgrass, infiltration rates will increase, but the grass mono-
culture will do little for habitat or biodiversity.

When considering alterations to the landscape to recreate the natural site
ecology, project managers must first consider whether the overall design
and component plantings are character-defining features of a historic site.
Water bodies, exposed rock, trees, unvegetated ground, and other features
may be part of the natural historic landscape. These provide habitat value
and should be retained. Reverting designed historic landscape resources to
a natural state is typically not an option for historic preservation reasons.
Instead, it is desirable to preserve the visual and spatial integrity of any
designed open spaces. Substituting ecologically and environmentally
sound plant material at the site is acceptable as long as the material or fea-
ture is visually compatible with its designed historic counterpart. Note that



ERDC/LAB TR-07-15 69

the provision in this credit for off-site cultivation of native or adapted
plants works in favor of historic sites by allowing preservation of these ar-
eas while providing ecological benefits elsewhere.

Strategies

Any effort to conserve or restore natural areas needs to be planned at vari-
ous scales, beginning at a bioregional level. This allows sites to be consid-
ered as part of a larger eco-fabric. For the military, considerations cannot
end at the fenceline. Efforts should also emphasize minimized site distur-
bances to reduce landscaping needs and site repair activities after rehabili-
tation activities are completed (Paladino 2001, SSc51).

Preserving natural areas

Perhaps the most important ecological consideration for sites is the pres-
ervation of areas that have not already been severely impacted by human
development. This is true because...“[w]hile restoration methods can re-
pair many site injuries, there is a point of no return, beyond which restora-
tion is neither cost-effective nor ecologically sufficient” (Thompson and
Sorvig 2000). Protecting a site before heavy human impacts occur pre-
serves intact or functioning ecosystems that may be difficult to impossible
to repair after development. For sites that have already been subjected to
heavy impacts, it is necessary to access the extent of damage. PWTB 200-
1-37, Method to Estimate Vegetative Cover on Army Training Lands, de-
scribes a method for estimating percent ground cover and environmental
damage caused by off-road vehicle traffic at U.S. Army installations.

e Perform asite survey to identify site elements including existing water
bodies, soil conditions, ecosystems, trees, and other vegetation. [SOI
Standards: None.]

e Preserve and enhance existing natural areas such as prairie, wetland,
floodplain, and woodland areas as essential components of site plan-
ning (EPA, Green Landscaping for Native Plants 2005) (Figure 1.8).
[SOI Standards: 2, 3, 6.] Depending on the nature of a site’s historic
vegetation, its re-establishment may conflict with the promotion of
plant diversity. As historic plantings deteriorate, such as from over-
crowding by invasives, they can be replaced with historically compati-
ble environmentally friendly alternatives. It is important to make sub-
stitutions with plants that are consistent with the historic landscape
design. For example, if the area originally had mass plantings of only a
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few species, it should not be replanted with a large variety of species
that significantly alter the appearance of the vegetation. Plant substitu-
tions must be carefully considered, especially in areas of formal plant-
ings and planting beds within important viewsheds.

Figure 1.8. Restored natural areas provide habitat and promote biodiversity (McQuiggan
2005).

Restore or reuse brownfields to minimize the use of greenfields.
Greenfields (areas never built upon) are vital to ecosystem health.
Their protection and preservation should be promoted whenever pos-
sible for ecological and historic preservation reasons (Thompson and
Sorvig 2000). [SOI Standards: 8.] This strategy is not likely to pose any
historic preservation concerns unless reuse of the site reveals historic
or industrial archeological artifacts. The restoration or reuse of brown-
fields to their historic use is consistent with SOI Standard 1.

Establish and clearly mark construction and disturbance boundaries on
any construction site. Protect the tree dripline and delineate laydown,
recycling, and disposal areas. Use existing paved areas as temporary
staging areas, being careful not to damage historic paving (Fournier
and Zimnicki 2004, 7). In addition, any onsite storage must be tempo-
rary, with all long term storage occurring offsite or out of historic
viewsheds. [SOI Standards: 1, 2, 9, 10.] This strategy reinforces historic
preservation efforts by protecting the historic site and its significant
features with clearly marked work areas and storage boundaries.

Avoid heavy machinery and vehicles in areas where it can disturb or
damage natural areas, site vegetation, and existing site conditions. This
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includes keeping machinery and vehicles away from tree driplines
(Fournier and Zimnicki 2004, 7). [SOI Standards: None.] This credit
works to protect existing or restored natural areas, historically signifi-
cant site features, and archeological resources.

e Establish contractual penalties for disturbance of protected site areas,
and destruction of trees and other noteworthy vegetation (Fournier
and Zimnicki 2004, 7). [SOI Standards: None.]

Creating natural areas

The establishment of ecologically friendly areas should be performed
whenever feasible to counteract land development elsewhere. It is one way
of sustaining and protecting the diversity of nature and reestablishing an
ecologically healthy relationship between nature and culture. PWTB 200-
3-29, Sources of Plant Materials for Land Rehabilitation, provides infor-
mation regarding sources of native plant materials for the United States
that can be utilized at military installations for creating natural areas and
maintaining them.

o Create prairie, wetland, and woodland areas as part of a campus (EPA,
Green Landscaping for Native Plants 2005) (Figure 1.9). [SOI Stan-
dards: 1, 2, 9, 10.] If the natural area is incompatible with the historic
site, construct it outside of historic viewsheds. Ensure that visual integ-
rity is preserved to the maximum extent possible. For instance, a his-
torically forested area converted to other uses can be improved by pre-
serving buffer areas around the woodlands to preserve key views.

Figure 1.9. Constructed prairie sustains and protects nature diversity (McQuiggan 2005).
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Work with local horticulturalists or native plant societies to select and
maintain appropriate plant material for the natural area (USGBC,
LEED-EB v. 2 2005, 28). [SOI Standards: 2, 3, 6, 9, 10.] Plant substitu-
tions are allowed if historic plant material and vegetative features are
not environmentally feasible (Birnbaum and Peters 1996). However,
the plant material chosen must be compatible with the historic vegeta-
tion in form, massing, and texture.

Across a site, connect wooded areas with wooded corridors (Ashkin et
al. 2000, 17). Wildlife corridors are contiguous tracts of land intended
to help maintain biodiversity by allowing animals to move between
otherwise isolated natural areas. Wooded corridors may also aid in
plant propagation in the same way (Science Daily 2005). [SOI Stan-
dards: 1, 2, 3, 9, 10.] Connecting wooded areas and corridors can
change the character, integrity, and viewsheds of historic sites. Mini-
mize these impacts with careful planning and design.

Develop riparian (i.e., vegetated streamside) corridors 100 ft wide or
more if possible (Ashkin et al. 2000, 17) (Figure 1.10). These corridors
preserve water quality by filtering sediment from runoff before it enters
rivers and streams. They also protect stream banks from erosion while
providing a storage area for flood waters, and food and habitat for fish
and wildlife. In addition, riparian corridors preserve open space and
provide aesthetically pleasing environs (County of Santa Cruz Planning
Department). [SOI Standards: 1, 2, 3, 9, 10.] This strategy may impact
the historic site if stream areas were historically heavily wooded or if
the implementation of vegetated streamside corridors affects historic
viewsheds.

e 4

Figure 1.10. Riparian corridors preserve water quality by filtering sediment (McQuiggan
2005).
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Replace unneeded turf grass with native/adapted plant material. [SOI
Standards: 1, 2, 9, 10.] Turf grass replacement may not be possible if
turf areas are historically significant or within historic viewsheds.
However a more credit-appropriate groundcover substitution can be
made if it is consistent in height, density, and durability with its his-
toric counterpart.

Replace excessive and unnecessary paving with vegetated areas. [SOI
Standards: 1, 2, 6, 8, 9, 10.] The removal of non-contributing paving
areas from a historic site not only helps to achieve this credit, but also
assists in restoring historic site integrity. However, if the paving areas
represent historic circulation patterns and materials, then they should
not be removed.

Reducing site disturbances

Evaluate preexisting site resources to ascertain how each can enhance
the proposed project and vice versa (Fournier and Zimnicki 2004, 5).
Use this knowledge to inform the careful planning of new site additions
or repairs. [SOI Standards: None.]

Maximize the use of free site energy; plan facility reuse, parking, road-
ways, and stormwater infrastructure to ‘fit’ existing site contours. This
limits soil cut and fill during construction projects. [SOI Standards:
None.] Limiting new site disturbances is consistent with historic pres-
ervation tenants.
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Credit 5.1 & 5.2 — Stormwater Management: Rate and Quantity
Reduction (1-2 Points)

Intent—Limit disruption and pollution of natural water flows by managing stormwater runoff.

Requirements—Have a stormwater management plan in place over the performance period

that is designed to mitigate runoff from the site. This mitigation can be accomplished through

a variety of measures including perviousness of site, stormwater management practices

(structural and nonstructural), capture of rainwater for reuse or other measures.

=SS Credit 5.1—Have measures in place on the site that mitigate at least 25% of the an-
nual stormwater falling on the site (1 point).

=SS Credit 5.2—Have measures in place on the site that mitigate at least 50% of the an-
nual stormwater falling on the site (1 point).

Sustainable design and development overview

Prudent stormwater management can significantly lessen the negative im-
pacts of the built environment, especially on natural water flows by reduc-
ing stream degradation. Stream degradation is caused by two main forces:
“[1] the channelization, culverting, and burial of streams to make them fit
into human development patterns; and [2] the massively increased storm-
water runoff that results from roofs, paving, and other impervious aspects
of urbanization” (Thompson and Sorvig 2000, 146). The volume and fre-
guency of runoff from pervious surfaces can cause stream channels to ex-
pand two to five times their original size (Hammer 1972, Moriwasa and
LaFlure 1979, Allen and Narraore 1985, and Booth 1990). Multiple differ-
ing approaches to water flow protection have been suggested by experts,
however insufficient data exists on the long-term capacities of these ap-
proaches to protect channels from accelerated channel erosion (Stormwa-
ter Manager’s Resource Center).

U.S. landscape architecture practice typically involves removal of onsite
water as quickly as possible. Intricate piping systems move the water into
downstream flows to prevent basement flooding and onsite water collec-
tion. Furthermore, fears of the mosquito-born West Nile Virus have fed
the belief that pooling water and wetlands spell disaster. Ironically the
function of wetlands includes the capture and slow release of water. The
removal of wetlands with the introduction of increasingly impervious sur-
faces causes higher and faster rates of excess water flowing downstream.

Stormwater flow reduction measures commonly include stormwater reuse
onsite, infiltration of stormwater volumes, specification of pervious paving
materials for hard surfaces, reduction of impervious surfaces, and con-
struction of garden roofs. The reintroduction of water retention and infil-
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tration onsite can deter most stream disruption and pollution. Stormwater
reuse opportunities depend on precipitation volumes, building form, site
constraints, and local and military codes and regulations (Paladino 2001,
SSc61).

Because stream degradation is also a function of pollutants entering the
stream, improving water quality is also an important aspect of this credit.
However, for some projects, stormwater treatment is not possible due to
site constraints or is not cost effective due to existing storm sewer infra-
structure (Paladino 2001, SSc62). Conventional stormwater infrastructure
(e.g., culverts, pipes, and detention basins) is costly, so it is often more
cost effective to encourage water infiltration and treatment via bioswales,
retention and detention ponds, riparian areas, and constructed wetlands
that can also provide site amenities (Paladino 2001, SSc62).

The functions of wetlands and riparian areas include water qual-
ity improvement, aquatic habitat, stream shading, flood attenua-
tion, shoreline stabilization, and ground-water exchange. Al-
though wetlands and riparian areas reduce NPS [nonpoint
source] pollution, they do so within a definite range of opera-
tional conditions. When hydrologic changes or NPS pollutants
exceed the natural assimilative capacity of these systems, wet-
land and riparian areas become stressed and may be degraded or
destroyed. Therefore, wetlands and riparian areas should be pro-
tected from changes that would degrade their existing functions.
Furthermore, degraded wetlands and riparian areas should be
restored, where possible, to serve an NPS pollution abatement
function (EPA, Polluted Runoff, Nonpoint Source Pollution
2005).

In the military context, stormwater runoff is primarily a problem in can-
tonments. Cantonments function like urban areas and have facilities and
operations that can generate a lot of runoff and contaminants (e.g., oils,
fuels, and chemicals) (Loechl 2005). Typically, limited space is available
within cantonments to create new ponds and basins for water retention
and infiltration. In addition, stormwater pipes are often too old and un-
dersized for any additional new flow. Despite these constraints, solutions
to stormwater control can be space and size conscious. For a Fort Bragg
classroom and parking lot project, the Army Corps of Engineers dealt with
stormwater runoff with pervious paving and bioswales. This was done to
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avoid piping runoff to the existing sewer, which could handle no more wa-
ter (Loechl 2005). Ultimately, the use of a combination of Low Impact De-
velopment retrofits, stream restoration, and pollution prevention can ad-
dress stormwater peak flow mitigation, water quality improvement, and
reduction of inflows into the wastewater system.

Historic preservation overview

Natural or constructed stormwater runoff strategies can considerably im-
pact, alter, or damage historic sites. Potential conflicts include possible
changes to historic site usage; disturbances to existing site conditions
caused by the installation of stormwater management infrastructure; and
site additions that destroy or damage historic materials, features, or spa-
tial relationships (e.qg., the construction of historically inaccurate water
containment areas or systems). Any one of these strategies could result in
the overall degradation of historic site character, so careful planning is
necessary to minimize impacts.

Strategies

Effective stormwater runoff retention is necessary to avoid downstream
flooding. However, without careful planning, flow from stormwater ponds
may join downstream creating a delayed flood and destroying bank resto-
ration efforts. In order to prevent such stream disruption and pollution,
water needs to be not just slowed, but re-infiltrated into the ground
quickly in multiple on-site locations. On-site infiltration is generally quite
simple, cost effective, and can typically be achieved without problematic
side effects. It includes two basic principles: increased soil permeability
and slowing of water flow or water retention (Thompson and Sorvig 2000,
157). An alternative to infiltration, the practice of harvesting onsite water
was at one time a traditional practice in the United States. Around 1900,
homes in the United States often had water-harvesting systems supplying
a cistern in the basement (Thompson and Sorvig 2000, 154). Historic sites
may still retain their original cisterns and these could be rejuvenated for
modern day use.

Stormwater management plan

Develop a watershed-wide stormwater management plan that includes the
considerations listed below. [SOI Standards: None.] This plan should in-
clude provisions on how to place infiltration or retention devices to mini-
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mize impacts to historic site integrity. Careful planning can ensure exploi-
tation of credit-appropriate historic site features while avoiding any dam-
age to the historic fabric.

e Identify the hundred-year floodplain, wetlands, stream corridors, vege-
tated or natural buffers, and groundwater recharge zones (Mendler and
Odell 2000, 9; EPA, Polluted Runoff, Nonpoint Source Pollution
2005).

e Determine the proper locations for ponds and other infiltration or re-
tention devices to minimize the disruption to existing hydrological fea-
tures, such as creeks, streams, ponds, lakes, and wetlands (Mendler
and Odell 2000, 52). Planning for increased infiltration can reduce the
amount of stormwater retention needed in other areas of the site, re-
ducing over-all cost.

e Consider the impact of the stormwater management plan to the water
flows when locating any new buildings, roadways, and site infrastruc-
ture to limit disruption to existing natural site drainage patterns
(Mendler and Odell 2000, 8).

Implementation

Preserve existing natural areas to encourage stormwater cleansing and in-
filtration. If natural areas were once on the historic site but have since
been removed, site maintenance should include their restoration over time
to the maximum extent feasible. [SOI Standards: None.]

Consider groundwater recharge (see bioengineering techniques below)
and stream channel protection methods [e.g., imbricated rip-rap and
lunkers (see Glossary of Terms)] resulting in no net increase of stormwa-
ter runoff from existing to developed conditions (Mendler and Odell 2000,
53). Information on predevelopment rates may not be available for a spe-
cific site or region depending on who first developed the site, what kind of
analysis was performed, and documentation kept. Often the approach is to
use runoff rates for a region type (e.g., forest or prairie). U.S. Department
of Agriculture Technical Release 55 (TR-55) outlines procedures for calcu-
lating storm runoff volume, peak rate of discharge, hydrographs, and stor-
age volumes required for floodwater reservoirs. These procedures are ap-
plicable in small watersheds, especially urbanized U.S. watersheds.
Because the procedures are simplified, there are limitations for their use
(Stormwater Manager’s Resource Center). [SOI Standards: 1, 2, 3, 6, 8, 9,
10.] This strategy can impact historic sites in a myriad of ways depending
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on the specific method and where it is implemented. Any new site addi-
tions, alterations, or related new construction must not destroy character-
defining aspects of the property. Methods implemented inside stream
channels may be outside of historic viewsheds.

Design grading to encourage sheet (rather than channel) flow and
lengthen flow paths (DoD, LID Manual 2004, 3). [SOI Standards: 1, 2, 6,
9, 10.] Introduction of a new water feature needs to be compatible with the
historic site. Locate any new retention basins, vegetated swales, or wet-
lands outside or out of view of historic sites (Fournier and Zimnicki 2004,
10).

Install stormwater planters to treat roof runoff (Medina et al. 2005)
(Figure 1.11). Some such planters are nothing more than concrete surface
drains with permeable bottoms filled with plant material. [SOI Standards:
1,2,9,10]

Figure 1.11. Stormwater planters can be used to treat water runoff (City of Portland 2007).

Provide signage and education to minimize contaminants entering water-
ways (Medina et al. 2005). [SOI Standards: None, provided signage is not
permanently affixed to historic site features.]
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Pervious/impervious surfaces

Increase permeability by reducing the amount of impervious surface area.
This increases the infiltration capabilities of the site, allowing more water
to seep into the ground. Avoid expansive parking areas that create concen-
trations of contaminated runoff (Mendler and Odell 2000, 53). Naturalize
concrete channels (Medina et al. 2005). [SOI Standards: 1, 2.] It may or
may not be possible to reduce impervious surfaces depending on whether
or not they have historic significance. On some historic sites, early gravel
paving or brick pavers have been covered or replaced with impervious as-
phalt or concrete paving. Reverting back to the historic pervious paving
can improve both historic site integrity and stormwater infiltration. On the
contrary, the addition of new parking on historic sites negatively impacts
historic integrity. Consequently, new impervious surfaces can be undesir-
able for both sustainability and historic preservation reasons.

Replace existing impervious surfaces with permeable alternatives over an
underground water retention area (Figure 1.12). Porous paving can double
as a stormwater system, thus eliminating storm drains and substituting for
open stormwater detention basins. These paving systems can be 12-38%
cheaper to install over basins and drains, and more land is available for
other uses (Thompson and Sorvig 2000, 185). Use products like paving
blocks and porous concrete or asphalt, open-celled pavers, reinforced turf,
concrete or plastic grids, or stabilized aggregate (Mendler and Odell 2000,
53). Note that constructed pervious surfaces like permeable pavers can al-
low infiltration where the water falls (instead of piping the water away);
however the infiltration rate is lower than in densely vegetated areas. [SOI
Standards: 1, 2, 3, 9, 10.] Pavement replacement may not be a viable op-
tion depending on whether the existing impervious surfaces are character-
defining features of the historic site. Some impervious surfaces (such as
gravel paving) are historically accurate and should be preserved or re-
stored. Any new permeable alternatives introduced need to be compatible
with historic site character.
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Figure 1.12. Improve stormwater management with a pervious parking lot (McQuiggan 2005).

Use water-permeable materials for pedestrian pathways, such as loose ag-
gregate, wooden or recycled plastic decks, mulch pathways, or paving
stones (Mendler and Odell 2000, 53) (Figure 1.13). [SOI Standards: 1, 2, 3,
9, 10.] Such materials may or may not be compatible on historic sites de-
pending on historical precedents, functional impacts of material substitu-
tions, and disruptions to historic viewsheds.

Figure 1.13. Various forms of permeable pathways (McQuiggan 2005).

Capture rainwater from impervious areas of the building for reuse within
the building or on the site (USGBC, LEED-EB v. 2 2005, 30). [SOI Stan-
dards: 1, 2, 6, 8, 9, 10.] Rain catchment systems were often utilized on his-
toric sites. These should be retained and/or enhanced. New methods for
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capturing rainwater may not interfere with historic preservation efforts if
they are located below grade or outside of important site lines.

Use green/vegetated roofs (USGBC, LEED-EB v. 2 2005, 30). [SOI Stan-
dards: 2,7, 9, 10.] While generally not appropriate for historic sites, green
roofs can be implemented in such a way so as not to disrupt the historic
character of a building. This typically means keeping the green roof out-
side of significant viewsheds. It is also important that the architecture can
withstand the added weight and moisture. A LEED Gold certified historic
building that features a successfully implemented vegetated roof is the
Jean Vollum Natural Capital Center in Portland, Oregon (Cascadia Region
Green Building Council). For more information on green/vegetated roofs,
see SS Credit 6.2 of this report.

Infiltration methods

Following the tenants of Low Impact Development (LID), infiltration
should occur at or close to where the rain falls. The most effective water
infiltration solutions utilize multiple strategies and/or multiple site loca-
tions to absorb water runoff. Ultimately, water that retains sheet flow
characteristics has a greater chance of infiltrating while reducing negative
impacts from cumulative water runoff such as erosion. [SOI Standards: 1,
2,3,6,8,9,10.] The solutions to infiltration can vary widely in their visual
impact. On historic sites, it is important to first exploit any historic solu-
tions to stormwater infiltration. New infiltration methods introduced can
alter the use of portions of the site and negatively impact historic site
character, especially if large or obvious additions are located within major
viewsheds. For instance, features like bioswales are visually subtle when
compared to larger wetland areas. However bioswales cannot hold as
much water, so a larger number of them may be needed. New features that
require extensive excavation may be inappropriate for sites with archeo-
logical significance.

e Utilize bioengineering or site engineering techniques for water clean-
sing and infiltration. Examples include: constructed wetlands, riparian
zones, check dams, terracing, raingardens, bioswales, bioretention ba-
sins or filters, or vegetated filterstrips (USGBC, LEED-EB v. 2 2005,
30) (Figure 1.14). These features can provide low-cost alternatives to
conventional stormwater management and they can also filter gasoline,
oil and grease, herbicides, fertilizers, and other pollutants suspended in
stormwater runoff (Mendler and Odell 2000, 54). One technique listed
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above that has a reduced visual impact on the site is the raingarden.
Raingardens are small depressions in the landscape that are attrac-
tively planted and infiltrate stormwater. Unlike large scale infiltration
or detention basins, raingardens are small and can have much less im-
pact on the visual comprehension of a historic property if properly
sited.

Figure 1.14. Use vegetated swales for water cleaning and infiltration (McQuiggan 2005).

Install an infiltration pond or stormwater wetland near the headwaters
of the stream, or at strategic points along the stream (like at large park-
ing areas) (Thompson and Sorvig 2000, 148).

Maintain natural drainage divides to keep flow paths dispersed (DoD,
LID Manual 2004, 3).

Use French drains, soakaways, or permeable paving for infiltration in
areas with limited undeveloped land and where above-ground struc-
tures should be left in place (Figure 1.15). These methods can be ideal
for historic sites where larger interventions are overly disruptive.
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Figure 1.15. French drain (left) and permeable curb (right) (McQuiggan 2005; WBDG).

Introduce permeable gutters and curbs that feature multiple openings
for water to flow through, and make on-grade gutters out of brick on
sand (Thompson and Sorvig 2000, 182) (Figure 1.15).

Maintenance

In order for a stormwater management plan to be successful, system main-
tenance must be as important as initial design. If the system stops working
as initially intended, temporary issues may arise (e.g., flooding or clog-
ging) that reduce the overall effectiveness of the system. [SOI Standards:
7.] If necessary, removal and replacement of system components should be
done with care to avoid damage to nearby historic structures and site fea-
tures. If heavy maintenance equipment is used, take measures to prevent
damage caused by the movement of machines through the site.

