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September 1, 2011 
 
New York City Office of Environmental Remediation 
City Brownfield Cleanup Program 
c/o Shaminder Chawla 
100 Gold Street, 2nd Floor 
New York, NY 10038 
 
 
Re: 12CBCP020M  
            E-Des # 11EHAN220M 

2329 Frederick Douglas Boulevard 
Remedial Action Work Plan (RAWP) Stipulation List 

 
Dear Mr. Chawla: 
 
Hydro Tech Environmental Corp. hereby submits a Remedial Action Work Plan (RAWP) 
Stipulation List for the subject site to the New York City Office of Environmental 
Remediation (NYCOER) on behalf H & H Builders. This letter serves as an addendum to 
the RAWP to stipulate additional content, requirements and procedures that will be 
followed during the site remediation.  The contents of this list are added to the RAWP 
and will supersede the content in the RAWP where there is a conflict in purpose or intent.  
The additional requirements/procedures include the following Stipulation List below: 
 

1. The criterion attached in Addendum 1 will be utilized if petroleum containing 
tank or vessel is identified during the remedial action or subsequent 
redevelopment excavation activities. All petroleum spills will be reported to the 
NYSDEC hotline as required by applicable laws and regulations. This 
contingency plan is designed for heating oil tanks and other small or moderately 
sized storage vessels. If larger tanks, such as gasoline storage tanks are identified, 
OER will be notified before this criterion is utilized. 

 
2. Collection and analysis of endpoint Samples will be conducted to evaluate the 

performance of the remedy with respect to attainment of Track 1 SCOs over 90% 
of the Site and a Track 2 Restricted Commercial SCO over the remainder.  A map 



 

 

indicating post-remedial endpoint sampling locations will be prepared and 
attached as Addendum 2.  
 

3. Preparation of an approved Site Management Plan (SMP) in the RAR for long-
term management of residual contamination. This plan must be in compliance 
with the New York State law, which requires that the building occupants be 
notified of an active vapor mitigation protocol implemented as part of Site 
remediation.    

 
4. Certified stamped architect and engineering plans including cross-sectional 

diagrams and structural diagrams are attached in Addendum 3.  
 

5. Certified stamped architect project description letter providing details of 
excavations for footings and other related development activities and final cover 
slab is included in Addendum 4.  

 
6. Signage for the project will include a sturdy placard mounted in a publically 

accessible right of way to building and other permits signage will consist of  the 
NYC BCP Information Sheet (attached Addendum 5) announcing the remedial 
action. The Information sheet will be laminated and permanently affixed to the 
placard. 
 

7. E-Designation Noise & Air Quality Remedial action Plan (RAP) for 2329 
Frederick Douglas Boulevard is attached in Addendum 6.  
 

8. The vapor barriers planned for this project include a GSE 30 mil High Density 
Polyethylene (HDPE) Geomembrane to be installed beneath the building slab and 
Grace 60 mil (1.5 mm) Bithutene 4000 membrane to be installed along the below 
grade foundation walls. These barriers are impermeable membranes that are 
capable of preventing the migration of soil vapor into the new building. Design 
and Technical Specification for the Vapor Barriers are attached in Addendum 7.   
 

9. An active Sub-Slab Depressurization System (SSDS) will be installed under the 
building slab for an active soil vapor mitigation. Design and Technical 
Specification for the active SSDS are also attached in Addendum 7. 
 

10. The Truck route is attached in Addendum 8: Upon leaving the Site head 
northeast on Frederick Boulevard toward West 125th Street; Take the 2nd left onto 
West 126th Street; Turn right onto Amsterdam Avenue; Turn left onto West 133 
Street; Turn right and then merge onto New York 9A N; Take exit 14 toward             
I-95/George Washington Bridge and then follow signs for New Jersey. 
 

11. An updated project Schedule is attached in Addendum 9.   
 

12. A CD containing the final RAWP including this approved Stipulation List will be 
placed in the library that constitutes the primary public repository for project 
documents.  
 



 

 

13. This NYC BCP project is not eligible for an exemption from New York State 
hazardous waste disposal fees including but not limited to New York State 
Department of Environmental Conservation Special Assessment Tax (ECL 27-
0923) and Hazardous Waste regulatory Fees (ECL 72-00402) . 
 

14. Pre-approval letters from all disposal facilities will be provided to NYC OER 
prior to any soil/fill removal. The OER will be notified immediately should a 
different disposal facility for the soil/fill material is selected.  
 

15. Hydrogen Releasing Compounds (HRC) will be introduced at the bottom of Site 
excavation at localized areas to remediate the groundwater contamination. The 
HRC will be injected through a number of direct push injection points around the 
treatment zones. The amount of HRCs, the number of injection points and the 
depth of application will be coordinated with the OER prior to Site remediation. 
The USEPA Groundwater Compliance Section will be notified of HRC injections 
in accordance to their Underground Injection Control (UIC) Program regulations.   

 
Very Truly Yours, 
 

 
 
Paul I. Matli 
Senior Project Manger  
Hydro Tech Environmental, Corp. 
 
 
cc:  

J. Shah.  
T.Woodrum 

 
 



 

 

 
Addendum 1 

Generic Procedures for Management of Underground Storage Tanks  
Identified under the NYC BCP 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Prior to Tank removal, the following procedures should be followed: 
 

• Remove all fluid to its lowest draw-off point. 
• Drain and flush piping into the tank. 
• Vacuum out the “tank bottom” consisting of water product and sludge. 
• Dig down to the top of the tank and expose the upper half. 
• Remove the fill tube and disconnect the fill, gauge, product, vent lines and pumps. 

Cap and plug open ends of lines. 
• Temporarily plug all tank openings, complete the excavation, remove the tank and 

place it in a secure location. 
• Render the tank safe and check the tank atmosphere to ensure that petroleum 

vapors have been satisfactorily purged from the tank. 
• Clean tank or remove to storage yard for cleaning. 
• If the tank is to be moved, it must be transported by licensed waste transporter. 

Plug and cap all holes prior to transport leaving a 1/8 inch vent hole located at the 
top of the tank during transport. 

• After cleaning, the tank must be made acceptable for disposal at a scrap yard, 
cleaning the tanks interior with a high pressure rinse and cutting the tank in 
several pieces. 

During the tank and pipe line removal, the following field observations should be made 
and recorded: 
 

• A description and photographic documentation of the tank and pipe line condition 
(pitting, holes, staining, leak points, evidence of repairs, etc.). 

• Examination of the excavation floor and sidewalls for physical evidence of 
contamination (odor, staining, sheen, etc.). 

• Periodic field screening (through bucket return) of the floor and sidewalls of the 
excavation, with a calibrated photoionization detector (PID). 

Impacted Soil Excavation Methods                                                                                               
 
The excavation of the impacted soil will be performed following the removal of the 
existing tanks. Soil excavation will be performed in accordance with the procedures 
described under Section 5.5 of Draft DER-10 as follows: 
 

• A description and photographic documentation of the excavation. 
• Examination of the excavation floor and sidewalls for physical evidence of 

contamination (odor, staining, sheen, etc.). 
• Periodic field screening (through bucket return) of the floor and sidewalls of the 

excavation, with calibrated photoionization detector (PID). 

Final excavation depth, length, and width will be determined in the field, and will depend 
on the horizontal and vertical extent of contaminated soils as indentified through physical 



 

 

examination (PID response, odor, staining, etc.). Collection of verification samples will 
be performed to evaluate the success of the removal action as specified in this document. 
 
The following procedure will be used for the excavation of impacted soil (as necessary 
and appropriate): 
 

• Wear appropriate health and safety equipment as outlined in the Health and Safety 
Plan. 

• Prior to excavation, ensure that the area is clear of utility lines or other 
obstructions. Lay plastic sheeting on the ground next to the area to be excavated. 

• Using a rubber-tired backhoe or track mounted excavator, remove overburden 
soils and stockpile, or dispose of, separate from the impacted soil. 

• If additional UST’s are discovered, the NYSDEC will be notified and the best 
course of action to remove the structure should be determined in the field. This 
may involve the continued trenching around the perimeter to minimize its 
disturbance. 

• If physically contaminated soil is present (e.g., staining, odors, sheen, PID 
response, etc.) an attempt will be made to remove it, to the extent not limited by 
the site boundaries or the bedrock surface. If possible, physically impacted soil 
will be removed using the backhoe or excavator, segregated from clean soils and 
overburden, and staged on separated dedicated plastic sheeting or live loaded into 
trucks from the disposal facility. Removal of the impacted soils will continue until 
visibly clean material is encountered and monitoring instruments indicate that no 
contaminants are present. 

• Excavated soils which are temporarily stockpiled on-site will be covered with tarp 
material while disposal options are determined. Tarp will be checked on a daily 
basis and replaced, repaired or adjusted as needed to provide full coverage. The 
sheeting will be shaped and secured in such a manner as to drain runoff and direct 
it toward the interior of the property. 

Once the site representative and regulatory personnel are satisfied with the removal 
effort, verification of confirmatory samples will be collected from the excavation in 

accordance with DER-10. 



 

 

 
 Addendum 2 

Endpoint Sampling Plan 





 

 

Addendum 3 
Certified/Stamped Architect and Engineering Plans 









 

 

Addendum 4 
Certified Descriptions of Project Development   

 



312 Sprint Street  New York, NY 10013 

phone (212) 505-1986    fax  (212) 505-2794 

 
 

 

SRA  

Architecture + Engineering, P.C. 

