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1.  References: 

a.   Unified Facilities Criteria (UFC) 1-200-02, High Performance and Sustainable Building 
Requirements, 7 November 2014.  
 

b. Memorandum, ASA (IE&E), Sustainable Design and Development (SDD) Policy 
Update, 16 December 2013.  
 
2.  Purpose.  This Engineering and Construction Bulletin (ECB) announces the publication of 
five new TechNotes on sustainable technologies: Purple Pipe, Rainwater Harvesting, Phase 
Change Materials, Green Roof, and Permeable Pavement.   

3.  Background.  TechNote documents are developed as a U.S. Army Corps of Engineers 
(USACE) initiative to capture and disseminate information on design and construction of 
sustainable technologies to meet requirements of UFC 1-200-02 (Reference a) and SDD Policy 
Update (Reference b).  TechNotes exist as short guides with pertinent information about 
technologies including content such as project application, design strategies, product 
information, specifications, supporting compliance with Guiding Principles and Federal 
Mandates, relative costs, case study examples, etc.  

4.  Access.  These documents are stored on Whole Building Design Guide within the Army/COE 
Criteria section of the Documents Library at http://www.wbdg.org/ccb/browse_cat.php?c=266.  
The USACE Centers of Expertise in Sustainability (CXS) maintain and update TechNotes for 
changes in the market and technologies.  CXS for specific technologies may be contacted for 
reimbursable support on projects to implement sustainable technologies and processes.  See the 
USACE sustainability webpage for more information and contact e-mail addresses for each CXS 
http://www.usace.army.mil/Missions/Sustainability.aspx.  

5.  Point of Contact.  HQUSACE point of contact for this ECB is Kelli Polzin, CECW-CE, 
(202) 761-8900 
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Encls JAMES C. DALTON, P.E. 
 Chief, Engineering and Construction 
 U.S. Army Corps of Engineers 

http://www.wbdg.org/ccb/browse_cat.php?c=266
http://www.usace.army.mil/Missions/Sustainability.aspx

	1.   References:
	a.   Unified Facilities Criteria (UFC) 1-200-02, High Performance and Sustainable Building Requirements, 7 November 2014.
	b. Memorandum, ASA (IE&E), Sustainable Design and Development (SDD) Policy Update, 16 December 2013.
	3.   Background.  TechNote documents are developed as a U.S. Army Corps of Engineers (USACE) initiative to capture and disseminate information on design and construction of sustainable technologies to meet requirements of UFC 1-200-02 (Reference a) an...
	4.   Access.  These documents are stored on Whole Building Design Guide within the Army/COE Criteria section of the Documents Library at http://www.wbdg.org/ccb/browse_cat.php?c=266.  The USACE Centers of Expertise in Sustainability (CXS) maintain and...
	5.   Point of Contact.  HQUSACE point of contact for this ECB is Kelli Polzin, CECW-CE, (202) 761-8900




 


 


 


 


      P a g e  |  1  


These TechNotes are intended to provide general information for the consideration of design strategies.  The TechNotes should NOT be interpreted as an endorsement of any 
specific product or technology. 


 
BRIEF DESCRIPTION 
Green roofs consist of a layer of vegetation installed on top of a conventional roof that filters rainwater 
through the engineered soil media.  Some stormwater is taken up and transpired by the vegetation, and the 
remainder discharges to the roof drain system with improved water quality.  A green roof system typically 
includes waterproofing material, root permeable filter fabric, drainage materials, growing media, and 
selected landscaping.  Types of green roofs include intensive and extensive, ranging from deep, heavier 
growing media to shallower, lighter growing media.   


Green roofs retain and filter rainfall, thereby reducing runoff, and provide new opportunities for biodiversity 
preservation and habitat creation. They generate aesthetic benefits and help to reduce the urban heat 
island effect (the over-heating of cities in summer from dark roof surfaces, which contributes to air pollution 
and increased energy consumption). 


 
                                          Figures 1a & 1b Green Roof, District Department of the Environment Offices, Washington, D.C. 


(Source: USACE, Baltimore District) 


Purpose 
 
 
 
 
 


The purpose of a green roof is to maximize nutrient and pollutant removal and reduce  
runoff volume, as well as reduce amount of impervious area on the site.  A portion of 
the captured stormwater evaporates or is taken up by plants and transpired, which 
helps reduce runoff volumes, peak runoff rates, and pollutant loads on development 
sites.  The reduced impervious footprint also reduces runoff rate and volumes. 


Green Roof 
[STRATEGY] 
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Applications Army Installation Facilities 


• Industrial 
• Institutional 
• Municipal 
• Residential 
• Commercial 
• Parking Garages 


 
 Urban Areas 


• Both new Development and redevelopment sites 
• Sites where surrounding site area is limited, the green roof creates 


pervious area 
 


Design Notes Intensive Type 
• Growing media depth, between 6 inches to 4 feet 
• Limited to flat roof applications only 
• System requires greater structural capacity to support the designed 


system load 
• Vegetation includes trees, shrubs, and grasses 
• Permanent irrigation system usually required 


 
 Extensive Type 


• Shallow growing media depth, 6 inches or less 
• Vegetation includes herbs, grasses, mosses, and drought tolerant 


succulents such as sedum 
• Flat and slightly sloped roofs can accommodate extensive type 
• Require relatively simple maintenance plans 
• Does not require permanent irrigation 
• Required structural capacity support extensive type: typically 15 to 30 psf 


 
Related Technologies  Stormwater Management and Heat Island Mitigation 
References/Useful Resources: 
[1] Green Roofs for Healthy Cities, http://www.greenroofs.org/ 
[2] American Hydrotech, Inc., http://www.hydrotechusa.com/ 
[3] Green Roofs - EPA, http://www.epa.gov/heatisland/mitigation/greenroofs.htm 
[4] Green Roofs - EPA - Stormwater Menu of BMPs, 
http://cfpub.epa.gov/npdes/stormwater/menuofbmps/index.cfm?action=factsheet_results&view=specific&bmp=114 
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Figure 2. Cross Section of an Extensive Green Roof 
(Source: SEMCOG, 2008) 
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Energy Savings Cooling Energy 
 • Reduces heat gain from the heat island effect on the building roof, which 


in turn reduces cooling energy during the summer.   
 


 Heating Energy 
 • Reduces heating demand during winter due to the thermal insulation 


provided by the green roof system.  
  
Social Benefits Occupant Health and Well-Being 


• Traditionally unused roof areas can be used by occupants when green 
roofs are incorporated with patio or break areas.   


• Green roofs have aesthetic benefits when located in a visible portion of 
the roof.  
 


Guiding 
Principles1 


Protect and Conserve Water 
• Employ design and construction strategies that reduce storm water 


runoff and discharges of polluted water offsite.  Per EISA Section 438, to 
the maximum extent technically feasible, maintain or restore the 
predevelopment hydrology of the site with regard to temperature, rate, 
volume, and duration of flow using site planning, design, construction, 
and maintenance strategies. 
 


Associated 
LEED Credits 
(NC 2009)2 


EAc1: Optimize Energy Performance (1-19 points) 
• Green roof system provides insulation and reduces head load on the 


building, which reduces heating and cooling demand, respectively. 


SSc6.1: Stormwater Design  - Quantity Control (1 point) 
• Rainfall is absorbed by green roof vegetation and is retained in the green 


roof system.  This reduces the stormwater runoff peak discharge rate 
from the roof as compared to a traditional roof. 


                                                           
1 Guiding Principles for Federal Leadership in High Performance and Sustainable Buildings  
www.wbdg.org/pdfs/hpsb_guidance.pdf  


2 USGBC LEED Reference Guide for Green Building Design and Construction, 2009 Edition 
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SSc6.2: Stormwater Design  - Quality Control (1 point) Engineered soil media 
filters stormwater runoff, which removes pollutants and improves stormwater 
quality. 


• To earn this credit, the green roof design must comply with state and/or 
local stormwater management performance standards, OR field 
performance monitoring data can demonstrate compliance with the 
performance standards listed in the LEED Reference Guide. 
 


 
SSc7.1: Heat Island Effect  - Roof (1 point) 


• Green roofs reduce building heat absorption. 
• In order to earn this credit, the green roof must cover at least 50% of the 


roof area.  Or the credit gives the option of combining high solar 
reflective index (SRI) roofing material and green roof. 
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EXCERPTS FROM MODULAR TRAY VEGETATIVE ROOF SYSTEM SPECIFICATION (EXTENSIVE TYPE): 
 
PART 1 GENERAL 
 
1.1 SYSTEM DESCRIPTION 
All components of vegetated roof assembly shall be provided by or approved by manufacturer of the 
modular tray vegetative roof system.  Modular trays to include growth media and plants.  Modules 
shall have positive drainage holes at the lowest point in module.  Module tray assembly shall include 
edge treatment; custom shaping of trays if needed based on manufacturer’s standard sizes and the 
dimensions shown on the contracting drawings; and temporary irrigation system. 
 
1.6 PROJECT CONDITIONS 
Proceed with installation of modules on roof deck only when existing and forecasted weather 
conditions permit installation to be performed when optimum results may be obtained. Weather 
shall be above 35 degrees F and there shall be no ice on roof or modules. Apply products during 
favorable weather conditions according to manufacturer's written instructions and warranty 
requirements. 
 
1.7 WARRANTY 
1.7.1 Special Warranty for Vegetated Roof Assembly 
Installer agrees to repair or replace vegetated roof assembly and components that fail in materials or 
workmanship within specified warranty period. 


1. Failure includes, but is not limited to, ponding water or prolonged wetness of growing 
medium caused as a result of failure of the assembly to properly drain. 
2. Warranty Period: Two years from date of Substantial Completion. 


 
1.7.2 Special Warranty for Plant Growth 
Installer agrees to repair or replace plantings and accessories that fail in materials, workmanship, or 
growth within specified warranty period. 


1. Foliage Cover: Planted materials shall grow to achieve and maintain at least 95 percent 
foliage cover over planting area upon installation and through the duration of this warranty. 
2. Failures include, but are not limited to, death and unsatisfactory growth except for defects 
resulting from abuse, lack of adequate maintenance, neglect by Owner, or incidents that are 
beyond Contractor's control. 
3. Warranty Period from Date of Substantial Completion: Two years. 
4. Include the following remedial actions as a minimum: 


a. Immediately remove dead plants and replace unless required to plant in the 
succeeding planting season. 


Green Roof 
[SPECIFICATIONS] 
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b. Replace plants that are more than 25 percent dead or in an unhealthy condition at 
end of warranty period. 


 
1.8 MAINTENANCE SERVICE 
1.8.1 Initial Maintenance Service 
Provide maintenance by skilled employees of modular tray vegetative roof system manufacturer. 
Maintain as required in Part 3. Begin maintenance immediately after plants are installed and continue 
until plantings are acceptably healthy and well established but for not less than the following 
maintenance period: 24 months from date of Substantial Completion. 
 
1.8.2 Continuing Maintenance Proposal 
From modular tray vegetative roof system assembly Installer approved by manufacturer to Owner, in 
the form of a standard yearly (or other period) maintenance agreement, starting on date initial 
maintenance service is concluded. State services, obligations, conditions should be included. 
 