Establish a program to conduct inspections and perform maintenance
on stormwater management systems (EPA, Post-Construction Storm
Water Management in New Development & Redevelopment 2005, 8-
1). Inspect basins and ponds after every major storm for the first few
months after construction or renovation and check all ponds and ba-
sins annually (EPA, National Management Measures 2005).

Maintain transportation and storm drain infrastructure to reduce loads
at their source (EPA, Post-Construction Storm Water Management in
New Development & Redevelopment 2005, 8-1). Maintenance of storm
drain infrastructure includes the quarterly cleaning of storm drains
and water quality inlets, and periodic removal of sediments in infiltra-
tion devices to prevent premature failure due to clogging (EPA, Na-



ERDC/LAB TR-07-15 84

tional Pollutant Discharge Elimination System 2005; EPA, National
Management Measures 2005). Mow grass filter strips and swales at a
frequency adequate to prevent woody growth and promote dense vege-
tation (EPA, National Management Measures 2005). Periodically re-
move and replace filter media from infiltration trenches and filtration
ponds. Deep till infiltration basins to maintain their infiltrative capabil-
ity (EPA, National Management Measures 2005).

e Vacuum or jet hose porous pavements or concrete grid pavements on
at least a quarterly basis (EPA, National Management Measures 2005).
Use nonpotable water or electric machines if possible.
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Credit 6.1 — Heat Island Reduction: Non-Roof (1 Point)

Intent—Reduce heat islands (thermal gradient differences between developed and undevel-

oped areas) to minimize impact on microclimate and human and wildlife habitat.

Requirements—Choose one of the following options:

= Option A—Provide (from existing canopy or within five years of landscape installation)
shade on at least 30% of non-roof impervious surfaces on the site, including parking lots,
walkways, plazas, etc.

= QOption B—Use/maintain light-colored/high-albedo materials (reflectance of at least 0.3)
for 30% of the site’s non-roof impervious surfaces on the site, including parking lots, walk-
ways, plazas, etc.

=  Option C—Place/maintain a minimum of 50% of parking space underground.

= QOption D—Use/maintain an open-grid pavement system (net impervious area of LESS
than 50%) for a minimum of 50% of the parking lot area.

Sustainable design and development overview

The United States paves about 30,000 linear miles each year, an amount
exceeding that which the Roman Empire accomplished in its entire exis-
tence (Thompson and Sorvig 2000, 173). Approximately 435,000 acres of
the U.S. is currently covered with parking, and the U.S. road network may
be the largest object ever built (Thompson and Sorvig 2000, 173). Imper-
vious surfaces directly affect the overall climates of cities, creating elevated
temperatures in urban areas up to 10 degrees warmer than surrounding
rural areas. Often called heat islands, this warming effect is primarily an
urban concern where constructed surfaces have a measurable effect on the
microclimate (Paladino 2001, SSc71) (Figure 1.16). Heat absorbing materi-
als (especially dark colors) cause thermal gradient differences between de-
veloped and undeveloped areas, heating the developed areas by several
degrees. The reduction of impervious and dark surfaces results in lower
microclimate temperatures, thus lowering building energy consumption
and cost, and reducing the temperature stress on plant and wildlife habitat
(Fournier and Zimnicki 2004, 14). The amount of paved surface on a site
should be minimized to reduce heat islands and encourage alternatives to
private automobile use.
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Sketch of an Urban Heat-Island Profile
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Figure 1.16. An urban heat island profile for late afternoon temperatures (EPA 1992a).

Military installations are often located outside of urban areas, so heat is-
land effects may not be a pressing issue. For installations in urban areas,
DoD has the opportunity to affect a larger area in terms of heat island ef-
fect because a typical cantonment consists of multiple buildings and large
areas of impervious surfaces. Incorporating the rest of the installation into
this initiative may earn innovative points for going above and beyond the
requirements of the credit.

Historic preservation overview

The SOI Standards advocate retaining historic relationships between
buildings and sites while avoiding the introduction of new features that
negatively impact historic site patterns or vistas. The SOI Standards also
warn against destroying or damaging site features during new construc-
tion. Solutions to reducing heat island effects may compromise historic
open space and planting design. Since open space is often integral to his-
toric site design, it should not be significantly altered to accomplish Op-
tion A (the shading provision) of this credit. Conversely, historic shade
trees, vegetation, pergolas, and trellises should be retained for shading
purposes.

The use of light-colored materials and coatings for non-roof surfaces may
conflict with the site’s character if they have no historical precedence.
However, if historical non-roof materials are light-colored or high-albedo,
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then the preservation or restoration of those surfaces will fulfill this credit
while preserving the historic integrity of the site.

Underground parking, if not historically present, must be sited to avoid
adverse impacts associated with deep excavation. If well sited and exe-
cuted without damaging nearby historic fabric, underground parking can
be an asset both historically and environmentally, by preserving historic
viewsheds and site relationships while eliminating impervious surfaces.
Furthermore, below-grade historic military facilities that do not contribute
to heat island effects should be utilized when feasible in lieu of construct-
ing new above-grade facilities that do contribute to heat island effects.

Strategies

This credit offers several options for dealing with the heat island effects of
paved surfaces; however, the primary focus of these strategies is to en-
courage the reduction of impervious surface on the site. This can be
achieved through various planning approaches such as density zoning,
cluster development, combined land uses, and impervious surface limits
(e.g., paving, parking, and street width limits). Site density may already be
determined; however considerations to increase density and reduce im-
pervious surfaces (through pavement sharing) can both protect historic
site character and reduce heat island effects. For example, low-speed roads
are often unnecessarily wide, leading to wasteful use of material resources
and capital. Where appropriate, narrower streets are generally considered
safer and more aesthetically pleasing, and they reduce paving and utility
infrastructure costs. Furthermore, most parking lots plan for one-year
events and otherwise remain partially empty the rest of the year. Planning
ahead for the few times in a year extra parking will be required can reduce
the waste, cost, and negative impacts of excessive parking. Furthermore,
there is a significant reduction in construction and repair costs if excessive
or unnecessary roads are removed or not implemented in the first place.
Ultimately, life cycle cost analyses can help determine the overall costs and
benefits if pavement is minimized, temperatures are reduced, and less
stormwater infrastructure is necessary.

Planning

Employ a streetscape planning process that is logical and comprehensive.
It should include the investigations listed below. All paved surfaces should
be part of the process, including parking lots, streets, paths, etc. Associ-
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ated planting plans should be included and address unobstructed space
requirements of UFC 4-010-01, DoD Minimum Antiterrorism Standards
for Buildings. [SOI Standards: None.]

e corridor identification analysis

e existing conditions survey

e adequacy analysis

e streetscape corridor plan (USAF, Landscape Design Guide 1998, 9.2)

Pavement

Design and implement roads following traffic calming techniques. Reduc-
ing lane width and introducing roadside ‘friction’ features like street trees
can reduce speeds while also reducing impervious surfaces and providing
shade to the paved surfaces (Thompson and Sorvig 2000, 177). [SOI Stan-
dards: 2, 3, 6, 9, 10.] Reducing lane width and introducing additional fea-
tures may negatively impact the historic site. Consequently, traffic calming
techniques must be designed and implemented in accordance with the SOI
Standards.

Reduce excessive or replace existing paving. [SOI Standards: 2, 3, 6, 9, 10.]
Removing excessive paving can positively impact historic sites if the pav-
ing is not a character-defining feature. On the contrary, this strategy can
negatively impact historic sites where paving contributes to site signifi-
cance. If historic surface materials are not appropriate for current use, a
sustainable substitution may be made as long as it does not significantly
degrade historic site integrity. Consider alternatives to impervious paving
that preserve to the greatest extent possible the historic spatial organiza-
tion, land patterns, and size, scale, design, material, color, and texture of
paving elements (Fournier and Zimnicki 2004, 15). For example, the pre-
dominate surface material on historic frontier forts was earthen for pedes-
trian, horse, and carriage circulation. If it is necessary to pave these
earthen surfaces for contemporary use, employ permeable paving that fol-
lows the historic circulation layout.

Minimize the amount of new parking on the site by sizing parking to
minimum capacity. This may not be feasible for sites where there is no
plan or space for overflow for one-year parking events. Also provide alter-
natives to private automobile use, including bike paths, walkways, and
mass transit (Fournier and Zimnicki 2004, 14). [SOI Standards: 2, 3, 6, 9,
10.]
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Consider shared parking among several buildings to minimize the amount
of paving (Fournier and Zimnicki 2004, 14). [SOI Standards: 2, 3, 6, 9, 10.]
This may benefit historic preservation efforts by reducing the need to cre-
ate new parking.

Scatter new parking to reduce tree removal, break up impervious surface
areas, and reduce disturbances to the site and its pre-existing features
(Thompson and Sorvig 2000, 179). [SOI Standards: 2, 3, 6, 9, 10.] Avoid
parking dispersal schemes that conflict with the historic layout of the site.

Eliminate blacktop, or use coatings or integral colorants for asphalt to
achieve light-colored surfaces (USGBC, LEED-EB v. 2 2005, 32) (Figure
1.17). Alternatively, use concrete; it typically has a higher first cost, but re-
quires less maintenance and has a longer lifespan than asphalt (Paladino
2001, SSc71). [SOI Standards: 2, 3, 6, 7, 9, 10.] As mentioned previously,
choose substitute surface materials that minimize adverse impacts to the
historic site.
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Figure 1.17. Albedo values for various materials (EPA 1992b).

Use an open-grid pavement system with a net impervious area of less than
50%. [SOI Standards: 1, 2, 3, 6, 9, 10.] Open-grid pavement can reduce
heat island effects, but can conflict with historic site character if used in-
appropriately. If new paving is a necessary addition to the site, then paving
existing turfgrass areas with vegetated open grid pavement would be more
compatible with the historic context than traditional paving.
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Construct underground parking. [SOI Standards: 1, 2, 8, 9, 10.] Design
parking, loading docks, and ramps to be as unobtrusive as possible to
minimize negative effects to the historic setting (Fournier and Zimnicki
2004, 14). Clean up underground tanks and other subterranean environ-
mental hazards prior to construction.

Shading

Shade impervious surfaces. Providing shade along streets can reduce am-
bient temperatures while also providing relief from the sun, aesthetic im-
provements, and wildlife habitat (Figure 1.18). Although shading heat-
retaining surfaces is important, when combined with a reduction of im-
pervious pavement, shading greatly increases stormwater infiltration as
well. Photovoltaic cells, street trees and vegetation, canopies, roof struc-
tures, and planted parking islands are all possible methods for implement-
ing this strategy. [SOI Standards: 1, 2, 3, 6, 9, 10.] Any of these methods
can negatively impact historic views or be incompatible with historic site
character if poorly executed. Historic plant design consistent with the in-
tent of this credit should be preserved, protected, or restored over time to
maintain both the vegetation’s effectiveness against heat island effects and
historic site integrity. For example, historic rows of street trees that shade
roadways should be preserved or restored. In contrast, adding planting ar-
eas near roads and parking lots that were not present historically will
likely conflict with historic site character and should be avoided.

Figure 1.18. Shade trees along roadways can reduce heat island effects (McQuiggan 2005).



ERDC/LAB TR-07-15

Credit 6.2 — Heat Island Reduction: Roof (1 Point)

Intent—Reduce heat islands (thermal gradient differences between developed and undevel-

oped areas) to minimize impact on microclimate and human and wildlife habitat.

Requirements—

= QOption A—Have in place over the performance period ENERGY STAR-compliant, high-
reflectance and high emissivity roofing material that has a minimum emissivity of 0.9
when tested in accordance with ASTM 408 for a minimum of 75% of the roof surface.
Provide records and results of quarterly inspections over the performance period to de-
termine that these features are being maintained.

= QOption B—Install/maintain a “green” (vegetated) roof for at least 50% of the roof area.
Provide records and results of quarterly inspections over the performance period to de-
termine that these features are being maintained.

Combinations of roofing area that meets the requirements of Option A and Option B can be

used providing they collectively cover 75% of the roof area.

Sustainable design and development overview

Heat islands develop as cities replace natural land cover with pavement,
buildings, and other infrastructure, thus increasing the urban temperature
several degrees higher than nearby rural environments. Increased urban
temperatures negatively affect public health, the environment, and energy
use. Heat islands can amplify extreme hot weather events, causing heat
stroke and physiological disruption, organ damage, and even death (espe-
cially among the elderly). Heat islands also strain the energy demand for
air conditioning and raise power plant emissions of harmful pollutants.
Higher temperatures accelerate the chemical reaction that produces
ground-level ozone (or smog) threatening public health, the environment,
and sometimes making it more difficult to meet federal air quality goals.
Homes and buildings absorb the sun’s energy, increasing the demand for
summertime cooling and energy needs. For every 1° F (0.6° C) increase in
summertime temperature, peak utility loads in medium and large cities
increase by an estimated 1.5—2.0% (EPA, Global Warming: Actions—Heat
Island Effects 2004).

Historic preservation overview

Replacing roofing material with ‘greener’ alternatives can alter visual in-
tegrity (and thus the historic character) of a building, structure, or historic
site. ‘Green’ roof design should not compromise the qualities that make a
property historic; attempts should be made to minimize visual impacts
from the ground level. For example, greening an out-of-sight roof with a
low groundcover that minimally impacts how a site is understood may be
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acceptable, but using visible trees and shrubs on a roof would not be ap-
propriate.

Green roof strategies work especially well on historic buildings with flat
roofs that cannot be seen. On the contrary, the installation of a high-
albedo (i.e., reflective) or vegetated roof would not be appropriate on a his-
toric building with a highly visible roof. Historic slate or copper roofs
should be retained during rehabilitation. In cases where historic roofing
has been replaced with incompatible materials, the replacement roofing
should ideally be removed so the roof may be rehabilitated using appro-
priate materials. In cases where restoration of the original material would
be cost prohibitive, the use of a comparable and compatible material can
be a suitable compromise.

Strategies

Both categories of strategies, reflective and green roofs, can help reduce
heat island effects while also providing additional benefits as listed below.
Note that this credit can be achieved over time by carrying out piecemeal
roof repair and replacement in a way that contributes to the eventual
achievement of the credit (USGBC, LEED-EB Reference Guide 2005, 100).

Compliant Roofing Material

Light-colored reflective coatings on roofs can reduce building energy ab-
sorption normally caused by solar heat gain, while also extending the life
of the roof (ultraviolet rays in sunlight break down many roofing materi-
als). Reflective roofs (also known as ‘cool roofs’) can provide a building
with energy savings up to 50% and reduce peak cooling demand by 10-15%
(Ashkin et al. 2000, 29-30) (Figure 1.19).

Figure 1.19. Applying a light-colored reflective coating (EPA 2006).
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e Use a light-colored reflective coating on all roof surfaces. [SOI Stan-
dards: 2, 6, 9, 10.] Light coatings will have no detrimental effect on his-
toric views when the roof is above visual sight lines. However if a roof
is peaked or angled enough to be seen from the ground, consideration
should be made for how light colored roofing impacts the visual integ-
rity of the historic property.

¢ Paint existing rooftop equipment with light-colored paint (Ashkin et al.
2000, 29). [SOI Standards: 2, 6, 9, 10.] If rooftop equipment is not his-
torically significance or is out of visual sight lines, then painting the
equipment will have no impact on a historic property. However if the
equipment is historically significant and visible, do not paint it as this
will undermine visual integrity.

Vegetated Roofs

The vegetated roof strategy presented here is based on a relatively new
technology that allows plant material to grow on roof surfaces in what is
called an ‘extensive’ or thin soil layer. Traditional roof gardens, or ‘inten-
sive’ roofs, often require additional irrigation, are significantly deeper, and
often require structural reinforcement to support the additional weight on
the roof. Unlike conventional (intensive) roof gardens, the significantly
lighter and energy efficient green roofs or extensive roof gardens (also
known as ecoroofs) can be implemented on existing structures with little
to no modification to their superstructure. This facilitates their application
on historic structures. An example is the green roof utilized at the historic
Jean Vollum Natural Capital Center in Oregon, a LEED-EB Gold project
(Figure 1.20).

Figure 1.20. A green roof on the historic Jean Vollum Natural Capital Center building (Green
Building Services).
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Green roofs have excellent insulative values, absorb the sun’s heat, provide
cooling though evapotranspiration (reducing the surface temperature of
the roof), and absorb up to 75% of rainfall (Thompson and Sorvig 2000,
112). Green roofs also reduce building energy loads, reduce and stabilize
indoor humidity and temperature, minimize contribution to urban heat
islands, produce oxygen, absorb carbon dioxide, and store carbon to filter
air pollution (Thompson and Sorvig 2000, 112). Green roofs do not require
a flat surface like conventional roof gardens. They can be installed onto
roofs with slopes of up to 30 degrees (Figure 1.21). Green roofs can, to
some extent, substitute for lost open space and provide wildlife habitat for
birds. They also provide a creative and attractive aesthetic (Mendler and
Odell 2000, 56). [SOI Standards: 1, 2, 9, 10.] A green roof should be lo-
cated out of major views to avoid negatively impacting the visual integrity
of a historic property. A green roof will almost never convey the appropri-
ate material sense of a historic period, so its use on sloped roofs should be
limited to minor elevations. In addition to considering historic viewsheds,
the structural integrity of a historic building should be carefully analyzed
before installing a green roof.

Figure 1.21. Extensive green roofs on sloped surfaces may not be appropriate for historic
properties (McQuiggan 2005).

When installing green roofs to reduce heat island effects, contract the in-
stallation services from a green roof provider or ensure that in-house in-
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stallation personnel have a thorough understanding of waterproofing, in-
sulation, and other structural requirements (Thompson and Sorvig 2000,
115). Some green roof systems have been designed modularly so they can
be installed in a single day. [SOI Standards: None.]

In most regions, green roofs should be designed to be self-sustaining with
local average rainfall alone. If irrigation is needed, utilize graywater,
treated effluent, or captured rainwater (Thompson and Sorvig 2000, 115).
[SOI Standards: None, unless irrigation infrastructure is needed.]
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Credit 7 — Light Pollution Reduction (1 Point)

Intent—Eliminate light trespass from the building and site, improve night sky access and re-
duce development impact on nocturnal environments.

Requirements—
Option A:

Light to the Night Sky: Shield all outdoor luminaries 50 watts and over so that they do not
directly emit light to the night sky...or...provide calculations showing that less than 5% of
light emitted by all outdoor lighting reaches the night sky on an annual basis.

Light Trespass: With the building interior, exterior and site lights on and off, measure the
illumination levels at the same locations at regular intervals around the perimeter of the
property. At least eight measurements are required with documentation that the meas-
urements made are sufficient in quantity to be representative of the illumination levels on
the perimeter of the property. The property perimeter illumination levels measured with
the lights on must not be more than 10% above the levels measured with the lights off.

Performance: Provide records and results of quarterly inspections to determine if required
features are being maintained.

Option B:

Light to the Night Sky: Shield all outdoor luminaries 50 watts and over so that they do not
directly emit light to the night sky...or...provide calculations showing that less than 5% of
light emitted by all outdoor lighting reaches the night sky on an annual basis.

Light Trespass: Provide calculations showing that the maximum candela value of all inte-
rior lighting shall fall within the building (not out through windows) and the maximum can-
dela value of all exterior lighting shall fall within the property.

Performance: Provide records and results of quarterly inspections to determine if required
features are being maintained.

Sustainable design and development overview

Many of the effects of artificial light may resonate up and down
food chains, dragging whole ecosystems into imbalance. And by
modifying the playing field on which nocturnal organisms de-
velop, interact, and reproduce, artificial light may sculpt not only
their individual lives but also the biological evolution of their
species (Harder 2004).

There are four main ways that unnecessary lighting can contribute to light
pollution: non-essential lighting especially after hours, energy inefficient
equipment, lights directly or indirectly illuminating the atmosphere, and
over or poor lighting (Ashkin et al. 2000, 60). Many states and municipali-
ties have developed outdoor lighting codes to address reduction of ‘sky
glow’, glare, light trespass onto adjacent properties, and energy consump-
tion (Ashkin et al. 2000, 60).



ERDC/LAB TR-07-15 97

Historic preservation overview

When evaluating lighting systems on a site, it is important to understand
which system components are historically significance and which may
have been added over time. Considerations range from the number and
type of fixtures to the kind and wattage of light bulbs. Historic fixtures
may need to be augmented to meet today’s Life Safety Code and accessibil-
ity standards, but in many cases may be relamped or rewired and reused.
This credit may be difficult to achieve on sites that were brightly illumi-
nated historically or if shading of light fixtures degrades historic site char-
acter considerably.

Strategies

Effective outdoor and interior/exterior lighting design often incorporates
careful consideration of many variables such as overall visibility, safety
and security, and energy efficiency (Ashkin et al. 2000, 60). The primary
objective under this credit is to implement site lighting that maintains safe
light levels while avoiding off-site lighting and night sky pollution
(USGBC, LEED-EB v. 2 2005, 36). Designers can use the pre-existing his-
toric lighting system to determine the density of lighting necessary to
maintain historic site character.

Light Level

The following strategies involve modulating light levels to achieve the de-
sired end effect:

e Review military policy and local ordinances that may influence exterior
lighting options. [SOI Standards: None.]

e Evaluate existing exterior lighting systems and identify non-critical
lighting (Ashkin et al. 2000, 63). Conduct a photometric study to en-
sure that existing light distribution on site is adequate (Mendler and
Odell 2000, 60). Model the site lighting using a computer model to
predict impacts when changing lighting (USGBC, LEED-EB v. 2 2005,
36). [SOI Standards: None.] It is useful when modeling historic light-
ing conditions and any proposed changes to understand how the his-
toric character may be impacted by light reduction. Determine whether
or not extant historic lighting is critical to the historic character of the
site. Avoid removal of historically significant lighting fixtures.
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Meet or provide lower light levels and uniformity ratios than those rec-
ommended by ASHRAE/IESNA Standard 90.1-2004, Exterior Light-
ing, as amended and subsequent versions (USGBC, LEED-NC 2.2
2005, 25). Though this standard is referenced in LEED-NC and not in
LEED-EB, it is relevant to all new exterior lighting additions to the site.
[SOI Standards: 2, 3, 9, 10.] When altering light levels, care should be
taken to preserve the ambience of the historic property if important to
conveying its significance.

Light Fixtures

Historic light fixtures should not be removed, but rather repaired (if
necessary) and retrofitted with more credit-appropriate and efficient
lamp-ballast systems (Fournier and Zimnicki 2004, 17). If historically
significant fixtures are unnecessary for illumination, turn off power to
the light but keep the fixture in place. If such fixtures are necessary to
maintain historic ambiance, cut power to the fixtures when building is
not in use. Remove any unnecessary non-historic lighting to benefit
sustainability and historic preservation efforts. [SOI Standards: None.]
Replace inefficient light sources (e.g., mercury vapor, incandescent,
halogen) with energy efficient lamp technologies (e.g., metal halide, in-
duction lamps, high-pressure sodium, and linear and compact fluores-
cent sources*) wherever possible. Avoid using fluorescent sources that
are not suited for low temperature operation. Use incandescent sources
only if they are integrated with a control mechanism that significantly
limits the time that they operate. Employ quality prismatic or opaque
lens materials to reduce the brightness of the light source. Use photo-
voltaic (PVs) for all outdoor lighting when possible (Figure 1.22). PVs
are especially suitable for illuminating parking lots, walkways, and ga-
rages (Ashkin et al. 2000, 63). [SOI Standards: 2, 3, 6, 9, 10.] Care
needs to be taken to ensure any changes in light sources fit with the
historic character of the site to the greatest extent possible. Fixture re-
placement should be a last resort.

* When replacing lamps, handle them with care and set aside a location to collect them for recycling.