 
July 29, 2011 
 
 
Ref:  2329 Frederick Douglass Boulevard 
 Manhattan, New York City 
 Block 1952, Lot 29 
 
PROJECT DESCRIPTION: 
 
The New Development project shall be identified as 301 West 125th Street, Manhattan, NY; Block 1952, Lot 29, 
located on Frederick Douglass Boulevard between West 125th and West 126th Streets.  
 
The site is 19,983 SF. The building covers the entire site and the cellar space of 17,691 SF of the gross area. The 
New Development project is a three (3) story commercial building with a cellar. The building has 77,640 SF of 
gross commercial area, located on all levels. 
 
The following slab, foundation and footings are proposed. Typically, bottom of a 6” slab will be 16’-0” below grade. 
The localized conditions are as follow:  

1. 14 columns footing (11’-0” x11’-0”x3’-0” each) will require excavation to a depth of approximately 19’-0” 
below grade 
2. 13 columns footings (6’-0”x9’-0”x2’-6”) at edges C1/2, D1/2, E1/2, E/3 thru 9, D/10, C/10, will require 
excavation to the depth of 18’-6” below grade. 
3. 2 columns footings (6’-0”x4’-0”x2’-6”) at edges E/2 & E/10, will require excavation to the depth of 18’-6” 
below grade 
4. 2 columns footings (4’-0”x14’-0”x5’-0”) at edges B/2 & B/4, will require excavation to the depth of 18’-6” 
below grade 
5. 1 column footing (4’-0”x14’-0”x5’-0”) at edges B/3, will require excavation to the depth of 20’-0” below 
grade. 
6. The elevator & escalators pits, approximately 21’-0” below grade. 
7. 6 pile caps (8’-6” x 5’-6” x 3’-9”) at edges B/5, 6, 7, 8, 9 & 10, will require excavation to the depth of   6’-
3” below grade. 
8. The NW corner will not be excavated, will be removing 4’-0” of soil, 18’-0” from the property line on the 
West and 124’-0” from Property line on 126th Street to the South. Edges A/ 5 to 11. 

Please see plan attached for reference. 
 
Respectfully,  
SRA Architecture + Engineering, P.C.  

                    
Adrian R. Figueroa, R.A. 



 

 

Addendum 5 
Signage 



 

 

 
NYC Brownfield Cleanup 

Program 
 

This property is enrolled in the New York City Brownfield Cleanup Program for 
environmental remediation. This is a voluntary program administered by the NYC Office 

of Environmental Remediation.  
 

For more information, log on to: 
www.nyc.gov/oer 

 
If you have questions or would like more information, please contact: 

 
Shaminder Chawla at (212) 788-8841  

or email us at brownfields@cityhall.nyc.gov 
 

2329 Fredercik Douglas Boulevard 
Site #: 12CBCP020M 
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E-Designation Noise & Air Quality Remedial action Plan (RAP) 
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Prepared for: 
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Prepared by: 
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CERTIFICATIONS 

I, Shaik A. Saad, am a Professional Engineer licensed in the State of New York. I have primary 

direct responsibility for implementation of the remedial action for the 2329 Frederick Douglass 

Boulevard Site. I certify that all architectural and engineering plans, specifications and associated 

designs included in the RAP have been personally developed by me or under my direct 

supervision, meet industry standards, and are appropriate for the intended purpose established in 

this Plan.  

 

Shaik A. Saad       
 Name 

 
 
071078       
NYS PE License Number  
 
 
                                             
Signature 

 
 
8/25/2011   
Date 

 

It is a violation of Article 130 of New York State Education Law for any person to alter this 

document in any way without the express written verification of adoption by any New York 

State licensed engineer in accordance with Section 7209(2), Article 130, New York State 

Education Law. 

 

 

 

PE/RA Stamp 
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EXECUTIVE SUMMARY 
Site Description, Physical Setting and Site History 

The Site is identified as 2329 Frederick Douglas Boulevard in Manhattan, New York, and is 

further described as Block 1952, Lot 29.  The Site is associated with a Little “E” Restriction for 

“HAZMAT/NOISE/AIR”, E-201, CEQR #07DCP030M as a part of 125th Street Corridor 

Rezoning and Related Actions and was assigned a New York City Mayor’s Office of 

Environmental Remediation (OER) case #11EHAN220M. The Site was also assigned New York 

City Brownfield Cleanup Program ID # 12CBCP020M. 

The Site is approximately 20,000 square feet and is bounded by Frederick Douglass Boulevard to 

the east, West 126th Street to the north, West 125th Street to the south and a 3-story and a 1-story 

commercial building to the west and northwest, respectively.    

Currently, the Site is developed with 11 multi-story commercial and residential buildings with 

basements; most  of the former commercial buildings (both commercial and residential) have 

been  vacant for approximately twenty-five (25) years, while the former residential ones have 

been only recently vacated. Most of the buildings are interconnected. The northwest portion of 

the property consists of a parking lot. The Site was previously associated with the following 

alternative addresses: 

• 303 West 125th Street • 301 West 125th Street/2329 Frederick Douglas Blvd. 

• 2331-2333 Frederick Douglas Boulevard • 2335 Frederick Douglas Boulevard 

• 2337-2339 Frederick Douglas Boulevard • 2341 Frederick Douglas Boulevard 

• 2343 Frederick Douglas Boulevard • 2345 Frederick Douglas Boulevard 

 

The topography of the Site and its vicinity is generally level.  The surrounding property uses 

are predominantly residential and commercial. 

301-303 West 125th Street, LLC, the owner of the property, is developing this property into a 3-

story commercial building with a cellar. The building will be developed throughout the entire 

property. The cellar will not extend beneath the northwestern portion of the building. 
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Summary of Past Uses of Site 

Based on a review of Fire Insurance Maps and Regulatory Agency documents from Phase I 

Environmental Site Assessments (ESAs) dated January 2009 and February 2011 and prepared by 

Roux Associates and Hydro Tech, respectively, a Site history was established.  Historic uses of 

the Site included a parking lot, residences, hotels, community facilities, entertainment facilities, 

retail shops, printing shop, offices, a storage warehouse, a drycleaner, restaurants, factories, and 

a photo development lab. The printing shop was located on the second floor of the building in the 

northeastern portion of the Site from 1951 to 2005. Two manufacturing facilities and a photo 

development lab were located in the southern portion between 1927 and 2000.  The drycleaner 

was located in the western-southwestern portion from 1983 to 1988. All buildings at the Site are 

currently vacant. 301-303 West 125th Street, LLC is the current owner of the Site.  

Summary of the Air Quality and/or Noise E-Designation requirements  

An E-Designation for Air Quality and Noise (E-201) was declared for the Site identified as 

Block 1952, Lot 29 by the New York City Department of City Planning (DCP) as part of the 

04/30/2008, 125th Street Corridor Rezoning and Related Actions (CEQR number 07DCP030M).  

 

Under this declaration, any new residential and or/commercial  development must ensure that the 

heating, ventilation and air conditioning stacks are located at least 84 and 65 feet for oil No. 4 

and No. 2 from the lot lines or use natural gas as the type of fuel for space heating and hot water 

(HVAC) systems. In addition, this declaration requires that future residential/commercial uses 

must provide a closed-window condition with a minimum of 30 dBA and 40 dBA window /wall 

attenuation on some facades in order to maintain an acceptable interior noise level of 45 dBA 

using windows with special design features. In order to maintain the closed-window condition, 

an alternate means of ventilation including but not limited to central air conditioning must be 

provided.   

 

Upon further investigation of the declaration associated with 125th Street Corridor Rezoning and 

Related Actions, the OITC rating of 30 dBA is required for the building façade facing Frederick 

Douglas to the east and the OITC rating of 40 dBA is required for the building façades facing 

East 125th Street to the south. 
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Since the new development is specifically designed for commercial use, the developer received 

permission from OER to reduce the required OITC ratings by 5 OITC points. Therefore, an 

OITC rating of 25 dBA would be required for the building façade facing Frederick Douglas and 

35 dBA for the building façades facing East 125th Street. 

 

Summary of the Remedial Plan 

This remedial plan will achieve all of the objectives established for the project by the E-

Designation requirements for Air Quality and Noise. The remedial plan is effective in both the 

short-term and long-term and is cost effective, implementable and uses standards methods that 

are well established in the industry.  

1. Utilization of natural gas for space heating systems  

2. Installation of 6 electric water heaters  

3. Installation of 12 heating furnaces inside the building 

4. Installation of 4 packaged gas/electric heating units on roof top of building 

5. Installation of 12 Split system air conditioning units on roof top of building 

6. Installation of windows with glazing of 1” insulated glass (¼”annealed exterior glass, ½” 

airspace, ¼” annealed interior glass) with  OITC of 26 dBA along the eastern façade of 

the building and  1- ¾”glass (1/4” laminated glass, ½” airspace, ¼” laminated glass, ½” 

airspace and ¼” laminated glass) with  OITC of 35 dBA along the southern façade.   
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REMEDIAL ACTION PLAN 

1.0 INTRODUCTION 

301-303 West 125th Street, LLC is developing a 0.46 acre (20,000 - sq.ft.) site located at 2329 

Fredrick Douglass Boulevard in Manhattan, New York City. Commercial use is proposed for the 

property.  The remedial action described in this document will address all of the requirements of 

the Air Quality and Noise the E-Designation requirements, complies with applicable 

environmental standards, criteria and guidance and conforms to applicable City, State, and 

Federal laws and regulations.   