PART 2 PRODUCTS 
2.1 MODULAR TRAY VEGETATIVE ROOF SYSTEM 
2.1.1 Modular Tray Vegetated Roof Assembly 
Modular assembly consisting of manufacturer's standard vegetated roof assembly components for 
installation over PVC roof system. Submit tray plant layout drawing for approval. 


a. Assembly Depth, Nominal: 4 inches , including growing medium, not including height of 
plants. 
b. Assembly Weight: Maximum total weight of module assembly, including growing medium 
and plants, and saturated with captured water, shall not 
exceed 30 pounds per square foot. 
c. Assembly Material: Shall be 100% recycled polypropylene 100 mil thick wall or matched 
similiar. Shall be no VOC content. 
d. Assembly Water Dispersal: Water dispersal shall be approximately 10 gal per linear foot. 
e. Assembly Color: Gray 


 
2.2 ACCESSORIES 
2.2.1 Edge Treatment 
Edge treatments shall be co engineered with the module trays and shall have aluminum edging that 
completely covers the module's height and contains the soil. No drainage perforations are required. 
Edge treatment is to be factory primed and painted to match the modular tray color: gray 
 
2.2.2 Temporary Irrigation System 
Shall be an automatically controlled system of a surface applied SCH 40 PVC green painted PVC piping 
for irrigation lines, with SCH 80 solvent welded PVC fittings MP Rotator or equivalent irrigation head 


Green Roof 
[SPECIFICATIONS] 
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or a system of equivalent standards. The system shall be a temporary removable system that is 
utilized during the initial maintenance period. The system shall be removed once establishment and 
maintenance period have been completed. 
 
2.2.2.1 Controls 
Controls shall be an automatic rain sensor of outdoor - type and durability. All sprinklers to have 
matched precipitation on the same zone. 
 
2.2.2.2 Piping and Valves 
Surface applied irrigation piping and fittings must be UV resistant, painted green. Use a chalk line for 
layout to ensure straight rows. See manufacturer's written requirements for additional coordination 
with module tray assembly. 
 
A master valve shall be installed on mainline after backflow device. All valves to be covered by a 6 
inch valve box. All wire connections to be waterproof and UL Approved. To be a manual drain type. 
Install automatic freeze protection drain valves on all main and lateral piping. 
 
2.3 MANUFACTURED GROWING MEDIUM 
Modular tray vegetated roof system manufacturer's lightweight, manufactured soil mixture designed 
for project location and indicated plants. 


a. General Condition of Growing Media at Time of Planting: Free of stones 1/2 inch or larger in 
any dimension; free of roots, plants, sod, clods, clay lumps, pockets of coarse sand, paint, 
paint washout, concrete slurry, concrete layers or chunks, cement, plaster, building debris, 
oils, gasoline, diesel fuel, paint thinner, turpentine, tar, roofing compound, acid, and other 
extraneous materials harmful to plant growth; free of weeds and other botanical pests; not 
infested with nematodes, grubs, or other pests or pest eggs; free of disease-causing plant 
pathogens and other undesirable organisms; friable and with sufficient structure to give good 
tilth and aeration. 
b. Maximum Media Density: ASTM E2399, 45 lb/cu. ft. for basic growing-medium mixture. 
c. Maximum Media Water-Retention: ASTM E2399, 72 lb/cu. ft. volume for basic growing-
medium mixture at maximum media density. 
d. Water Permeability: ASTM E2399, in/min. for basic growing-medium mixture at maximum 
media density. 
e. Organic Material Content: ASTM F 1647, Method A, organic material as measured using the 
loss-on-ignition procedure. 


(1) Minimum: 6 percent. 
(2) Maximum: 10 percent. 


f. Chemical Properties: 
(1) Growing-Medium pH (Reaction): Value of 6.5 to 8.0. 


Green Roof 
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(2) Nitrogen: Minimum .15 percent by weight. 
(3) Phosphorous: Minimum 26.5 mg/L. 
 (4) Potassium: Minimum 194.2 mg/L. 
(5) Sodium Absorption Ratio: 500 ppm. 


 
2.4 PLANTINGS (selected for the Mid-Atlantic region, will differ depending on project location) 
Sedum varieties as follows: Sedum kamtschaticum, Sedum spurium 'John Creech', Sedum spurium 
'Tricolor', Sedum spurium 'Red Carpet', Sedum spurium 'Fuldaglut', Sedum rupestre 'Angelina', Sedum 
album, Sedum reflecum 'Blue Spruce'. 
 
PART 3 EXECUTION 
3.3 INSTALLATION 
Install assembly according to manufacturer's written instructions. 
 
3.4 PLANTING 
Verify that no foreign or deleterious material or liquid such as paint, paint washout, concrete slurry, 
concrete layers or chunks, cement, plaster, oils, gasoline, diesel fuel, paint thinner, turpentine, tar, 
roofing compound, or acid has been deposited in growing medium within a planting area. Do not mix 
or place growing medium during frozen, wet, or muddy conditions. Suspend spreading, grading, and 
planting operations during periods of excessive moisture until the moisture content in growing 
medium reaches acceptable levels to attain the required results. Uniformly moisten an excessively 
dry growing medium that is too dusty or not workable. 
 
3.5 PLANT MAINTENANCE 
3.5.1 General 
During maintenance period, maintain plantings by pruning, cultivating, watering, weeding, fertilizing, 
mulching, adjusting and repairing devices, resetting plants to proper elevations or vertical position, 
and performing other operations as required to establish healthy, viable plantings. 
 
3.5.2 Growing Medium 
Replace growing medium that becomes displaced or eroded because of settling or other processes. 
 
3.5.3 Pest Management 
Spray or treat plantings as required to keep plant materials, planted areas, and growing medium free 
of pests and pathogens or disease. Use integrated pest management practices whenever possible to 
minimize the use of pesticides and reduce hazards.  Treatments include physical controls such as 
hosing off foliage, mechanical controls such as traps, and biological control agents.  Use only products 
and methods acceptable to membrane roofing manufacturer. 


Green Roof 
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3.5.4 Maintenance Plan Submit recommended maintenance plan including procedures for inspection 
and care of modular tray vegetative roof assembly and plants during a calendar year. Submit before 
start of required warranty and maintenance periods. 
 
Maintenance Requirements 


Vegetated roofs are designed to have minimal maintenance requirements. Plant species are selected 
so that the roof does not need supplemental irrigation or fertilization after vegetation is initially 
established.   
 
Green roof maintenance includes watering, fertilizing and weeding, and is typically greatest in the 
first two years as plants become established. Maintenance largely depends on the type of green roof 
system installed and the type of vegetation planted. The use of native vegetation cannot be 
overemphasized in planting vegetation on roofs and is highly recommended in order to reduce plant 
maintenance in both extensive and intensive systems. 
The use of herbicides, insecticides, and fungicides should be avoided, since their presence could 
hasten degradation of the waterproof membrane. Only non-chemical fertilizers may be used. Also, 
power-washing and other exterior maintenance operations should be avoided so that cleaning agents 
and other chemicals do not harm the vegetated roof plant communities. 
 
Suggest Maintenance Activities for Extensive Green Roofs: 
 
Inspect Vegetation • Twice during growing season.  Hand weed to remove invasive 


plants.   Fill in bare spots with soil media. 
 


Inspect for Leaks, 
Drainage Problems, 
Structural Concerns 
 


• Inspect biannually, repair as needed 


Vegetation Maintenance • Regularly 
 


Watering for Plant 
Establishment 


• Regularly during first two years 


 
  


Green Roof 
[OPERATION & MAINTENANCE] 
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VEHICLE STORAGE FACILITY 
Washington D.C. 
 


                         


 


 Figure 3. Case Study 1 Building 
 (Source: USACE, Baltimore District)   


Facility  • Currently under design by USACE, Baltimore District Military Design 
Branch, this 20,125 gross square foot vehicle storage facility will be 
constructed in 2014.  A majority of the roof area, approximately 11,000 
square feet, is a modular vegetated roof system. 
 


Approach • The roofing consists of a metal deck, roof board, rigid insulation, and PVC 
waterproof membrane. The vegetative roof is a modular tray system with 
an additional slip sheet/root barrier underneath. Each 2’x2’ tray has 4” 
growing medium and is vegetated with sedum grasses. 


• The contract specifications require the Contractor to provide a 2-year 
warranty.  During that time, the Contractor is responsible for maintenance, 
repair and replacement of the vegetated roof assembly and plant growth. 


• A temporary irrigation system will be used during the sedum 
establishment period.  After the required 2-year maintenance period, no 
permanent irrigation will be necessary. 


• Although referred to as a “flat roof”, the roof has minimal slope (1/4” in 
12”) in order to allow drainage.  Crickets, scuppers, and downspouts will 
drain any roof runoff not retained by the green roof.  


Site 
Location 
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• Total weight of vegetated roof assembly, including growing medium and 
plants, and saturated with water, will not exceed 30 pounds per square 
foot. 


• The architect, structural engineer, and civil engineer worked closed in 
designing the green roof and coordinating each discipline’s requirements. 


 


 
Figure 4. Green Roof Detail from Contract Drawings 


(Source: USACE, Baltimore District) 
 


Results • The Independent Government Estimate (IGE) estimates the contract cost 
of the modular vegetated roof tray system to be approximately $36 per 
square foot installed.  The entire building’s roof assembly (including 
waterproof PVC membrane, insulation, rubber mats, hatches, railings and 
ladders, and the 6,300 square feet portion of the roof that is not green 
roof) is approximately $43 per square foot. 


• In addition to bioretention cells on the site, the green roof contributes to 
the project’s compliance with the District Department of the 
Environment’s stormwater management regulations and EISA Section 438 
(the federal stormwater management requirement).  The green roof 


Green Roof 
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retains approximately 1” depth of runoff in the soil media and vegetation, 
which equates to a total of 925 cubic feet of stormwater storage volume. 
 


 


GREEN ROOF RETROFIT PROJECT 
Tobyhanna Army Depot, Pennsylvania 
 


 


 


                       Figure 5. Modular Green Roof trays 
(Source: USACE, Baltimore District)  


  


Facility  • The project included retrofitting two large warehouse building roofs with 
modular vegetated roof systems. 


• Approximately 65,000 square feet of vegetated roof was installed on one 
building and 100,000 square feet on the second. 
 


Approach • A combination of 2’x2’ and 2’x4’ modular vegetated trays were installed.  
• Due to the region’s climate, snow load on the existing roofs was a major 


design constraint.  Therefore, the tray depth was limited to 4” soil media 
with planted succulents.  The added load of the vegetated roof system is 
15-17 pounds per square foot. 


• A slight slope is provided to allow drainage to the interior roof drains. 
 


Site 
Location 
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Figure 6. Green Roof on Industrial Building 


(Source: USACE, Baltimore District) 
 


 
Results • This project is a model retrofit application to reduce impervious area and 


the urban heat island effect by installing green roof trays over large areas 
of industrial flat roofs. 


• The Installation will be monitoring energy use to evaluate the heating and 
cooling energy savings the green roof provides.  During the summer 
months, the air intake temperature readings show a decrease from 125°F 
to 87°F, which demonstrates the reduction in heat loading provided by the 
green roof retrofit. 


• The contract cost was approximately $4M, which translates to 
approximately $24 per square foot of green roof installed. 


• The stormwater runoff from the roof has decreased considerably since the 
green roof was installed.  The temperature of the roof runoff has also 
cooled in temperature, to 75°F, which benefits the nearby surface waters. 
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Brief Description 
Permeable pavement systems, also referred to as pervious or porous paving, allow stormwater runoff 
to filter through the pavement section and infiltrate into the soil below.  By allowing the water to 
infiltrate into the ground, the water undergoes absorption, filtration and microbiological degradation; 
in turn, reducing pollutants entering downstream water bodies.  Permeable pavements also reduce 
the volume and velocity of stormwater runoff off site.  There are four types of permeable pavement 
systems: pervious concrete (PC), porous asphalt (PA), reinforced turf or gravel (RT or RG), and 
permeable interlocking concrete pavers (PICP).  All four variations include a surface pavement layer, 
aggregate bedding and base layers, filter fabric, and an underdrain if required. 
 