Lamps utilizing mercury (e.g., fluorescents and mercury vapor lamps) need special handling. County,
state, and EPA regulations exist regarding the handling and disposal of mercury. For more information,
see the Resource Conservation and Recovery Act (RCRA) and MR Prerequisite 2, Toxic Material Source
Reduction, in this document.
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Figure 1.22. The solar panel supplies electricity to the grid during the day; at night electricity
is supplied from the grid to the light (Local Government Energy Toolbox).

e Use efficient light sources that have a lighting cut-off angle that pre-
vents light spill to the sky (Mendler and Odell 2000, 60) (Figure 1.23).
[SOI Standards: 2, 3, 6, 9, 10.] Note that directional changes to light
fixtures may negatively impact historic site character.

Examples of some Common Lighting Fixtures

Poor

Ground-mounted

Good

Top-mounted
Billbeard Floodlights
(carefully focused onto billboard)

=
- -

Post-style Lamp
(more then 1,800 lumers)

Post-style Lamp
{Lamp set in opague top)

Figure 1.23. Examples of poor and good lighting (Ashkin et al. 2000).

e Do not illuminate exterior site and building architectural features sim-
ply for enhancement (Fournier and Zimnicki 2004, 17). [SOI Stan-
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dards: 2.] However, if site or building features were illuminated his-
torically, reducing or eliminating the light on these features may nega-
tively impact comprehension of the historic site.

e Reduce the height of exterior light fixtures to reduce overall lighting
output (Mendler and Odell 2000, 60). [SOI Standards: 2, 3, 6, 9, 10.]
Note that this may conflict with historic lighting heights.

e Check and adjust fixtures regularly so that lights are aimed where
needed for visibility and safety (Ashkin et al. 2000, 60). [SOI Stan-
dards: None.]

Energy management systems and timers

The following strategies can be used to optimize the use of light:

e Use energy management systems and time clocks to limit lighting to
certain operating hours. To minimize operating hours and maximize
savings, check system settings and adjust time clocks with time of year
(Ashkin et al. 2000, 60). [SOI Standards: 2, 9, 10.] If additional panels
or controls are required for such systems, place them to minimize im-
pacts to the historic site or building.

e After business hours, lower lights to minimal levels, just enough to de-
tect movement and provide sufficient security (Ashkin et al. 2000, 64).
[SOI Standards: None.]

e Adjust timer switches and sensors to turn on lights for short durations,
especially for non-essential or non-security lights (e.g., loading docks)
(Ashkin et al. 2000, 60). [SOI Standards: 2.] For historic sites with
ambient or specialty lighting, this may be possible only after business
hours.

e Use motion sensors or daylight controls so that site light is used only
when needed (Mendler and Odell 2000, 60). Incandescent, fluores-
cent, and induction lamps are effective for motion sensors, though in-
candescent types should only be used in limited timeframes. Avoid
sources that require a period of time to achieve full brightness like
High Intensity Discharge (HID) sources (e.g., Metal Halide or High
Pressure Sodium) (Ashkin et al. 2000, 64). [SOI Standards: 2.]

e Clearly label all switching devices to save time and help employees
identify which lights should be shut off at specific times (Ashkin et al.
2000, 60). [SOI Standards: 2, 9, 10.] Labels must be posted without
causing adverse effects to the historic fabric.
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Table 1.1. UFGS sections relevant to SS prerequisites and credits.

SS Prerequisite or Credit UFGS Section Title
Section
Prerequisite 1, Credit 1.1 & 1.2, 2, | 01355A Environmental protection
41&42,51&5.2,6.1,6.2
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Prerequisite 1, Credit 1.1 & 1.2, 01575N Temporary environmental controls
41&4.2,51&5.2 and 01576
Prerequisite 1, Credit 2, 4.1 & 4.2, | Division 02 | Site construction
51&5.2
Credit 7 Division 15 | Mechanical
Prerequisite 1 15005A Speed reducers for storm water pumps
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2 Water Efficiency (WE)

Water Efficiency—Select Mandates and Guidelines
42 USC 13101 et seq., Pollution Prevention Act of 1990
AR 11-27 Army Programs: Army Energy Program (DA, 3 February 1997)
AR 200-1, Environmental Protection and Enhancement (21 March 1997)
AR 420-1 Facilities Engineering: Army Facilities Management (HQDA, Final Pending 2006)
DODD 3200.15, Sustainment of Ranges and Operating Areas (10 January 2003)
DODD 4715.1E, Environment, Safety, and Occupational Health (19 March 2005)
ECB 2006-7 Army Standard for Urinals (HQUSACE, 07-03-2006)
EPA National Pollutant Discharge Elimination System (NPDES)
Federal Energy Policy Act of 2005 (8 August 2005) Fixture Performance Requirements
Memorandum, DAIM-ZA, Subject: The Army Standard for Urinals (05 April 2006)
MOU, Federal Leadership in High Performance and Sustainable Buildings (24 January 2006)

PWTB 200-1-35, Construction Discharge and National Pollutant Discharge Elimination System (NPDES) Re-
quirements (30 September 2005)

UFC 3-440-02N, Operations and Maintenance: Water Conservation (NAVFAC, 16 January 2004)
UFGS 220000, Plumbing: General Purpose (NAVFAC, July 2006)
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WE Prerequisite 1 — Minimum Water Efficiency (Required)

Intent—Maximize fixture water efficiency within buildings to reduce the burden on potable wa-
ter supply and wastewater systems.

Requirements—Reduce fixture potable water usage to a level equal to or below water use
baseline, calculated as 120% of the water usage that would result if 100% of the total build-
ing fixture count were outfitted with plumbing fixtures that meet the Energy Policy Act of 1992
fixture performance requirements. If the building does not have separate metering for each
water use (fixture use, process use, irrigation and other uses), the water use reduction
achievements can be demonstrated with calculations. At least one meter for the overall build-
ing water use is required and metering for cooling towers and other process water uses are
encouraged but not required.

Sustainable design and development overview

Water use in the United States tripled between 1950 and 1995 (Davis
2003). To address the excessive water use issue, the Energy Policy Act of
1992 set forth a water-efficiency standard that required all U.S. plumbing
manufacturers to reduce water waste. Plumbing technology has advanced
significantly since enactment of the Act, thus providing fixtures that afford
a significant reduction in water use. Lower potable water use provides the
following benefits:

e |lowers the demand the building places on the available water supply,
ultimately minimizing impacts on the natural environment by reducing
the total amount of water withdrawn from rivers, streams, under-
ground aquifers, and other water bodies (USGBC, LEED-EB Reference
Guide 2005);

e lowers the demand the building places on water treatment plants;

e helps to reduce energy use associated with heating water, thus lowering
building operating costs (USGBC, LEED-EB Reference Guide 2005);
and

e helps to reduce pollution associated with heating water (USGBC,
LEED-EB Reference Guide 2005).

UFC 3-440-02N, Operations and Maintenance: Water Conservation,
provides guidance for military installations for establishing water conser-
vation programs.

Historic preservation overview

Older buildings typically contain plumbing fixtures or equipment that use
higher water volumes than newer plumbing fixtures. Replacing or retrofit-
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ting these with fixtures (e.g., water closets, showers, faucets, and flush
valves) that meet or exceed current code requirements is one way to re-
duce building water consumption. Although historic plumbing fixtures
may exist in buildings, these are often not a significant feature that needs
to be retained, especially when they do not meet modern plumbing and
accessibility codes.

In some circumstances, historic bathrooms or kitchens remain intact (such
as in officers quarters, early- to mid-century buildings, or long-vacant fa-
cilities). In these cases, non-plumbed features such as porcelain or ceramic
tile, built-in cabinets, and porcelain lavatories should be retained for their
architectural qualities, although consideration for handicap accessibility
may require their upgrade or construction of accessible facilities elsewhere
in the building. It may be possible to retrofit some historic faucets with en-
ergy-saving devices. Introducing plumbing fixtures into areas of the build-
ing where they previously did not exist can also pose problems where the
slope required for piping forces the alteration of floors and ceilings.

Strategies
Water use planning

Plan for reduced on-site water usage. Like many sustainable strategies,
planning ahead can save money and ease transitions. Establish a plan that
sets water use reduction goals and determine the most practical and effi-
cient ways to achieve the goals. [SOI Standards: None.] The following as-
pects can be included in the plan:

e Designate a water efficiency coordinator (EPA, Water Use Efficiency
Program).

e Develop a mission statement and a plan for maximized building water
efficiency (EPA, Water Use Efficiency Program).

e Search for government, utility, and private-sector incentive programs
to conserve water and reduce discharge to sewage treatment facilities
(Mendler and Odell 2000, 108).

e Educate and involve employees in water efficiency efforts (EPA, Water
Use Efficiency Program).

e Document all water-conserving devices and systems. Ensure that fu-
ture modifications to plumbing fixtures and building systems follow
low-water-use goals (Mendler and Odell 2000, 116).
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Fixtures and equipment

From 1980 to 1995 the amount of freshwater withdrawn per U.S. citizen
fell by 21% (Hawken et al. 1999). Some of this water use efficiency can be
attributed to more efficient plumbing systems that reduced leaks both at
the city and home levels. To maximize water use efficiency, install (where
feasible) water-conserving plumbing fixtures that meet or exceed Energy
Policy Act fixture requirements in combination with ultra high efficiency
or dry fixture and control technologies (USGBC, LEED-EB 2005, 35). [SOI
Standards: 2, 3,5, 6, 9, 10.]

Use of high-efficiency plumbing fixtures, appliances, and other equipment
can yield substantial savings on water, sewer, and energy bills (EPA, Water
Use Efficiency Program). However, applicable state and local codes should
be checked prior to design for ‘approved fixture’ lists because some alter-
native fixtures (including waterless urinals and low-flow toilet technolo-
gies) have not been approved in all states and localities (Grumman 2003).
Also, maintenance of these specialty fixtures is typically nonstandard and
requires special training of staff (Grumman 2003).

¢ Flushing of conventional toilets is the largest single use of water in U.S.
buildings. On a daily basis, flushing uses approximately 20 gallons per
person per day (American Water Works Association 2005). Therefore
it stands to reason that toilet flow reduction is the single most cost-
effective water use measure. For maximum efficiency, install high-
efficiency toilets, or retrofit water-saving devices onto existing toilets
(EPA, Water Use Efficiency Program). Use dual-flush toilets that use
either a low- or ultra-low-flush setting (Mendler and Odell 2000, 170).”

e Reduce fixture potable water usage through automatic water control
systems including flow-restricting or metered faucets (USGBC, LEED-
EB 2005, 35). Consider self-closing, slow-closing, or electronic faucets,
particularly in high-use public areas (Mendler and Odell 2000, 169).

e Install faucet and showerhead aerators that introduce air into the water
stream and restrict flow rates, thus resulting in reduced water usage
(EPA, Water Use Efficiency Program).

* Ultra-low-flush toilets often require more maintenance than standard toilets, so their use is best suited
in regions where water conservation is especially important. Water Management, Inc. (a company that
has conducted numerous tests of various types and makes of toilets) asserts that certain models by
different manufacturers work better than others under specific site conditions. Similarly, they assert
that all models work inefficiently when not properly maintained or repaired (toiletology.com). Both the
National Association of Home Builders Research Center and Seattle Public Utilities performed compa-
rable testing with similar results.
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e Consider composting toilets and waterless urinals as zero-water-use
alternatives (Mendler and Odell 2000, 170).

Specify water-saving appliances. Require that commercial dishwashers
(conveyer type) use 120 gallons per hour or less and washing machines use
10 gallons a cycle or less (Grumman 2003, 113). Use water-conserving ice
makers (EPA, Water Use Efficiency Program). As appliances and equip-
ment wear out, replace them with water-saving models (EPA, Water Use
Efficiency Program). [SOI Standards: None.]

Eliminate ‘once-through’ cooling of air conditioning equipment with mu-
nicipal water by recycling water flow to cooling tower or replacing with air-
cooled equipment (EPA, Water Use Efficiency Program). Consider closed
cooling towers on air conditioners (to eliminate drift) and filters for clean-
ing the water (Grumman 2003, 113). Use water-efficient cooling tower sys-
tems. Consider the use of automated chemical dosing or ozone treatment
to conserve water and reduce chemical use (Mendler, Odell and Lazarus
2005). [SOI Standards: 2, 6, 9, and 10 for cooling towers.] Electric chillers
have smaller cooling towers that may be less conspicuous on historic prop-
erties.

Consider eliminating all in-sink garbage disposals and provide for com-
posting of organic waste as an alternative. Some garbage disposals filter
and separate organic material so that it can be collected for composting
from a holding tank under the sink (Mendler and Odell 2000, 115). [SOI
Standards: None.]

Use graywater volumes captured from showers, sinks, and lavatories for
use in water closets. [SOI Standards: 2, 6.] The size of reservoir tanks de-
termine the extent of impacts to historic interiors.

Operations and maintenance

The average circa 1940’s military facility loses more than 10% of total wa-

ter production and purchases to system leaks (DOE 2004). A water distri-

bution system audit, leak detection, and repair program can help facilities

reduce water losses and make better use of limited water resources. [SOI

Standards: None.] The program should include the following aspects:

e Increase personnel knowledge of the distribution system. As personnel
become more familiar with the system (including knowing the location
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of mains and valves), they are able to respond more quickly to emer-
gencies such as main breaks (DOE 2004).

e Inspect existing plumbing and repair all leaks (EPA, Water Use Effi-
ciency Program). Repairing system leaks can prevent damage to prop-
erty and safeguards public health and safety. Establish water leak de-
tection programs (Mendler and Odell 2000, 116).

e Minimize the water used in space cooling equipment in accordance
with manufacturers’ recommendations. Shut off cooling units when not
needed (EPA, Water Use Efficiency Program).

e Develop a schedule for regular water meter readings and maintenance
of irrigation systems, plumbing, and equipment to maintain efficiency
(Mendler and Odell 2000, 116). For more information, see Credit 1.1
and 1.2, Water Efficient Landscaping: Reduce Water Use.
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WE Prerequisite 2 — Discharge Water Compliance (Required)

Intent—Protect natural habitat, waterways and water supply from pollutants carried by building

discharge water.

Requirements—

= QOption A: If regulated by EPA National Pollution Discharge Elimination System (NPDES)
Clean Water Act requirements, demonstrate NPDES permit compliance including use of
any required oil separators, grease interceptors and other filtration for in-building gener-
ated discharges and proper disposal of any wastes collected.

= QOption B: If the facility is not regulated by a NPDES Permit, this prerequisite is achieved.

Sustainable design and development overview

Only one-third of our rivers, lakes, and coastal waters were considered
fishable and swimmable in 1972. That year an early version of the Clean
Water Act was enacted by Congress to reduce source pollution. Subse-
guent amendments further refined the Act. Thirty years later the Act has
proven successful in reducing pollution in waterways, with approximately
two-thirds of U.S. waters considered healthy (EPA, Protecting the Nation’s
Waters through Effective NPDES Permits 2001).

As authorized by the Clean Water Act, the National Pollutant Discharge
Elimination System (NPDES) permit program controls water pollution by
regulating point sources that discharge pollutants into U.S. waters. Today,
more than 400,000 facilities are required to have NPDES permits and the
number is expected to grow as policies get more stringent (EPA, Protecting
the Nation’s Waters through Effective NPDES Permits 2001). The types of
facilities covered by the NPDES program include municipal wastewater
systems, municipal and industrial storm water systems, industries and
commercial facilities, and Concentrated Animal Feeding Operations. For
sites not under NPDES control, reducing environmental impact from dis-
charge water will help improve conditions for on-site vegetation, soil, wa-
ter, and wildlife, in addition to improving downstream water quality.

Existing buildings may contain pollutants that are conveyed from the site
as building discharge water. In addition, water that runs across parking
lots, construction sites, and industrial facilities picks up contaminants that
can collectively cause serious pollution concerns for U.S. waterways. This
LEED-EB prerequisite is intended to examine and address potential pol-
lutant sources to minimize their environmental impact.
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In addition to the Clean Water Act, the Pollution Prevention Act of 1990
states that pollution should be stopped at the source whenever feasible,
and when not feasible should be recycled or treated with environmental
safety or disposed of as responsibly as possible. Public Works Technical
Bulletin No. 200-1-35 (2005), Construction Discharge and National Pol-
lutant Discharge Elimination System (NPDES) Requirements, identifies
current compliance requirements and supporting information for storm-
water runoff from construction activities and related NPDES requirements
for all U.S. Army facilities and USACE districts. As mentioned previously,
DODD 3200.15 requires installations to identify and address environ-
mental issues. This would include pollutants in building discharge water.
DODD 4715.1E, Environment, Safety, and Occupational Health (ESOH),
also supports pollution prevention and maximizing existing resource ca-
pacity. UFC 3-440-02N, Operations and Maintenance: Water Conserva-
tion, provides guidance for military installations for establishing water
conservation programs.

Historic preservation overview

This credit is asking for proof of NPDES compliance for commercial or in-
dustrial sites that already must comply by law. Although proof of compli-
ance has no physical impact on historic properties, sustainable strategies
implemented on historic sites must comply with provisions of the Clean
Water Act and NPDES permitting. For instance, where installation of in-
terceptors requires site excavation, significant historic landscape features
and archaeological resources need to be considered.

Strategies

Determine if discharge waste from building requires a NPDES permit.
NPDES permits are issued by states that have obtained EPA approval to
issue permits, or by EPA Regions in states without such approval. If no
permit is required, provide supporting documentation. If building cur-
rently holds a NPDES permit, verify permit is valid, covers all pollutants
discharged from the site, and no additional permits are necessary. [SOI
Standards: None.]

Establish a discharge monitoring report (DMR) process to bring and keep
the NPDES permit into compliance. Monitoring requirements are set forth
in the NPDES permit. This is typically the responsibility of installation
wastewater and stormwater management personnel; however the services
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of private sector laboratories are typically necessary for water sample
analyses. [SOI Standards: None.]

Take the necessary actions to comply with NPDES and EPA obligations. If
oil, grease, or other interceptors are required, major site excavation may
be needed to create discharge water tie-ins (Figure 2.1). [SOI Standards: 2,
8.] Such ground-disturbing activities must not impact historic landscape
features and archaeological sites.
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Figure 2.1. Diagram of an oil grit separator (Metropolitan Council).
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WE Credits 1.1 and 1.2 — Water Efficient Landscaping: Reduce Water
Use (1 - 2 Points)

Intent—Limit or eliminate the use of potable water for landscape irrigation.

Requirements—Use high-efficiency irrigation technology OR use captured rain/recycled site
water to reduce potable water consumption for irrigation in comparison to conventional
means of irrigation. If the building does not have separate metering for each water use (fixture
use, process use, irrigation and other uses), the water use reduction achievements can be
demonstrated with calculations. At least one meter for the overall building water use is re-
quired and metering for cooling towers and other process water use is encouraged but not
required. In urban settings, where there is no lawn, credits can be earned by reducing the use
of potable water for watering any roof/courtyard garden space or outdoor planters.
=  WE Credit 1.1-50% reduction in potable water use for irrigation over conventional means
of irrigation (1 point).
=  WE Credit 1.2—95% reduction in potable water use for irrigation over conventional means
of irrigation (1 point).

Sustainable design and development overview

A comprehensive water conservation approach significantly reduces de-
mand on municipally supplied water and its source, while reducing con-
sumer cost and environmental pollution. During hot seasons, landscape
irrigation consumes 75% of residential water use, mostly from municipal
supplies that have been treated for drinking water standards (Thompson
and Sorvig 2000). Furthermore, existing buildings might contain outdated
or inefficient irrigation systems that consume large quantities of potable
water. Reducing potable water use reduces dependency on municipally
supplied water (postponing the construction of new water treatment
plants or delaying the expansion of existing plants) and conserves energy.
Wells have to pump less water throughout the system, less water treat-
ment is necessary, and as a result fewer chemicals are used.

Water conservation techniques to reduce the use of potable water for irri-
gation typically include technologically superior irrigation systems, rain-
water harvesting, and waterwise landscape design. These multi-faceted
systems operate most effectively when organized by a comprehensive plan
that integrates the various techniques. Plan development requires an un-
derstanding of site water needs and practices, and knowledge of regional
water availability. An understanding of design, installation, maintenance,
and monitoring of conservation technologies plays a vital role for the suc-
cess of any water conservation program.

DODD 3200.15 indirectly addresses the need to reduce wasteful water use
that depletes aquifers, taps energy resources, and costs money. UFC 3-
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440-02N, Operations and Maintenance: Water Conservation, provides
guidance for military installations for establishing water conservation pro-
grams.

Historic preservation overview

Water-harvesting (i.e., the collection and storage of rainwater from roofs,
paved surfaces, and the landscape) has strong historical precedence both
in the United States and around the world. Israeli archaeologists have
found evidence of water harvesting in the Negev Desert as early as 1500
B.C. (Christopher 1994). Similarly, water harvesting techniques may al-
ready have historical precedence on a historic military site, and could be
preserved, restored, or reconstructed as part of a historic rehabilitation. In
addition some historic sites already incorporate or should be rehabilitated
to include historically compatible native or adapted plants that do not re-
quire additional irrigation. In general, the strategies associated with this
credit share historic preservation issues with SS Credits 1.1 and SS 1.2.
Since standard irrigation systems are typically just below grade and not
visible in the landscape, their impacts to a historic site are generally lim-
ited to archeological concerns. However, some alternative irrigation meth-
ods that utilize collected rainwater may have historic preservation impacts
related to the siting of storage tanks.

Strategies
Exploit site characteristics

Perform a soil/climate analysis to understand the site conditions, both ex-
isting and manmade. Soil texture (amount of clay, sand, and silt), topog-
raphy, wind characteristics, and soil amendments and mulch will deter-
mine the amount of water that can be retained in the soil and for how long.
This will also help to determine the appropriate plant material for the site.
[SOI Standards: None.]