1.1 SITE LOCATION AND DESCRIPTION 

The Site is located in Manhattan, New York City and is identified as Block 1952 and Lot 29 on 

the New York City Tax Map. This project has been assigned project # 11EHAN220M by the 

NYC Office of Environmental Remediation (OER) and Site # 12CBCP020M by New York City 

Brownfield Cleanup Program under the management of OER. Figure 1 shows the Site location.  

The Site is 0.46 acre (20,000 - sq.ft.) and is bounded by is bounded by Frederick Douglass 

Boulevard to the east, West 126th Street to the north, West 125th Street to the south and a 3-story 

and a 1-story commercial building to the west and northwest, respectively.  A map of the site 

boundary is shown in Figure 2.  Currently, the Site is the Site is developed with 11 multi-story 

commercial and residential buildings with basements; most  of the former commercial buildings 

(both commercial and residential) have been vacant for approximately twenty-five (25) years, 

while the former residential ones have been only recently vacated. Most of the buildings are 

interconnected. The northwest portion of the property consists of a parking lot 

An E-Designation for Air Quality and Noise was placed pursuant to the 125th Street Corridor 

Rezoning and Related Actions (CEQR # 07DCP030M) to render the Site protective of Air 

Quality and Noise impacts.   

1.2 PROPOSED DEVELOPMENT SCENARIO 

The future use of the Site will consist of commercial use and will include a 3-story building with 

a cellar.  The building will occupy the entire footprint of the lot. The proposed construction 
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requires demolition of the existing on-site structures and excavation to approximately 16 feet 

below grade surface. The parking lot currently located in the northwestern portion of the Site will 

only be excavated to a depth of 4 feet for the layout of a building slab on grade. The building 

slab will be approximately 6 inches in thickness. The cellar top slab elevation is proposed to be 

approximately 15 feet 6 inches below surface grade. The height of the building will be 

approximately 58 feet. The new development will have fixed type windows installed along the 

southern and eastern facades of the building (See further discussion under Section 2.2.1, 

Window/Wall Attenuation).  Packaged gas/electric heating units and air conditioning units will 

be installed on roof top of the building. Gas fired furnaces for space heating and electric hot 

water heaters will be installed inside the building. (See further discussion of A/C units under 

Section 2.2.2, Alternate Means of Ventilation). The layout of the Site development is presented 

in Figure 3.   

The current zoning designation, as per Department of City Planning NYC zoning maps, is C4-4D 

commercial district.  The proposed use is consistent with existing zoning for the property. This 

RAP may only be implemented for this proposed development scenario.   

Appendix A shows copies of the RA stamped architectural drawings. 

1.3 ADJACENT PROPERTIES 

The Site is located on a commercial street within a residential and commercial neighborhood. 

The property directly to the north consists of a vacant community garden (Clayton Williams 

Garden). The property directly to the east consists of a 4-story commercial and office building. 

The property directly to the west consists of a 4-story commercial and office building. The 

property directly to the northwest consists of a 1-story commercial building. The property 

directly to the south consists of 4-story commercial and office building. The properties directly 

to the east and northeast consist of four multi-story commercial and office buildings (See Figure 

2).  
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There are no day care facilities, hospitals, rivers, streams, wetlands or other sensitive receptors 

were identified within 450-foot from the Site.  

Previous Figure 2 shows the surrounding land usages .  
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2.0 E-DESIGNATION REQUIREMENTS  
The proposed action satisfies the requirements of the E-Designation for Air Quality and Noise 

for the intended use of the property. The proposed action(s) will achieve all of the E-Designation 

requirements for the project. The proposed action(s) is effective in both the short-term and long-

term, is cost effective and implementable, and uses standards methods that are well established in 

the industry.  

Based on E-201, the following requirements have been identified for this Site: 

1. Air Quality E-Designation requirements for Block 1952 and Lot 29 requires the 

installation of  stacks for No. 4 and No. 2 heating  systems at specified distance from the 

lot lines or the use natural gas as the type of fuel for space heating and hot water systems. 

2. Noise E-Designation requirements for Block 1952 and Lo 29 requires specific window 

/wall attenuation features in order to maintain an acceptable interior noise level of 45 

dBA and alternate means of ventilation. 

A copy of the E-Designation documents and requirements found in the EIS is shown in 

Appendix B.   

2.1 AIR QUALITY  

The Air Quality E-201 for Block 1952 and Lot 29 requires that any new residential and/or 

commercial development on the above-referenced property must ensure that the heating, 

ventilating and air conditioning stack(s) are located at least 84 and 65 feet for Oil No. 4 and No. 

2 from the lot lines or use Natural Gas as the type of fuel for space heating, hot water, or HVAC 

systems, to avoid any potential significant adverse air quality impacts. 

2.1.1 FUEL TYPE 

In order to satisfy the requirements of E-201, natural gas will be utilized at the site by HVAC 

systems. Water heaters will be powered by electricity. 

The HVAC systems to be installed at the proposed new development will consist of the 

following: 
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• Four (4) 20 Ton Trane roof top packaged gas/electric heating units with a capacity of 

191,000 BTUs, Model #TWE240. 

• Eleven (11) 20 Ton Trane roof top air cooled condensing units with a capacity of 200,000 

BTUs, Model #TTA240. 

• One (1) 10 Ton Trane roof top air cooled condensing unit with a capacity of 120,000 BTUs, 

Model #TTA120. 

• Eleven (11) Trane indoor duct furnaces with a capacity of 300,000/240,000 BTUs, Model 

GLND030EDG will each be installed inside the cellar (3 units), the first floor (4 units) and 

second floor (4 units).  

• One (1) Trane indoor duct furnace with a capacity of 150,000/120,000 BTUs, Model 

GLND015EDG will be installed inside the second floor.  

• A total of 6 water heaters, AO Smith Model #GPVH50 will be installed in the cellar (1 

unit), first floor (2 units) second floor (2 units) and third floor (1 unit).    

A copy of catalog cut sheets for HVAC systems are provided in Appendix C. 

2.1.2 STACK LOCATION 

In order to satisfy the requirements of E-201, four stacks associated with the 12 indoor duct 

furnaces will be located on the roof.  Two Stacks will be setback 10 feet from the western line of 

lot with the first one located 73 feet from the northern line and the second located 73 feet from 

the southern line. Two stacks will be setback 10 feet from the eastern line of lot with the first one 

located 60 feet from the northern line and the second located 76 feet from the southern line.  

Copies of the certified mechanical drawings are provided in Appendix D. 

2.2 NOISE  

The Noise E-201 for Block 1952 and Lot 29 requires that future residential and /or commercial 

uses must provide a closed-window condition with a minimum of 30 dBA and 40 dBA window 

/wall attenuation on some facades in order to maintain an acceptable interior noise level of 45 

dBA using windows with special design features. In order to maintain the closed-window 
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condition, an alternate means of ventilation including but not limited to central air conditioning 

must be provided.   

 

Upon further investigation of the declaration  associated with 125th Street Corridor Rezoning and 

Related Actions, the OITC rating of 30 dBA is required for the building façade facing Frederick 

Douglas to the east and the OITC rating of 40 dBA is required for the building façades facing 

East 125th Street to the south. 

 

Since the new development is specifically designed for commercial use, the developer received 

permission from OER to reduce the required OITC ratings by 5 OITC points. Therefore, an 

OITC rating of 25 dBA would be required for the building façade facing Frederick Douglas and 

35 dBA for the building façades facing East 125th Street. 

2.2.1 WINDOW/WALL ATTENUATION 

In order to satisfy the requirements of E-201 and consistent with OER permission to reduce the 

required OITC ratings by 5 OITC points, a window/wall attenuation of 25 dBA will be achieved 

for the building façade facing Frederick Douglas Bourlvard and 35 dBA for the building façades 

facing East 125th Street.  

In order to achieve these attenuation levels, fixed windows manufactured by AKK AP America 

Model YCW 750 OG, with a glazing made of 1/4” annealed exterior glass, ½” airspace, ¼” 

annealed interior glass will be installed on the eastern façade of the building facing Frederick 

Douglas Bourlevard and windows manufactured by Solutia, Inc., Model specified as Laminated 

Glass with Saflex Interlayer, with a glazing made of 1/4” laminated glass, ½” airspace, ¼” 

laminated glass, ½” airspace and ¼” laminated glass will be installed on the southern façade of 

the building facing East 125th Street. The proposed window glazing models have been rated with 

an OITC of 26 dBA for YCW 750 OG windows and 35 dBA for Laminated Glass with Saflex 

Interlayer as certified by the Lab Test Report attached to this document.  Appendix E includes 

copies of catalog cut sheets, model, manufacturer information and acoustical laboratory test 

report of the proposed windows. 
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2.2.2  ALTERNATE MEANS OF VENTILATION 

In order to satisfy the requirements of E-201 Alternate Means of Ventilation (AMV) will be 

installed in order to maintain a closed window condition.  AMV for this project will be achieved 

by installing roof-top HVAC units. The HVAC s will consist of Four (4) 20 Ton Trane roof top 

packaged gas/electric heating units (Model #TWE240), eleven (11) 20 Ton Trane roof top air 

cooled condensing units (Model #TTA240), one (1) 10 Ton Trane roof top air cooled condensing 

unit (Model #TTA120), eleven (11) Trane indoor duct furnaces (Model GLND030EDG), one (1) 

Trane indoor duct (Model GLND015EDG) and six 6 water heaters (Model AO Smith Model 

#GPVH50). The location of the alternate means of ventilation for new building are clearly 

marked on drawing sheet(s) M-100 to M-104 provided in Appendix D. The roof-top HVAC unit 

includes a fresh air make-up system. The HVAC units are manufactured by Trane Company. 

Copies of RA certified mechanical drawings depicting the HVAC components are provided in 

Appendix D. 