By allowing stormwater runoff to infiltrate the pavement surface, permeable pavements reduce 
runoff and filter sediments and pollutants prior to entering underlying soils or discharging to the 
stormwater conveyance system via underdrain.   
  
Applications • Parking Lots 


• Roadways, Residential Streets 
• Driveways 
• Sidewalks 
• Recreation Facilities:  Playgrounds, Tennis Courts, Trails 
• Emergency Access Roads and Fire Lanes 
• Maintenance Drives 
• Overflow Parking Areas  


 
 


     
(a)                        (b)                       (c)                       (d)                       (e) 


 (a) Reinforced Turf Concrete Grid Paver Driveway (Source: www.buildinggreentv.com)  
(b) Porous Asphalt Roadway/Path (Source: creativeconcrete4you.com) 
(c) Concrete Permeable Paver Plaza (Source: http://www.uni-groupusa.org/)  
(d) Reinforced GravelTrail (Source: http:// www.ia.nrcs.usda.gov) 
(e) Concrete Permeable Paver Patio (Source: http://www.uni-groupusa.org/)  
 


Design Notes Design Considerations for all Permeable Pavement 
• Consider traffic volume and loading criteria in project area. 
• Pavement design engineer and stormwater design engineer must coordinate 
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to ensure the pavement meets both the structural pavement design criteria 
and the stormwater management requirements. 


• Permeable pavement requires regular maintenance to maintain porosity 
(See Operations and Maintenance section). 


• Permeable pavement should be sited at least 2-5 feet above the seasonally 
high ground water table, and at least 100 feet away from drinking water 
wells. 


• Materials can be specified with recycled content. 
• Permeable pavements should not be used in “hot spots” (fuel areas, 


industrial storage, vehicle maintenance, etc.) where there is potential to 
contaminate underlying soils.   
 


Code Restrictions 
• State and/or local stormwater management regulations may control the 


hydrologic design.  
• Structural design of the pavement section must comply with applicable 


pavement design criteria.  Consult pavement design engineer. 
 


Pervious Concrete 
• Similar to conventional concrete, though smaller amounts of fines, larger 


pea gravel, and a lower water-to-cement ratio are used to achieve more 
voids and an open surface.  


• Care must be taken during placement to avoid removing the voids and 
smoothing the surface, which could reduce porosity.   


• Since the concrete mix has more voids, the concrete strength is typically less 
than conventional concrete.   Pavement designer should take this into 
account. 
 


Reinforced Turf or Gravel 
• Reinforced turf or gravel consists of interlocking concrete grid or plastic 


geogrid units that contain voids for grass growth or open-graded gravel fill.  
The pervious surface performs similar to the hydrology of a traditional lawn 
area but can support traffic loads and parking.  


• The reinforced turf is underlain by a stone and/or sand layer to filter 
pollutants and temporarily store runoff.   


• While both plastic and concrete units perform well for stormwater 
management and traffic needs, plastic units tend to provide better turf 
establishment and longevity, largely because the plastic will not absorb 
water and diminish soil moisture conditions.  


• Reinforced turf applications work well for fire access roads, overflow 
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parking, and occasional use parking.  The reinforced turf grids provide a 
support structure for heavy vehicles, and prevent erosion. 
 


Permeable Concrete Pavers 
• Permeable pavers consist of interlocking concrete pavers with pea gravel 


filling the spaces between pavers.   
• Runoff passes through the pervious spaces between pavers to the open-


graded aggregate layers and infiltrates into the underlying soils below. 
• Permeable pavers are most often used for driveways, parking areas, 


entrance drives, walkways, plazas, patios or terraces to achieve a more 
aesthetically pleasing appearance.   
 


Porous Asphalt 
• UFC 3-201-01 Civil Engineering does not allow porous asphalt on DoD 


facilities. 
• Similar to conventional asphalt, except that the fines (sand and finer 


material) from parent asphalt mix are removed. 
• Bituminous mix design critical to the porous asphalt performance.  


  


 
Figure 1 Permeable Concrete Pavers (Source: Fort George G. Meade Department of Public Works) 


References/Useful Resources: 
[1] Army Low Impact Development Technical User guide 


http://www.usace.army.mil/Portals/2/docs/Sustainability/Hydrology_LID 


Related 
Technologies 


Low Impact Development  


  


[2] UFC 3-201-01, Civil Engineering, www.wbdg.org 
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Permeable Pavement  
[ENERGY AND ENVIRONMENT] 
Environmental 
Impacts 


Stormwater Management (Quality and Quantity Control) 
• Permeable pavement filters pollutants which enhances downstream water 


quality. 
• Permeable pavement reduces stormwater quantity by infiltrating runoff 


across the pavement surface instead of concentrating flow to stormwater 
conveyance systemsover impervious pavement.  


 
Guiding 
Principles1 


Protect & Conserve Water 
• Employ low impact development design and construction strategies that 


reduce stormwater runoff and pollutant discharges offsite.  
• Per the Energy Independence and Security Act (EISA) Section 438, to the 


maximum extent technically feasible, maintain or restore the 
predevelopment hydrology of the site with regard to temperature, rate, 
volume, and duration of flow using site planning, design, construction, and 
maintenance strategies. 
 


Associated 
LEED Credits 
(NC 2009)2 


SS Credit 6.1: Stormwater Design- Quantity Control  
• Stormwater runoff is infiltrated on site by the permeable pavement 


system, reducing the peak discharge rate and volume. 
• The area of permeable pavement acts like a pervious surface rather than 


an impervious surface, thereby reducing impervious cover.  
 


SS Credit 6.2: Stormwater Design- Quality Control  
• Open-graded aggregate base and subbase layers in a permeable pavement 


section filter pollutants from stormwater runoff, especially total suspended 
solids (TSS). 


• To earn this credit, the permeable pavement design must comply with 
state and/or local stormwater management performance standards, OR 
field performance monitoring data can demonstrate compliance with the 
performance standards listed in the LEED Reference Guide.  
 


 SS Credit 7.1:  SHeat Island Reduction- Nonroof 
• Pervious concrete, reinforced turf or gravel, and permeable concrete 


pavers have high solar reflectivity to help achieve this credit.  
  


                                                           
1 Guiding Principles for Federal Leadership in High Performance and Sustainable Buildings 
www.wbdg.org/pdfs/hpsb_guidance.pdf  
2 USGBC LEED Reference Guide for Green Building Design and Construction, 2009 Edition 



http://www.wbdg.org/pdfs/hpsb_guidance.pdf
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Permeable Pavement 
[PRODUCTS AND ECONOMICS] 
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Permeable Pavement 
[SPECIFICATIONS] 


 
Typical Permeable Pavement Cross Section 
 


 
Figure 2 Permeable Pavement Cross Section 


 (Source:  Interlocking Concrete Pavement Institute http://www.icpi.org/) 


 


Component Specification 
Concrete Pavers 3⅛ inch Uni-Ecoloc® in conjunction with solid 3⅛ inch UNI-Anchorlock®  
Permeable Joint Material ASTM No. 8 Pea Gravel 
Open-Graded Bedding Course 2 inches thick (ASTM No. 8 Pea Gravel) 
Open-Graded Base Aggregate   4 inches thick (ASTM No. 57 Stone) 
Open-Graded Subbase Aggregate 12-24 inches thick (ASTM No. 2 Stone) 
Underdrain As required stormwater management design 
Geotextile As required to prevent migration of soil into the aggregate base layers 


Subgrade Consult geotechnical engineer, subgrade should only be compacted 
enough to support pavement section but not prevent infiltration 


 



http://www.icpi.org/
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Permeable Pavement 
[SPECIFICATIONS] 


 
Sample Specifications3 
 
1.0 QUALITY ASSURANCE 


A. Paver Manufacturer's Qualifications 
The manufacturer shall demonstrate a minimum of 5 years successful experience in the 
manufacture of the applicable permeable pavement type. 


B.   Paver Installer's Qualifications 
Pavers installers shall demonstrate a minimum of 5 years experience in the 
installation of permeable pavement system similar in size and nature to the 
project. 


 
2.0 MATERIALS 


A. Pavement  
1. Permeability:  Not less than 1 inch/hour. 
2. Permeable Concrete Paver:  The permeable concrete paver shall conform to 


ASTM C 936, and shall be minimum 3-1/8 inch thick, with minimum 8% 
surface area open.  Pigmentation shall conform to ASTM C 979.  Spacers 
shall be formed into paver for interlock integrity and joints shall meet ADA 
guidelines.   Concrete grid paver units shall comply with ASTM C1319.  
Average compressive strength of 8,000 psi with no individual paver under 
7,200 psi.  Maximum 1% loss in dry mass per unit in minimum 50 freeze-
thaw cycles when tested in accordance with ASTM C 67. 


3. Pervious Concrete:  Minimum Solar Reflectance of 0.3, Solar Reflectance 
Index (SRI) of 29.  Minimum permeability rate [60] [xxxx] percent or not 
less than an infiltration rate of 1.1 in/hr for a 20-year design life. Determine 
the permeability rate of in place pervious concrete in accordance with ASTM 
C1701. Determine the density and void content of freshly mixed pervious 
concrete in accordance with ASTM C1688.  Verify that mixture proportions 
are as designed. 


4. Reinforced Turf or Gravel:  Interlocking plastic geogrid shall have minimum 
compressive strength of 5720 psi.  Soil and seed mixture shall meet 
manufacturer instructions.  


B. Aggregate 


                                                           
3 Specification language provided is a combination of the Whole Building Design Guide’s Federal Green Construction Guide 
for Specifiers, Section 1 32 12 43 (02795) - POROUS PAVING (Accessed August 2012 at 
http://www.wbdg.org/ccb/browse_org.php?o=84) and specification language from U.S. Army Corps of Engineers, 
Baltimore District (August 2015). 



http://www.wbdg.org/ccb/browse_org.php?o=84
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Permeable Pavement 
[SPECIFICATIONS] 


1. Bedding Course and Joint Filler:  The bedding course and void filler (joint 
filler) aggregate shall conform to ASTM C 33, Class 5S, size designation No. 
8. 


2. Base Course Aggregate:  Base Course aggregate shall conform to ASTM C 33, 
Class 5S, size designation No. 57. 


3. Subbase Course Aggregate:  Subbase aggregate shall conform to ASTM C 33, 
Class 5S, size designation No. 357 or No. 2 per designer of record. 


C. Geotextile fabric:  Comply with AASHTO M288 based on application and installation 
conditions. Verify compatibility between geotextile and adjacent soils for filtration, 
clogging and permeability. 
 


3.0 INSTALLATION 
A. Subgrade 


The subgrade shall be constructed to the specified grade and cross section prior to 
placement of the subbase. To ensure a permeable subgrade, the in-situ soils (i.e. subrade) 
in fill and cut areas shall NOT be compacted prior to placing the non-woven geotextile 
and/or subbase course.  


B. Fill Material 
Where fill is required to meet finished grades beneath the pavers, fill shall consist of 
Subbase Course placed and compacted as indicated in paragraph PLACEMENT OF SUBBASE 
COURSE. 


C. Placement Of Subbase Course  
Subbase shall be placed in lifts not exceeding 6 inches in loose thickness and 
compacted with a minimum of 6 passes using a vibratory 10-15 ton smooth drum 
roller. The completed subbase shall then be proof-rolled with a 10 ton tandem 
dump truck to identify any areas requiring additional compaction. 


D. Placement Of Base Course 
Base course shall be placed in one lift not exceeding 6 inches in loose thickness and 
compacted with a minimum of 6 passes using a vibratory 10-15 ton smooth drum roller. 