Irrigation systems

Install high-efficiency irrigation technology. Approximately 100 gallons of
potable water are consumed per capita on a daily basis, and 25% to 33% of
this total is used to water lawns, plants, and gardens (Vickers 2002). How
much water is used for irrigation depends on the type of irrigation used
(drip irrigation or sprays). Sprinkler systems waste 25% to 35% of distrib-
uted water depending on the type (fixed, rotary, impulse, or oscillating)
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and model (Christopher 1994). Drip irrigation is considered by many to be
one of the most effective irrigation solutions; however it has just as much
potential to waste water when not carefully implemented and monitored.
Proper design, installation, monitoring, and maintenance of high effi-
ciency irrigation technology are all equally important factors that contrib-
ute to the system working as intended. If not properly installed, water may
be getting to the wrong plants in the wrong amounts. If not monitored,
changes in weather and temperature will not be taken into account. If not
maintained, leaks or breakdowns in the system can undermine all careful
efforts at water conservation. [SOI Standards: 2, 8, 9, 10.] Note that the
installation of excessive onsite water meters could impact the visual com-
prehension of a historic site.

e Design irrigation systems tailored to the site that consider system effi-
ciency and water reuse (Thompson and Sorvig 2000, 160) to reduce
excessive piping and water waste. Also consider visual impacts to the
historic site and design a system that minimizes negative visual im-
pacts, both of the system itself and its effects on historic plant material.

e Design irrigation systems to supplement precipitation. Assess soil con-
ditions for properties that will affect infiltration rates: soil structure,
texture, degree of compaction, and organic content. Design to accom-
modate microclimates and weather conditions (Becker et al. 1996).

e Break the site into irrigation zones (Becker et al. 1996). Identify an op-
timum range of application rates for each zone and design the system
to achieve these rates. Base zones on (1) type of use, and (2) species
culture. A sports field or golf course green, for example, may need more
water than a typical residential lawn to assure health and viability of
vegetation under heavy traffic. Designate separate zones for turf, sea-
sonal color plantings, shrubs, and trees. Look at plant needs and design
to meet (not exceed) those requirements.

e Consider soil infiltration rate, slope, and design precipitation rate when
selecting sprinkler heads to reduce the potential for runoff.

e Specify ‘pressure compensating’ and ‘matched precipitation rate’ noz-
zles for individual zones (Becker et al. 1996). The pressure compensat-
ing type has a screen in the nozzle that reduces water pressure fluctua-
tions and eliminates water waste caused by high water pressure. The
matched precipitation type ensures that all sprinklers in a particular
zone are placing about the same amount of water on a given area.

e Selectirrigation components according to supply pressure, soil proper-
ties, slope, wind conditions, and desired application rates. Remember
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that plant water need is dynamic (i.e., optimal irrigation rates and vol-
umes will not remain constant) (Becker et al. 1996).

e Install irrigation systems with separate valves that allow separate irri-
gation of turf, flowers, ground covers, trees, and shrubs (Becker et al.
1996).

e Use low-angle sprinkler heads to mitigate the effects of wind and to
avoid high wind and dirt.

e Select a water meter that has (or is upgradeable with) an electronic
flow rate output signal for interfacing to (1) controllers that can per-
form leak detection, and (2) water management sensors (Becker et al.
1996).

e Specify environmental sensors on automatic sprinkler systems that al-
low for shutdown in excessive wind, and during rain events. The con-
troller should interface with rain and wind sensors to avoid watering
during rainy or windy weather, and allow cyclic ‘set day’ watering
schedules to meet regulatory requirements during drought periods. In
addition, choose a controller that schedules water application through
historical or real-time use data and soil moisture sensors (Becker et al.
1996). Smart irrigation systems with rain shut-off devices, flow meters,
and soil moisture sensors not only save water, but can avoid over or
under watering of vegetation.

e Local plumbing authorities may require a backflow prevention device.
Specify an insulated housing for this assembly to prevent freeze dam-
age. Place any pressure reducing apparatus downstream of the back-
flow valve (Becker et al. 1996).

e Include a valve before the irrigation backflow device to allow emer-
gency water shut off, and drain valves on all irrigation zones to drain
the system for winter. All valves should be American Society of Sani-
tary Engineers (ASSE) or International Association of Plumbing and
Mechanical Officials (IAPMO) approved and insulated to protect from
freeze damage (Becker et al. 1996).

e Specify swing joints with pop-up spray heads, and check valves on all
sprinkler heads to prevent low head drainage. Be aware that check
valves will require the use of an air compressor to appropriately expel
water for winterization (Becker et al. 1996).

e Ensure that all valves in below-grade boxes have a device allowing
them to be located by metal detectors (Smith, Texas WaterWise Coun-
cil).
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e Do notirrigate in the middle of the day due to evaporation loss. Use
drip irrigation or bubbler systems to reduce water waste from evapora-
tion (Mendler and Odell 2000, 151).

e Install low-volume irrigation in long narrow strips, small irregular-
shaped areas, and vegetation beds to reduce evaporation losses and to
avoid applying water on hardscapes such as patios, decks, sidewalks,
parking areas, and roadways (Smith, Texas WaterWise Council).

e Create a ‘design performance report’ of the irrigation system that out-
lines how the system will perform. The report should include individual
zone precipitation rates in inches per hour (Smith, Texas WaterWise
Council).

e Require that a certified qualified professional design and install the ir-
rigation system.

e Provide maintenance personnel ‘as-built’ drawings of the irrigation de-
sign that specify locations and types of all devices, pipelines, wiring,
control valves, backflow prevention devices, and rain shut-off equip-
ment (Smith, Texas WaterWise Council).

e Maintain irrigation systems regularly for efficiency. Poor maintenance
can cause significant water loss and undermines the value of irrigation
systems (Becker et al. 1996).

e Periodically adjust sprinkler output by testing actual performance with
a rain-gauge (Becker et al. 1996).

e Inspect irrigation system for vandalism, accidental damage, sinkage,
malfunctions, leakage, and blockage every six months (Becker et al.
1996). Reset sprinkler heads flush with the ground as necessary
(Becker et al. 1996).

e Drain the system for winter and flush it when reactivating. Modern sys-
tems are typically self-cleaning, but older ones may require flushing to
remove sediment (Becker et al. 1996).

Feed irrigation systems with rainwater

Feed irrigation systems with harvested rainwater, graywater (site or mu-
nicipal) or on-site treated wastewater (USGBC, LEED-EB 2005, 38).
Rainwater harvesting collects the roof rainwater, channels the water into
cisterns above or below ground, and uses the water for exterior non-
potable uses. These water storage and reuse systems can be part of an ini-
tial site design or readily retrofitted onto any site or structure. Water har-
vesting techniques are appropriate for any scale project from a small yard
to a large development. Housing, schools, recreational areas, parking lots,
barracks complexes, and commercial facilities are all sites where rainwater
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could be effectively harvested. Simple cistern systems provide water for
hand watering or nearby irrigation. To irrigate larger sites, submersible
pumps are required to provide enough pressure to carry water longer dis-
tances. Other water distribution components include hoses, constructed
channels, pipes (solid and perforated), and manual drip systems. Most of
these components can be incorporate successfully into the landscape de-
sign, installed below grade, or screened with plants or other structures.
[SOI Standards: 2, 8, 9, 10.]

Feed irrigation systems with direct watering systems. Direct systems guide
water to and collect it in planted depressions or small swales that then
drain water into planted areas. These systems generally require manipula-
tion of site grading and contours for water runoff, with considerations
given to plant choice, drainage, and slope. Nonetheless, direct watering
systems can be quite simple, and most sites are able to accommodate them
for little cost or effort. [SOI Standards: 2, 8, 9, 10.]

Exploit the nutritional benefits of rainwater. An advantage of utilizing
rainwater for irrigation (via harvesting or direct watering systems) is that
it provides plant life with nutrients. Rain picks up nitrogen, sulfur, and
other compounds that are beneficial to plants. These compounds are lack-
ing in municipally supplied water. Nitrogen makes plants green and sulfur
is an important constituent in the formation of plant amino acids (Harris
et al. 2004). [SOI Standards: None.]

Improve the efficiency of existing site features through nondestructive
means, like recycling water for a fountain instead of sending the water
downstream after one cycle through the fountain (Fournier and Zimnicki
2004, 18). [SOI Standards: None.]

Feed irrigation systems with graywater

Feed irrigation systems with graywater from an on-site wastewater treat-
ment system (Thompson and Sorvig 2000, 160). For graywater irrigation,
sub-surface distribution systems are often required by local Health De-
partments. Sub-surface systems are typically not as effective as above-
ground spray systems for turf areas, but are highly conserving and effec-
tive for providing root zone irrigation of plant beds, shrubbery, and trees
(City of Austin 1995). The depth of these systems typically ranges from 4 ft
to 30 ft. If installed without soil compaction by machinery or damage to
the surrounding vegetation, site disturbances should be temporary. Plant-
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ings can be removed and reinstalled, and grass can be replanted. [SOI
Standards: 2, 8, 9, 10.] This strategy may be more appropriate for areas to
be re-vegetated to limit the possibility of damaging existing and historic
plantings.

Bank water for later use

Collect and store rainwater for use at a later time. Banking water (i.e., ac-
cumulating reserves) promotes self sufficiency by reducing dependency on
water supplied by others. Rainwater storage can be an especially impor-
tant strategy for sites with low or periodic rainfalls because it provides an
available water supply during dry spells. By holding water on site, there is
less runoff, and less potential for erosion and flooding. In addition, water
stored at remote locations can serve as a backup source for water in case a
municipal system is compromised. [SOI Standards: 2, 9, 10.] Some meth-
ods that utilize collected rainwater may have historic preservation issues
related to the placement of storage tanks.

e The water storage container should be carefully selected and installed
to ensure its storage capabilities and water cleansing systems are ap-
propriate for the intended use of the collected water.

e Storage containers should be opaque and protected from sunlight to
prevent the growth of algae, and they should be placed four to six feet
away from building foundations in case of leaks (Waterfall 2004).

e Water containers should be covered to prevent mosquito breeding and
the entry of debris. Containers should be secured from children and
clearly labeled as unfit for drinking (Waterfall 2004).

e Storage containers should be installed close to where the water will be
used, however the higher off the ground the better the water pressure.
On a sloped lot, consider locating water storage at the highest elevation
possible (Waterfall 2004).

e For any water containment system, it is important to have an overflow
pipe located at least an inch below the lip of the container and move
the excess water away from the building foundation (preferably into a
depressed area of the landscape where the water can percolate into the
soil) (Waterfall 2004).

e For large storage needs, several containers can be connected together.
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Waterwise landscape design

Implement waterwise landscape design on the site. Waterwise landscape
design, also known as xeriscaping, incorporates a variety of plant-
appropriate choices and landscaping techniques to reduce or eliminate ir-
rigation requirements and stormwater runoff. Planting and properly main-
taining waterwise plant material on the site will go a long way toward re-
ducing overall water use on the site. [SOI Standards: 1, 2, 3,6, 7, 8, 9, 10,
unless noted otherwise.] Tenets of waterwise landscape design are listed
below:

e Avoid implementing and operating an irrigation system (USGBC,
LEED-EB 2005, 38).

e Use native or appropriate plantings that do not require irrigation ex-
cept during their establishment period (Mendler and Odell 2000, 43).

e Irrigate in early morning or late afternoon to avoid evaporation. [SOI
Standards: None.]

e Encourage root growth and drought tolerance by watering plants with
a higher quantity less often. [SOI Standards: None.]

e Specify water-efficient, native or adapted, climate-tolerant plantings.
New plantings need to fit the historic character of the site in texture
and massing.

e Reserve water-intensive plants for areas where they will have maxi-
mum effect.

e Reduce water-intensive plantings like turf grass. Removal of turf can
negatively impact the comprehension of a historic site design. There
are slow-growth alternatives to traditional turf grass (e.g., fescue, buf-
falo grass, and other short ornamental grasses) that could be used as
alternatives. Options depend on climate and annual precipitation, so
check with local EPA offices, horticultural departments, botanical gar-
dens, etc. for viable options.

e Cluster species groups by water use to promote large root systems, pre-
vent erosion, and reduce water waste. Group water-needy plants to-
gether and located closer to the water source.

e Contour land so stormwater is directed across the site/plants. Re-
contouring can negatively impact site lines and disturb the historic fab-
ric and character of a site. If this is an issue, select re-contouring loca-
tions away from historic viewsheds and features, minimize regrading
so it is subtle but effective, or select a different stormwater strategy al-
together.
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Use mulch, compost, and alternative mowing to reduce water evapora-
tion and maintain plant health. Onsite storage of mulch and compost
can negatively impact the historic character of the site if not concealed.
Calculate the evapo-transpiration reference rate (ETo) to determine the
amount of water used by an ‘average’ plant in the particular region and
season (Thompson and Sorvig 2000, 160). [SOI Standards: None.]
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WE Credit 2 — Innovative Wastewater Technologies (1 Point)

Intent—Reduce generation of wastewater and potable water demand, while increasing the
local aquifer recharge.

Requirements—

= QOption A: Reduce use of potable water for building sewage conveyance by 50%, based on
water use baseline calculated for WE Prerequisite 1.

=  Option B: Treat 100% of wastewater on site to tertiary standards.

Sustainable design and development overview

Conventional wastewater systems waste a lot more potable water than
necessary to perform basic functions. ‘Graywater’ reuse systems recycle
water that has been used for certain functions such as washing machines,
showers and sinks, and stores this water for certain interior or exterior
uses. Graywater systems are modifications of septic system technology
and, thereby, use components standard to septic systems. An important
feature of a graywater system is the isolation of blackwater (or sewage) to a
separate system, leaving the graywater available for reuse (City of Austin
1995).

The excessive amounts of potable water used to convey waste from build-
ings carries waste to energy-intensive treatment facilities. A more efficient
method is to treat wastewater on site with constructed wetlands that
cleanse the wastewater before releasing it. Wetlands also provide valuable
wetland habitat for waterfowl and other wildlife, increasing habitat diver-
sity and providing opportunities for public education and recreation. Al-
though land intensive, these systems offer an effective means of integrat-
ing wastewater treatment and resource enhancement, often at a cost that
is competitive with conventional wastewater treatment alternatives (EPA,
Constructed Wetlands 1993).

Another benefit of water collection and recycling is that it provides secu-
rity of supplies in regions subject to water use restrictions or concerns
about terrorist attacks on local water supplies.

As mentioned in WE Prerequisite 1, DODD 3200.15 requires installations
to address environmental issues, including the reduction of potable water
use that depletes aquifers, taps energy resources, and costs money to ac-
quire and treat. UFC 3-440-02N, Operations and Maintenance: Water



ERDC/LAB TR-07-15 132

Conservation, provides guidance for military installations for establishing
water conservation programs.

Historic preservation overview

Original and existing plumbing fixtures are often not considered charac-
ter-defining historic building features and can be replaced to meet code,
increase efficiency, and meet accessibility requirements. Innovative tech-
nologies that involve landscape construction must consider historic land-
scape features and be executed in compliance with the SOI Standards.

Strategies
Reduce initial water use

Install non-water using or high efficiency plumbing fixtures. New fixtures
should replace historic fixtures only in spaces (1) where plumbing fixtures
are not significant historic features, (2) where historic interiors have been
heavily modified, (3) in non-historic building additions, or (4) where re-
tention of historic fixtures violates building codes. [SOI Standards: 2, 6, 9,
10.]

Reuse graywater/blackwater

Plumbing codes for innovative technologies like rainwater harvesting or
graywater reuse vary by state and region. For instance, in Chicago rain-
water harvesting can be used for irrigation, but graywater cannot be used
for subsurface irrigation purposes or reuse within a building. In contrast,
the State of Illinois Department of Public Health has no existing regula-
tions for graywater; it is governed under experimental systems. In jurisdic-
tions that allow the use of graywater for non-potable use, blackwater and
graywater waste lines in a building must be kept separate. Though not a
difficult task for new construction, providing separate plumbing can be
problematic (i.e., invasive) in existing buildings (City of Austin 1995). [SOI
Standards: 2, 6, 9, 10.] Strategies for graywater/blackwater reuse include:

e Identify potential sources of graywater (sinks, showers, dishwashers,
condensate from cooling towers, drinking fountains, etc.) and group
those that generate greater quantities of water to minimize piping re-
guirements and maximize water reuse (Mendler and Odell 2000, 110).

e Utilize systems that, collect, recirculate, and reuse water to reduce wa-
ter consumption (USGBC, LEED-EB 2005, 40).
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Use treated graywater for irrigation (Mendler and Odell 2000, 110).
Recycle rainwater as well as graywater for building reuse. After simple
filtration, water can be reused for toilet flushing, irrigation, and other
nonpotable uses (Mendler and Odell 2000, 105). These systems can
vary in size and location. Graywater systems often have smaller storage
requirements but high levels of filtration and treatment. On the con-
trary, stormwater collection systems require larger storage tanks but
less filtration. These storage tanks can be located either above or below
grade. Above-ground tanks require careful placement and design so as
to not detract from the historic character of the property. Below-grade
work requires consideration of buried archaeological resources.

Ecological wastewater treatment

Providing advanced wastewater treatment by employing innovative, eco-
logical, on-site technologies can be highly beneficial. This is especially true
when treatment minimizes energy use and disposes of treated effluent by
applying it to the land, either by surface application or subsurface disper-
sal. However, it is important to choose treatment methods appropriate to
the requirements of state and local regulatory authorities for effluent dis-
posal (USGBC, LEED-EB 2005, 40). Ground-disturbing activities associ-
ated with subsurface dispersal have the potential to impact historic land-
scape features and buried archaeological sites. [SOI Standards: 1, 2, 8, 9,
10.] Ecological wastewater treatment methods include the following:

Employ constructed wetlands as a method of wastewater treatment.
Natural wetlands (e.g., swamps, bogs, marshes, fens, and sloughs) are
recognized as providing many benefits, including: food and habitat for
wildlife; water quality improvement; flood protection; shoreline ero-
sion control; and opportunities for recreation and aesthetic apprecia-
tion (EPA, Constructed Wetlands 1993). Public Works Technical Bulle-
tin (PWTB) 200-1-21, Applicability of Constructed Wetlands for Army
Installations, is a military resource that outlines how the Army is utiliz-
ing constructed wetlands on installations for waste and stormwater
treatment.

Treat wastewater with a mechanical recirculating sand filter. These fil-
ters remove contaminants through physical, chemical, and biological
processes, but primarily biological. They are chemical-free, with bacte-
ria playing the chief role in contaminant removal.

Use an aerobic biological treatment reactor to treat wastewater. This
process introduces air to settled wastewater, creating enough turbu-
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lence to force liquids through biomedia that promotes biomass growth.
This growth in turn leads to a reduction of impurities in the water.

e Educate staff and site users in the benefits of ecological wastewater
treatment methods.
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WE Credits 3.1 and 3.2 — Water Use Reduction (1 - 2 Points)

Intent—Maximize fixture potable water efficiency within buildings to reduce the burden on
municipal water supply and wastewater systems.

Requirements—Have in place over the performance period strategies and systems that in ag-
gregate produce a reduction of fixture potable water use from the calculated fixture water us-
age baseline established in WE Prerequisite 1. If the building does not have separate meter-
ing for each water use (fixture use, process use, irrigation and other uses), the water use
reduction achievements can be demonstrated for WE 3.1 with calculations. At least one meter
for the overall building water use is required and metering for cooling towers and other proc-
ess water use encouraged but not required. To earn WE 3.2, measured fixture water use
demonstrating required level of efficiency must be provided.

=  WE 3.1—-10% reduction in fixture water use from the baseline (1 point).
= WE 3.2—20% reduction in fixture water use from the baseline (1 point).

Sustainable design and development overview

Toilet flushing is the largest single use of water in buildings, consuming
4.8 billion gallons of water per day (EPA 2005). Irrigation, toilets, sinks,
and showers all utilize unnecessary water. For that reason, potable water
use reduction is an important strategy for reducing water waste from
building use. These credits are structured to allow additional LEED points
by further reducing potable water consumption from the baseline re-
quirements of WE Prerequisite 1.

UFC 3-440-02N, Operations and Maintenance: Water Conservation, pro-
vides guidance for military installations establishing water conservation
programs.

Historic preservation overview

See WE Prerequisite 1.

Strategies

Create a water use reduction plan that includes the following, and select
appropriate options for the building budget, upgrade schedule, or planned
renovations. [SOI Standards: None, but the plan should include provisions
for SOI Standards compliance during implementation of the plan.]

e Develop awater use inventory by expected use that identifies and
evaluates significant potable water demands in terms of minimum ac-
ceptable quantity and quality.
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e ldentify water-reducing opportunities in or around building, and meth-
ods to minimize or eliminate the demands.

Low-flow plumbing fixtures and low-flow retrofits are long-term conserva-
tion measures that can be implemented with little or no additional lifecycle
costs (Jensen 1991). Some high-efficiency equipment is widely available,
such as waterless urinals, faucet aerators, and low-flow toilets. Look for
referrals from those who have previously used or specified the equipment.
[SOI Standards: 2, 6, 9, 10.]

e Use or replace conventional toilets with water reduction fixtures. Low-
flow toilets come in several varieties from dual flush (which use either
1.6 or 0.8 gallons by user choice) to dry toilets that use no water at all.
Dual-flush versions use 40% less water than the currently mandated
1.6 gallons per flush (EPA, Water-Saving Tips 2005).

e Use low-flow showerheads, faucet aerators, and/or pressure reduction
valves to reduce water use (EPA, Water-Saving Tips 2005).

e Install self-closing or sensor operated fixtures where faucets might be
carelessly left running.

e Plastic containers (such as plastic milk jugs) can be filled with water or
pebbles and placed in a toilet tank to reduce the amount of water used
per flush (EPA, Water-Saving Tips 2005). [SOI Standards: None.]

Utilize non-potable water systems from toilet flushing, janitorial tasks, and
irrigation, through graywater or rainwater collection systems. [SOI Stan-
dards: 2, 6, 8, 9, 10.] Graywater or rainwater storage systems can be lo-
cated on rooftops or at or below grade. Choose a location that minimizes
impacts to the historic property. Note that below-grade systems may im-
pact buried archaeological deposits.

When letting the water run for hot water, retain the unused water in a con-
tainer for watering plants, etc. [SOI Standards: None.]

Sweep sidewalks and driveways instead of hosing them down or use non-
potable water. [SOI Standards: None.]

Educate building occupants, staff, and site users about water conservation
goals and special instructions for using high-efficiency fixtures or non-
conventional systems. General information signage should be located
where it does not detract from historic features, and fastened in such a way
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that does not involve adhesives, which can permanently mark historic sur-
faces. [SOI Standards: 2, 9, 10.]
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Table 2.1. UFGS sections relevant to WE prerequisites and credits.

WE Prerequisite or UFGS Section | Section Title
Credit
Prerequisite 2 01355A Environmental protection (relevant submittals include SD-O1 Pre-
construction Submittals and Environmental Protection Plan)
Credit 2 02510 Water distribution
Prerequisite 2 and 02531 and Sanitary sewers
Credit 2 02531S
Prerequisite 2 11350 through | Various sludge and sewage provisions
11393
Credit 2 11377 Advance oxidation processes (AOP)
Prerequisite 2 11393 Filtration systems
Prerequisite 1, Credit 13290 Composting toilets
2,3.1,and 3.2
Prerequisite 1, Credit 13401 through | Various water control systems
3.1and 3.2 13451
Credit 2 13401 Flow measuring equipment (sewage treatment plant)
Credit 1.1 and 1.2 Division 02 Site construction (multiple applicable documents)
Prerequisite 2 and 15102S Plumbing
Credit 2,3.1, and 3.2
Credit 2 15400 through | Various plumbing provisions
15411N
Prerequisite 1 and 2 15400 General purpose plumbing
Credit 3.1 and 3.2 15405A Plumbing, hospital
Credit 3.1 and 3.2 154108 Residential plumbing fixtures
Credit 3.1 and 3.2 15411N Hospital plumbing fixtures
Prerequisite 2 15445S Sump pumps
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3 Energy and Atmosphere (EA)

Energy & Atmosphere—Select Mandates and Guidelines
10 CFR Part 434, Energy Code for New Federal Commercial and Multi-Family High Rise Residential Buildings
10 CFR Part 435, Energy Conservation Voluntary Performance Standards for New Buildings
Advanced Buildings Benchmark Version 1.1 (New Buildings Institute, 2006)
Army Energy Campaign Plan (Final Pending)
Army Installation Design Standards (DA, 3 May 2004)
AR 11-27 Army Programs: Army Energy Program (DA, 3 February 1997)

AR 415-15, Construction: Army Military Construction and Nonappropriated-Funded Construction Program De-
velopment and Execution (HQDA 12 June 2006)

AR 420-1 Facilities Engineering: Army Facilities Management (HQDA, Final Pending 2006)
ASHRAE, Advanced Energy Design Guide for Small Office Buildings (ASHRAE, 2004)

ASHRAE/IESNA 90.1-2004, Energy Standard for Buildings Except Low-Rise Residential Buildings (ASTM,
2004)

Center for Resource Solutions, Green-e Renewable Electricity Certification Program (CRS, 2005)
DODI 4170.11, Installation Energy Management (DoD, 22 November 2005)

DOE/GO0-102001-1165, Greening Federal Facilities: An Energy, Environmental, and Economic Resource Guide
for Federal Facility Managers and Designers, 2nd Edition (DOE, May 2001)

ECB 2005-10 Scheduling Requirements for Testing of Mechanical Systems in Construction Contracts
(HQUSACE, 31 Aug 2005)

ECB 2005-14 Building Commissioning Versus Corps of Engineers Military Design/Construction Process
(HQUSACE, 6 September 2005)

EPA Clean Air Act, Title VI, Rule 608

EPA ENERGY STAR, Minimum Rating

EPA ENERGY STAR, Portfolio Manager

ER 1110-345-723, Systems Commissioning Procedures (HQUSACE, 31 July 1995)
FAR Part 23 - 52.223-11, Ozone-Depleting Substances

Federal Energy Policy Act of 2005 (8 August 2005)

International Building Code (International Code Council, 2006)

International Performance Measurement & Verification Protocol [IPMVP] Volume lll: Concepts and Options for
Determining Energy Savings in New Construction

Leonardo Academy, The Cleaner and Greener Certification Program (Leonardo Academy, 2005)
Low Impact Hydropower Institute, Low Impact Hydropower Certification Program (LIHI, 2000)

Memorandum, CEMP-ED, Subject: Heating, Ventilating, and Air Conditioning (HVAC) Systems Design (24 July
2000)
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MOU Federal Leadership in High Performance and Sustainable Buildings (24 January 2006)
UFC 3-400-01, Design Energy Conservation (DoD, 5 July 2002)

UFC 3-401-01FA, Utility Monitoring Control Systems (DoD, 1 March 2005)

UFC 3-440-01, Active Solar Preheat Systems (DoD, 14 June 2002)

UFC 3-440-03N, Design: Passive Solar Buildings (DoD, 16 January 2004)

UFC 3-440-04N, Solar Heating of Buildings and Domestic Hot Water (DoD 16 January 2004)
UFC 4-826-10, Refrigeration Systems for Cold Storage (DoD, 10 July 2002)

UFGS 230000, Air Supply, Distribution, Ventilation, and Exhaust Systems (HQUSACE, April 2006)
UFGS 230800, Commissioning of HVAC Systems (HQUSACE, April 2006)

UFGS 236600, Central Refrigeration Equipment for Air Conditioning (NAVFAC, July 2006)
UFGS 250810, Utility Monitoring and Control System Testing (USACE, April 2006)

UFGS 251010, Utility Monitoring and Control System (USACE, April 2006)

WBDG, Design Guidance - Design Objectives - Sustainable - Minimize Energy Consumption
WBDG, Project Management - Building Commissioning

WBDG, Project Management - Project Planning & Development - Building Commissioning
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EA Prerequisite 1 — Existing Building Commissioning (Required)

Intent—Verify that fundamental building systems and assemblies are performing as intended
to meet current needs and sustainability requirements.