 



Air Quality/Noise Remedial Action Plan 
OER Project # 11EHAN220M 

NYC BCP Site # 12CBCP020M 
2329 Frederick Douglas Boulevard, Manhattan, NY 

11 

 

3.0 INSTALLATION REPORT GUIDLINES 

An Installation Report (IR) will be submitted to OER following implementation of the remedial 

action defined in this RAP.  The IR will document that the remedial work required under this 

RAP has been completed and has been performed in compliance with this plan.  The IR will 

include:  

Air Quality E-Designation 

1) Letter stamped with a PE or RA seal certifying the completion of the installation of the 

HVAC system and/or boilers, as per the commitments specified in the Notice to Proceed 

and approved RAP. The letter must specify the system and/or units’ manufacturer, model, 

type of fuel’s usage and where required, the location of the stack (e.g., distance from each 

edge of the building). In addition, the letter should include a brief description of the 

project (e.g., number of floors, building height, number of units/rooms, total square 

footage, etc.). If requesting a Notice of No Objection for a Temporary Certificate of 

Occupancy, the letter must specify the reasons for requesting it, the areas of the building 

for which the installations have and have not been completed, the floors and/or the 

residential units which will be covered by the TCO.   

2) Signed letter from the HVAC system and/or boiler’s manufacturer (on company 

letterhead) certifying the purchase of the system/units. The letter must include the model 

and type of fuel. 

3) Letter from contractor (on company letterhead) certifying the installation of the HVAC 

system and/or boiler(s). The letter must include the model and type of fuel.    

4) Mechanical drawings showing the natural gas line and/or the location of the fuel tank 

(highlighted). The drawing must stamped with a PE of RA seal. 

5) Drawing showing the location of the stack (highlighted) and the distances (highlighted) 

from each edge of the building. The drawing must stamped with a PE of RA seal. 

6) Pictures of natural gas meter, tank where present, line connection to the HVAC system or 

boiler(s), HVAC system or boiler(s), stack. 

 

 

 



Air Quality/Noise Remedial Action Plan 
OER Project # 11EHAN220M 

NYC BCP Site # 12CBCP020M 
2329 Frederick Douglas Boulevard, Manhattan, NY 

12 

 

Noise E-Designation 

1) Letter stamped with a PE or RA seal certifying the completion of the installation of all 

the windows and alternate means of ventilation’s components, as per the commitments 

specified in the Notice to Proceed and approved RAP. The letter must specify the 

windows’ manufacturer, model, and glazing composition (e.g., ¼-inch glass, ½-inch air 

space, ¼-inch glass), and the alternate means of ventilation’s manufacturer and model. In 

addition, the letter should include a brief description of the project (e.g., number of 

floors, building height, number of units/rooms, total square footage, etc.). If requesting a 

Notice of No Objection for a Temporary Certificate of Occupancy, the letter must specify 

the reasons for requesting it, the areas of the building for which the installations have and 

have not been completed, the floors and/or the residential units which will be covered by 

the TCO.   

2) Letter from the windows’ manufacturer (on company letterhead) certifying the purchase 

of the windows. The letter must include the windows’ model, and glazing composition 

(e.g., ¼-inch glass, ½-inch air space, ¼-inch glass). 

3) Signed letter from the alternate means of ventilation’s manufacturer (on company 

letterhead) certifying the purchase of the units (e.g., PTAC) or system (e.g., central 

HVAC).    

4) Signed letter from contractor (on company letterhead) certifying the installation of the 

windows and alternate means of ventilation. The letter must include the windows’ model, 

and glazing composition (e.g., ¼-inch glass, ½-inch air space, ¼-inch glass). 

5) Pictures (maximum of two 4” X 6” or larger photos per page) of each façade of the 

building, installed windows (interior and exterior) and alternate means of ventilation 

(interior and exterior). 

 

3.1 INSTALLATION REPORT CERTIFICATION 

The following certification will appear in front of the Executive Summary of the Installation 

Report. The certification will include the following statements: 
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I, Shaik A. Saad, am currently a registered professional engineer licensed by the State of 

New York.  I had primary direct responsibility for implementation of the remedial program for 

the 2329 Frederick Douglas Boulevard Site (NYC Block 1952 and Lot 29). 

I certify that the Site description presented in this IR is identical to the Site description and 

associated amendments presented in the Notice to Proceed issued by DEP/OER to the NYC DOB 

on [date]. 

I certify that the OER-approved Remedial Action Plan dated [month, day, year] and 

Stipulations in the Notice to Proceed [month, day, year] were implemented and that all 

requirements in those documents have been complied with. 

I certify that the remedial activities were observed by qualified environmental professionals 

under my supervision and that the remediation requirements set forth in the Remedial Action 

Plan have been achieved. 

I certify that all information and statements in this certification are true.  I understand that a 

false statement made herein is punishable as Class “A” misdemeanor, pursuant to Section 

210.45 of the Penal Law. 

       
 Name 

 
 
       
NYS PE/RA License Number  
 
 
                                             
Signature 

 
 
   
Date 

  

 

PE/RA Stamp 

 



FIGURE 1 

Site Location Map 

 





FIGURE 2 
Site Boundary and Surrounding land-Uses  

 





Location Report

Property Information (1)

2329 FRED DOUGLASS BLVD, MANHATTAN 10027  
 Commercial / Office Building  

Owner: 301-303 WEST 125TH LL  
Block: 1952 Lot: 29  
Property Characteristics: 

Lot Area: 19,983 sq ft (199.83' x 100') 
# of Buildings: 12 Year built: 1900 (Year built is an estimate) 
# of floors: 5 Building Area: 46,167 sq ft 
Total Units: 38 Residential Units: 0 
Primary zoning: C4-4D Commercial Overlay: None 
Floor Area Ratio: 2.31 Max. FAR: 6.02  
FAR may depend on street widths or other characteristics. Contact City Planning Dept. for latest information. 

MORE INFO: 
Zoning Map#: 6a (how to read NYC zoning maps) 
Historical Zoning Maps: 6a 
NYC Dept. of Buildings 
Property transaction records 
NYC Dept. of Finance Assessment Roll 
NYC Digital Tax Map 
NYC zoning guide 
NYC Watershed Resources 

OASIS shortcut to this property:  
http://www.oasisnyc.net/printmap.aspx?zoomto=lot:1019520029  
Source: The Bytes of the Big Apple (TM) PLUTO (TM) and Tax Block & Tax Lot files are copyrighted by the New York City 
Department of City Planning, 2010 (ver. 10v1).  

YAHOO! Local search results for this address: 

 Know of something that's missing? Add it to YAHOO! 

Mannahatta (1)
The area covered by 125th & 126th between Fredrick Douglass Blvd & St Nicholas Ave was part of a vibrant ecosystem in 1609. 
Find out more at TheMannahattaProject.org  

Source: The Wildlife Conservation Society's Mannahatta Project, 2009.  

Stewards (3)

Stewards with large turfs (not mapped)

Sanidad Del Cielo 
   Feedback? Email Us.  
WE ACT For Environmental Justice 
   Feedback? Email Us.  
YM &YWHA of Washington Heights and Inwood 
   Feedback? Email Us.  

Community District (1)
Manhattan 10 Community District Information 
Chairperson: Mr. W. Franc Perry  
District Manager: Paimaan Lodhi, AICP  
Address: 215 West 125th Street, New York, NY, 10027 
Phone: 212-749-3105 Email: plodhi@cb.nyc.gov   
Website:  
Meeting Information: 215 West 125th Street, New York, NY 10027 
Go to District Profile by NYC Dept. of City Planning 

Political Districts (5)
NYC Council: District 9 
NYS Assembly: District 70 
NYS Senate: District 30 
US House of Representatives: District 15 
US Senate: New York 

Page 4 of 4OASIS Print

6/28/2011http://www.oasisnyc.net/printmap.aspx



FIGURE 3 
Site Development Plan 







APPENDIX A 
Stamped Architectural Drawings 

 
 
 
 
 
 
 
 
 
 
 
 















APPENDIX B 
E-Designation Documents and Requirements E-201 

125th Street Corridor Rezoning and Related Actions  

CEQR # 07DCP030M 

Certification 04/30/2008 

 

 

 







































































































































APPENDIX C 
HVAC System Specifications 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Split System 5-20 Tons

Light Commercial
TTA / TTH / TWE
Series 50 Hz



© American Standard Inc. 2001 SSA5-SLB001-EN

ODYSSEY - Light Commercial
Split System Cooling Units

Maximum Efficiency
• Lower noise operation and higher

efficiency with the new generation
higher EER Scroll Compressor.

• 64% fewer parts than a comparable
capacity reciprocating compressor.

• Single rotating assembly minimizes
the friction and mechanical losses.

• Smooth operation, similar to a
centrifugal compressor, give low
torque variation and extend motor
life, and minimal vibration reducing
wear.

• Solid mount with no internal
suspension to be worn out.

• Integral inlet dirt separator removes
contaminants.

• Rolling element bearings for higher
efficiency reduced friction. No
suction or discharge valves for
improved efficiency compared to a
reciprocating compressor.

Flexibility
Trane Split System offers single and
dual compressors allowing the right
equipment to be matched to the job
application and save on operating cost.

Convertibility
Trane air handler can easily be
converted for vertical or horizontal
airflow in free blow and ducted
applications.

Installation
• Compact design makes smaller

footprint in the market so we
can save the area cost.

• Installation is simplified through fully
factory packaged assembled indoor
and outdoor units. Ready to run
when they arrive at the jobsites.