E. Placement Of Bedding Course 
Bedding course shall be placed in one lift not exceeding 6 inches in loose thickness and 
compacted with a minimum of 6 passes using a vibratory 10-15 ton smooth drum roller.  
Contractor shall screed the bedding course using either an approved mechanical screed or 
by use of screed guides and boards to produce a smooth level course.  The screeded 
bedding aggregate shall not be subjected to any traffic (mechanical or pedestrian) prior to 
installation of the paver units.  Voids left after the removal of the screed rails shall be filled 
with aggregate as the paver bedding course proceeds. 


F. Placement of Permeable Pavement (refer to designer of record and manufacturer for 
instructions for applicable type of permeable pavement). 
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Permeable Pavement 
[SPECIFICATIONS] 


4.0 MAINTENANCE 
Contractor shall provide O&M plan to owner at the completion of the work.  
Provide 5 percent pavers or reinforced turf geogrid matching those used in the 
project.  Provide copy of mix design for pervious concrete or porous asphalt to 
owner for future repairs.  
 


5.0 CLEANUP 
Sweep the entire pavement surface and remove all excess sand, blocks and debris 
from the project area. 
 


 


Maintenance Requirements 


The primary goal of permeable pavement maintenance is to prevent the pavement surface and the 
underlying infiltration-bed from becoming clogged with fine sediments.  The pavement surface 
should be swept and vacuumed with a commercial vacuum sweeper unit annually at a minimum.  
Designer of record may recommend sweeping/vacuuming more frequently depending on pavement 
use and sediment loading.  Use of conventional power washing is not recommended; compression 
systems can push sediments deeper in the pavement section.  
 
Planted areas adjacent to pervious pavement should be well maintained and fully stabilized to 
prevent mulch and soil washout onto the pavement surface.  If washout does occur, it should be 
cleaned off the pavement immediately to prevent clogging of the system.  Replant or reseed bare 
spots and eroded areas as needed.  Debris and trash observed during routine inspections should be 
removed.  Prevent construction vehicles from tracking and spilling sediment onto the permeable 
pavement.  
 
Snow removal for permeable pavement is less intensive than for conventional pavement.  Permeable 
pavement with subsurface aggregate has superior snow melting characteristics compared to standard 
pavements. The underlying stone bed tends to absorb and retain heat, so snow and ice melt faster on 
pervious surfaces.  For accumulated snow, set plow blades approximately 1 inch above the pavement 
surface. Salt is acceptable for use as a deicer on the pervious surface; though nontoxic, organic 
deicers, applied either as blended, magnesium chloride-based liquid products or as pre-treated salt, 
are preferable.  Sand should never be used. 
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Permeable Pavement 
[SPECIFICATIONS] 


Maintenance contracts should clearly specify permeable pavement maintenance activities.  See table 
below for suggested maintenance activities and frequencies. 


Suggested Maintenance Activities for Permeable Pavement 


Task Frequency Maintenance Notes 


Sweep and Vacuum Pavement Semi-annually Commercial sweeper/vacuum unit. 


Clean Inlets, Drainage Pipe, Stone 
Edge Drains 


Semi-annually Remove sediment and debris. 


Water Reinforced Turf and Grass-
filled Open Grid Pavement 


Regularly Reseed as needed. 


Clean Up Sediment Deposited on 
Pavement 


As Needed Inspect after heavy rains. 


Maintain Planted Areas adjacent 
to Permeable Pavement  


Regularly 
Prevent mulch and soil washout 
onto pavement surface. 


Snow Removal As Needed 
Raise plow blade 1 inch higher. Do 
not use sand 
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Permeable Pavement 
[CASE STUDIES] 


 


Emergency Services Center4 
Fort Detrick, Maryland 


 
 


Figure 3 Parking Lot Permeable Concrete Pavers 
(Source: USACE, Baltimore District) 


 
Facility  • This project consisted of the design and construction of a new emergency 


services center and associated parking lot at Fort Detrick in Frederick, 
Maryland.  The site limit of disturbance was approximately 3 acres. 


• The parking lot included permeable concrete pavers in the POV parking 
stalls.   


 
Approach • The permeable pavers section includes 3-1/8” thick concrete blocks 


meeting ASTM C 936.  Below the pavers, there is a 2” pea gravel bedding 
layer, followed by 4” No. 57 stone.  The subbase layer is 12” No. 2 stone.   
Concrete edge restraints provide a transition between the pavers and 
adjacent pavement and turf areas. 


• A 2” perforated PVC overdrain is set higher in the subbase to allow 
infiltration to the subgrade.  As the infiltration slows, the overdrain will 
drain the section. 


• The parking lot does not have curb and gutter, to allow sheet flow into 
adjacent swales during heavy storms. 


• The pavers were installed after adjacent areas were stabilized in order to 
prevent sediment loading to the section. 


 
 
 


                                                           
4 Case Study courtesy of U.S. Army Corps of Engineers, Baltimore District 


Site 
Location 
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Permeable Pavement 
[CASE STUDIES] 


 
 


 
 


 
 


 
Figure 4 Permeable Paver Detail from Contract Drawing 


(Source: USACE, Baltimore District) 
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Permeable Pavement 
[CASE STUDIES] 


 
 
 


 
Figure 5 Site Plan 


 (Source: USACE, Baltimore District) 
 


Results • The contract drawings provided a maintenance instructions including 
annual sweeping using a commercial sweeping/vacuum truck.  Lost pea 
gravel in the paver voids should be replaced after the vacuuming operation.  
Snow plow blades should be set 1” above grade to prevent damage to the 
pavers.  Deicing agents that are non-toxic and organic can be applied, such 
as calcium magnesium acetate and pretreated deicing salt.    


• In addition to bioswales on site and the building’s green roof, the 
permeable pavers contribute to the project’s compliance with the 
Maryland Department of the Environment (MDE) stormwater management 
requirements. 
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Permeable Pavement 
[CASE STUDIES] 


 
HEADQUARTERS COMPLEX5 
Fort Meade, Maryland 


 


            
                                   Figure 6 Concrete Permeable Pavers 


(Source: USACE, Baltimore District) 
 
 
Facility  • This project included the design and construction of a new headquarters 


complex including an administration building, visitor control center (VCC), 
parking lots, and supporting facilities at Fort Meade, Maryland.  The site 
limit of disturbance was approximately 9 acres. 


   
Approach • The stormwater management plan implemented a combination of low 


impact development practices.   The VCC parking lot and front entrance 
drop off circle are concrete permeable pavers.  Curb cuts provided allow 
runoff during heavy rains to drain to adjacent grass areas. 


 


 
 
 


 
 


                                                           
5 Case Study courtesy of U.S. Army Corps of Engineers, Baltimore District  


Site 
Location 
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Permeable Pavement 
[CASE STUDIES] 


 
Figure 7 Permeable Paver Detail from Contract Drawings 


 (Source: USACE, Baltimore District) 
 


 
Figure 8 Site Plan 


 (Source: USACE, Baltimore District) 
 


Results • The permeable pavement implemented, in addition to the site’s grass 
swales, bioretention cells, and infiltration trenches, contributed to the 
project’s to compliance with the Maryland Department of the Environment 
Environmental Site Design (ESD) stormwater management regulations for 
water quality and quantity.  The design resulted in the post-development 
project site’s hydrology mimicking a pre-development “woods in good 
condition” site. 


• The in situ soils were sandy and classified as Hydrologic Soil Groups (HSG) 
A and B, with infiltration rates up to 100 in/hr, so no underdrain was 
required. 


• The total construction contract cost of the permeable pavers was 
approximately $20 per square foot. 
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Phase Change Materials 
[STRATEGY] 


BRIEF DESCRIPTION  
Phase change materials (PCMs) are materials that are capable of absorbing and releasing thermal 
energy when they undergo a phase change from solid to liquid and from liquid to solid. When a 
PCM solidifies, it releases energy in the form of latent heat at a relatively constant temperature. 
Conversely, when such a material melts, it absorbs heat from the environment. PCMs exhibit a 
thermal mass effect, repeating the phase changes as ambient temperatures fluctuate, making them 
ideal for a variety of everyday applications in certain environments that require temperature 
control. 


The phase change material acts as a thermal energy storage medium, such as paraffin wax, 
collecting and storing energy when it is readily available to be used later when needed.  For 
example, phase change material will absorb heat during winter sunlit hours, and then slowly release 
the heat over night. The heat is used to supplement the heating needed in the evening and lower 
the peak demand for heat in the winter season.  The shift in peak energy demand can reduce the 
size and initial cost of heating or cooling systems, lower energy costs, and reduce maintenance 
costs.  
 
 
Applications Conserve energy and maintain comfortable temperatures 
        Ceilings       Attics       Walls       Roofs 
 


        
                           Figure 1                                                Figure 2                                                 Figure 3 


 
    (Figure 1) BioPCM™ installation between Wall/Ceiling Studs  


         (Source: http://www.phasechange.com/index.php/en/information/installation) 
   (Figure 2) Installation of  Energain® PCM panels  
         (Source: http://www.edilizianews.it/articolo/1899/soluzione-hightech--- contro-le-dispersioni-
termiche-) 
   (Figure 3)  Installation of the PCM-enhanced cellulose insulation  
         (Source: http://web.ornl.gov/sci/roofs+walls/AWT/ComputerSimulations/ORNL_TM_2007_186.pdf) 
 
 
 
 
 
 
 
 
  



http://web.ornl.gov/sci/roofs+walls/AWT/ComputerSimulations/ORNL_TM_2007_186.pdf





 


                           HIGH PERFORMANCE TECHNOLOGY STRATEGY (Revision 0, 02-29-2016) P a g e  |  2  


These TechNotes are intended to provide general information for the consideration of design strategies.  The TechNotes should NOT be interpreted as an endorsement of any 
specific product or technology. 


Phase Change Materials 
[STRATEGY] 


Design Notes Locations 
 • PCMs are best suited for use in hot, dry and marine climates with 


dynamic daytime/nighttime temperature changes. 
• It is not recommended to use PCMs in cold climates. 


 
 Installation 


• PCMs should be used in conjunction with insulation materials. 
• Some types of PCMs require extra care during installation to prevent 


damage to the PCM encapsulation shell. 
• Potential leakage of PCM packages may occur under ambient 


temperature if punctured or mishandled. 
• Energain® panel: use DuPont™ Energain® aluminum tape to seal a cut 


edge or abrasion when using this product. 
 


Related 
Technologies 


Gypsum board with microencapsulated PCMs 
Concrete blocks with microencapsulated PCMs 
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Phase Change Materials 


[ENERGY AND THE ENVIRONMENT] 


Energy Savings Heating and Cooling Energy 
 • PCMs enhance building energy performance. 


• The application of thermal mass effect could reduce building envelope-
related energy loss by 20-25% in well-insulated buildings. 


 
Social Benefits 


 
Thermal Comfort 


 • Improve indoor thermal comfort by stabilizing air temperature. 
 
Building Life 


 • Decrease surface/roof temperatures and thereby extend roof service life. 
 


Environmental 
Impacts 


Reduce Fossil Fuel Consumption 
• Reduce waste by-products from consuming fossil fuels. 
• Reduce environmental impact due to decreased demand for fossil fuels. 


 
Guiding 
Principles 


Optimize Energy Performance (Energy Efficiency) 
• Energy savings can be achieved if thermostat set points are lowered. 
• Reduce building envelope rated energy loss by 30% compared to the 


baseline building performance rating per ASHRAE Standard 90.1-2007. 
 


Associated 
LEED Credits 
(NC 2009) 


EAc1: Optimize Energy Performance (up to 19 points) 
• PCMs can contribute to reducing energy consumption for heating and 


cooling loads inside the building, thus reduce energy cost. 
 