Requirements—Verify and ensure that fundamental building elements and systems are in-
stalled, calibrated and operating as intended so they can deliver functional and efficient per-
formance. Carry out a comprehensive existing building commissioning including the following
procedures:

1. Develop a comprehensive building operation plan that meets the requirements of
current building usage, and addresses the heating system, cooling system, humidity
control system, lighting system, safety systems and the building automation controls.

2. Prepare a commissioning plan for carrying out the testing of all building systems to

verify that they are working according to the specifications of the building operation

plan.

Implement the commissioning plan documenting all the results.

4. Repair or upgrade all systems components that are found to be not working accord-
ing to the specifications of the building operation plan.

5. Re-test all building components that required repairs or upgrades to verify that they
are working according to the specifications of the building operation plan.

w

OR

Submit a 1-to 5-Year Plan for continuous improvements of these aspects of commissioning
requirements 1-5 until all aspects are completed. During the implementation of the continu-
ous improvement plan, demonstrate continuous improvement on a yearly basis until all as-
pects are completed. All low-cost and no-cost measures must be implemented in the first two
years of the implementation program.

Sustainable design and development overview

The purpose of EA Prerequisite 1 is to examine existing building systems
through a systematic commissioning process, by checking systems per-
formance, and making repairs as needed to ensure the building’s opera-
tional needs. The commissioning process optimizes energy and water use,
thereby minimizing related environmental impacts at all levels.

Other credits affected by commissioning include: EA Credit 3.3 (Building
Systems Monitoring), EA Credit 5.1 5.3 (Performance Measurement and
Enhanced Metering), EQ Prerequisite 1 (Outside Air Introduction and Ex-
haust Systems), EQ Credit 1 (Outdoor Air Delivery Monitoring), EQ Credit
7.1—7.2 (Thermal Comfort Compliance and Monitoring), and EQ Credit 9
(Contemporary IAQ Practice).

Historic preservation overview

Commissioning does not directly affect historic building features. How-
ever, lack of commissioning can accelerate the decline of building systems,
and thus degrade the historic building fabric. Commissioning, therefore,
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can be a tool to extend the service live of historic buildings and should be
part of all construction projects.

Strategies

The existing building commissioning process starts with preparing a
Building Operation Plan that specifies the current operational needs of
the building and how to meet them, followed by testing and repairing sys-
tems and equipment as necessary per a Performance Testing Plan. [SOI
Standards: none. The plan itself has no impact, but it must include provi-
sions for recommended operations tailored to the historic building.]

Building Level Performance is documented in a Building Operation Plan
and Performance Testing Plan for each of the following space environ-
mental conditions:

e Space temperature.

e Space pressurization.

e Building envelope. Items to test can include whether the building is
sealed adequately to reduce infiltration, whether the filters have been
changed on schedule, and any other maintenance item that may affect
systems performance. [SOI Standards: none, as long as testing recom-
mendations cover historic features.]

System Level Performance is documented in a Building Operation Plan
and Performance Testing Plan for each of the following building systems:

e Primary HVAC systems (central heating/cooling systems): equipment
sequencing, supply temperature reset, and variable air volume pump-
ing modulation.

e Air handling units: economizers, discharge air temperature reset, and
variable air volume modulation.

e Water systems.

e Lighting systems.

e Building control systems. [SOI Standards: none, as long as testing rec-
ommendations cover historic features.]

Test and repair or replace building systems and equipment as necessary to
ensure they meet the plans above. Update outdated systems as necessary
for efficiency and performance in accordance with the SOI Standards. [SOI
Standards: 2 and 6.]
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Provide documentation that commissioning has been completed, or pro-
vide a 5-year plan for completing the process. [SOI Standards: none, as
long as the plan contains provisions for avoiding impacts to historic fea-

tures.]
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EA Prerequisite 2 — Minimum Energy Performance (Required)

Intent—Establish the minimum level of energy efficiency for the building and systems.
Requirements—Demonstrate that the building has achieved an EPA ENERGY STAR rating of at
least 60 utilizing the EPA’s Portfolio Manager tool for building types addressed by ENERGY
STAR.

OR

For building types not addressed by ENERGY STAR, demonstrate that the building has energy
performance equivalent to an ENERGY STAR rating of at least 60, as calculated using the al-
ternate method described in the LEED-EB Reference Guide.

Sustainable design and development overview

Building systems use excessive amounts of energy. Reducing energy con-
sumption will decrease operating costs and environmental degradation.
Well designed energy-efficiency upgrades can typically pay for initial up-
grade investments in energy savings over time.* The EPA’s Portfolio Man-
ager is a tool for assessing energy performance. It currently addresses
eight primary building types. Table 3.1 shows the DoD building types that
fit within the various ENERGY STAR building categories.' Verification of
ENERGY STAR building type compatibility is recommended before exten-
sive calculations.

Table 3.1. Mapping DoD building types to EPA Portfolio Manager building categories.

DoD Building Types Potential ENERGY STAR Building Equivalent

Administration buildings Offices (general offices, financial centers, bank branches,
and courthouses)

DODD schools K-12 schools

Military hospitals Hospitals (acute care and children's)

VOQs and transient quarters Hotels and motels

Health clinics Medical offices

Commissaries Supermarkets

Barracks Residence Halls/Dormitories

Military warehouses and general storage Warehouses (refrigerated and non-refrigerated)

buildings

* Payback periods vary. Examples could range from one year with the use of low/no water fixtures, to 20
years with the installation of a vegetative roof. More costly capital investments are appropriate for his-
toric buildings DoD intends to maintain over long periods or in perpetuity (e.g., the Pentagon); less
costly capital investments are suitable for buildings with a shorter service life.

t Many military building types (e.g., garages, aircraft hangars, and museums) have no counterparts in
the ENERGY STAR Portfolio Manager. In this case, refer to LEED-EB for calculation strategies.
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Historic preservation overview

The equivalent of an ENERGY STAR rating of at least 60 may be possible
using the alternate calculation method described in the LEED-EB Refer-
ence Guide. Because energy efficiency is affected by everything from build-
ing envelope construction to equipment selection, strategies for satisfying
EA Prerequisite 2 should be selected to minimize negative impacts on his-
torically significant property features.

Attempts should be made to exploit any preexisting passively sustainable
aspects of the property. For example, traditional buildings often included
design features that reduced solar heat gain, took full advantage of cooling
breezes, and facilitated air exchange. Historic buildings were most often
sited to take advantage of local sunlighting angles and prevailing winds,
depending on the climate (see discussion under EQ Credits 8.1 and 8.2).
The siting of historic buildings also frequently made use of natural land
forms as well as vegetation to provide natural shelter from wind and
summer sunlight.

Historic buildings often were designed with features intended to provide
interior comfort against harsh climate conditions. Such features included
deep eaves/overhangs, awnings, operable shutters, deep-set fenestration,
operable casement, awning, and jalousie windows, and raised first floor
levels with vented basements or crawl spaces below (Figure 3.1). Historic
interior features serving to reduce cooling requirements include louvered
doors, vented transoms, interior vents, high ceilings and ceiling fans to
mix warm and cool air as needed for comfort, vented attic space, and cu-
polas. Those traditional architectural features and designs can be exploited
again today to reduce the need for energy-driven mechanical systems, and
they may count toward achieving EA Prerequisite 2 using the alternative
calculation method.
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Figure 3.1. Historic building with features for harsh climate conditions (ERDC-CERL).

Strategies

Use ENERGY STAR website resources to determine current building en-
ergy performance. [SOI Standards: none.]

For buildings correlating to an ENERGY STAR building category, enter
data into the Portfolio Manager for all types of energy used to establish
an energy use benchmark.

Based on benchmark information, assess the building’s energy per-
formance.

For buildings not covered by ENERGY STAR, use calculation procedures
established in LEED-EB to determine building energy performance base-
line. The LEED-EB process includes the following steps (refer to LEED-EB
for further detail). [SOI Standards: none.]

Step 1: Find the historical average energy use of the building. This re-
quires averaging three consecutive years within 6 years of the begin-
ning of the certification process.

Step 2: Compare current energy use with historical energy use by ap-
plying the equations found in the LEED-EB Reference Guide. If the
building is 10% more efficient or greater, the prerequisite is met. To
credit points toward EA Credit 1, refer to the Point Scale for Energy Ef-
ficiency table in the LEED-EB Reference Guide.

Step 3: If the current energy use is greater than 30% more efficient
than the historical energy use, the building must be compared with
similar buildings in the same climate conditions. To achieve more than
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5 points toward EA Credit 1, use equations from the LEED-EB Refer-
ence Guide to determine the modified historical data.

Implement energy-efficient retrofits, effective building and equipment
maintenance, and other energy-saving techniques to reduce energy use.
[SOI Standards: 2, 6, 9, and 10.] See EA Credit 1 for examples of potential
retrofit work and its impacts on historic features. It should be noted that
adding air conditioning to an existing building will automatically increase
energy consumption, which makes EA Prerequisite 2 difficult to achieve
for historic buildings for which there is no prior air conditioning system.
In such a case, it may be possible to earn this credit by comparing energy
costs of the retrofitted building with another building of similar size, con-
struction, and mechanical systems.
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EA Prerequisite 3 — Ozone Protection (Required)

Intent—Reduce ozone depletion.

Requirements—Zero use of CFC-based refrigerants in HVAC&R base building systems unless a
third party (as defined in the LEED-EB Reference Guide) audit shows that system replacement
or conversion is not economically feasible.

Definition of required economic analysis: The replacement of a chiller will be considered to be
not economically feasible if the simple payback of the replacement is greater than 10 years.
To determine the simple payback, divide the cost of implementing the replacement by the
annual cost avoidance for energy that results from the replacement and any difference in
maintenance costs. If CFC-based refrigerants are maintained in the building, reduce annual
leakage to 5% or less using EPA Clean Air Act, Title VI, Rule 608 procedures governing refrig-
erant management and reporting and reduce the total leakage over the remaining life of the
unit to less than 30% of its refrigerant charge.

Sustainable design and development overview

Older building chiller systems may contain CFC-based refrigerants that
cause ozone depletion. Those refrigerants, and equipment that requires
them, are scheduled to be phased out of production in accordance with the
Montreal Protocol. The treaty was originally signed in 1987 and then sub-
stantially amended through 1999. The Montreal Protocol stipulates that
the production and consumption of compounds that deplete ozone in the
stratosphere are to be phased out by 2010 and 2030, respectively, and re-
placed with HCFCs (Montreal Protocol 1989).

EA Prerequisite 3 requires that mechanical equipment be replaced or ret-
rofitted to use environmentally acceptable refrigerants. The use of CFC-
based refrigerant will of necessity continue until all older equipment has
been replaced. Until then, CFC supplies will be stockpiled and refrigerant
from discarded equipment will be captured for reuse.

Historic preservation overview

Replacing refrigerant or chiller equipment typically does not affect signifi-
cant historic building features, except as noted below. Equipment modifi-
cations will generally be confined to mechanical spaces that are not usually
considered historically significant.

Strategies

Specify only non-CFC-based refrigerants in all new Heating, Ventilating,
Air Conditioning and Refrigerating (HVAC&R) systems. [SOI Standards:
none.]
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Identify existing systems that use CFCs, and retrofit or replace these sys-
tems to HCFC or HFC refrigerant systems if economically feasible. [SOI
Standards: 2, 6, 9, and 10.] Replacement may have historic preservation
impacts if wall demolition is required for equipment access. Temporary
modification of buildings may be required to allow new equipment to be
installed, such as removing windows or doors. In some cases, the equip-
ment being removed may be considered historic, such as systems associ-
ated with military research and development clean rooms and missile
launch and guidance computer coolant systems. HABS/HAER recordation
can mitigate the adverse effects associated with equipment removal.

For existing systems, specify procedures to meet annual refrigerant loss
minimization standards and reporting requirements in accordance with
“Complying with Section 608 Refrigerant Recycling Rule” (Clean Air Act
1990). Note that LEED-EB leakage requirements are much lower than the
values used in Section 608. [SOI Standards: none.]

If upgrading the equipment to LEED-EB standards is not feasible, provide
a third-party analysis confirming that. If replacement is not feasible, then
either EPA or LEED-EB leakage levels noted immediately above must be
achieved. [SOI Standards: none.]

Verify that all equipment, such as electric water coolers and built-in refrig-
erators, also complies with these requirements. [SOI Standards: none.]
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EA Credit 1 — Optimize Energy Performance (1 - 10 Points)

Intent—Achieve increasing levels of energy performance above the prerequisite standard to
reduce environmental impacts associated with excessive energy use.
Requirements—Demonstrate the EPA ENERGY STAR energy performance that the building has
achieved. Utilize ENERGY STAR’s Portfolio Manager tool for building types addressed by
ENERGY STAR,

OR

For building types not addressed by ENERGY STAR, demonstrate the ENERGY STAR equivalent
rating for the building energy use, calculated using the alternate method described in the
LEED-EB Reference Guide.

ENERGY STAR Rating | LEED-EB Points
63 1
67 2
71 3
75 4
79 5
83 6
87 7
91 8
95 9
99 10

Sustainable design and development overview

EA Credit 1 establishes additional LEED-EB points for achieving energy
efficiency beyond prerequisite levels. Improving energy efficiency beyond
the minimum performance levels helps to further reduce operating costs
and provide a comfortable indoor environment. In existing buildings,
these upgrades can return energy cost savings that exceed the initial cost
of the equipment. Because the Energy Policy Act of 2005 (Public Law 109-
58) requires a 30% increase in energy efficiency over ASHRAE standards,
all DoD agencies must implement some form of this EA Credit 1.

Historic preservation overview

Strategies for obtaining points under this credit should be selected to
minimize negative impacts on historically significant property features.
The building envelope and modifications related to equipment replace-
ment are two areas of potential impact. The equivalent of an ENERGY
STAR rating of 63 or greater may be possible using the alternate calcula-
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tion method to achieve these credits, as described in the LEED-EB Refer-
ence Guide. (Also see discussion under EA Prerequisite 2.)

Strategies

Improve ENERGY STAR score beyond EA Prerequisite 2 requirements by
implementing major efficiency upgrades, employing additional energy-
saving strategies beyond those currently in place, or improving effective-
ness of current strategies. [SOI Standards: 2, 6, 9, 10.] Many upgrades can
potentially affect historic building features, such as placement of intakes
and registers, location of ductwork, replacement of plumbing fixtures, and
replacement of light fixtures.

Encourage change in building occupant behavior to promote energy saving
contributions, such as lighting or hot water conservation practices. [SOI
Standards: None, unless activities involve the posting of signage with ad-
hesives, which can permanently damage/mark historic materials (2, 10)].

When purchasing new mechanical systems and appliances, acquire high-
efficiency models. [SOI Standards: 2, 9, 10.]

e Ensure that people responsible for purchases understand energy effi-
ciency goals.

e Coordinate atmosphere quality and water/energy efficiency goals by
considering how design choices in one area can impact other areas. For
instance, installing electric sensors on faucets to reduce water use may
increase energy use. Similarly, increasing the number of air handler fil-
ters typically results in cleaner air, but more energy is needed to force
air through the added filters.

e Ensure that the placement of new equipment does not conflict with his-
toric site or landscape features, or adversely impact significant building
features.

Site features

Develop site features to conserve energy. Trees and shrubs can be inten-
tionally positioned to block direct solar radiation in the summer, thereby
reducing cooling energy consumption by up to 40% annually (EPA, Heat
Island Effect: Energy Savings from Trees and Vegetation 2005). [SOI
Standards: 2, 3, 6, 8, 9, and 10.] Any new vegetation should be selected for
visual compatibility with historic site design. New plantings should be
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planned to avoid obscuring historic views of the building or grounds.
However, some areas of the property may fall outside of historic
viewsheds, and those may be appropriate for new stands of larger vegeta-
tion to reduce energy needs. Additionally, planting activities that disturb
the soil may affect historic property features or buried archaeological de-
posits.

Use landscaping to protect buildings from wind and provide shade.
Shade the south and west sides of buildings with deciduous trees, and
use native evergreens to act as all-season wind barriers (Ashkin et al.
2000, 17). The growth and loss of foliage in deciduous trees helps to
balance energy requirements throughout the year. Summer foliage
cools buildings by blocking direct solar radiation, and winter leaf loss
allows solar energy to pass through branches and help to heat buildings
(EPA, Heat Island Effect: Energy Savings from Trees and Vegetation
2005).

Take maximum advantage of the site’s solar and wind attributes, using
site design to optimize conditions and harness free energy (Fournier
and Zimnicki 2004, 5).

Use regionally-appropriate landscaping to reduce or eliminate irriga-
tion requirements. For strategies, refer to WE Credit 1, Water Efficient
Landscaping, in this report.

Avoid dense plantings near buildings that will conflict with Installation
Design Standards (Army 2004, 10-14) or the ‘unobstructed space’ re-
guirements stated in UFC 4-010-01, DoD Minimum Antiterrorism
Standards for Buildings.

Use site lighting only where necessary for safety or security. Avoid di-
recting lighting toward the sky. Where exterior light fixtures are char-
acter-defining features of a site, do not alter the fixtures to reduce light
pollution; replace the bulbs with those that put out less light and use
less energy.

Building shell

Use reflective roofing materials to reduce heat island effects and ambi-
ent temperatures, thus minimizing space cooling requirements. [SOI
Standards: 2, 6, 9, 10.] Light-colored roofing may not be suitable where
darker roofing materials, such as slate, have been used. Reflective roof-
ing can usually be installed without adverse impacts to historic build-
ings with low-slope roofs visually concealed by parapets.
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Improve window performance to reduce heating and cooling loads.
[SOI Standards: 2, 5, 6.] Historic single-pane windows are constructed
of relatively simple parts that can easily be replaced, and wood win-
dows can last 75 years with proper paint maintenance. In contrast,
modern insulated windows are machine made or extruded as integral
pieces units. Repair costs are high because repair often requires an-
other full replacement. A typical upgrade for historic windows is a new,
insulated unit with grilles that replicate the historic appearance of di-
vided lights. The weakest part of any insulated window is the gasket be-
tween the panes which, at best, is made of butyl elastomer and will last
about 15 years. Before considering full replacement, and the extra en-
ergy inputs associated with product shipping and installation, it may be
better sustainability practice to restore historic windows and supple-
ment with an interior storm window to improve thermal insulation. A
window upgrade or restoration project also provides an opportunity to
eliminate previous replacement units that were historically inappropri-
ate.

Incorporate or restore historically appropriate daylighting features to
reduce mechanical lighting systems. [SOI Standards: 2, 6, 9, 10.] See
EQ Credits 8.1 — 8.4 for strategies related to daylighting.
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EA Credits 2.1 - 2.4 — Onsite and Offsite Renewable Energy (1 - 4
Points)

Intent—Encourage and recognize increasing levels of onsite and offsite renewable energy in
order to reduce environmental impacts associated with fossil fuel energy use.

Requirements—Over the performance period, meet some or all of the building’s total energy
use through the use of onsite or offsite renewable energy systems. Points are earned accord-
ing to the following table. The percentages shown in the table are the percentage of building
energy use over the performance period that is met by renewable energy.

Offsite renewable energy sources are as defined by the Center for Resources Solutions (CRS)
Green-e products certification requirements or the equivalent. Green power may be procured
from a Green-e certified power marketer, a Green-e accredited utility program, or through
Green-e certified Tradable Renewable Certificates or the equivalent. At least 25% of any off-
site green power or Green Certificates used to earn this credit needs to be from new sources
(sources constructed after 1997). For onsite renewable energy that is claimed for LEED-EB
credit, the associated environmental attributes must be retained or retired and cannot be
sold.

Up to the four-point limit, any combination of individual actions will be awarded the sum of the
points allocated to those individual actions. For example, one point would be awarded for im-
plementing 3% of onsite renewable energy. Two additional points would be awarded for meet-
ing 30% of the building’s energy load with renewable power or certificates over the perform-
ance period.

LEED-EB Points | Onsite Renewable Energy | Offsite Renewable Energy/Certificates
1 3% or 15%
2 6% or 30%
3 9% or 45%
4 12% or 60%

Sustainable design and development overview

Adapting existing buildings to renewable energy sources such as wind tur-
bines, solar panels, or geothermal energy, largely depends on available on-
site resources, such as proximity to groundwater. Geographic location also
has major impacts on the types of renewable energy equipment appropri-
ate for each site; specific regions will provide substantially faster returns
on investments than other regions. If renewable energy resources are
available and feasible to exploit, it is important to identify sources early so
that project funding application forms include appropriate line items.

Historic preservation overview

Using existing offsite (Green-e certified or equivalent) energy sources will

not impact the building’s historic features. New onsite sources, such as so-
lar heating and photovoltaic (PV) panels, need to be carefully placed in or-
der to avoid detracting from the appearance of historic building elevations
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and roof forms. A compromise may be to locate new energy sources on
minor building elevations. If the construction of a large structure such as a
wind turbine is part of the project but located elsewhere, the project must
also consider the impact of the turbines on any adjacent historic properties
or archaeological sites. This offsite scenario is especially suited to land-
locked installations.

Any existing historic hydropower sources (e.g., waterwheels and raceways)
and wind power sources (e.g., windmills) should be restored if feasible.