Ease of Service
Reduction of service time and cost
through
• Single side access on condenser.
• Multiple removable panels on

air handlers.
• Colored and numbered wiring.
• Service valves.
• Dual circuits allow for comfort

cooling even during service time.
(TTA150-240)

Trane Split System Units
• A reputation for quality and reliability.
• Improvements in efficiency,

flexibility and installation.

A new standard for the air conditioning
industry, Trane sets new appearance
and new standard for Serviceability...
Installability... Reliability... and
Flexibility for all applications in split
system air conditioning.

Outdoor Indoor Evaporator Total Capacity Power Input

Unit Unit cfm MBH kw

TTK060KD TTH060BD 2,000 60 6.20

TTA075RD TTH075BD 2,500 75 8.52

TTA100RD TTH100BD 3,400 100 11.76

TTA120RD TWE120AD 4,000 120 12.84

TTA150RD TWE180BD 5,000 160 17.87

TTA200RD TWE240BD 6,650 200 24.17

TTA240RD TWE240BD 8,000 240 26.33

Notes : 1. Matched system ratings are ARI 360. Full load rating is at 95OF, entering
condensing air temperature and 80/67 FDB/FWB entering air handler coil.

2. Indoor fan power accounts for ARI 360 required external static pressure and
losser associated with air filter, casing and wet evaporator coil pressure.

System Performance Matrix

Manifolding Scroll
Compressors Option
(TTA150-240RD)
• The key to this system is an oil

equalized line connecting the two
compressors. In addition, the
discharge lines are simple
manifolded togethers.

• Efficiency and proven Technology.
A manifolded set of compressors is
more efficient at part load than the
compressors with independent
circuits.

• Manifolded to be single circuit
provides cost and time saving with
fully refrigerant charge.

Design for You
Trane consulted its customers during
the split system design phase to bring
a product to the market place which
would meet job needs every time.

Quality and Reliability
• Scroll compressors are available

from 5 to 20 tons with excellent
reliability and high efficiency.

• All units are 100 percent run tested
prior to leaving the production line.
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Designed With Your Needs In Mind

Indoor Units

Model TTH060 TTH075 TTH100 TWE120 TWE180 TWE240

Single Circuit x x x x

Dual Circuits x x

Product Line
Outdoor Units

Model TTK060 TTA075 TTA100 TTA120 TTA150 TTA200 TTA240

Single Compressor x x x x

Dual Circuits x x x

General Data-Air Handler Units

General Data - Condensing Units

INDOOR UNIT MODEL TTH060BD TTH075BD TTH100BD TWE120AD TWE180BD TWE240BD

POWER CONS-V/ph/Hz 380-415/3/50
INDOOR COIL-TYPE SLIT FIN SLIT FIN SLIT FIN PLATE FIN PLATE FIN PLATE FIN

Row/FPI 3/15 3/15 3/15 3/12 3/12 3/12
Face Area (sq.ft.) 4.22 5.06 6.67 11.2 16.3 21.6
Tube Size in 3/8 3/8 3/8 3/8 3/8 3/8
Refrigerant Control CAP.TUBE EXPANSION VALVE EXPANSION VALVE EXPANSION VALVE EXPANSION VALVE EXPANSION VALVE
Drain Conn. Size in STEEL PIPE 1" MPT. STEEL PIPE 1" MPT. STEEL PIPE 1" MPT. 3/4 PVC PIPE-FEMALE 1 PVC PIPE-FEMALE 1 PVC PIPE-FEMALE
No. of Refrigerant Circuit 1 1 1 1 2 2

INDOOR FAN-TYPE Centrifugal Type, Belt-Adjustable Drive
Dia x Width in 10x10 10x10 10x8 15x15 15x15 15x15
No. Used 1 1 2 1 2 2
Nominal cfm 2,000 2,500 3,400 4,000 6,000 8,000
No. Motors hp 1-3/4 1-1 1-2 1-2 1-3 1-5
Motors Speed rpm. 1,400 1,450 1,450 1,450 1,450 1,450
Volts/Ph/Hz. 380-415/3/50
F.L.Amps-L.R. A 1.4-5.2 1.8-10.0 3.3-19.0 3.3-19.0 4.8-28.0 7.5-50.0

FILTER-TYPE Aluminium/Washable Filter
(No.)-Size x Thk. mm (2)-520x440x25 (2)-600x440x25 (3)-520x440x25 (4)-406x635x25 (4)-727x528x25 (4)-815x572x25
Ref. Line Connection Braze Braze Braze Braze Braze Braze
Suction Line Size (each) in 1 1/8 1 1/8 1 3/8 1 3/8 1 3/8 1 3/8
Liquid Line Size (each) in 3/8 1/2 1/2 1/2 1/2 1/2

DIMENSIONS (HxWxD)
Crated mm 673x1,410x970 673x1,410x970 673x1,778x970 1,651x1,702x724 1,867x2,108x794 1,943x2,413x858
Uncrated mm 520x1,312x841 520x1,312x841 521x1,680x841 1,523x1,613x635 1,751x2,019x702 1,824x2,350x773
Net Weight kg 86.7 91.3 135.4 190 313 372

TTK060KD TTA075RD TTA100RD TTA120RD TTA150RD TTA200RD TTA240RD

Electrical Data
Main Power supply V/ph/Hz 380-415/3/50
Min.Brch.Cir.Ampacity A 13.4 22.45 25.82 26.87 40.8 46.84 48.84

Compressor
Number 1 1 1 1 2 2 2
Type Hermetic Scroll
Rated Amps (each) A 10.0 16.4 19.2 19.6 16.4 19.2 19.6
Locked rotor Amps (each) A 74 95 125 125 95 125 125
Motor RPM rpm 2,900 2,900 2,900 2,900 2,900 2,900 2,900

System Data
Refrigerant circuit 1 1 1 1 2 2 2
Suction line in 1 1/8 1 1/8 1 3/8 1 3/8 1 1/8 1 3/8 1 3/8
Liquid line in 3/8 1/2 1/2 1/2 1/2 1/2 1/2

Outdoor Coil
Type Louver fin Slit fin Slit fin Slit fin Slit fin Slit fin Slit fin
Tube size in 3/8 3/8 3/8 3/8 3/8 3/8 3/8
Face Area (sq.ft.) 11.7 15.1 20.0 25.0 30.2 40.0 42.5
Rows # 2 2 2 2 2 2 2
Fins per inch (fpf) # 21(252) 16(192) 16(192) 16(192) 16(192) 16(192) 16(192)

Outdoor Fan
Type Propeller
Number 2 1 1 1 2 2 2
Diameter ft 18 28 28 28 28 28 28
Drive type Direct
Air flow cfm 2,700 4,900 5,800 6,800 9,800 11,600 13,600
Motors Number 2 1 1 1 2 2 2
Motor HP (each) hp 1/15 3/4 3/4 3/4 3/4 3/4 3/4
Rated Amps (each) A 0.45 1.95 1.82 2.37 1.95 1.82 2.37
Locked rotor Amps (each) A 0.95 2.33 3.07 7.46 2.33 3.07 7.46
Motor RPM rpm 930 700 800 950 700 800 950

R-22 Refrigerant Charge Holding Charge

DIMENSIONS (HxWxD)
Crated mm 1,371x1,131x450 1,190x1,194x1,042 1,190x1,194x1,042 1,190x1,397x1,143 1,190x2,312x1,118 1,190x2,312x1,118 1,190x2,312x1,118
Uncrated mm 1,254x988x350 1,050x1,060x950 1,050x1,060x950 1,050x1,260x1,050 1,050x2,200x1,050 1,050x2,200x1,050 1,050x2,200x1,050
Net Weight kg 94 157 177 221 368 408 424



Since The Trane Company has a policy of continuous product and product data improvement,
it reserves the right to change design and specifications without notice.

Literature Order Number: SSA5-SLB001-EN 1101

Supersedes: SSA5-SLB001-EN 0401

Stocking Location: Bangkok, Thailand

Trane Thailand
7th Floor, Ploenchit Center Building
2 Sukhumvit Road, Klongtoey
Bangkok 10110

Amair Limited
35 Mu 8, Poochaosamingprai Road
Samrong Tai, Samutprakarn 10130

http://www.trane.com
An American Standard Company

TWE120-240BD

TTH060-100BD

TTA150-240RD

TTA075-120RD

TTK060KD

Feature and Benefits

Benefits
• Designed to fit easily into tight

ceiling spaces.
• Specially designed drain pan with

a deep pitch to catch and drain
water safely away.

• Fully adjustable airflow for
application versatility and ease
of servicing.

• Supports the unit from below,
and saves time and money for
the installer.

• Well-insulated cabinet with wide
forward curved fans provide quiet
operation.

• Maximum application flexibility
without the extra inventory of
dedicated models.

• For maximum application flexibility
and performance, capacity
modulation provides improved
comfort and backup in the event
of a malfunction with one circuit.

• Designed for free blow application.

• For high static pressure applications.

TTA Condensing Units

Features
• Powder paint finish.

• Innovative cabinet design.

• Refrigerant accessories as standard.

• Single and dual compressors

Optional
• Copper fin / Blue fin.

• Manifolding single circuit
(for TTA150-240RD).

Benefits
• Full covering of all edges and a

uniform paint finish for a smooth,
attractive and durable cabinet
exterior.

• The most attractive light commercial
condensing unit available.

• Each unit ships standard with the
service valves, hi-low pressure
controls, liquid line filter drier.

• Optimized operation and reduced
service time.

• Designed to provide corrosion
protection on sea coast application.

• More efficiency at part load.