IEQc7.1: Thermal Comfort Design (1 point) 


 • PCMs can reduce discomfort of indoor environments caused by the 
outdoor climate extremes from summer solar radiation and temperature 
drop in the winter by stabilizing air and surface temperatures inside the 
building. 
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Phase Change Materials 


[PRODUCTS AND ECONOMICS] 


Product Images 


 
Figure 4. BioPCMTM (Source: 


Phase Change Energy Solution) 


 


 
Figure 5. Energain® (Source: 


DuPontTM) 


 
Figure 6. Microtek (Source: 


MicrotekLaboratories) 


Components BioPCM™: derivatives of fatty acids, fatty alcohols, esters, emulsifiers, thickening 
agents and proprietary cross linkers, fire retardants and extinguishers, 
and a proprietary film. 


 
Energain®: modified paraffin wax with polyolefin elastomer modified encased in 


aluminum panel (not currently available in the USA). 
 
Microtek: microencapsulated octadecane PCM. 
 


Cost Range  


Components Cost Unit 
BioPCM™ $5.00 - $6.00 per square foot 
Energain® PCM panel $4.00 - $4.50 per square foot 
Microtek in cellulose $7.50 - $9.00 per square foot 


 
 


Product Types • Each PCM, as mentioned above, has its own phase change temperature 
range. 


• Each PCM differs in latent heat storage capacity. 


• Microencapsulated PCM must be mixed into cellulose insulation. 
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Phase Change Materials 


[SPECIFICATIONS] 


Vendors Phase Change Energy Solutions (BioPCMTM) 
http://www.phasechange.com/index.php/en/  
 
E. I. du Pont de Nemours and Company (DuPontTM Energain® PCM panel) 
http://energain.co.uk/Energain/en_GB/index.html 
 
Microtek Laboratories, inc. (Microencapsulated PCM) 
http://www.microteklabs.com/micropcm.html  
 


Warranty Info Warranties for handling and installation are not common due to components of 
materials (nontoxic substances). May vary by vendor. 


Code 
Restrictions 


Local Fire Protection Codes should be consulted before purchase or installation 
of PCMs. Flammability test may be required before installation. 
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Phase Change Materials 


 [CASE STUDY] 


CASE STUDY 1: BioPCMTM Installed at Ft. Bragg, NC 
ERDC-CERL and Oak Ridge National Laboratory (ORNL) are currently executing a demonstration 
project to install and evaluate the effectiveness of BioPCMTM in a building at Ft. Bragg, NC. PCMs 
were installed in June, 2015, and final results are expected by the end of calendar year 2016. 
 


 
Figure 7. Climate Zone Map (Source:  


http://www.energyvanguard.com/knowledge/us-climate-
zones) 


 


 
Figure 8. Demonstration Building at Ft. Bragg. (Source: USACE, ERDC-


CERL) 


 


• Building Description: DPW Classroom Facility, Building 3-2232, 3,500 sq. ft. 
• Location: Ft. Bragg, NC – ASHRAE Climate Zone 3 (mild winters and hot summers). 
• Original Building Condition: R-19 fiberglass batt insulation laid directly on top of suspended 


acoustic ceiling. Attic space contained all HVAC ductwork and was not part of the building 
thermal envelope. 


• Case Study Approach: R-19 fiberglass was removed from the building, and 9 inches of 
dense-pack cellulose insulation was installed on the underside of the roof deck. This 
brought the HVAC system inside the thermal envelope of the building and provided 
temperatures sufficient to facilitate the liquid-solid phase change. Temperature, relative 
humidity, and heat flux was monitored for one year after cellulose insulation. In June 2015, 
BioPCMTM were installed to the underside of the cellulose insulation. Building thermal 
performance monitoring is ongoing. 


 



http://www.energyvanguard.com/knowledge/us-climate-zones

http://www.energyvanguard.com/knowledge/us-climate-zones
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Phase Change Materials 


 [CASE STUDY] 


 
Figures 9 & 10. Ft. Bragg DPW Classroom Building before (left) and after (right) installation of cellulose insulation 


below the roof deck and on gable walls. (Source: USACE, Savannah District) 
 


 
Figures 11 & 12. BioPCMTM with metallic fireproof covering before installation at Ft. Bragg (left). Attic space after 
installation of BioPCMTM below cellulose insulation in the attic space (right). (Source: USACE, Savannah District) 
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Phase Change Materials 


 [CASE STUDY] 


 


                                                            
1 Oak Ridge National Laboratory (ORNL). 
      http://talon.stockton.edu/eyos/energy_studies/content/docs/effstock09/Session_4_2_PCM_in_Buildings/33.pdf  
 


CASE STUDY 2: Oak Ridge National Lab (ORNL) Building Demonstration1 
Several homes were constructed in Oak Ridge, TN by Zebra Homes, as part of an ORNL technology 
demonstration of various energy-saving technologies, including Microtek PCM mixed in with 
cellulose in the wall cavities. Combined with other energy saving technologies, these homes 
achieved 83% energy savings when compared to a typical existing home. The homes were 
completed in March 2013 and listed for sale at $485,000.  
 


Figure 13. Climate Zone Map (Source:  
http://www.energyvanguard.com/knowledge/us-climate-


zones) 
  


 
Figure 14. Wolf Creek home containing Microencapsulated PCM 


combined with blown-in cellulose insulation in Oak Ridge, TN. 
(Source: ORNL) 


 


 


CASE STUDY 2:  DuPontTM Energain® Commercial Use 
DuPontTM Energain® is widely used in Europe, and they are now in the process of adapting their 
product to the U.S. market. Currently, ERDC-CERL has a Cooperative Research and Development 
Agreement for “Evaluation of Phase Change Material Concepts in Military Buildings.” We have 
characterized the Energain® PCM in the laboratory. 



http://talon.stockton.edu/eyos/energy_studies/content/docs/effstock09/Session_4_2_PCM_in_Buildings/33.pdf

http://www.energyvanguard.com/knowledge/us-climate-zones

http://www.energyvanguard.com/knowledge/us-climate-zones
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1 OW US EPA, “Water Trivia Facts,” accessed September 22, 2015, 


http://water.epa.gov/learn/kids/drinkingwater/water_trivia_facts.cfm. 


2 California Energy Commission, “California’s Water–Energy Relationship,” 2005, 
http://www.cacoastkeeper.org/document/california’s-water-energy-relationship.pdf. 
 


BRIEF DESCRIPTION 
While water is abundant at the global scale, only about 3% of Earth’s water is fresh water.1  Despite 
the finite limit of the fresh water supply, many water-use activities and frameworks today are still 
once-through processes. In many regions, groundwater is withdrawn faster than it is replenished. 
Furthermore the energy required to acquire, treat, transport, reuse, and dispose of water represents 
up to 4% of electricity demand for most communities and up to 19% in irrigation-intensive or 
conveyance-intensive regions such as California.2 
 


Currently, many locations within the United States (US) and throughout the world are facing 


significant water shortages resulting from drought, and competing regional requirements for 


agriculture, municipal consumption, energy production, and environmental requirements.  In 


water-stressed regions, the capability to reuse water is already becoming an important part of the 


sustainability solution set, as it provides a suitable alternative water source for many water 


intensive activities. Effective water reuse programs reduce potable water consumption and 


wastewater discharge.   


Purple colored pipe is used to identify and distribute reclaimed or recycled water.  It was first 
adopted by the American Water Works Association (AWWA) California-Nevada Section in 1997.  A 
non-potable water reuse program that uses purple pipe is in line with programs geared at reducing 
potable water consumption such as the DoD Strategic Sustainability Performance Plan and the 
Army Net Zero Directive.    
 
Water used once for washing passing through from kitchen sinks, dishwashers, bathroom sinks, 
tubs and showers is considered gray water.  It’s gray water that is carried in purple pipe.  With 
minimal treatment, this type of water can be re-used for lower end uses such as flushing toilets or 
to irrigate landscape. Gray water is household wastewater, with the exception of wastewater from 
toilets, typically 50 to 80%.  Water from toilets, known as black water, is not used in purple pipe. 
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Applications Purple pipe programs can be applied to achieve the following outcomes: 
  Reduce the demand on a potable water treatment and distribution 


system. 


 Reduce the demand on water supplies such as surface or ground water 
sources. 


 Recharge diminishing groundwater supplies and/or reduce saltwater 
intrusion into an aquifer 


 Reduce the volumetric loading on a Waste Water Treatment Plant 
(WWTP) and collection system. 


 Reduce the volume of water discharged from the WWTP to the 
environment. 


 Provide a drought-resistant irrigation supply. 
  


Water reuse types and example DoD end uses: 


 Use Type End Use 


Irrigation 
 
 


Parks 
Golf courses 
Cemeteries 
Parade grounds 
Athletic fields 
Building landscapes 


Industrial recycling and reuse Cooling water 
Boiler feed 
Process water 


Non-potable  
 
 


Fire protection 
Air conditioning 
Toilet flushing 
Water features 


 
 


Design Notes 
 
 
 
 
 
 


Plumbing Code 
In 2003 purple pipe was adopted in the Uniform Color Standard of the American 
Public Works Association (APWA). Since then plumbing codes have been updated 
to include more guidance specific to water reuse activities.  For example, the 
International Code Council’s 2015 International Plumbing Code (IPC) dedicates 
an entire chapter (chapter 13) to Non-Potable Water Systems.  It provides some 
general guidance on treatment requirements but defers to local jurisdictions 
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References/Useful Resources: 
 [1] Office of Wastewater Management, National Risk Management Research Laboratory, and U.S. Agency for 
International Development, “2012 Guidelines for Water Reuse” (US EPA- Office of Wastewater Management, 2012), 
http://nepis.epa.gov/Adobe/PDF/P100FS7K.pdf. 
[2] International Code Council, 2015 International Plumbing Code (ICC, 2014). 
[3] “Unified Facilities Criteria, Plumbing Systems,” September 18, 2015, 
https://www.wbdg.org/ccb/DOD/UFC/ufc_3_420_01.pdf. 
[4] Office of Wastewater Management, National Risk Management Research Laboratory, and U.S. Agency for 
International Development, “2012 Guidelines for Water Reuse.” 
[5] George Tchobanoglous et al., “Framework for Direct Potable Reuse” (Alexandria, VA 22314: WateReuse Research 
Foundation, 2015), http://www.waterrf.org/publicreportlibrary/4044.pdf. 
[6]  Graywater Application for Army Installations, Public Works Technical Bulletin (Washington, DC: US Army Corps of 
Engineers, September 30, 2011), https://www.wbdg.org/ccb/ARMYCOE/PWTB/pwtb_200_1_101.pdf. 
   
 


 


  


with respect to specific levels of purity required for reuse activities.  More 
specific guidance is provided in the IPC on the labeling of pipes and fixtures, 
backflow and cross-contamination prevention, storage system design, and 
materials.  IPC provides guidance for the following systems:  collection, on-site 
gray water treatment and reuse, rain water collection and use, irrigation, and 
reclaimed water.  
 
Sources of gray water and reuse activities allowed can vary significantly from 
state to state.  DoD installations are generally required to follow state and local 
codes in regards to water-reuse practices, as summarized in the Unified Facilities 
Criteria (UFC) for plumbing systems.  UFC 3-420-01 Plumbing Systems states:  
 
"SECTION 602.2.1 Non-potable water exception. A non-potable water supply, 
when used in an entirely separate system and when approved by the local health 
department, may be used for flushing water closets and urinals, and for other 
approved purposes where potable water is not required. Piping containing non-
potable water, that is water not meeting accepted potable water standards, will 
be labeled ‘NONPOTABLE WATER, DO NOT DRINK.’” 
 


Related 
Technologies 


Rainwater Harvesting 
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Environmental 
Impacts 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Guiding 
Principles 


Army Directive 2014-02 Net Zero Installations Policy 
 
A net zero water installation recharges as much water back into a local water 
supply (aquifer) as it withdraws. Purple pipe technologies and projects 
contribute to this goal by recycling and reclaiming water for reuse, shifting from 
the use of potable water to alternative sources as much as possible.  
 