Strategies

Acquire onsite nonpolluting renewable technologies that contribute to
building energy requirements.

e Photovoltaic (PV) panels produce electricity from solar radiation, and
can be linked into a building’s electrical systems. ‘Net metering’ can be
supplied whereby power is supplied back to a utility grid when local
demand is less than PV production. Net metering enables customers to
use their self-generated electricity to offset their consumption over a
billing period by allowing their electric meters to turn backwards when
they generate electricity in excess of their demand. This offset means
that customers receive retail prices for the excess electricity they gen-
erate. Without net metering, a second meter is usually installed to
measure the electricity that flows back to the provider, with the pro-
vider purchasing the power at a rate much lower than the retail rate.
[SOI Standards: 2, 6, 9, 10.] Photovoltaic panels installed on a low-
slope roof visually concealed by a parapet do not affect the appearance
of historic building features from ground level.

e Install solar water heating technology. [SOI Standards: 2, 6, 9, 10.] The
solar energy collection panels should be installed on a secondary roof
elevation or mounted on a concealed portion of a low-slope roof in or-
der to avoid affecting building appearance.

e Where available, utilize ‘naturally occurring geothermal energy’ to con-
tribute to building energy needs. An example of naturally occurring
geothermal energy would be readily available groundwater for geo-
thermal piping systems. [SOI Standards: 2, 6, 8, 9, 10.] Ground dis-
turbing activities can impact historic landscape features and buried ar-
chaeological deposits.

e Use plant biomass (i.e., organic waste) as fuel for a boiler or gasifier to
drive an electric generator or to provide heat for space conditioning.
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Biomass gasifiers are reactors that heat biomass in a low-oxygen envi-
ronment to produce a fuel gas that contains from one fifth to one half
(depending on the process conditions) the heat content of natural gas.
The gas produced from a gasifier can drive highly efficient devices such
as turbines and fuel cells to generate electricity. In the United States,
biomass fuel is most commonly used in manufacturing and rural areas
where there is a plentiful supply of biomass source (e.g., farm animal
manure, wood and agricultural waste, and sewage sludge) from nearby
industrial or agricultural operations. [SOI Standards: 2, 6, 9, 10.] Stor-
age areas for biomass material may impact historic features or
viewsheds.

e Use wind turbines to generate electricity. [SOI Standards: 2, 6, 8, 9,
10.] However, even when located off site, wind turbines can adversely
affect historic views, and foundations for the supporting towers can
impact archaeological sites.

e Hydropower is an excellent source of renewable energy if the site al-
lows for it. Be aware that hydro power systems can be high in upfront
costs and often have many EPA restrictions. [SOI Standards: 2, 6, 8, 9,
10.] Construction activities and placement of equipment could impact
above ground and below ground historic resources.

e Purchase renewable energy generated offsite, or renewable energy
trade certificates to meet some or all of the building’s energy require-
ments. [SOI Standards: None.]
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EA Credit 3.1 — Building Operations and Maintenance: Staff Education
(1 Point)

Intent—Support appropriate operations and maintenance of buildings and building systems so
that they continue to deliver target building performance goals over the long term.

Requirements—Have in place over the performance period a building operations and mainte-
nance staff education program that provides each staff person primarily working on building
maintenance with at least 24 hours of education each year over the performance period. The
education program should provide information on building and building systems operation,
maintenance and achieving sustainable building performance. Training must be of high qual-
ity and relevant to building operations and maintenance.

Sustainable design and development overview

Periodic training of building operations and maintenance (O&M) staff im-
proves their capability to continually optimize building energy use. Con-
tinuing education will reduce incidents of negligence or uninformed deci-
sion-making. Staff education at DoD installations comes out of general
operating funds, which are often depleted for higher-profile requirements.
However, it may be possible to include a specific number of staff training
hours per year for a period of several years in the bid documents for indi-
vidual projects.

Historic preservation overview

Staff training typically does not affect historic buildings unless it does not
adequately address specific O&M issues for aging buildings or it involves
the posting of visual information on a building’s character-defining fea-
tures.

Strategies

Arrange a minimum of 24 hours of onsite or offsite training per building
O&M staff member. Focus training on specific LEED-EB principles and
credits. Educational sessions may be organized internally or externally by
outside consultant or trade association. [SOI Standards: None.]

Address building and mechanical system O&M, groundskeeping, and
achievement of sustainable and historic building and site requirements.
[SOI Standards: 2, 10.] In order to avoid damaging historic materials, edu-
cational signage should not be posted on significant building features us-
ing mechanical fasteners or adhesives.
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EA Credit 3.2 — Building Operations and Maintenance: Building
Systems Maintenance (1 Point)

Intent—Support appropriate operations and maintenance of buildings and building systems so
that they continue to deliver target building performance goals over the long term.
Requirements—Have in place over the performance period a comprehensive Best Practices
Equipment Preventive Maintenance Program that provides in-house resources or contractual
services to deliver post-warranty maintenance.

Sustainable design and development overview

Inadequate preventive maintenance plans in existing buildings often result
in excessive energy use and operating costs. Proactive maintenance in-
creases the service life of building systems and postpones replacement ex-
penditures.

Historic preservation overview

Maintenance strategies for equipment typically do not affect historic build-
ings. However, use chemicals and lubricants that will not have a negative
impact on historic equipment or the facility.

Strategies

Schedule preventive maintenance for all building equipment and docu-
ment that maintenance tasks are carried out according to schedule. In-
clude procedures to check for energy efficiency, including controls evalua-
tion. Preventive maintenance can be performed by internal staff or
contractor. Compile a spreadsheet tracking scheduled maintenance activi-
ties. [SOI Standards: None.] Include:

Common preventive maintenance tasks that can improve or restore
equipment efficiency include the following [SOI Standards: None]:

e Filter replacement

e Belt tightening and replacement

e Building control configuration

e Air balancing reports

e Bearing lubrication and timely replacement

e Mechanical system water chemical treatment
e Ductsealing

e Insulation repair

e Duct, grille, and diffuser cleaning
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e Cleaning of heat transfer equipment (e.g., heat exchangers cooling tow-
ers, air handling unit coils, chillers, condensing units, etc.)
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EA Credit 3.3 — Building Operations and Maintenance: Building
Systems Monitoring (1 Point)

Intent—Support appropriate operations and maintenance of buildings and building systems so
that they continue to deliver target building performance goals over the long term.

Requirements—Have in place over the performance period a system for continuous tracking
and optimization of systems that regulate indoor comfort and the conditions (temperature,
humidity and CO2) delivered in occupied spaces. The system must include:

= Continuous monitoring of system equipment performance and of the indoor environ-
mental conditions delivered in the building

=  Alarms for performance or conditions that require repair.
= Asystem in place that delivers prompt repairs to problems identified.

Sustainable design and development overview

Installation of equipment to continually monitor and control building
temperature, humidity, and carbon-dioxide conditions can save energy
and improve the productivity of building occupants.

Historic preservation overview

Monitoring building systems typically does not affect historic buildings.
However, wherever monitoring devices are required, designers should take
into account the size and number of devices, and select mounting locations
that minimize impacts to historic features.

Strategies

Develop a system to continuously track and optimize mechanical systems
that regulate indoor climate. [SOI Standards: 2, 9, 10.] Consider the total
number of devices, existing and new, when proposing a location. Devices
that must be located on the walls or ceilings of significant historic interiors
should be integrated into decorative finishes such as paneling and paint
patterns). Conceal devices in cabinets or shelving when feasible.
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EA Credit 4 — Additional Ozone Protection (1 Point)

Intent—Reduce ozone depletion and support early compliance with the Montreal Protocol.
Requirements—

Option A: Do not operate base building HVAC, refrigeration or fire suppression systems that
contain CFCs, HCFCs or halons.

Option B: Do not operate fire suppression systems that contain CFCs, HCFCs or halons,
AND

Reduce emissions of refrigerants from base building HVAC and refrigeration systems to less
than 3% of charge per year over the performance period using EPA Clean Air Act, Title VI, Rule
608 procedures governing refrigerant management and reporting and reduce the leakage
over the remainder of unit life to below 25%.

Sustainable design and development overview

Existing building systems that conform to the current requirements of the
Montreal Protocol may operate on HCFC refrigerants. These are less de-
structive to ozone than CFCs, but they are scheduled to be phased out of
production by 2030. EA Credit 4 is earned by replacing or modifying
HVAC equipment to use more environmentally friendly refrigerants.

Historic preservation overview

Upgrading or replacing HVAC systems could affect historic building fea-
tures if reconfigured ductwork and relocated registers are poorly placed.
Equipment replacement can be an opportunity to improve conditions if an
existing unit was poorly sited (e.qg., visible on a prominent historically sig-
nificant building facade). This work may require temporary removal of his-
toric windows, doors, or skylights to provide access for large HVAC com-
ponents. These features must be carefully removed, stored, and
reinstalled.

Strategies

Identify use of HCFCs and halons in all existing systems. Consider HVAC,
refrigeration, plastic foam insulation, and fire protection equipment.

Modify or replace identified systems to eliminate ozone-depleting chemi-
cals. Choose substitutes that impose the smallest possible environmental
impacts, considering tradeoffs across a range of important potential im-
pacts (i.e., worker safety, ozone layer impact, energy efficiency, and cli-
mate change). [SOI Standards: 2, 9, 10.] Avoid damage to existing historic
features during removal work and incorporate new systems appropriately
into the historic architectural context. Historically appropriate implemen-
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tation might include high-velocity HVAC systems that do not require
dropped ceilings that change the character of interior spaces and obscure
historic windows.

If all ozone-depleting equipment cannot be replaced or modified, imple-
ment a program to minimize refrigerant leakage to meet the credit re-
guirements and EPA Section 608 standards. [SOI Standards: None, al-
though provisions should be included in the plan to ensure that historic
features are part of the decision-making process.]
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EA Credits 5.1 - 5.3 — Performance Measurement: Enhanced
Metering (1 - 3 Points)

Intent—Demonstrate the ongoing accountability and optimization of building energy and water
consumption performance over time and add incentives for additional energy reduction.

Requirement—Have in place over the performance period continuous metering for the follow-
ing items: (Up to 3 points can be earned—one point is earned for each four actions imple-
mented/maintained)

= Lighting systems and controls.

= Separate building electric meters that allow aggregation of all process electric loads
(Process electric loads are defined in the LEED-EB Reference Guide).

= Separate building natural gas meters that allow aggregation of all process natural gas
loads (Process natural gas loads are defined in the LEED-EB Reference Guide).

= Separate meters that allow aggregation of all indoor occupant’s related water use for re-
quired fixtures.

= Separate meters that allow aggregation of all indoor process water use (Process water
uses are defined in the LEED-EB Reference Guide).

= Separate meters that allow aggregation of all outdoor irrigation water use.

= Chilled water system efficiency at variable loads (kW/ton) or cooling loads (for non-chilled
water systems).

= Cooling load.

= Air and water economizer and heat recovery cycle operation.

= Boiler efficiencies.

= Building specific process energy systems and equipment efficiency.
=  Constant and variable motor loads.

= Variable frequency drive (VFD) operation.

= Air distribution, static pressure and ventilation air volumes.

For each item metered, prepare, implement and maintain a program for using the data gath-
ered to improve building performance over time.

Sustainable design and development overview

Measuring a building’s ongoing energy and water consumption allows for
improvement of building system and equipment performance over the
service life of the facility. The environmental impacts of energy and water
use can be minimized to reduce air and water pollution and conserve natu-
ral resources. It may not be feasible to earn these credits at this time be-
cause most DoD buildings are not metered individually.

Historic preservation overview

Metering of central building systems typically does not affect historic
properties, but utility meters should be located in secondary mechanical or
electrical spaces rather than on exterior elevations. If meters are already
located on a prominent exterior historic building facade, use the project as
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an opportunity to relocate them to a less visible location such as a utility
room.

Strategies

Use automated systems to measure and track system performance. [SOI
Standards: None.]

Prepare, implement, and maintain a program to monitor system perform-
ance, identify improvement goals, and track action items. [SOI Standards:
None.]
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EA Credit 5.4 — Performance Measurement: Emission Reduction
Reporting (1 Point)

Intent—Document emission reduction benefits of building efficiency actions, retire a portion of

the reductions and reduce emissions in the supply chain.

Requirements—Identify building performance parameters that reduce energy use and emis-

sions:

= Track and record emission reductions delivered by energy efficiency, renewable energy
and other building emission reduction actions.

=  Report emission reductions using a third-party voluntary certification program.

= Retire at least 10% of the reported emission reductions through a third-party voluntary
certification program. (To meet this requirement, the third-party voluntary emission reduc-
tion certification and retirement programs must be programs of credible organizations.
Third-party programs shall notify any applicable local or regional emission reduction regis-
tries of the reported emission reductions.)

=  Ask the suppliers of goods and services for the building to do the same by implementing
actions of tracking, reporting, retiring emission reductions and asking their suppliers to
do the same.

Sustainable design and development overview

By quantifying steps taken to reduce energy and water consumption, espe-
cially buildings using gas-fired and coal-fired equipment, facility managers
can document installation progress toward sustainable operations.

Historic preservation overview

Implementing measures to reduce emissions by 10% can involve replace-
ment of aged coal-fired and gas-fired equipment. Such renovations may
produce large penetrations in the building, and these must be repaired us-
ing methods that are visually compatible with the historic material. Mod-
ern high-efficiency furnaces typically do not use the large chimneys and
vents installed for the original equipment. Those elements are often
prominent features of the historic building, so project plans must include
provisions for retaining and stabilizing them even if they are no longer
needed for building utilities (Figure 3.2).
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Figure 3.2. Retain nonfunctioning historic chimneys, flues, and smokestacks (Hardlines).

Strategies

Track whole building energy use, energy use reductions, renewable energy
usage, and other actions that reduce emissions (e.g., carbon dioxide, sulfur
dioxide, nitrogen oxides, mercury, small particulates, large particulates,
and volatile organic compounds). Use this information to establish a base-
line and track subsequent data. [SOI Standards: None.]

Use a third-party emissions reduction reporting program or programs that
help building owners (1) calculate and report all different types of emission
reductions delivered by their energy efficiency, renewable energy, and
other emission reduction actions, and (2) eliminate at least 10% of these
emission reductions. Ensure that the upgrade project includes plans to re-
pair damaged historic building materials and envelope in a visually appro-
priate manner. Retain historic chimneys and vents that are no longer func-
tional and seal them to prevent energy loss. [SOI Standards: 2, 6, 9, 10.]

Ask suppliers of goods and services to the building to also meet the re-
guirements of EA Credit 5.4. In the government procurement system, this
action item will not be achieved unless it is written into the procurement
specifications. [SOI Standards: None.]
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EA Credit 6 — Documenting Sustainable Building Cost Impacts (1
Point)

Intent—Document sustainable building cost impacts.

Requirements—Document overall building operating costs for the previous 5 years (or length
of building occupancy, if shorter), and track changes in overall building operating costs over
the performance period. Document building operating costs and financial impacts of all of the
aspects of LEED-EB implementation on an ongoing basis.

Sustainable design and development overview

Documenting the costs and benefits of implementing sustainable building
operations (1) provides proof that sustainable design and development
saves money, (2) encourages greater participation, and (3) promotes
higher building sustainability achievements. However, because DoD build-
ings are usually not individually metered, this credit may be difficult to
achieve.

Historic preservation overview

Cost documentation does not affect historic properties except to the extent
to which documentation may help to justify the reuse, preservation, or res-
toration of historic properties. Their passively sustainable features can
have financial advantages over new construction.

Strategies

Track building operating costs and benefits to identify impacts related to
sustainable building and operations performance improvements. [SOI
Standards: None.]

For each LEED-EB prerequisite and credit earned, determine the costs
and benefits of implementation over the period. [SOI Standards: None.]

Establish a pre-sustainability cost benchmark and then track costs and
benefits as sustainable practices accrue. [SOI Standards: None.]
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doc#BikePathl (accessed July 28, 2005).

Energy Policy Act of 2005. P.L. 109-58.
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http://www.epa.gov/heatisland/images/extra/level3_treesavings.html

U.S. Environmental Protection Agency. 2006. Stationary Air Conditioning: Complying

with the Section 608 Refrigerant Recycling Rule.
http://www.epa.gov/ozone/title6/608/608fact.html

EA-related DoD guide specifications

Unified Facilities Guide Specifications (UFGS) that address energy and
atmosphere are shown in Table 3.2 below:

Table 3.2. UFGS sections relevant to EA prerequisites and credits.

EA Prerequisite or Credit UFGS Section Title
Section
Prerequisite 2; Credit 1 01721 Mineral fiber blanket insulation
Prerequisite 1, 2; Credit 1, 3.1, 01781 Operation and maintenance data
3.2,and 3.3
Prerequisite 1 01830 Operation, maintenance, and process monitoring for soil

vapor extraction (SVE) systems

Prerequisite 2; Credit 1 07214 Board and black insulation

Prerequisite 2; Credit 1 07216 Loose fill thermal insulation




ERDC/LAB TR-07-15

172

EA Prerequisite or Credit UFGS Section Title

Section
Prerequisite 2; Credit 1 07220 Roof and deck insulation
Prerequisite 2; Credit 1 07240 Exterior insulation and finish systems
Prerequisite 2; Credit 1 08800 Glazing
Prerequisite 2; Credit 1 08805S Glass and glazing
Credit 1 08810S Glass
Prerequisite 2; Credit 1 08900S Glazed curtain wall
Prerequisite 2; Credits 1 and 2.1- | 13600A Solar water heating equipment
2.4
Credits 2.1-2.4 13610N Solar liquid flat plate collectors
Prerequisite 1 and 2; Credit 1 Division All equipment sections may apply depending on HVAC

15000 system type
Prerequisite 2; Credit 1 15080 Thermal insulation for mechanical systems
Prerequisite 2; Credit 1 15081N Exterior pipe insulation
Prerequisite 2; Credit 1 15083S Duct insulation
Prerequisite 2; Credit 1 15085S Piping insulation
Prerequisite 3; Credit 4 15182 Refrigerant piping
Prerequisite 3; Credit 4 15185S Refrigerant piping and specialties
Prerequisite 3; Credit 4 15601N Central refrigeration equipment for air conditioning
Prerequisite 3; Credit 4 15602N Refrigeration equipment for cold storage
Prerequisite 3; Credit 4 15610S Refrigeration compressors
Prerequisite 3; Credit 4 15620A Liquid chillers
Prerequisite 3; Credit 4 15625S Chilled water air conditioning
Prerequisite 3; Credit 4 15626S Centrifugal water chillers
Prerequisite 3; Credit 4 15627S Reciprocating water chillers
Prerequisite 3; Credit 4 15652A Cold storage refrigeration systems
Prerequisite 3; Credit 4 15675S Air cooled condensers
Prerequisite 3; Credit 4 15700A Unitary heating and cooling equipment
Prerequisite 3; Credit 4 15700S Heating/ventilation/air conditioning systems
Prerequisite 3; Credit 4 15702N Computer room air conditioning units
Prerequisite 3; Credit 4 15730N Unitary air conditioning equipment
Prerequisite 3; Credit 4 15732S Packaged air conditioning units
Prerequisite 3; Credit 4 15736S Computer room air conditioning units
Prerequisite 3; Credit 4 15740S Heat pumps
Prerequisite 3; Credit 4 15741N Water source heat pumps
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EA Prerequisite or Credit UFGS Section Title
Section
Prerequisite 2; Credit 1 15895 Air supply distribution ventilation and exhaust removal
systems
Prerequisite 1 and 2; Credits 1, 15901N Space temperature control systems
3.1,3.2,and 3.3
Prerequisite 1 and 2; Credits 1, 15902S Control systems
3.1,3.2,and 3.3
Prerequisite 1; Credits 3.1, 3.2, 15910N Direct digjtal control systems
and 3.3
Prerequisite 1; Credits 3.1, 3.2, 159158 Electric control systems
and 3.3
Prerequisite 2; Credit 1 15940A Overhead vehicle tailpipe exhaust removal systems
Prerequisite 1 15950S Testing, adjusting, and balancing
Prerequisite 1 and 2; Credit 1 15950N HVAC testing/adjusting/balancing
Prerequisite 1 15951N Testing, industrial ventilation systems
Prerequisite 1 and 2; Credit 1 15990A Testing, adjusting, and balancing of HVAC systems

Prerequisite 1 and 2; Credit 1, 3.1, | 15995A Commissioning of HVAC systems
3.2,3.3,5.1-5.3,and 5.4

Credits 2.1-2.4 16311A Main electrical supply station and substation
Prerequisite 2; Credit 1 16510 Interior lighting

Prerequisite 2; Credit 1 16511S Fluorescent lighting

Prerequisite 2; Credit 1 16512S High intensity discharge luminaries
Prerequisite 2; Credit 1 16513S Incandescent lighting

Additional EA resources

Advanced Buildings Technologies and Practices. ment/PreventiveMaintenanceandBuildingOper
www.advancedbuildings.org ationEfficiency.htm
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omy. Www.aceee.org California Commissioning Collaborative.
American Society of Heating, Refrigeration and Air Www.cacx.org
Conditioning Engineers. ASHRAE Guidelines. Chartered Institution of Building Services Engi-
www.ashrae.org neers. 2000. CFC’s, HCFC and Halons: Pro-
American Wind Energy Association. fessional and Practical Guidance on Sub-
WWW.awae.org stances that Deplete the Ozone Layer.
Building Owners and Managers Association Inter- Cleaner and Greener Certification Program.
national. 1993. The Refrigerant Manual: Man- www.cleanerandgreener.org
aging the Phase Out of CFC’s. Coping with the CFC Phase-out.
Building Owners and Managers Association Inter- www.facilitymanagement.com
national. n.d. Preventive Maintenance and Database of State Incentives for Renewable Energy.
Building Operation Efficiency. www.dsireusa.org

http://www.boma.org/ProductsAndResearch/Pr ENERGY Guide. www.energyguide.com
opertyManage-
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Wiley and Sons.
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ergy Center for Resource Solutions.
Www.green-e.org

Grumman, David L. 2003. ASHRAE GreenGuide.
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Lighting Handbook, 9th Edition. 2000. IESNA
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cation Protocol. www.ipmvp.org

Jazwin, Richard. 1995. The HVAC/R Professional’s
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Bookmasters.
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www.lowimpacthydro.org

Miller, Katharine B. et al. 1995. Strategies for Man-
aging Ozone-Depleting Refrigerants: Con-
fronting the Future. Batelle Press.

National Center for Photovoltaics.
www.nrel.gov/ncpv/

National Renewable Energy Laboratory.
www.nrel.gov

New Building Institute. www.newbuildings.org

Oak Ridge National Laboratory and Portland En-
ergy Conservation, Inc. A Practical Guide for
Commissioning Existing Building.
http://eber.ed.ornl.gov/commercialproducts/ret
rocx.htm

Patel, Mukund. 1999. Wind and Solar Power Sys-
tems. CRC Press.

Portland Energy Conservation, Inc. 2001. Retro-
Commissioning Handbook for Facility Manag-
ers (March).
http://www.oregon.gov/ENERGY/CONS/BUS
/comm/docs/retrocx.pdf

Sheet Metal and Air Conditioning Contractors’
National Association. Building Systems
Analysis and Retrofit Manual. 1995.

State of Oregon. Oregon Department of Energy,
Building Commissioning Savings. June 2004.
http://www.oregon.gov/ENERGY/CONS/BUS
/comm/commsave.shtml

Stein, Benjamin and John S. Reynolds. Mechanical
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Edition. John Wiley and Sons, 2000.
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Distribution. Technical Manual 5-811-1/Air
Force AFJMAN 32-1080.

Air Force, Energy Office. 2004. Air Force
Energy Management Plan. Procedural Memo-
randum (Afeppm) 04-1.
http://www.afcesa.af.mil/ces/cesm/energy/doc
uments/AFEPPMO04-1approvedjan7.pdf

Department of Energy. Energy Information
Administration, Commercial Buildings Energy
Consumption Survey: Table C10 1999.
http://www.eia.doe.gov/emeu/cbecs/pdf/set9.p
df

Department of Energy. Office of Energy Effi-
ciency and Renewable Energy.
WWW.eere.energy.gov.