TTH/TWE Air Handler Units

Features
• 500 mm in height (TTH060-100).

• Excellent drain pan.

• Belt drive.

• Factory installed mounting channel
(TTH060-100).

• Quiet operation.

• Convertible for horizontal or vertical
configuration (TWE120-240).

• Thermal expansion valve.

Optional
• Discharge Plenum.

• Return air grille (for TWE model only).

• High static motor.



























































































A.O. Smith DEL-50D Commercial Tank Type Water Heater, Light Duty Electric, 50 Gallon, 
Dura-Power Preferred, 12KW Input 
 
The Highest Standards, The Best Performance! The innovative streak that runs through all A.O. 
Smith products is also proudly on display in our commercial electric line. With features such as 
the intelligent control system (DVE & DSE models) and the now standard 24k gold elements 
(optional on DSE models), our water heaters can sustain that performance even in the harshest 
water conditions. 
 
A.O. Smith DEL-50D Commercial Tank Type Water Heater, Light Duty Electric, 50 Gallon, 
Dura-Power Preferred, 12KW Input Features: 
• Glass lined tank - tank interior is coated with glass specially developed by A.O. Smith Ceramic 
Research for water heater use 
• Elements - zinc plated copper sheaths for longer life. Medium watt density; means lower 
surface temperature to minimize scale build-up and more surface to heat water. 
• Standard voltages - 120, 277 single phase and 208, 240 and 480V unbalanced three-phase delta; 
easily converted to single-phase at terminal block (except 208V with 6000 watt elements). Single 
element heater, single-phase only. 
• Factory installed terminal block -just bring the service to heater and connect to block. Terminal 
block not supplied on 120V & 277 volt models. 
• Controls - temperature control (adjustable through a range of 110 Degrees to 170 Degrees 
Fahrenheit on single element and120 Degrees to 180 Degrees Fahrenheit on dual element) and 
manual reset high temperature cutoff per element (dual elementmodels). Factory wired for non-
simultaneous operation; easily converted to simultaneous element operation (three phase models 
only) 
• CSA certified and ASME rated T&P relief valve 
• Simplified circuitry, color coded for ease of service 
• Anode rod for maximum corrosion protection 
• Cabinet has bonderized undercoat with baked enamel finish 
• Top inlet and outlet openings 
• Drain valve 
• Surface mounted thermostats 
• UL approved field conversion program. 
 
A.O. Smith DEL-50D Commercial Tank Type Water Heater, Light Duty Electric, 50 Gallon, 
Dura-Power Preferred, 12KW Input Specifications: 
• Application: Plumbing 
• Capacity: 50 Gallons 
• Type: Electric 
• Number of Elements: 2 
• Maximum Kilo Input: 12 
• Max PSI: 150 psi 
• Height: 32-1/4" 
• Diameter: 26-1/2" 
• Weight: 170 lbs 
• Manufactures Warranty: Three Years Limited Tank 



APPENDIX D 
Stamped Mechanical Drawings 

 
 
 
 
 
 
 
 
 
 
 
 
 























APPENDIX E 
Window Specifications and Acoustical Laboratory Test Report 

 



Page 1 of 5 Acoustilog, Inc email: af1@acoustilog.com 
 

 INC. 
19 Mercer Street, NY, NY 10013 (212) 925-1365 Fax: (212) 966-4216 www.acoustilog.com 

 
 
May 12, 2011 
 
Maurizio Marezio Bertini, Ph.D. 
Section Chief - Air and Noise Section 
E - Designations Program 
Mayor's Office of Environmental Remediation 
253 Broadway, 14th Floor 
New York, NY 10007 
 
RE: Sound Level Analysis for 2329 Frederick Douglass Boulevard  
Block 1952  
Lot 29 
Map 8D 
Zoning R8 
 
Dear Maurizio, 
 
I have done the Noise Control calculations for the above premises, which consists of first 
floor retail store space, and retail and offices on the upper floors. I first spoke with Mr. 
Shaminder Chawla, who referred me to you. 

DISCUSSION 
Originally, the notice from the City asked us to provide “windows of OITC 35”. 

The CEQR Environmental Designations says that this block and lot requires “Window Wall 
Attenuation and Alternate Ventilation”. 

Upon further investigation, the 125th Street Corridor Rezoning and Related Actions EIS, 
New York City Department of City Planning documentation shows a requirement for OITC 
40/30, which means: 

OITC 30 for the side facing Frederick Douglass Boulevard,  

and  

OITC 40 for the south facade facing 125th Street. 

You explained that we can knock down that requirement by 5 OITC rating points for 
commercial use, which results in: 

OITC 25 for the side facing Frederick Douglass Boulevard,  
and  
OITC 35 for the south facade facing 125th Street. 

 Acoustilog, Inc.
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DOORS 

The doors to the first floor retail store space and lobby space will be opening all the time. 
When doors open, they provide no soundproofing. Thus the sound rating of the doors is 
obviously irrelevant for this busy first floor retail store space and lobby space. 

I have provided the enclosed first floor calculations with the doors closed and open, but 
since people will be exposed to street sound with the doors opening all the time anyway, 
the sound levels inside these areas is clearly irrelevant. This is shown by the calculations; 
the inside rating is OITC 27 on both facades, but is reduced to OITC 13 when the doors 
are open.  Clearly, any soundproofing, not matter how good, will be reduced to 
approximately OITC 13 when the doors are open.  Therefore, it is not important to provide 
expensive soundproof doors on the 1st floor. 

WINDOWS  
I have provided the window calculations for the two facades. 

All of the windows in these two facades are non-operable. An alternate means of 
ventilation will be provided, which is shown on the plans. 

You explained that OER is most concerned with the sound levels in office spaces. 
Therefore, I have provided the enclosed upper floor calculations with the required ratings 
for each of the two facades. 

1st floor - Since there are no office spaces on the 1st floor, and because any 
soundproofing will be reduced to approximately OITC 13 when the doors are open, I 
request an exemption of the OITC requirements for that floor. 

2nd and 3rd floor - Even though the 2nd and 3rd floor areas will be a combination of retail 
and office, I have assumed it all to be office space, with the office requirements of OITC 
25 for Frederick Douglass Boulevard, and OITC 35 for 125th Street.  

The calculations show a final window/wall attenuation of OITC 28 for Frederick Douglass 
Boulevard, and OITC 37 for 125th Street, which meets the requirements. 

In the calculations, “750 OG Acoustical Test with Standard Insulated Unit” represents 1" 
insulated glass with ¼" annealed exterior, ½” airspace, and ¼” annealed interior glass 
from YCW Model 750 OG. This has a rating of OITC 26.  

In the calculations, “Lam. 1/4" glass .030, 1/2" airspace, lam. ¼” glass .090” represents ¼” 
laminated glass with a .030 interlayer, ½” airspace, and ¼” laminated glass with a .090 
interlayer, from Solutia, "Laminated Glass with Saflex interlayer". This has a rating of 
OITC 35.  

NON- OCCUPIABLE SPACE 
There are several areas of non-occupiable space on this property.  

There are several large areas on the 2nd and 3rd floors that are not glass, but masonry 
behind signage. These areas are non-occupiable and are for store displays only.  

The glass tower is non-occupiable and is for store displays only.  
See the enclosed rendering and elevation. 
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CALCULATION  

The transmission loss of the doors and windows is equal to 10 times the log of 1/t, t being 
the transmission coefficient per square foot. The transmission coefficient is determined in 
turn by the transmission loss in decibels divided by 10 and taking the antilog of the result. 
I have performed this calculation to determine the overall OITC rating of the window/wall. 
This calculation considers the contribution of the exact area of doors, windows and walls, 
as provided by the architect. 

The glass, brick and door data is based on laboratory tests. The manufacturer’s data is 
attached at the end of this report. 

The 80 Hz data (where it is marked “80 Hz estimated”) was derived by extrapolating 
downwards from the 100-125 Hertz data. The data is conservative. 

The calculations are displayed in the tables below.  

CONCLUSION 

The data shows that the window/wall combination of the walls, windows and doors are 
sufficient to exceed the required OITC rating. 

Please grant approval of the submittal as soon as possible.  

If I can be of further assistance, please call.  

All Acoustilog, Inc.-designed information supplied is for the original client and may not be 
copied in any way for different projects by any architect, consultant, engineer or other 
party. Copyright 2011 by Acoustilog, Inc.  

Yours Truly, 

 
Alan Fierstein 
President 
af1@acoustilog.com 
 
All readings re: .0002 microbar. Readings taken with Bruel & Kjaer 2260/2270 Analyzer, 
Bruel & Kjaer 4135, 4145, or 4165 Microphone, Acoustilog 232A Reverberation Timer. 
Calibrated to Bruel & Kjaer 4220 Sound Source or Quest CA-15. 
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 APPENDIX E 
Window Specifications 

In the calculations, “750 OG Acoustical Test with Standard Insulated Unit” represents 1" 
insulated glass with ¼” annealed exterior, ½” airspace, and ¼” annealed interior glass 
from YCW Model 750 OG. This has a rating of OITC 26.  

In the calculations, “Lam. ¼”" glass .030, ½” airspace, lam. ¼” glass .090” represents ¼” 
laminated glass with a .030 interlayer, ½” airspace, and ¼” laminated glass with a .090 
interlayer, from Solutia, "Laminated Glass with Saflex interlayer". This has a rating of 
OITC 35.  

 

 
APPENDIX F 

Acoustical Laboratory Test Report 
See YCW Model 750 OG Test Data  

Also see Solutia, "Laminated Glass with Saflex interlayer Test data 

Door glass TL ratings are shown in the Oldcastle Glass data sheet. As discussed above, 
doors are not critical. 