DOD Sustainable Buildings Policy 2013  


This policy applies to existing and future installation, providing minimum 
standards following UFC 1-200-02, High Performance and Sustainable Building 
Requirements dated November 2014. This UFC references the requirements 
under ASHRAE 189.1-2011 Section 6.4.1 of limiting landscaped water usage to 
33% of baseline.  It also references Section 6.5.1 of the same standard limiting 
potable water demand for site irrigation to 35% of baseline. 


 


Protect and Conserve Water 


Purple pipe can assist in several strategies used to achieve the high performance 


sustainable building guiding principles.   


Minimize indoor water use: Utilizing purple pipe and reclaimed water for 


flushing toilets can reduce a significant amount of potable water use in 


buildings.  


Efficient Irrigation:  Employ water efficient irrigation strategies and utilize 


purple pipe reclaimed water for irrigation to reduce outdoor potable water 


consumption.   


Alternative Water: Implement cost effective methods to utilize alternative 


sources of water such as harvested rainwater, treated wastewater, air handler 


condensate capture, gray water, and reclaimed water, to the extent permitted 


under local laws and regulations. 
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 . 


  


Associated 
LEED Credits 
(NC 2009) 


Green Building Council LEED BD+C: Water Efficiency (WE) 


WE Credit1: Water Efficient landscaping up to 4 points 


 Reduce potable water use for irrigation by 50% 2 points 


 Reduce potable water use for irrigation by 100% additional 2 points 


 
WE Credit 2: Innovative Waste Water technologies 2 points 


Reduce potable water use for building sewage conveyance by 50% through 
the use of water-conserving fixtures or non-potable water (e.g. captured 
rainwater, recycled gray water on-site or municipally treated wastewater). 


OR 


Treat 50% of wastewater on-site to tertiary standards. Treated water must be 
infiltrated or used on-site 


 


WE Credit 3: Water Use Reduction 2-4 points  
Employ strategies that in aggregate use less water than the water use baseline 
calculated for the building (not including irrigation): 


 that result in 30% water savings, 2 points, 


 that result in 35% water savings, 3 points, 


 that result in 40% water savings, 4 points. 
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Product Images 


 
Figure 1. Gray water treatment system in 


an out-building at a DoD training barracks. 
(Source: USACE, ERDC-CERL) 


 
Figure 2. Purple Pipe for building reuse at a DoD training 


barracks. (Source: USACE, ERDC-CERL) 


 
 


 


 
 
Cost Range 


 
 
 


System Approximate Life 
Cycle Cost* 


Unit 


 
Building Scale Gray Water Reuse 
System for Irrigation or Toilet 
Flushing (Retrofit) 


 
$1.84-$8.77 


 
Per 1000 
gallons 


 
Municipal Scale Reclamation 
System for Irrigation 
 


 
$0.50-1.76 


 
Per 1000 
gallons 


Municipal Scale Water Reuse 
System for Industrial Use or 
Toilet Flushing 


$1.65-4.94 Per 1000 
gallons 


Municipal Scale Potable Reuse 
System 


$2.40-5.06 Per 1000 
gallons 


 


         * There are nonmarket benefits that may be calculated, particularly if the purple pipe serves a critical    
           facility. These critical facilities may justify a higher willingness-to-pay cost for water. 
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Product Types Building Scale Gray Water Reuse Systems 
  Skid-mounted systems that can be installed in basements, utility closets, 


or utility sheds to allow gray water to be treated (biostabilization, 
filtration, and disinfection) such that it can be reused for irrigation or 
toilet flushing. 


 Wastewater Reclamation Systems 
  Plant-scale wastewater treatment systems that provide sufficient 


biostabilization, clarification, and disinfection of wastewater to allow its 
use for non-potable applications such as irrigation. 


 Potable Reuse Systems 
  Plant-scale advanced treatment systems that treat wastewater treatment 


plant effluents via reverse osmosis and advanced oxidation such that the 
product water is suitable for potable use or aquifer recharge.   


 
Vendors The list below is not a comprehensive catalog of vendors, but it reflects some 


recent contributors to Army demonstration projects.  
 


 WaHaSo Manufacturer and installer of building scale water reuse 
systems. (Hindsdale, Illinois) 


 GE Water Manufacturer of skid-mounted wastewater treatment systems 
including LEAP-MBR technology. (Trevose, Pennsylvania) 


 Bio-Microbics Manufacturer of bio-barrier aerobic membrane bioreactor. 
(Shawnee, Kansas) 


 Sloan Valve Company Manufacturer of under-sink water reuse 
technologies. (Franklin Park, IL) 
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Guidelines Applicable Guidelines for Water Reuse at Army Installations.  Public Works 
Technical Bulletin.  30 June 2014. 3 
 
This document provides guidance and valuable references for Army installations 
that are pursuing water reuse activities. It provides general guidelines for water 
reuse, lists types of water reuse, offers potential concerns for water reuse 
systems, and provides links to state-specific information on water reuse. 
 
Guidelines for Water Reuse, EPA/600/R-12/618, September 2012. 4 
 
The EPA’s Guidelines for Water Reuse is a key reference listed and discussed in 
the Public Works Technical Bulletin 200-1-101.  The broad-reaching EPA 
document was updated in 2012 to provide comprehensive guidance on water 
reuse practices that also considers developments that had occurred since the 
previous 2004 publication.  The updated guidelines provide key information 
about water reuse policy, guidance and practices in various regions.  
Implementation considerations and frameworks are presented.  Updates in the 
2012 version include discussions on regional variations in water reuse practice 
within the United States, technology advancements, and best practices for 
planning in coordination with community stakeholders. The update also includes 
examples from other regions of the world, over 100 case studies of water reuse, 
and key considerations that will influence increased adoption of water reuse 
technologies as an enabling capability for sustainable development.  Several 
references are made to projects that involved either Army installations or U.S. 
Army Corps of Engineers (USACE), primarily with respect to surface reservoir and 
aquifer recharge efforts that utilized reclaimed water. 
 


 
3 Graywater Application for Army Installations, Public Works Technical Bulletin (Washington, DC: US Army Corps of 


Engineers, September 30, 2011), https://www.wbdg.org/ccb/ARMYCOE/PWTB/pwtb_200_1_101.pdf. 


4 Office of Wastewater Management, National Risk Management Research Laboratory, and U.S. Agency for International 


Development, “2012 Guidelines for Water Reuse.” 
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[CASE STUDY] 


Fort Carson Project: Golf Course Irrigation 
 
Approach: 


 Since the 1970’s Fort Carson has used treated wastewater to water their 
golf course.  The base reclaims effluent from the treatment plant, and is 
transported 6 miles to water the golf course. Fort Carson has set the goal 
of using 100% of their treated wastewater for irrigation during watering 
season.  


 Wastewater effluent is reused for wastewater treatment process to 
clean the sludge belt.   


 
Results: 


 Fort Carson uses treated wastewater to offset approximately 200 million 
gallons of water demand each watering season. 


 Through these projects, Fort Carson conserves about 105 million gallons 
of potable water annually.   


 By using reclaimed water for the golf course and in the sewage 
treatment process Fort Carson saves about $222,000 a year.5 


                           
Figure 3. Fort Carson has changed their water treatment process to recycle water. (Source: Department of 


Energy) 


 
Aberdeen 
Proving Ground 


Project: Net Zero Water Program- Reclaim water for boiler 
 
 


 
5 Department of Energy: EERE, “Water Reclamation and Reuse at Fort Carson” (Department of Energy: EERE, August 


2009), http://energy.gov/sites/prod/files/2013/10/f3/water_fortcarson.pdf. 
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Approach: 


 As part of its Net Zero Water program, Aberdeen Proving Ground began 
a project to reuse effluent water from a groundwater remediation effort 
to offset water demand at a boiler facility, which provides heating to 
buildings.  The effluent water previously was discharged to a local creek.   


   
Results: 


 The project is expected to save close to $400,000 a year in water costs.   
  
  
Fort Sill Project: Cooling tower use and Irrigation use of WW effluent 


 
Approach:  


 The Fort Sill waste water treatment plant installed a water reuse system 
which replaces on-site potable water usage with high-quality wastewater 
effluent. The recycling distribution network gives Fort Sill the ability to 
use the treated wastewater in its energy plant's cooling towers and for 
geothermal heat pumps to condition buildings.   


 When Fort Sill began working on the plans for the plant Oklahoma did 
not have any regulated design guidelines for purple pipe.  Working 
closely with the Oklahoma Department of Environmental Quality Fort Sill 
designed and developed their project.   


 In August 2015, the state of Oklahoma gave Fort Sill a permit to expand 
the purple pipe project to allow for unrestricted irrigation in public 
places. Fort Sill has begun laying pipe to irrigate the Polo Field and Post 
Cemetery.  


 
Results: 


 The project conveys about 700,000 gallons per day to be reused in the 
cooling tower rather than being discharged into the East Cache Creek.  
Once the water has cycled through the cooling tower, it feeds 
geothermal pumps in administrative offices. 


 The new irrigation capacity from the pipes currently being installed, will 
reduce water consumption by about 37 million gallons a year. 
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ORNG Camp 
Rilea 


Project: Golf course and cemetery Irrigation  
 
Approach: 


 Through a variety of programs, the installation has reduced potable 
water consumption and increased aquifer recharge.  The installation 
reuses water through a purple pipe program.  The treated effluent from 
wastewater treatment plant is used to irrigate the parade field.   


 
Results: 


 Through innovative projects, Camp Rilea was the first installation to 
achieve Net Zero Water status.  The installation relies on very little 
potable water for irrigation. In 2014 Camp Rilea used only 265,000 
gallons of potable water for irrigation.  


 
Figure 4. Purple Sign at Camp Rilea designating the use of purple pipe. (Source: Jim Arnold, “Net Zero Water 


ORNG Camp Rilea, Oregon, “n.d.) 
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1 Image from Earth Times: http://www.earthtimes.org/going-green/roof-rainwater-runoff-collection-urged-experts/1542/ 


BRIEF DESCRIPTION 
Many U.S. Army and Department of Defense (DoD) installations are located in water-stressed 
locations.  Rainwater harvesting is an excellent means of supplementing water for use on site if the 
process is permitted by state and/or local laws.  Using rainwater, where appropriate, conserves 
potable water consumption.   
 
Rainwater harvesting describes processes in which precipitation that falls on a site is diverted, 
captured, and stored for use on-site, as opposed to allowing it to run off, evaporate, or infiltrate 
into the soil.  Depending on its intended use, the captured precipitation may require treatment.  In 
a broad sense, rainwater harvesting can also include capture from surface water runoff; however, 
in the U.S., runoff is subject to surface water regulations.  This document will confine discussion of 
rainwater harvesting to roof-top capture. 
 


 
Figure 1. Picture of a rainwater rooftop collection system with an outdoor, aboveground storage tank.  Notice that the gutter 


drainage includes a first flush diverter (the portion of pipe bypassing the storage tank.1 


Applications Rainwater harvesting can be useful for installations with the following 
issues: 


 Installations in areas with water stress due to drought and arid 
environments. 


 Installations with on-site ground water wells that may require 
significant energy to use such as deep wells and challenging treatment.  







 


P a g e  |  2  


These TechNotes are intended to provide general information for the consideration of design strategies.  The TechNotes should NOT be interpreted as an endorsement of any 
specific product or technology. 


Rainwater Harvesting 


[STRATEGY] 


This could include groundwater, which has high solids or natural 
contaminants (arsenic and fluoride are common issues). 


 Installations striving to increase water resilience by implementing net 
zero water goals. 