Department of Energy, Office of Energy Effi-
ciency and Renewable Energy. The Energy
Policy and Conservation Act, as amended, 42
U.S.C. 6291-6317. Energy Efficiency Program
for Certain Commercial and Industrial Equip-
ment (EPACT): Test Procedures, Labeling,
and Certification Requirements for Electric
Motors; Final Rule. 10 CFR Part 431.
http://www.aceee.org/motors/epactpdf.pdf
Department of Energy, Office of Energy Effi-
ciency and Renewable Energy. Green Power
Network. www.eere.energy.gov/greenpower
Department of Energy. Phase-Out of Ozone
Depleting Substances Information.
www.epa.gov/ozone/title6/phaseout/index.html

Environmental Protection Agency. Benefits of
CFC Phase-Out.
www.epa.gov/ozone/geninfo/benefits.html

Environmental Protection Agency. Buildings
Upgrade Manual.
www.energystar.gov/index.cfm?c=business.bu
s_upgrade_manual&layout=print
Environmental Protection Agency. Building
Owners Save Money, Save the Earth, Replace
Your CFC Air Conditioning Chiller.
www.epa.gov/ozone/title6/608/chiller107.pdf
Environmental Protection Agency. ENERGY
STAR Building Manual. www.energystar.gov
Environmental Protection Agency. ENERGY
STAR Portfolio Manager, Tools for calculating
the ENERGY Star performance rating.
Www.energystar.gov

Environmental Protection Agency. EPA’s
Significant New Alternatives Policy (SNAP).
www.epa.gov/ozone/snap/index.html
Environmental Protection Agency. Green
Power Partnership.
www.epa.gov/greenpower/index.htm
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U.S. Environmental Protection Agency. Ozone
Depleting Substances.
www.epa.gov/ozone/ods.html

U.S. Environmental Protection Agency. Schedule of
refrigerant phase-out dates.
www.epa.gov/ozone/title6/phaseout/

U.S. Environmental Protection Agency. Strato-
spheric Ozone Protection: Moving to Alterna-
tive Refrigerants.

http://es/epa.gov/program/epaorgs/oar/altrefrg.

html
U.S. Green Building Council. Workshops.
www.usgbc.org
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4 Materials and Resources (MR)

Materials & Resources—Select Mandates and Guidelines

AR 200-1, Environmental Protection and Enhancement (DA, 21 February 1997) (to be replaced by AR 200-1
Environmental Sustainability and Stewardship)

AR 420-49, Facilities Engineering: Utility Services (HQDA, 28 April 1997)

Army Installation Design Standards (DA, 3 May 2004)

DA PAM 200-1, Environmental Protection and Enhancement (DA, 17 January 2002)

EO 12873, Federal Acquisition, Recycling, and Waste Prevention (White House, 20 October 1993)

EO 13101, Greening the Government Through Waste Prevention, Recycling, and Federal Acquisition (White
House, 14 September 1998)

EPA Comprehensive Procurement Guidelines found in 40 CFR 247 (EPA, April 2004)

EPA Environmentally Preferable Purchasing (EPP) Program

EPA Greening Your Purchase of Cleaning Products: A Guide For Federal Purchasers

EPA Total Mercury by Cold Vapor Absorption Method 7471A

FAR Part 23.4, Use of Recovered Materials

FAR Part 23-52.223-4, Recovered Material Certification

FAR Part 23-52.223-9, Estimate of Percentage of Recovered Material Content for EPA-Designated Products
FAR Part 23-52.223-10, Waste Reduction Program

Forest Stewardship Council, Forest Stewardship Council Principles and Criteria

Green Seal GS-03, Green Seal Standard 03 - Anti-Corrosive Paints (Green Seal, 07 January 1997)
Green Seal GS-08, Green Seal Standard 08 - Household Cleaners (Green Seal, 02 November 1993)
Green Seal GS-11, Green Seal Standard 11 - Paints (Green Seal, 20 May 1993)

Green Seal GS-36, Green Seal Standard 36 - Commercial Adhesives (Green Seal, 19 October 2000)

Green Seal GS-37, Green Seal Standard 37 - Green Seal Environmental Standard for General-Purpose, Bath-
room, Glass, and Carpet Cleaners Used for Industrial and Institutional Purposes (Green Seal, 27 January
2006)

Green Seal GS-40, Green Seal Environmental Standard for Floor-Care Products: Finishes and Compatible
Strippers Used for Industrial and Institutional Purposes (Green Seal, 12 November 2004)

IESNA LM-40-01, Standard for Life of Tubular Fluorescence (IESNA, 01 December 2001)

IESNA LM-47-01, Standard for Life of HID Lamps (IESNA, 01 December 2001)

IESNA LM-60-01 Standard for Life of Single-Ended Compact Fluorescent Lamps (IESNA, 01 December 2001)
Memorandum, DAIM-FD, Subject: Management of Construction & Demolition (C&D) Wastes (31 August 2001)

Memorandum, DAIM-FD, Subject: Requirements for Sustainable Management of Waste in Military Construc-
tion, Renovation, and Demolition Activities (13 January 2006)
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Memorandum, DAIM-ZA, Subject: Sustainable Management of Waste in Military Construction, Renovation, and
Demolition Activities (06 February 2006)

Mercury Alternatives (http://www.noharm.org/us/mercury/alternatives)

MOU Federal Leadership in High Performance and Sustainable Buildings (24 January 2006)
Recovered Materials Advisory Notice

Resource Conservation and Recovery Act, Section 6002

South Coast Rule #1113, Architectural coatings

South Coast Rule #1168, Amendment by the South Coast Air Quality Management District (SCAQMD, 03 Oc-
tober 2003)

UFC 1-900-01, Selection of Methods for the Reduction, Reuse, and Recycling of Demolition Waste (DoD, 01
December 2002)

UFGS 016235, Recycled/Recovered Materials (USACE, July 2006)

UFGS 017419, Construction and Demolition Waste Management (USACE, April 2006)
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MR Prerequisite 1.1 — Source Reduction and Waste Management:
Waste Management Policy and Waste Stream Audit (Required)

Intent—Establish minimum source reduction and recycling program elements and quantify
current waste stream production volume.

Requirements—Conduct a waste stream audit of the ongoing waste stream (not specific up-
grade project waste) to establish a current building waste stream baseline that identifies the
types of waste making up the waste stream and amounts of each type of waste in the waste
stream. At a minimum, the audit should determine the amounts for paper, glass, plastics,
cardboard and metals in the waste stream. ldentify opportunities for source reduction and
diversion. Operate over the performance period a waste stream reduction policy to reduce
waste stream through source reduction purchasing strategies, collection station equipment,
recycling and occupant education.

Sustainable design and development overview

Reducing human consumption is an effective way to reduce the amount of
waste that must be discarded, handled, and treated. Methods for reducing
waste generation include the purchase of durable and repairable products,
elimination of excess materials through better calculations during design
and ordering, use of non-toxic products, avoidance of products with exces-
sive packaging, conserving water and energy, and implementing in-
process recycling (EPA, Why Should You Care About Preventing Waste?
2004). Waste hauling and disposal is a significant cost for both new con-
struction and maintenance of existing property. Where toxic or hazardous
materials are used in operations, reducing the amount of hazardous output
diminishes environmental impacts and provides a safer environment for
facility occupants.

DoD has a comprehensive waste management program that is required at
all installations. The DoD plan is incorporated into the installation’s solid
waste management program.

Historic preservation overview

Recommended measures primarily involve evaluation of purchasing and
disposal methods to reduce waste, which typically would not have a nega-
tive impact historic properties. The benefits of diverting demolition waste
from a landfill by reusing historic properties are covered in subsequent
MR credits.
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Strategies

Audit the installation waste stream and perform a waste reduction as-
sessment. Trade associations and government regulatory agencies can of-
ten provide technical assistance, and consultants are available to help de-
velop effective waste prevention measures (EPA, Small Business Guide
2005). [SOI Standards: None.]

¢ Examine all installation waste streams; including process wastes, haz-
ardous wastes, nonhazardous wastes, solid wastes, and office waste.
Look in trash cans and dumpsters to determine what materials are be-
ing discarded and identify liquid wastes being poured down drains,
such as rinse or process waters (EPA, Small Business Guide 2005).

e Characterize each waste stream by determining where the waste comes
from, what processes generate it, and how much is being discarded
(EPA, Small Business Guide 2005).

e Evaluate how each type of waste identified in the waste stream can be
reduced through source reduction, reuse, and recycling (USGBC,
LEED-EB 2005).

Develop a waste reduction policy for the building (Table 4.1). Waste man-
agement options typically following the following hierarchy: reduce (the
most desirable), reuse, recycle, compost, burn, and landfill (the least de-
sirable). [SOI Standards: None.]

e Develop and implement a building waste reduction policy that includes
(1) procurement and management policies to reduce the waste stream
through source reduction purchasing strategies, (2) reuse (where pos-
sible) and recycling (including collection station equipment and haul-
ing agreements), and (3) occupant education about waste reduction
goals (USGBC, LEED-EB 2005).

e In buildings that house maintenance, repair, and operations activities,
identify potential production changes that would improve efficiency,
including process, equipment, piping, and layout changes (EPA, Small
Business Guide 2005).

e Investigate opportunities for using new products, components, or ma-
terials that avoid waste generation (EPA, Small Business Guide 2005).

e Implement an employee incentive program such as earning a share in
the savings resulting from waste reduction (EPA, Small Business Guide
2005).
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e Prioritize waste prevention opportunities by considering cost, ease of
implementation, payback, and improved employee safety (EPA, Small
Business Guide 2005).

e Start with opportunities that are easy to implement, require low capital
investment, produce cost savings, and significantly reduce waste vol-
umes (EPA, Small Business Guide 2005).

e Set specific goals that are attainable, such as reducing office paper
waste by 25% or reducing waste hauling and disposal costs by $5,000
annually (EPA, Small Business Guide 2005).

e Teach personnel how to prevent waste. Explain the installation’s waste
prevention policies and goals, and train employees to change the way
they handle materials (EPA, Small Business Guide 2005).

e Promote installation- and building-level waste prevention activities.
Hold a kickoff event to describe goals and highlight the benefits for the
installation. Use posters or signs to get the word out to employees and
place the signs in areas where waste prevention activities should hap-
pen (EPA, Small Business Guide 2005). Avoid affixing signs to historic
materials or posting signage in conspicuous locations that negatively
impact historic views.

e Monitor process and waste production changes. Track items such as
waste volume, hauling frequency, energy consumption reductions, and
the amount of raw materials used (EPA, Small Business Guide 2005).

e Calculate savings in terms of handling, treatment, and disposal costs as
well as reductions in raw material and energy usage (EPA, Small Busi-
ness Guide 2005).

e Identify indirect benefits such as improved public image, improving
process productivity or efficiency, improvements in employee morale
or safety, etc. (EPA, Small Business Guide 2005).

e Purchase durable, repairable products and materials (EPA, Small Busi-
ness Guide 2005).

e Eliminate or reduce interim raw materials that are not incorporated
into your final product or service (EPA, Small Business Guide 2005).
Raw materials can include anything from wastewater and air emissions
to dimensional/directional finish items. Using carpeting as an example,
reduce the amount of extra carpet ordered by calculating the most effi-
cient direction of laying a 12-foot wide broadloom carpet rather than
simply using the room size as a guide. Another example is sizing ceiling
grids, sheet flooring, and wall panels to fit the room while minimizing
cuts and excess material.
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e Use products that do not contain toxic materials (EPA, Small Business
Guide 2005).

e Avoid products with excessive packaging (EPA, Small Business Guide
2005).

e Implement in-process recycling (EPA, Small Business Guide 2005).

e Reevaluate management efforts on a regular basis. As new raw materi-
als, supplies and processes are introduced, waste streams change. Con-
duct regular assessments of the installation to identify additional waste
prevention opportunities. (EPA, Small Business Guide 2005).

Table 4.1. Sample waste management plan (AFCEE Appendix I).
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MR Prerequisite 1.2 — Source Reduction and Waste Management:
Storage and Collection of Recyclables (Required)

Intent—Facilitate the reduction of waste generated by building occupants that is hauled to and
disposed of in landfills or through incineration.

Requirements—Provide an easily accessible area that serves the entire building and is dedi-
cated to the separation, collection and storage of materials for recycling. The recycling area
needs to include (at a minimum) space for paper, glass, plastics, cardboard and metals. Recy-
cling area capacity needs to be designed to accommodate at a minimum the potential recy-
cling volumes identified in the waste stream audit for paper, corrugated cardboard, glass,
plastics and metals.

If it can be documented for an existing building that there are no public or private recycling
services available within the region where the building is located (within 50 miles of the build-
ing) for one or more of the identified materials, the building will be granted an exception to the
requirement in this prerequisite for the identified material.

Sustainable design and development overview

The intent of MR Prerequisite 1.2 is to create a dedicated space in the
building that is easily accessible for recycling collection, sorting, and re-
moval. In accordance with the installation’s waste management plan, most
buildings on military installations already practice some form of minimal
recycling, typically separating white paper from other paper. Most recy-
cling areas are located in a common area (copier area or hallway) and not
in a dedicated space. Dedicated central recycling areas are best located
near loading docks or entryways where personnel can easily remove the
materials to take to the recycling plant. In larger buildings, recycling
points are scattered throughout convenient common areas, such as kitch-
enettes, lounges, copy rooms, and corridors near these areas.

Historic preservation overview

The addition of space or the modification of existing space to create a dedi-
cated recycling area may impact historic features of the property. Interior
impacts could involve historic doors and wall configurations. Because
dedicated recycling areas should be located near loading areas, exterior
features also may be affected. Recycling containers should not be placed in
prominent locations where they detract from the appearance of historic
interior and exterior spaces.

Strategies

Provide recycling collection areas throughout the building along with a
central collection point from which the materials can be taken to recycling
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centers. [SOI Standards: 2, 9, 10.] Both interior and exterior historic fea-

tures may be impacted by poor placement of signage and collection con-
tainers.

Identify local public and private recycling enterprises that provide service
within 50 miles of the building. For remote installations such as training
ranges, this strategy may be impossible to reach. Nonetheless, the installa-
tion is encouraged to have some sort of in-house recycling program even if

it only targets one of the LEED-specified recyclables. [SOI Standards:
None.]



ERDC/LAB TR-07-15

184

MR Prerequisite 2 — Toxic Material Source Reduction: Reduced
Mercury in Light Bulbs (Required)

Intent—Establish and maintain a toxic material source reduction program to reduce the

amount of mercury brought into buildings through purchases of light bulbs.

Requirements—

Maintain mercury content of all mercury-containing light bulbs below 100 picograms per lu-

men hour, on weighted average, for all mercury-containing light bulbs acquired for the existing

building and associated grounds.

The weighted average mercury content of these mercury-containing light bulbs is calculated

by: 1) adding up the total weight of mercury in all mercury-containing light bulbs acquired dur-

ing the performance period (picograms of HG); and then 2) dividing total mercury content (pi-

cograms of HG) by the sum of the lumen hour output of all the light bulbs (lumen hours: calcu-

lated by multiplying the rated hours (life) of each light bulb by the mean light output in

lumens).

= Rated hours of life are defined as stated by the manufacturer based on consistent testing
(three hours on/20 minutes off for linear fluorescents and compact fluorescents; 11
hours on for HID light bulbs) and are based on the design or mean light output of the light
bulbs (in lumens, fluorescent light bulbs measured with a ballast having a ballast factor of
1.0 and measured using instant-start ballasts except for T-5s, which are measured using
program start ballasts).

=  The mean light output in lumens is the light output at 40% of light bulb life.

= These calculations need to show for all acquired mercury containing light bulbs:

= The total mercury content in the light bulbs.

=  The total lumen hours of light output for all the light bulbs.

=  The number of light bulbs of each type.

= The overall weighted average mercury content in picograms/lumen hour.

= |f the mercury content documentation shows a range of mercury contents in milligrams,
use the highest value in the range in these calculations.

Sustainable design and development overview

The intent of MR Prerequisite 2 is to encourage the use of high-efficiency,
long-life light bulbs with reduced mercury content. Mercury can migrate
from landfills and enter ground water, accumulating in the tissues of wild-
life and fish. When mercury is ingested by humans it can cause neurologi-
cal and developmental problems in infants and children.

Fluorescent lighting fixtures are common in military buildings. Both T-5
and T-8 tubes are now widely used because they offer longer life and re-
quire fewer maintenance personnel hours to replace.” In high-bay build-
ings, such as aircraft hangars, building occupants are not permitted to

*T-5 and T-8 tubes are types of high-efficiency fluorescent tubes. The number designation corresponds
to diameter in eighths of an inch. For instance, T-5 tubes are 5/8 in. in diameter and T-8 tubes are 8/8
in. (or 1 in.) in diameter. The smaller the number the more efficient the bulb.
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change bulbs themselves due to safety restrictions, so longer-lasting, low-
mercury tubes are almost always used.

Historic preservation overview

In some cases it is feasible to use long-life bulbs or tubes in historic fix-
tures. For example, historic street lamps or warehouse-type fixtures using
mercury vapor bulbs may be retrofitted to use high-pressure sodium
bulbs. However, there are cases where such a change is unacceptable, such
as using screw-base fluorescent bulbs to replace incandescent bulbs in a
decorative historic chandelier, or upgrading utilitarian 1950s fluorescent
tube fixtures to take newer and thinner T-5s. In buildings where light fix-
tures are not significant historic features, it may be most expedient to re-
place entire fixtures, but that approach will require proper disposal of any
mercury-containing tubes.

Strategies

Purchase long-life bulbs and tubes with low mercury content and higher
light output per watt. [SOI Standards: 2.] Avoid using inappropriate bulbs
in character-defining lighting fixtures, and do not use bulbs that produce
light which significantly alters the ambience of historically significant
spaces.

Train maintenance personnel to properly handle mercury-containing
products to avoid breakage or spills. [SOI Standards: 2, 10.] Instructional
signage should be mounted to avoid the use of adhesives, which can per-
manently mar historic materials.

Recycle all mercury-containing light bulbs through an appropriate facility.
The National Electric Manufacturer Association (NEMA) maintains the
LampRecycle.org website which lists bulb recycling companies by lamp
type and state. [SOI Standards: None.]

Establish a light bulb purchasing program that keeps the weighted average
mercury content below the LEED-EB-specified level of picograms per lu-
men-hour for mercury-containing light bulbs purchased during the per-
formance period. [SOI Standards: 2.] Select bulbs and tubes specifically
for compatibility of appearance and light output with contributing fixtures
and spaces.
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MR Credits 1.1 and 1.2 — Construction, Demolition, and Renovation
(1 - 2 Points)

Intent—Divert construction, demolition and land-clearing debris from landfill and incineration

disposal. Redirect recyclable recovered resources back to the manufacturing process. Redi-

rect reusable materials to appropriate sites.

Requirements—Develop and implement a Waste Management Policy covering any future build-

ing retrofit, renovation or modification to the site. Quantify diversions of construction, demoli-

tion and land-clearing debris from landfill and incineration disposal by weight or volume.

= MR Credit 1.1: Divert at least 50% of construction, demolition and land-clearing waste
from landfill and incineration disposal (1 point).

= MR Credit 1.2: Divert at least 75% of construction, demolition and land-clearing waste
from landfill and incineration disposal (1 additional point).

Sustainable design and development overview

These credits are intended to reduce the amount of waste deposited in
landfills or incinerators, and to encourage recycling of construction and
demolition debris. Using materials salvaged from off site, such as concrete,
can usually save money. Salvaging materials on site for reuse can also save
money depending on the application. For example, reusing salvaged brick
in landscaping or as a base material in construction is typically cost-
effective, but salvaging brick for reuse in walls can be expensive due to the
labor required to select undamaged brick and remove mortar from them.
The DoD has used a no-cost deconstruction approach in which the con-
tractor retained ownership of salvaged materials. MR Credits 1.1 and 1.2
create a focus to help installation planners develop a practical plan that
takes into account the types, quantity, and quality of materials that can be
salvaged.

Several federal regulations support this credit, including the Waste Reduc-
tion Program in FAR Part 23 and various Department of the Army Assis-
tant Chief of Staff for Installation Management (ACSIM) memoranda on
sustainable management in building activities and construction waste
management.

Historic preservation overview

During a historic property renovation project in which the contractor is
directed to salvage materials from demolition waste, ensure that signifi-
cant historic features to be salvaged are clearly identified in the building
scheduled for demolition. On the contrary, contractors should not assume
features on remaining historic buildings are available for salvage.
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When historic buildings are proposed for demolition, military installations
negotiate with the State Historic Preservation Office (SHPO) on appropri-
ate mitigation measures. Increasingly, SHPOs are asking for more than the
conventional HABS/HAER documentation. Some Memoranda of Agree-
ment (MOAS) specify that key historic features from the demolished build-
ings be salvaged for future reuse, such as in the repair or restoration of
similar historic buildings on the installation. Some MOAs have included
provisions that the installation construct a museum exhibit using salvaged
materials or restore a similar historic building according to the SOI resto-
ration standards. Deconstructed historic properties provide building stock
that may be used in a historically appropriate way to restore or rehabilitate
other historic properties while diverting debris from landfills.

Strategies

Develop and adopt a waste management policy for construction projects.
The policy should address reuse and recycling of corrugated cardboard,
metals, concrete, brick, asphalt, cleared vegetation, clean dimensional
lumber, plastic, glass, gypsum board, carpet, and worker-generated debris
such as beverage containers. [SOI Standards: None, although the policy
should contain language of how to avoid impacts to historic properties
during implementation, such as inadvertent demolition of historic fea-
tures.]

Identify deconstruction and salvage opportunities, licensed haulers and
processors of recyclable materials, and potential markets for salvaged ma-
terials. [SOI Standards: 2, 4.] During renovation projects, significant his-
toric features to be retained must first be identified so they are not inad-
vertently demolished during construction. Similarly, features not
associated with the original construction period of the building but poten-
tially significant in their own right (per SOI Standard 4) should be re-
tained.

Consider retaining salvaged high-quality historic building materials on the
installation for reuse on other historic buildings, museum displays, or for
sale to offset construction costs (Figure 4.1). [SOI Standards: 2, 3, 4, 5, 6,
9, 10.] Only salvage features from historic buildings that have been ap-
proved for demolition in coordination with the SHPO and installation cul-
tural resource managers. Salvaging features from historic buildings to re-
main deprives them of their historic character. Furthermore, using historic
features from one era on a building constructed in another is inappropri-
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ate both historically and aesthetically per SOI Standard 3. Salvaged items
should be reused in a similar architectural context on historic buildings
retained from the same era. In all cases, the construction documents
should record where new or salvaged building components are used so
they can be identified in the future and removed or reused if needed. Sal-
vaged materials need to be properly stored before reuse. If salvaged items
cannot be used onsite, project managers may identify other sustainable
rehabilitation projects where the materials could be used.

Figure 4.1. High quality historic fireplace mantels may be salvaged for reuse on other historic
buildings (Hardlines).

For waste volumes generated in construction and rehabilitation projects,
establish reuse, salvage and recycling activities where economically and
logistically feasible. [SOI Standards: None, although as with any policy, it
should contain language on how to avoid impacts during implementation.]

On the construction site, designate an area to recycle construction and
demolition waste. Train workers on the recycling protocols and label recy-
cling containers, such that they are readily identifiable, for onsite reuse,
salvage, or storage. [SOI Standards: 2, 6, 9, 10.] The designated recycling
area should be located so that collection and sorting activities do not dam-
age the building or landscape. New construction associated with onsite re-
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cycling areas also must be easily reversible per SOI Standard 10. Require
the contractor to restore the site to its pre-construction condition. See dis-
cussion in SS Credit 4.1.

If exterior staging areas for recycling are limited, create a designated area
inside the building. [SOI Standards: 2, 6, 9, 10.] These temporary areas
must be located to avoid impact on interior historic features and should be
easy to dismantle when construction is complete.

Include a copy of the installation construction and waste management pol-
icy in the project documents for bidding. [SOI Standards: None, although
the documents should clearly identify historic features that are to remain.]

Research and specify manufacturers that will remove and recycle their
products, such as carpet or ceiling tiles, when these products need re-
placement. [SOI Standards: None, since typically these products are lim-
ited to suspended acoustical ceiling grids and tiles, broadloom carpets, and
carpet tile that are rarely found to be historic.]
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MR Credits 2.1 - 2.5 — Optimize Use of Alternative Materials (1 - 5
Points)

Intent—Reduce the environmental impacts of the materials acquired for use in the operations,

maintenance, and upgrades of building.