Masonry Block with sheetrock TL ratings are shown in the test data below.  
 

 

 
APPENDIX G 

Data sheet from the Testing Lab and/or Manufacturer 
As above, see Glass, Brick and Door data 

 

 
APPENDIX H 

Sound Attenuation Ratings for Façade Elements  
Calculation results printed below. Actual Proprietary Acoustilog Spreadsheet with all 
calculations provided under separate email to Maurizio Bertini at OER under 
confidentiality agreement.
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Window Wall attenuation
125th Street Side Area
1st floor retail and lobby  fraction

ENTRANCE 80 Hz estimated STOREFRONT GLASS NOT USED 80 Hz estimated NOT USED
DOORS CLOSED Laminated 1/2" glass WINDOW Fixed 750 OG Acoustical Test with Standard Insulated Unit  OITC 26 WALL Concrete block + 1 layer sheetrock Total Effective Effective OITC
Enter Enter 1/4"-.030-1/4" OITC Enter Enter Transmission OITC Enter Enter OITC Enter Enter Area Transmission OITC Enter Enter Area Transmission OITC area  TransmissionComposite Column 1 Column 2 Column 3 Column 4 Column 5 Column 6

FLOOR TL Area Coefficient ContributionSub-Calc TL Area Coefficient ContributionSub-Calc TL Area ContributionSub-Calc TL Area  fraction Coefficient ContributionSub-Calc TL Area  fraction Coefficient ContributionSub-Calc Coefficient  TL Frequency Reference dBA CorrectionCo. 2+3 Enter TL Col. 4-5
80 21 94.66 0.05 7.9E-03 4.2E-04 59.5 22 1207.98 0.67 6.3E-03 4.2E-03 58.5 21 0 0.00 7.9E-03 0.0E+00 59.5 30 498.33 0.28 1.0E-03 2.8E-04 50.5 30 0 0.00 1.0E-03 0.0E+00 50.5 1800.97 4.9E-03 23 80 103 -22.5 80.5 23 57.42519

100 25 94.66 0.05 3.2E-03 1.7E-04 57.9 26 1207.98 0.67 2.5E-03 1.7E-03 56.9 25 0 0.00 3.2E-03 0.0E+00 57.9 29 498.33 0.28 1.3E-03 3.5E-04 53.9 33 0 0.00 5.0E-04 0.0E+00 49.9 1800.97 2.2E-03 27 100 102 -19.1 82.9 27 56.32299
125 29 94.66 0.05 1.3E-03 6.6E-05 55.9 24 1207.98 0.67 4.0E-03 2.7E-03 60.9 29 0 0.00 1.3E-03 0.0E+00 55.9 31 498.33 0.28 7.9E-04 2.2E-04 53.9 30 0 0.00 1.0E-03 0.0E+00 54.9 1800.97 3.0E-03 25 125 101 -16.1 84.9 25 59.60737
160 28 94.66 0.05 1.6E-03 8.3E-05 56.6 25 1207.98 0.67 3.2E-03 2.1E-03 59.6 28 0 0.00 1.6E-03 0.0E+00 56.6 36 498.33 0.28 2.5E-04 7.0E-05 48.6 30 0 0.00 1.0E-03 0.0E+00 54.6 1800.97 2.3E-03 26 160 98 -13.4 84.6 26 58.16765
200 30 94.66 0.05 1.0E-03 5.3E-05 56.1 17 1207.98 0.67 2.0E-02 1.3E-02 69.1 30 0 0.00 1.0E-03 0.0E+00 56.1 42 498.33 0.28 6.3E-05 1.7E-05 44.1 31 0 0.00 7.9E-04 0.0E+00 55.1 1800.97 1.3E-02 19 200 97 -10.9 86.1 19 67.3882
250 33 94.66 0.05 5.0E-04 2.6E-05 53.4 19 1207.98 0.67 1.3E-02 8.4E-03 67.4 33 0 0.00 5.0E-04 0.0E+00 53.4 46 498.33 0.28 2.5E-05 7.0E-06 40.4 27 0 0.00 2.0E-03 0.0E+00 59.4 1800.97 8.5E-03 21 250 95 -8.6 86.4 21 65.68262
315 33 94.66 0.05 5.0E-04 2.6E-05 54.4 21 1207.98 0.67 7.9E-03 5.3E-03 66.4 33 0 0.00 5.0E-04 0.0E+00 54.4 53 498.33 0.28 5.0E-06 1.4E-06 34.4 33 0 0.00 5.0E-04 0.0E+00 54.4 1800.97 5.4E-03 23 315 94 -6.6 87.4 23 64.68808
400 34 94.66 0.05 4.0E-04 2.1E-05 54.2 28 1207.98 0.67 1.6E-03 1.1E-03 60.2 34 0 0.00 4.0E-04 0.0E+00 54.2 54 498.33 0.28 4.0E-06 1.1E-06 34.2 33 0 0.00 5.0E-04 0.0E+00 55.2 1800.97 1.1E-03 30 400 93 -4.8 88.2 30 58.5546
500 36 94.66 0.05 2.5E-04 1.3E-05 53.8 30 1207.98 0.67 1.0E-03 6.7E-04 59.8 36 0 0.00 2.5E-04 0.0E+00 53.8 57 498.33 0.28 2.0E-06 5.5E-07 32.8 37 0 0.00 2.0E-04 0.0E+00 52.8 1800.97 6.8E-04 32 500 93 -3.2 89.8 32 58.15369
630 37 94.66 0.05 2.0E-04 1.0E-05 52.1 31 1207.98 0.67 7.9E-04 5.3E-04 58.1 37 0 0.00 2.0E-04 0.0E+00 52.1 58 498.33 0.28 1.6E-06 4.4E-07 31.1 39 0 0.00 1.3E-04 0.0E+00 50.1 1800.97 5.4E-04 33 630 91 -1.9 89.1 33 56.45369
800 37 94.66 0.05 2.0E-04 1.0E-05 52.2 33 1207.98 0.67 5.0E-04 3.4E-04 56.2 37 0 0.00 2.0E-04 0.0E+00 52.2 61 498.33 0.28 7.9E-07 2.2E-07 28.2 40 0 0.00 1.0E-04 0.0E+00 49.2 1800.97 3.5E-04 35 800 90 -0.8 89.2 35 54.6017

1000 37 94.66 0.05 2.0E-04 1.0E-05 52.0 35 1207.98 0.67 3.2E-04 2.1E-04 54.0 37 0 0.00 2.0E-04 0.0E+00 52.0 63 498.33 0.28 5.0E-07 1.4E-07 26.0 41 0 0.00 7.9E-05 0.0E+00 48.0 1800.97 2.2E-04 37 1000 89 0 89 37 52.47783
1250 36 94.66 0.05 2.5E-04 1.3E-05 53.6 35 1207.98 0.67 3.2E-04 2.1E-04 54.6 36 0 0.00 2.5E-04 0.0E+00 53.6 65 498.33 0.28 3.2E-07 8.8E-08 24.6 42 0 0.00 6.3E-05 0.0E+00 47.6 1800.97 2.3E-04 36 1250 89 0.6 89.6 36 53.12947
1600 37 94.66 0.05 2.0E-04 1.0E-05 52.0 34 1207.98 0.67 4.0E-04 2.7E-04 55.0 37 0 0.00 2.0E-04 0.0E+00 52.0 66 498.33 0.28 2.5E-07 7.0E-08 23.0 43 0 0.00 5.0E-05 0.0E+00 46.0 1800.97 2.8E-04 36 1600 88 1 89 36 53.43392
2000 41 94.66 0.05 7.9E-05 4.2E-06 48.2 31 1207.98 0.67 7.9E-04 5.3E-04 58.2 41 0 0.00 7.9E-05 0.0E+00 48.2 65 498.33 0.28 3.2E-07 8.8E-08 24.2 43 0 0.00 5.0E-05 0.0E+00 46.2 1800.97 5.4E-04 33 2000 88 1.2 89.2 33 56.50014
2500 45 94.66 0.05 3.2E-05 1.7E-06 43.3 31 1207.98 0.67 7.9E-04 5.3E-04 57.3 45 0 0.00 3.2E-05 0.0E+00 43.3 66 498.33 0.28 2.5E-07 7.0E-08 22.3 46 0 0.00 2.5E-05 0.0E+00 42.3 1800.97 5.3E-04 33 2500 87 1.3 88.3 33 55.57962
3150 48 94.66 0.05 1.6E-05 8.3E-07 38.2 33 1207.98 0.67 5.0E-04 3.4E-04 53.2 48 0 0.00 1.6E-05 0.0E+00 38.2 69 498.33 0.28 1.3E-07 3.5E-08 17.2 52 0 0.00 6.3E-06 0.0E+00 34.2 1800.97 3.4E-04 35 3150 85 1.2 86.2 35 51.47673 OVERALL
4000 51 94.66 0.05 7.9E-06 4.2E-07 34.0 35 1207.98 0.67 3.2E-04 2.1E-04 50.0 51 0 0.00 7.9E-06 0.0E+00 34.0 71 498.33 0.28 7.9E-08 2.2E-08 14.0 57 0 0.00 2.0E-06 0.0E+00 28.0 1800.97 2.1E-04 37 4000 84 1 85 37 48.27452 OITC