 Areas with regulatory requirements to reduce peak flows, lessening the 
erosive forces of storm water runoff due to sensitive environmental 
receptors, such as the Chesapeake Bay area. 


 Situations in which ponded surface water contributes to insect or algae 
problems. Capturing rainwater will reduce surface water available for 
ponding. 


 
Rainwater can be harvested for a number of uses: 


 Non-potable uses, such as toilet flushing, irrigation, dust control, and 
vehicle washing. Some of these applications may require specialized 
plumbing. 


 Potable water uses including drinking water, food preparation, 
showering, and washing.  These applications would likely require 
treatment to ensure that the water meets state and federal 
requirements for potable uses.  


 


 
Design Notes 


 


Rainwater Harvesting Components: 


 Rooftop collection systems are common, taking advantage of drainage 
and gutter systems.  Metal roofs are ideal for rainwater collection.  
They are easy to keep clean and maintain a high level of rainwater 
quality.  Some roof materials, such as asphalt, may limit water uses to 
non-potable ones. 


 Conveyance systems via gutters, channels, and pipe systems are used 
to carry collected water to storage and areas of use. 


 Storage systems keep collected rainwater for later use.  These are 
typically tanks, either on the surface or below ground.  Open ponds 
may also be used, particularly for decorative effect.   


 Treatment will be required for most potable uses and possibly for 
some non-potable uses.  Treatment typically includes filtration to 
remove particulate matter in the collection and conveyance of the 
rainwater.  Simple disinfection (chlorination, ultraviolet - UV, solar) 
may be required to control microbial growth in various systems, 
including storage systems. 
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2 Gould, J.E. and H.J. McPherson 1987. Bacteriological Quality of Rainwater in Roof and Groundwater Catchment Systems 


in Botswana, Water International, 12:135-138. 


 Distribution of water stored to its intended use may require a system 
of pumps, pipes, and controls.   


 


 
Figure 2. Elements of a rainwater harvesting system, as outlined in the section above.  This system shows 


both rooftop collection, along with subsurface storage tank and a pump to a treatment system.  


 
  Water quality, first flush diverters: 


 Rainwater is usually considered to be of high water quality, but it can 
contain contaminants. 


 During precipitation, rain can dissolve airborne contaminants.  This 
effect is most prominent during the early stages of rainfall. 


 Roofs will accumulate sediment, plant material, animal droppings and 
materials, and other contaminants.  The initial rainfall will have the 
highest concentrations of these contaminants, but as rainfall continues, 
these contaminants will be washed off.2 


Gutter


Subsurface storage tank


Treatment system


To use or elevated storage


Rooftop Collection


Pump


Pitched rooftop


Conveyance piping
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3 U.S. Army. 2013. Army Low Impact Development. Technical User Guide. Office of the Assistant Chief of Staff for 


Installation Management. Available on-line at: 


http://www.usace.army.mil/Portals/2/docs/Sustainability/Hydrology_LID/Army_LID_Technical_User_Guide_January2013.


pdf 
4 Scholze, R.J. 2010. Rainwater Harvesting for Army Installations. Public Works Technical Bulletin. PWTB 200-1-75. U.S. 


Army Corps of Engineers. Washington DC. Available on-line at: www.wbdg.org/ccb/ARMYCOE/PWTB/pwtb_200_1_75.pdf 


 Systems are typically designed to reject the initial runoff, which will 
improve the water collected and stored.3 


 Overall, rooftop catchment provides much less contamination, and 
therefore, much higher water quality than ground surface catchment. 


 
 


 


 Water capture/sizing storage tanks: 


 Storage is based on rainfall and expected usage.   


 Several methods can be used, but a rule of thumb is to provide for three 
months of anticipated use.4 


 A volume of 0.62 gal can be collected per square foot of collection 
surface (roof or impervious surface) per inch of rainfall.  


 Collected Volume (gal) = 0.62 Area (ft2) x Design Rainfall event 
(precipitation in inches calculated from intensity for design event from 
hydrology intensity-duration-frequency curves. (See reference 2, Army 
LID Technical User Guide, for more information). 


 Efficiency will vary.  Rooftops are generally the best surfaces.  A custom-
designed metal roof can achieve close to 100% water capture, provided 
gutters are working efficiently.  Retrofitted roofs are somewhat less 
efficient: 80 to 90%.  Surface collection is generally less effective still.  
Storage vessels can become affected by algae or insect larvae. A simple 
solution regarding algae is to use storage vessels impervious to light.  
Seals and screens can limit insect access to tanks. Chemical treatments 
(such as low concentrations of bleach) can also be used to remove and 
destroy algae and insects. 


 
Water treatment: 


 The extent of treatment depends on the water’s intended use.  Potable 
use requires more intensive treatment; alternatively, use for toilet 
flushing may require treatment only to limit color and sediment.  In 



http://www.usace.army.mil/Portals/2/docs/Sustainability/Hydrology_LID/Army_LID_Technical_User_Guide_January2013.pdf

http://www.usace.army.mil/Portals/2/docs/Sustainability/Hydrology_LID/Army_LID_Technical_User_Guide_January2013.pdf

http://www.wbdg.org/ccb/ARMYCOE/PWTB/pwtb_200_1_75.pdf
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References/Useful Resources:  
[1] Scholze, R.J. 2010. Rainwater Harvesting for Army Installations. Public Works Technical Bulletin. PWTB 200-1-75. U.S. 


Army Corps of Engineers. Washington DC. Available on-line at: www.wbdg.org/ccb/ARMYCOE/PWTB/pwtb_200_1_75.pdf  


[2] U.S. Army. 2013. Army Low Impact Development. Technical User Guide. Office of the Assistant Chief of Staff for 


Installation Management. Available on-line at: 


http://www.usace.army.mil/Portals/2/docs/Sustainability/Hydrology_LID/Army_LID_Technical_User_Guide_January2013.


pdf 


contrast, water used for irrigation purposes may require simple sediment 
removal — perhaps even no treatment would be necessary.  


 Typical systems consist of three components: 
1. Sediment removal - Settling tanks/ponds, sand filters, cyclone filters, 


canister filters, or cartridge filters. 
2. Organic treatment - Activated carbon filters/canisters, if needed. 
3. Disinfection - Ultraviolet or chlorination, if needed. 


 
Regional issues: 


 Rainwater harvesting can be applied to a wide range of climates. 


 For hot, dry climates, the focus is on efficient collection from large, 
occasional events.  These may use large, underground storage units to 
provide water between events and to reduce evaporative losses.  The 
focus should be on maintenance of collection surface, to allow minimal 
waste during actual rain events. 


 Wet, temperate environments may rely on first flush for cleaning 
collection surface.  Some losses over time may be acceptable, so storage 
can be smaller and use outdoor storage units, which are easier to inspect 
and maintain, and are more common. 


 Environments with frequent freezing may use underground storage. 
 


  
Related 
Technologies 


Purple Pipe, Low Impact Development 
 


  



http://www.wbdg.org/ccb/ARMYCOE/PWTB/pwtb_200_1_75.pdf

http://www.usace.army.mil/Portals/2/docs/Sustainability/Hydrology_LID/Army_LID_Technical_User_Guide_January2013.pdf

http://www.usace.army.mil/Portals/2/docs/Sustainability/Hydrology_LID/Army_LID_Technical_User_Guide_January2013.pdf
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5 Liaw, C-H., and Y-C. Chaing. 2014. Framework for Assessing the Rainwater Harvesting Potential of Residential Building at 


a National Level as an Alternative Water Resource for Domestic Water Supply in Taiwan. Water. 6:3224-3246. 


Energy Savings Collection and use of rainwater: 


 Rainwater collection systems are typically designed to be gravity fed. 


 Storage areas are typically lower elevation, so a pumping system is 
generally required for intended reuse. 


 Since collected rainwater is generally used close to its capture, the 
energy needed to convey the water tends to be minimal. 


 Compared to conveyance from other supplied sources of water 
(groundwater, conveyed surface water, shipped water), rainwater 
harvesting would likely have lower energy costs.  
 


Maintenance: 


 Systems are simple and tend to be robust. Monitoring and 
maintenance require additional effort.  This includes maintenance of 
roofs used as collection areas, cleaning of gutters, maintenance of 
storage tanks and vaults, pumps and maintenance of water treatment 
systems (when installed). 


 


  


Water Savings  How much can rainwater harvesting provide? 


 A reasonable goal for an aggressive rooftop collection for a custom 
building could be to reduce domestic water supply by 40 to 50% for that 
building; this would then allow the building to meet LEED goals for 
sewage reduction (see reference [1]).  A lower level may be expected for 
a retrofitted system. 


 An installation could be thought of as a small city.  Liaw and Chaing5 
estimated a maximized rooftop collection approach could supply about 
32% of needs.  However, they also estimated a 10% goal would be 
reasonable from an economic standpoint.  


  


Environmental 
Impacts 


 
Army Directive 2014-02 Net Zero Installations Policy 
 
A net zero water installation recharges as much water back into a local water 
supply (aquifer) as it withdraws. Rainwater harvesting projects contribute to 
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this goal by utilizing reclaimed water for reuse, shifting from the use of 
potable water as much as possible.  
 
Reduce overall water use regardless of source; increasing use of technology 
that uses water more efficiently; recycling and reusing water, shifting from the 
use of potable water to non-potable water sources as much as possible; and 
minimizing interbasin transfers of any type of water, potable or non-potable.  
 
 
DOD Sustainable Buildings Policy 2013  


This policy applies to existing and future installations, providing minimum 
standards following UFC 1‐200‐02, High Performance and Sustainable Building 
Requirements dated November 2014.  This UFC references the requirements 
under ASHRAE 189.1‐2011 Section 6.4.1 of limiting landscaped water usage to 
33% of baseline.  It also references Section 6.5.1 of the same standard limiting 
potable water demand for site irrigation to 35% of baseline. 


Rainwater collection has mostly positive impacts: 


 Simple treatments use little to no chemicals and resources as 
compared to large-scale potable water systems. 


 Rainwater harvesting generally has a minimal impact on the overall 
water balance, but larger operations may impact downstream surface 
water or groundwater resources where water is limited.  Regulations in 
those environments will identify this as an issue early in the process.  


 Reduce environmental impact due to decreased demand for fossil 
fuels needed to handle and treat potable water at central water 
treatment plants as well as energy needed to distribute water. 


 


Guiding 
Principles Protect and Conserve Water 


Rain water harvesting can assist in several strategies used to achieve the high 


performance sustainable building guiding principles.   


Minimize indoor water use: Rainwater reclaimed water can be used for flushing 


toilets which reduces a significant amount of potable water use in buildings. 
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Efficient Irrigation:  Employ water efficient irrigation strategies. Reclaimed 


rainwater can be used for irrigation to reduce outdoor potable water 


consumption.   


Alternative Water: Implement cost effective methods to utilize alternative 


sources of water such as harvested rainwater, treated wastewater, air handler 


condensate capture, gray water, and reclaimed water, to the extent permitted 


under local laws and regulations. 


 
Associated 
LEED Credits 
(NC 2009) 


Green Building Council LEED BD+C: Water Efficiency (WE) 


WE Credit1: Water Efficient landscaping up to 4 points 


 Reduce potable water use for irrigation by 50%, 2 points. 


 Reduce potable water use for irrigation by 100%, additional 2 


points. 


 
WE Credit 2: Innovative Waste Water technologies 2 points 


Reduce potable water use for building sewage conveyance by 50% 
through the use of water-conserving fixtures or non-potable water (e.g. 
captured rainwater, recycled gray water on-site or municipally treated 
wastewater). 