Requirements—Maintain a sustainable purchasing program covering at least office paper,

office equipment, furniture, furnishings and building materials for use in the building and on

the site. A template calculator will be provided for LEED-EB MR Credit 2.1-2.5. One point (up to

a maximum of five) will be awarded for each 10% of total purchases over the performance

period (on a dollar basis) that achieve at least one of the following criteria:

=  Contains at least 70% salvaged material from off site or outside the organization.

= Contains at least 70% salvaged material from on site through an internal organization
materials and equipment reuse program.

=  Contains at least 10% post-consumer or 20% post-industrial material.

=  Contains at least 50% rapidly renewable materials.

= |s Forest Stewardship Council (FSC) certified wood.

=  Contains at least 50% materials harvested and processed or extracted and processed
within 500 miles of the project.

Note: In calculating the percentage of purchases over the performance period conforming to

the requirements, each purchase can only receive credit against a single requirement (i.e., a

purchase that contains both 10% post-consumer recycled content and is harvested within

500 miles of the project counts only once in this calculation.

Sustainable design and development overview

The intent of MR Credits 2.1 — 2.5 is to encourage the ongoing acquisition
of environmentally preferable materials to minimize environmental bur-
dens related to conventional materials. Over the past 5 years, the number
of sustainable building products has grown rapidly. AlImost every category
of construction offers sustainable products of equal grade and similar price
to conventional products.

Federal regulations supporting the use of alternative materials include the
Resource Conservation and Recovery Act (RCRA) and Executive Order
13101.

Historic preservation overview

Any renovation of historic properties should maximize the use of salvaged
historic materials (see MR Credits 1.1 and 1.2). Historic properties often
feature materials of local origin because, at the time of construction, build-
ers lacked the means to transport non-local materials to the site. On the
contrary, showcase historic properties may feature non-local materials or
exotic specialty items that are unavailable locally. Similarly, for some res-
toration projects, sustainable alternative materials may not be acceptable
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if those materials do not match original material appearance characteris-
tics.

For a typical historic rehabilitation project, compatible replacement mate-
rials may be less expensive, more readily available, and more sustainable
than salvaged materials. One example is wood from responsibly harvested
forests to replace damaged items originally made from old-growth wood.
Some areas of a building may have non-contributing features (such as
newer cabinets in break rooms) that may readily be upgraded with alterna-
tive materials to provide sustainability benefits without degradation of his-
toric details.

Strategies

Recycle landscape waste material produced during sitework. Trees cut
during sitework (i.e., unseasoned wood) can be used for mulch, landscap-
ing timbers, fence posts, and pilings in new construction, and can also be
used for temporary project fencing. Stockpile topsoil for reuse onsite or
elsewhere. [SOI Standards: 8.] All ground-disturbing activities must be
cleared or monitored for adverse impacts on any archaeological resources
present.

Incorporate salvaged building materials into the project (Figure 4.2). They
are often of higher quality and more durable than modern equivalents.

[SOI Standards: 2, 3, 4,5, 6, 9, 10.] See MR Credits 1.1 — 1.2 for discussion
of salvaging historic features for reuse in other construction or renovation.

=
i

Figure 4.2. Bench (left) and trellis (right) of reclaimed redwood (McQuiggan 2005).

When rehabilitating building finishes, use rapidly renewable materials
where appropriate to the architectural context. Examples include bamboo
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flooring, cork flooring, sunflower seed board, wheatgrass, and wool carpet.
[SOI Standards: 2, 3, 5, 6, 9, 10.] One high-quality material based on re-
newable raw components is authentic linoleum, which is made from lin-
seed oil, wood and stone products, and agricultural fibers. It is also a his-
toric building material, having been invented in the 1860s.

Before considering alternative materials, first determine whether historic
features can be repaired and not replaced. If replacement is necessary, the
alternative material must be evaluated for appearance, texture, color, and
workability by historically compatible methods. Additions must be com-
patible with in-place historic materials per SOl Standard 9 and readily re-
movable in accordance with SOI Standard 10.

Some rapidly renewable materials, such as wool carpeting and linoleum,
were common in original historic construction. These materials are his-
torically compatible, but must not be used to convey a false sense of his-
toric authenticity. The property’s as-built records must be clear, and sign-
age may be used to distinguish authentic historic materials from modern
treatments that use traditional materials.

Research and purchase supplies from product manufacturers that offer
alternative recycled products at low additional cost (Figure 4.3). [SOI
Standards: 2, 3, 5, 6, 9, 10.] See discussion above.

Figure 4.3. Parking block of recycled rubber; paving of concrete-soy mix (McQuiggan 2005).
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Use locally and regionally manufactured materials whenever possible to
reduce transportation energy inputs, costs, and environmental impacts
(Figure 4.4). [SOI Standards: 2, 5, 6, 9, 10.] Historically compatible mate-
rials or components for repairing or replicating historic features may not
be available locally. For example, acceptable repair of a slate roof or stone
veneers may require obtaining replacement material from the original
guarry. If material from the original source is depleted, it may be neces-
sary to obtain material from similar geological formations located else-
where to ensure the colors or other physical attributes are compatible.

Figure 4.4. Pavilion columns of local stone (McQuiggan 2005).
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MR Credits 3.1 and 3.2 — Optimize Use of IAQ Compliant Products (1 -
2 Points)

Intent—Reduce the indoor air quality (IAQ) impacts of the materials acquired for use in the

operation, maintenance and upgrades of buildings.

Requirements—Optimize use of air quality compliant materials inside the building to reduce

the emissions from materials used in the building. Points are awarded for the existence of

product purchasing policies for the building and site addressing the requirements of this

credit and documentation of purchasing during the performance period in conformance with

those policies, as described below. Subsequent recertification is tied to both policies and pur-

chasing performance, as described below. At a minimum, these policies must include the fol-

lowing product groups: paints and coatings, adhesives, sealants, carpet, composite panels,

and agrifiber products. The building materials covered include any building upgrades, retrofits,

renovations or modifications, inside the building.

One point shall be awarded, up to a maximum of 2 points, for each 45% of annual purchases

calculated on a cost basis that conform with one of the following sustainability criteria:

= Adhesives and sealants with a VOC content less than the current VOC content limits of
South Coast Air Quality Management District (SCAQMD) Rule #1168, or sealants used as
fillers that meet or exceed the requirements of the Bay Area Air Quality Management Dis-
trict Regulation 8, Rule 51.

OR

=  Paints and coatings with VOC emissions that do not exceed the VOC and chemical com-
ponent limits of Green Seal’s Standard GS-11 requirements.

OR

= Carpet that meets the requirements of the CRI Green Label Plus Carpet Testing Program,
OR

= Carpet cushion that meets the requirements of the CRI Green Label Testing Program,

OR

=  Composite panels and agrifiber products that contain no urea-formaldehyde resins.

Sustainable design and development overview

The intent of MR Credits 3.1 and 3.2 is to reduce the use of products that
contain volatile organic compounds (VOCs), which contribute to smog, air
pollution, and unhealthy indoor working environments. The EPA’s Envi-
ronmentally Preferable Purchasing program provides information to help
federal personnel to consider many environmental factors, such as toxicity
and VOC content, in their purchasing decisions. In 1997, the Federal Ac-
quisition Regulation (FAR), which provides broad purchasing guidance to
federal employees, was amended to support government procurement of
environmentally benign products and services. Studies have also shown
that low-VOC paint may cost less than conventional paint when purchased
in large quantities, and when disposal costs are considered. Potential
tradeoffs can include a reduction in coating durability with the removal of
VOC additives (Johnson and Stumpf 2002). However, an interior applica-
tion in a low-traffic area (such as a private office) would be comparatively
more durable than an exterior application.
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Historic preservation overview

Use of reformulated low-and zero-VOC adhesives, sealants, paints, and
coatings (as well as items like certified sustainable carpet cushion) will
usually have minimal impact on historic properties. These paints now have
excellent performance characteristics, are available for both indoor and
outdoor applications, and are comparable to standard interior and exterior
paint formulations. Casein-based renewable alternatives, such as milk
paint, are more expensive, but may actually be a more authentic, preferred
choice in an interior historic application.

Paints that meet the Green Seal certification standards (Green Seal 1993)
for environmentally preferable paint — called GS-11 — are suitable for use
on historic architecture, particularly for exterior applications due to their
ability to breathe, allowing free passage of water vapor out of the sub-
strate. For painting exterior concrete or stucco, silicate paints may be ac-
ceptable as a solvent-free alternative to conventional paints. They are often
historically accurate in color and tint. There are exterior applications of
silicate paint dating from the 19th century that are in excellent condition
today (Parker 2003). Silicate paints are odorless, vapor-permeable, resis-
tant to fungi and algae, noncombustible, and colorfast. They will not spall
or flake off, and they will crack only if the substrate is damaged. Silicate
paints are expensive, but their long-term durability may be justifiable in
terms of life-cycle cost and process energy inputs. Similarly, paints and
stains made with vegetable dyes and other plant products are inherently
sustainable and have historical precedent.

While the use of sustainable alternative materials (e.g., bamboo casework
and certified sustainable carpet) may be appropriate for a historic reha-
bilitation project, their use may not be acceptable in a highly-accurate his-
toric restoration. In the later, unless the alternative material casework can
be made to exactly replicate the historic appearance of surviving compo-
nents, then using traditional stained wood may be a better option from a
preservation standpoint. Similarly, certified sustainable carpet lines that
replicate historic patterns and materials may not be available.

Strategies

Investigate and specify construction materials with VOC levels that fall
within the range of the referenced standards. [SOI Standards: 2, 3,5, 6, 9,
10.] Consider historic salvaged materials that may not contain any VOCs.
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Ensure that specified products will not compromise the appearance or
craftsmanship of historic features that must be repaired or replaced. All
new materials must be historically compatible and readily removable.

Investigate and specify coatings containing VOC levels that fall within the
range of the referenced standards [SOI Standards: 2, 6, 7.]:

e Consider use of GS-11 paints that meet Green Seal certification stan-
dards. Ensure that specified paints are appropriate for the application.
For example, if historic masonry must be repainted, specify a high (95
—99) permeability rating to allow the masonry to breathe.

e Use paints made from natural raw components such as water, plant
oils, resins, and dyes, or water-based low-VOC (<50 Ibs/gal) latex
paints and primers (Mendler and Odell 2000, 165). Consider casein-
based alternatives, such as milk paint (for interior applications) and
silicate paint (for exterior concrete or stucco applications) as they have
historic precedents.

e Specify that water-based paints not be formulated with aromatic hy-
drocarbons, formaldehyde, halogenated solvents, mercury, lead, cad-
mium, chromium VI, antimony, or heavy metal oxides (Mendler and
Odell 2000, 165).

e Avoid paints formulated with methylene chloride, toluene, ethyl ben-
zene, vinyl chloride, naphthalene, 1,2-dichlorobenzene, phthalates,
isophorone, 1,1,1-trichloro-ethane, methyl ethyl ketone, methyl isobutyl
ketone, acrolein, acrylonitrile, and ethylene glycol, all of which pose
varying threats to human health (Mendler and Odell 2000, 165).

e Use solvent-based paints only where necessary for high resistance to
weathering, with VOC content not exceeding 250 g/1) (Mendler and
Odell 2000, 165).

e Consider using paints and primers with 50 — 100% recovered (i.e., re-
cycled) content where indoor air quality and color selection are not
concerns (Mendler and Odell 2000, 165). These paints should not be
used where they negatively impact the look and feel of historic spaces.

e Paints, finishes, or sealants should be tested on a small portion of the
historic feature to ensure that it does not damage or discolor the sub-
strate. Protect adjacent historic features that are not scheduled for re-
coating.

e Use natural (plant- or insect-based oils and resins) or water-based
stains and varnishes. When conventional stains or finishes are speci-
fied choose products with the following VOC content: stains — 200 g/I;
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transparent finishes — 250 g/I; and floor coating 300 g/I (Mendler and
Odell 2000, 166). For decorative finishes, specify a water-based multi-
color finish that has less than 130 g/l VOCs and low hazardous chemi-
cal content (Mendler and Odell 2000, 166).

e Minimize the use of toxic paint or solvent maintenance and cleaning
products (Mendler and Odell 2000, 165).

e Use low-VOC paint strippers without dichloromethane or caustic soda.
Turpentine is safer than many other strippers, such as those that con-
tain methylene chloride, a suspected carcinogen, and/or phenol. Both
are chemicals that have been limited by the EPA on the allowable con-
centration of Total Toxic Organics (Reinbold et al.). Paint strippers
made with citrus oil are an alternative to turpentine, to which some
people are sensitive. They consist of a mix of water and extracts from
the peel of an orange, which, for this purpose, can be grown without
pesticides. Citrus paint strippers are immiscible with water but are
known to evaporate quickly, are biodegradable, and should not cause
long term effects. Related chemicals are also biodegradable and the ul-
timate decomposition products are carbon dioxide and water (MSDS
for Citrus Solvent).

Request emissions test data from product manufacturers and compare test
data for similar products. Note that Material Safety Data Sheets (MSDSs)
may not include information on VOC content. [SOI Standards: None.]

Establish and enforce a procurement policy that clearly states acceptable
VOC limits for adhesives, sealants, coatings, carpets, and composite
woods. [SOI Standards: None, as long as the policy also includes recom-
mendations on how historic materials should be treated.]

Monitor VOC emissions during materials application and monitor periodi-
cally emission levels over the lifetime of the building via air quality testing.
[SOI Standards: None.]

Develop a long-term plan for the handling, recycling, and other means of
disposal for solvent-based paints and adhesives, finishes, sealant, water-
proofing, and other materials (Mendler and Odell 2000, 149). [SOI Stan-
dards: None.]
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MR Credits 4.1 - 4.3 — Sustainable Cleaning Products and Materials
(1 - 3 Points)

Intent—Reduce the environmental impacts of cleaning products, disposable janitorial paper
products and trash bags.

Requirements—Implement sustainable purchasing for cleaning materials and products, dis-
posable janitorial paper products and trash bags. Cleaning product and material purchases
include building purchases for use by in house staff or used by outsourced service providers.
Calculate the percentage of the total sustainable material and product purchases that meet at
least one of the specified sustainability criteria. The percentage of the total sustainable clean-
ing product and material purchases determine the number of points earned, up to a total of 3
points. One point will be awarded for each 30% of the total annual purchases of these prod-
ucts (on a cost basis) that meet one of the sustainability criteria:
= Cleaning products that meet the Green Seal GS-37 standard if applicable, OR if GS-37 is
not applicable (e.g., for products such as carpet cleaners, floor finishes or strippers), use
products that comply with the California Code of Regulations maximum allowable VOC
levels.
= Disposable janitorial paper products and trash bags that meet the minimum require-
ments of U.S. EPA’s Comprehensive Procurement Guidelines.

Sustainable design and development overview

The intent of MR Credits 4.1 — 4.5 is to encourage use of sustainable jani-
torial and housekeeping products that have reduced VOC and carcinogenic
content.

Historic preservation overview

With a few possible exceptions, the use of commercial cleaning products
that meet the Green Seal GS-37 standard will be too strong for most his-
toric building materials and details. Green Seal-37 has a list of prohibited
ingredients as well as requirements for carcinogens, fragrances, concen-
trates, and packaging. A product can meet Green Seal-37 requirements
and still be harsher than the recommended cleaning method for buildings,
which is often simply a water mist. Similarly, chemical products can meet
Green Seal-37 but will still damage old delicate features, such as flaking
gold leaf. Architectural conservators have developed gentle cleaning meth-
ods for delicate and unstable materials, and these must be tested and cus-
tomized for each building. As a result, research should first be done to de-
termine the best method to clean historic building materials prior to
issuing housekeeping bid documents and cleaning product purchase or-
ders.

Sustainable cleaning and historic building cleaning methods may be com-
patible. For example, the best cleaning method for marble is often using a
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fine water mist with no chemical additives. Alternatively, harsh chemicals
like ammonia (and common cleaning products that contain ammonia) can
permanently etch bronze and brass and cloud up Plexiglas. One of the best
methods for maintaining historic interiors is to frequently and systemati-
cally dust. Note that infrequent dusting can cause debris to eventually
bond to materials like metal, which then require cleaners to remove.

Strategies

Research and use recycled and chlorine-free janitorial paper products
(e.g., toilet tissue and paper towels). Consider changing to hand dryers
versus paper towels, which are more cost effective from an embodied en-
ergy perspective. Hand dryers are considered more sustainable because
they eliminate the use and disposal of paper products over a period of sev-
eral years, if not decades. The energy used to manufacture and operate a
hand dryer may negate the energy used to manufacture paper products,
but the use of raw materials and the generation of waste products are re-
duced, if not eliminated. [SOI Standards: None, since most bathrooms
have been modified for code compliance.]

Use recycled-content plastic or bioresin-based trashcan liners. Eliminate
liners where there would be no negative impact on trash collection or sani-
tation. [SOI Standards: None.]

Use specific cleaning methods targeting historic features (Minnesota His-
torical Society 2000). [SOI Standards: 7.] Examples include:

e Floors: wash with diluted vegetable oil-based soap and wax as needed
every 6 — 12 months.

¢ Finished woodwork: clean with vegetable oil-based soap according to
instructions and tepid distilled or deionized water and dry thoroughly.
Wash twice a year. For stubborn grime add 2 — 4 drops of ammonia per
gallon of water.

e Painted woodwork: clean with vegetable oil-based soap according to
instructions and tepid distilled or deionized water and dry thoroughly.
Wash twice a year. For stubborn grime add 2 — 4 drops of ammonia per
gallon of water. Do not clean tortoise shell, lacquered, japanned, or
papier-maché surfaces.

e Glass: clean with a solution of distilled water (50%), alcohol (50%), and
a few drops of ammonia per gallon of water. Avoid getting the cleaning
solution on the putty that holds the glass in place.
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Carpets and rugs: correct maintenance and cleaning of historic carpets
is sustainable in that no harsh chemicals or excessive machine-
assistance is recommended. Vacuum historic carpets with nozzle
through screen every 3-4 months. Never vacuum historic carpets with a
power head/beater brush. In addition, the head of the vacuum should
never be dragged or rubbed back and forth on historic carpets. Wool
and cotton area rugs, after having been first tested for colorfastness,
may be washed in place or sent to a reputable oriental rug cleaning ser-
vice. Cleaning should include a prewash inspection for problems or
weakened areas that may require extra care when cleaning; gentle re-
moval of dust and soil with a non-mechanized vacuum cleaner head;
cold-water mild shampoo bath using only soft brushes for gentle agita-
tion; a cold water rinse and squeegee (or wringer machine) if the rug
can tolerate it; and flat drying with cool air fans (no-heat drying).
Ceramics: dust or clean with damp cloth.

Marble or terrazzo floors: vacuum gently about every 2 weeks. Wash
one time per year with a weak solution of ammonia and distilled water.
Never use a chlorinated cleaner on marble, terrazzo or limestone sur-
faces.

Metal: the preferred method for cleaning heavily used metal features
(such as railings, plumbing fixtures, and doorknobs) is a weekly swipe
with magnetic cloth that is composed of 98% polyethylene fibers and
2% nylon (similar to Tyvek). The difference in fibers gives the cloth a
net negative static charge and makes them dust attractants without
having to add additional volatile or liquid chemicals. When cleaning in
awarm environment where perspiration is an issue, use vinyl gloves to
avoid touching surfaces with bare hands. Do not polish metal surfaces,
as the protective patina may wear off. Wipe brass with a soft cloth.
Generally metals should be dusted only three times per year without
rubbing.
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MR Credits 5.1 - 5.3 — Occupant Recycling (1 - 3 Points)

Intent—Facilitate the reduction of waste and toxins generated by building occupants and build-
ing operations that are hauled to and disposed of in landfills or incineration.
Requirements—Have in place over the performance period a building occupant waste reduc-
tion and recycling program that addresses the separation, collection and storage of materials
for recycling, including (at a minimum) paper, glass, plastics, cardboard/OCC, metals, batter-
ies, and fluorescent light bulbs and diversion from landfill disposal or incineration. Each time
reusable architectural panels are moved and reinstalled, they can be counted as part of the
total waste stream and included in the recycled component of the waste stream.

Collect and recycle at least 95% of the batteries used, and collect and recycle at least 95% of
the fluorescent light bulbs used.

AND

= Divert/Recycle 30% of total waste stream (by weight or volume) (1 point).
= Divert/Recycle 40% of total waste stream (by weight or volume) (2 points).
= Divert/Recycle 50% of total waste stream (by weight or volume) (3 points).

Sustainable design and development overview

The intent of MR Credits 5.1 — 5.3 is to encourage recycling by building oc-
cupants and the reuse of systems furniture and modular panels. These ac-
tivities are typically organized in accordance with the installation’s pollu-
tion prevention plan.

Historic preservation overview

Collecting standard recycled materials and reusing systems furniture pan-
els will generally not affect the design or methods used in historic building
projects. Areas designated for the collection of batteries, which may leak
acid, and fluorescent light bulbs, which may contain mercury, must in-
clude precautions to protect historic materials.

Strategies

Provide protection when designating a collection area for batteries and
fluorescent bulbs. Protection refers to any method for protecting historic
fabric from the corrosive effects of mercury and acid found in fluorescent
bulbs and batteries respectively. This could include floor mats, containers,
or protective constructs. [SOI Standards: 2, 9, 10.] Ensure that new pro-
tective constructs do not detract from and are compatible with existing
historic features, and are easily removed without damage to underlying
historic materials.

Use the building waste audit conducted for MR Prerequisite 1.1 to identify
opportunities for source reduction, reuse and recycling. Activities may in-
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clude arrangements with businesses that collect and recycle occupant
waste such as computers, digital media discs, jewel cases, videotapes,
audiocassettes, ink and toner cartridges, cell phones, pagers, digital cam-
eras, media players, and other small electronics. [SOI Standards: None.]

Make education of maintenance staff and building occupants a significant
focus. Training and outreach must be repeated periodically because mili-
tary personnel and families are transient as assignments change. [SOI
Standards: 2, 10.] See MR Prerequisite 1.2 for discussion of mounting
signage and instructional posters in historic buildings.

Provide information on recycling procedures and a specific list of recycla-
ble materials and collection locations. [SOI Standards: 2, 10.] See MR Pre-
requisite 1.2 for discussion of mounting signage and instructional posters
in historic buildings.

Encourage occupants to use coffee mugs and tumblers instead of dispos-
able paper products. Stock reusable drinking vessels for the benefit of
building guests. [SOI Standards: None.]
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MR Credit 6 — Additional Toxic Material Source Reduction (1 Point)

Intent—Establish and maintain a toxic material source reduction program to reduce the
amount of mercury brought into buildings through purchases of light bulbs.
Requirements—Maintain mercury content of all mercury-containing light bulbs below 80 pico-
grams per lumen hour of light output (picogram/lumen hour), on weighted average, for all
mercury-containing light bulbs acquired for the existing building and associated grounds. (The
weighted average mercury content of these light bulbs is calculated as described in MR Pre-
requisite 2).

Sustainable design and development overview

The intent of this credit is to encourage toxic material source reduction be-
yond the goals specified in MR Prerequisite 2.0.

Historic preservation overview

This credit involves placing long-life light bulbs in historic light fixtures or
compatible replacement fixtures. Preservation concerns are the same as
those listed in MR Prerequisite 2.0. The number and size of replacement
fixtures and switches should be determined through careful consideration
of the historic architectural context. Replacement luminaries should be
selected to preserve the visual characteristics of the historic ambient light-
ing and spaces.

Implementing this credit can be an opportunity to correct past lighting
updates that were incompatible with the historic architecture. For exam-
ple, poorly placed fixtures and switches can be moved to locations that are
more convenient and less visually prominent. Any corrective actions
should include the repair of damaged historic fabric.

Strategies

See MR Prerequisite 2.0.
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Credits 1.1 and 1.2 01670 Recycled/recovered materials
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