 


WE Credit 3: Water Use Reduction 2-4 points  
Employ strategies that in aggregate use less water than the water use 
baseline calculated for the building (not including irrigation): 


 that result in 30% water savings, 2 points, 


 that result in 35% water savings, 3 points, 


 that result in 40% water savings, 4 points. 
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Product Images 


 
Figure 3 


 


 


  


 
Figure 4 


 


 
Figure 5 


 
 
 
 
 
 
 
 
Components 


   (Figure 3) Box roof washer  
         (Source: http://www.wbdg.org/ccb/ARMYCOE/PWTB/pwtb_200_1_75.pdf) 
   (Figure 4) Tanks Installation  
         (Source: http://www.harryhelmet.com/the-pros-and-cons-of-different-rainwater-
harvesting-storage-tanks/) 
    (Figure 5)  A simple water treatment system of canister filters for sediment and organic 
removal and a UV disinfection system (Source: 
http://www.wbdg.org/ccb/ARMYCOE/PWTB/pwtb_200_1_75.pdf) 
 


 


Construction of systems: 


 Construction of systems is relatively simple. 


 Many of the processes (such as roof sloping, gutters, downspouts) are 
required for the management of rainfall on roofs and buildings normally.  
These can be modified to allow water collection.  


 The largest component is the storage 
 


Cost Range Cost ranges for various components of a rainwater harvesting system can be 
found in pages A-39 to A-41 of “RAINWATER HARVESTING FOR  
ARMY INSTALLATIONS, PUBLIC WORKS TECHNICAL BULLETIN PWTB 200-1-75” 22 
MARCH 2010 located at 
http://www.wbdg.org/ccb/ARMYCOE/PWTB/pwtb_200_1_75.pdf 
 
From experience at a Northwestern installation, costs varied depending on the 
size of the units.  A system for a large barrack with two vaults of 80 m3 (20,800 
gal) and 100m3 (26,000 gal) was $132K.  A large brigade-sized system with a 40 
m3 (10,500 gal) vault was estimated at $49K and a smaller, 10m3 (2,600 gal) vault 
system was estimated at $30K.   The determining factor is the amount of water 
to be stored for use.   



http://www.wbdg.org/ccb/ARMYCOE/PWTB/pwtb_200_1_75.pdf

http://www.harryhelmet.com/the-pros-and-cons-of-different-rainwater-harvesting-storage-tanks/

http://www.harryhelmet.com/the-pros-and-cons-of-different-rainwater-harvesting-storage-tanks/

http://www.wbdg.org/ccb/ARMYCOE/PWTB/pwtb_200_1_75.pdf

http://www.wbdg.org/ccb/ARMYCOE/PWTB/pwtb_200_1_75.pdf
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Payback periods are variable, but are reportedly on the order of 10 to 15 years.   


 A proposed rainwater harvesting project at the University of Alabama, 
Birmingham, featuring underground storage and use for campus 
irrigation, had a payback period estimated at 9.4 years.6 


 A rainwater catchment project at Fort Bragg has an estimated Return on 
Investment (ROI) of 11.8 years.7 


 Stormsaver LTD presented examples of projects with ROIs varying from 1 
to 5 years.  The key to short ROI projects are buildings with large roof 
collection areas coupled with high water usage.8 


  


 


                                                           
6 Li, Z. 2012. Design of an Underground Storage Tank Involving Water Collection for Water Reuse to Irrigate the Campus 


Green Areas of the UAB Campus. Department of Civil, Construction and Environmental Engineering.  University of 


Alabama, Birmingham. Birmingham, AL.  
7 J. Love, Fort Bragg Directorate of Public Works, Email Communication 


8 Farnsworth, M. 2015. Sustainable Drainage, Case Study. https://www.linkedin.com/pulse/sustainable-drainage-case-
study-mike-farnsworth.  
 



https://www.linkedin.com/pulse/sustainable-drainage-case-study-mike-farnsworth

https://www.linkedin.com/pulse/sustainable-drainage-case-study-mike-farnsworth
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Vendors State by state listing of rainwater harvesting vendors:  
 
http://www.harvesth2o.com/vendors.shtml  
 
 
 


Warranty Info Most system components are standard building items such as roof, gutter, tanks 


and pumps.  Warranties for these items and common and may vary by vendor. 


Code 
Restrictions 


If end use of harvested rainwater is for potable use, state and local plumbing 
codes apply.   
 
 
 


 
Figure 6. Rainwater capture is integrated into the design of the building as an architectural feature.  Swoop roof collect rainwater for 


diversion into buried cisterns for irrigation use. (Source: HDR)  



http://www.harvesth2o.com/vendors.shtml
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9 Jenicek, E.M., L.  Curvey, Y. Cruz, and R. Phillips. 2013. Water Sustainability Assessments for Four Net Zero Installations. 


US Army Construction Engineering Laboratory. ERDC/CERL TR-13-25 


RAINWATER HARVESTING AT MILITARY INSTALLATIONS 
 
A series of literature searches were conducted in an effort to find rainwater harvesting projects 
associated with military installations.  The search found 10 applications at  five locations across the 
United States; Washington, Hawaii, Virginia, North Carolina, Puerto Rico): 
 


 


 
Figure 7. Location of two case studies indicated by circles. 


 


 


 


 Barracks Renewal Project at Joint Base Lewis McCord (JBLM), near Tacoma, WA.  This 
project is described in detail below. 


 Two Battalion Headquarters Buildings and an Air Support Operations Squadron (ASOS) 
Weather facility at JBLM.  Recovered water for each facility is collected and stored in 
underground vaults and used to irrigate surface water riparian strips.  


 Two Regional Logistics Support Center Tactical Equipment Maintenance Facilities (RLSC 
TEMF) at JBLM.  Recovered water is stored in a series of aboveground tanks and used for 
toilet flushing, irrigation, and vehicle washing.  The process uses a combination of vortex 
filtration and a continuous ultraviolet system to treat collected water, providing sediment 
removal, disinfection, and color removal. 


 Federal Center South 1202, the Headquarters Building for the USACE Seattle District, 
Seattle, WA.  This project is described in detail below. 


 Schofield Barracks, Oahu, HI. Rooftop recovery for irrigation.9 


 Rooftop collection at Fort Bragg, NC. 
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 Warrior Transition Battalion Barracks, Fort Bragg, NC.  A rainwater catchment system for 
irrigation purposes.  The economics for this system are promising compared to a potable 
irrigation system (the project costs would be equivalent to those of a back flow preventer 
and meter system).  The ROI is estimated at 11.8 years, and the project is scheduled for 
construction in the fall of 2015.  


 Fort Buchanan, PR.  Proposed project to assist in meeting Net Zero Water Goals.  
 
More detail is presented on two contrasting studies, the Barracks Renewal Project at JBLM and 
Federal Center South 1202.   
 
CASE STUDY 1: Joint Base Lewis McCord (JBLM) Barracks Renewal Project  
Four rainwater harvesting projects were completed between 2003 and 2005, integrated 
with barracks renewal construction.  The projects were early adopters of the technology.  
The water was collected from the rooftop and directed it into a subsurface vault.  The 
water from the vault was used for non-potable uses — toilet flushing and landscape 
irrigation.  Over 800,000 gal storage dedicated for irrigation and just over 130,000 gal for 
toilet flushing.   
 
There were a number of lessons to be learned.  The toilet systems had problems with 
colored water and sediment in the water.  Although this did not affect the performance of 
the toilets, it presented an unpleasant appearance to users.  It was found that using 
higher quality, more expensive, auto-purging filters compared to manual purging filters 
improved the water appearance to an acceptable level.  A second problem was that the 
system was prone to breakdowns and went through long periods of non-operation.  It 
was found that thorough training was required for operations and maintenance 
personnel to keep the systems operating smoothly. 
 
JBLM is still committed to rainwater harvesting, and has implemented different strategies 
based on lessons learned from the early 2000s period.  The focus on these projects has 
been on irrigation, since toilet flushing was the most problematic aspect. 
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10 The American Institute of Architects (AIA). 2015. Federal Center South Building 1202. AIA Top Ten. Available on-line: 


http://www.aiatopten.org/node/204 


 
Figure 8. A concrete rainwater collection vault used in the renewal barracks project at JBLM.  


(Source: USACE, Seattle District) 


 
CASE STUDY 2: Federal Center South Building 1202  
Federal Center South (Figure 9), located in Seattle, WA, serves as the Headquarters for 
the USACE Seattle District (NWS) and is an award-winning building that was completed in 
2012.  It was a project responding to the 2009 American Recovery and Reinvestment Act 
(ARRA), which focused on improving infrastructure and providing jobs10, and is a 4.6-acre 
development featuring a 209,000sf office structure.  The total construction cost for the 
project was $65 million and was completed on time and on budget.  
 



http://www.aiatopten.org/node/204
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Figure 9. Federal Center South 1202, Seattle, WA.  Headquarters for the USACE Seattle District. (source: USACE, Seattle 


District) 


 
The project features many innovative and state-of-the-art features to promote aggressive 
energy performance and maximize sustainability.  This includes a number of features to 
enhance water conservation and sustainability, including the use of rainwater harvesting. 
 
Rainwater is collected by a rooftop runoff system as well as by a soil infiltration system 
and stored in a 25,000 gallon underground cistern.  The collected water is used for toilet 
flushing and irrigation.  The goal of rainwater harvesting is to collect 430,000 gallons 
annually.  This would allow for 79% reduction of potable water needed for toilet flushing 
and 14% reduction of potable water for irrigation.  Collected rainwater is also used for 
decorative water features in the building (Figure 10).   
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11 Chaloeicheep, C.Q., C.F. Chatto, E. Clark. 2014. Shaped to Perform. High Performing Buildings. Fall: 18-27. 


  
Figure 10. Decorative water feature supplied by harvested rainwater. (Source: USACE, Seattle District) 


  
In addition to water conservation, the use of harvested rainwater contributes to the 
remarkably high energy efficiency of the building11 .  The effectiveness of the rainwater 
harvesting system and other novel systems are maintained by periodic training of building 
occupants and operators via the use of email blasts and bulletins (see 
http://www.facilitiesnet.com/green/article/Training-Of-Building-Occupants-Operators-Is-
Critical-To-Maintaining-High-Performance--15035?source=part).  Figure 11 is a schematic 
of the rainfall collection system. 
 
 
  



http://www.facilitiesnet.com/green/article/Training-Of-Building-Occupants-Operators-Is-Critical-To-Maintaining-High-Performance--15035?source=part

http://www.facilitiesnet.com/green/article/Training-Of-Building-Occupants-Operators-Is-Critical-To-Maintaining-High-Performance--15035?source=part
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Figure 11. Schematic of the rainfall harvesting system at Federal Center South 1202 in Seattle, WA. (Source: GSA 
Building 1202 Sustainability Brochure) 


 


By all indications, the Federal Center South 1202 building appears to be a remarkably 
engineered building, and the rainwater harvesting system is considered a success.  
However, a complete assessment of the performance of the rainwater harvesting project 
is not possible due to the relatively short period of operation, and because 2014 and 2015 
have been unusually dry in the Seattle area.  
 
Lessons 
The two case studies present rainwater harvesting projects with ambitious goals of off-
setting potable water use by targeting both toilet flushing and irrigation.  However, the 
results were substantially different.  The Barracks Renewal project was less successful and 
eventually was discontinued, while the rainwater harvesting project at Federal Center 
South 1202 is well conceived and is off to a highly successful start.  The following are 
some lessons that can be gleaned from these two projects: 
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  The treatment protocol should be determined by the intended end use of the 
harvested water.   


 Building users should be educated about the plan to utilize harvested rainwater; 
users will then be prepared for issues such as slightly discolored water. 


 Provisions should be made for maintenance of the systems, including training for 
maintenance staff and funding for time and supplies.  


 Access to the underground vaults should be included. 
 
 
 


 
 
 
 
 
 
 