100 67 100 74 100 67 100 59 100 65 100 73 27
OITC 33 OITC 26 OITC 33 OITC 42 OITC 35

125th Street Side
1st floor retail and lobby

ENTRANCE STOREFRONT GLASS NOT USED NOT USED
DOORS OPEN Laminated 1/2" glass WINDOW Fixed 750 OG Acoustical Test with Standard Insulated Unit WALL Concrete block + 1 layer sheetrock Total Effective Effective OITC
Enter Enter 1/4"-.030-1/4" OITC Enter Enter YCW 750 OG OITC 26Transmission OITC Enter Enter OITC Enter Enter Transmission OITC Enter Enter Area Transmission OITC area  TransmissionComposite Column 1 Column 2 Column 3 Column 4 Column 5 Column 6

FLOOR TL Area 80 Hz estimatedCoefficient ContributionSub-Calc TL Area 80 Hz estimatedCoefficient ContributionSub-Calc TL Area ContributionSub-Calc TL Area 80 Hz estimatedCoefficient ContributionSub-Calc TL Area  fraction Coefficient ContributionSub-Calc Coefficient  TL Frequency Reference dBA CorrectionCo. 2+3 Enter TL Col. 4-5
80 0 94.66 0.05 1.0E+00 5.3E-02 80.5 22 1207.98 0.67 6.3E-03 4.2E-03 58.5 21 0 0.00 7.9E-03 0.0E+00 59.5 30 498.33 0.28 1.0E-03 2.8E-04 50.5 30 0 0.00 1.0E-03 0.0E+00 50.5 1800.97 5.7E-02 12 80 103 -22.5 80.5 12 68.06403

100 0 94.66 0.05 1.0E+00 5.3E-02 82.9 26 1207.98 0.67 2.5E-03 1.7E-03 56.9 25 0 0.00 3.2E-03 0.0E+00 57.9 29 498.33 0.28 1.3E-03 3.5E-04 53.9 33 0 0.00 5.0E-04 0.0E+00 49.9 1800.97 5.5E-02 13 100 102 -19.1 82.9 13 70.27143
125 0 94.66 0.05 1.0E+00 5.3E-02 84.9 24 1207.98 0.67 4.0E-03 2.7E-03 60.9 29 0 0.00 1.3E-03 0.0E+00 55.9 31 498.33 0.28 7.9E-04 2.2E-04 53.9 30 0 0.00 1.0E-03 0.0E+00 54.9 1800.97 5.5E-02 13 125 101 -16.1 84.9 13 72.33906
160 0 94.66 0.05 1.0E+00 5.3E-02 84.6 25 1207.98 0.67 3.2E-03 2.1E-03 59.6 28 0 0.00 1.6E-03 0.0E+00 56.6 36 498.33 0.28 2.5E-04 7.0E-05 48.6 30 0 0.00 1.0E-03 0.0E+00 54.6 1800.97 5.5E-02 13 160 98 -13.4 84.6 13 71.98393
200 0 94.66 0.05 1.0E+00 5.3E-02 86.1 17 1207.98 0.67 2.0E-02 1.3E-02 69.1 30 0 0.00 1.0E-03 0.0E+00 56.1 42 498.33 0.28 6.3E-05 1.7E-05 44.1 31 0 0.00 7.9E-04 0.0E+00 55.1 1800.97 6.6E-02 12 200 97 -10.9 86.1 12 74.29287
250 0 94.66 0.05 1.0E+00 5.3E-02 86.4 19 1207.98 0.67 1.3E-02 8.4E-03 67.4 33 0 0.00 5.0E-04 0.0E+00 53.4 46 498.33 0.28 2.5E-05 7.0E-06 40.4 27 0 0.00 2.0E-03 0.0E+00 59.4 1800.97 6.1E-02 12 250 95 -8.6 86.4 12 74.25413
315 0 94.66 0.05 1.0E+00 5.3E-02 87.4 21 1207.98 0.67 7.9E-03 5.3E-03 66.4 33 0 0.00 5.0E-04 0.0E+00 54.4 53 498.33 0.28 5.0E-06 1.4E-06 34.4 33 0 0.00 5.0E-04 0.0E+00 54.4 1800.97 5.8E-02 12 315 94 -6.6 87.4 12 75.02602
400 0 94.66 0.05 1.0E+00 5.3E-02 88.2 28 1207.98 0.67 1.6E-03 1.1E-03 60.2 34 0 0.00 4.0E-04 0.0E+00 54.2 54 498.33 0.28 4.0E-06 1.1E-06 34.2 33 0 0.00 5.0E-04 0.0E+00 55.2 1800.97 5.4E-02 13 400 93 -4.8 88.2 13 75.49365
500 0 94.66 0.05 1.0E+00 5.3E-02 89.8 30 1207.98 0.67 1.0E-03 6.7E-04 59.8 36 0 0.00 2.5E-04 0.0E+00 53.8 57 498.33 0.28 2.0E-06 5.5E-07 32.8 37 0 0.00 2.0E-04 0.0E+00 52.8 1800.97 5.3E-02 13 500 93 -3.2 89.8 13 77.06172
630 0 94.66 0.05 1.0E+00 5.3E-02 89.1 31 1207.98 0.67 7.9E-04 5.3E-04 58.1 37 0 0.00 2.0E-04 0.0E+00 52.1 58 498.33 0.28 1.6E-06 4.4E-07 31.1 39 0 0.00 1.3E-04 0.0E+00 50.1 1800.97 5.3E-02 13 630 91 -1.9 89.1 13 76.35044
800 0 94.66 0.05 1.0E+00 5.3E-02 89.2 33 1207.98 0.67 5.0E-04 3.4E-04 56.2 37 0 0.00 2.0E-04 0.0E+00 52.2 61 498.33 0.28 7.9E-07 2.2E-07 28.2 40 0 0.00 1.0E-04 0.0E+00 49.2 1800.97 5.3E-02 13 800 90 -0.8 89.2 13 76.43431

1000 0 94.66 0.05 1.0E+00 5.3E-02 89.0 35 1207.98 0.67 3.2E-04 2.1E-04 54.0 37 0 0.00 2.0E-04 0.0E+00 52.0 63 498.33 0.28 5.0E-07 1.4E-07 26.0 41 0 0.00 7.9E-05 0.0E+00 48.0 1800.97 5.3E-02 13 1000 89 0 89 13 76.2241
1250 0 94.66 0.05 1.0E+00 5.3E-02 89.6 35 1207.98 0.67 3.2E-04 2.1E-04 54.6 36 0 0.00 2.5E-04 0.0E+00 53.6 65 498.33 0.28 3.2E-07 8.8E-08 24.6 42 0 0.00 6.3E-05 0.0E+00 47.6 1800.97 5.3E-02 13 1250 89 0.6 89.6 13 76.8241
1600 0 94.66 0.05 1.0E+00 5.3E-02 89.0 34 1207.98 0.67 4.0E-04 2.7E-04 55.0 37 0 0.00 2.0E-04 0.0E+00 52.0 66 498.33 0.28 2.5E-07 7.0E-08 23.0 43 0 0.00 5.0E-05 0.0E+00 46.0 1800.97 5.3E-02 13 1600 88 1 89 13 76.22861
2000 0 94.66 0.05 1.0E+00 5.3E-02 89.2 31 1207.98 0.67 7.9E-04 5.3E-04 58.2 41 0 0.00 7.9E-05 0.0E+00 48.2 65 498.33 0.28 3.2E-07 8.8E-08 24.2 43 0 0.00 5.0E-05 0.0E+00 46.2 1800.97 5.3E-02 13 2000 88 1.2 89.2 13 76.45041
2500 0 94.66 0.05 1.0E+00 5.3E-02 88.3 31 1207.98 0.67 7.9E-04 5.3E-04 57.3 45 0 0.00 3.2E-05 0.0E+00 43.3 66 498.33 0.28 2.5E-07 7.0E-08 22.3 46 0 0.00 2.5E-05 0.0E+00 42.3 1800.97 5.3E-02 13 2500 87 1.3 88.3 13 75.55041
3150 0 94.66 0.05 1.0E+00 5.3E-02 86.2 33 1207.98 0.67 5.0E-04 3.4E-04 53.2 48 0 0.00 1.6E-05 0.0E+00 38.2 69 498.33 0.28 1.3E-07 3.5E-08 17.2 52 0 0.00 6.3E-06 0.0E+00 34.2 1800.97 5.3E-02 13 3150 85 1.2 86.2 13 73.43429 OVERALL
4000 0 94.66 0.05 1.0E+00 5.3E-02 85.0 35 1207.98 0.67 3.2E-04 2.1E-04 50.0 51 0 0.00 7.9E-06 0.0E+00 34.0 71 498.33 0.28 7.9E-08 2.2E-08 14.0 57 0 0.00 2.0E-06 0.0E+00 28.0 1800.97 5.3E-02 13 4000 84 1 85 13 72.22409 OITC

100 100 100 74 100 67 100 59 100 65 100 87 13
OITC 0 OITC 26 OITC 33 OITC 42 OITC 35

Window Wall attenuation
Frederick Douglass Blvd Side
1st floor retail and lobby

ENTRANCE STOREFRONT GLASS NOT USED NOT USED
DOORS CLOSED Laminated 1/2" glass WINDOW Fixed 750 OG Acoustical Test with Standard Insulated Unit WALL Concrete block + 1 layer sheetrock Total Effective Effective OITC
Enter Enter 1/4"-.030-1/4" OITC Enter Enter YCW 750 OG OITC 26Transmission OITC Enter Enter OITC Enter Enter Transmission OITC Enter Enter Area Transmission OITC area  TransmissionComposite Column 1 Column 2 Column 3 Column 4 Column 5 Column 6

FLOOR TL Area 80 Hz estimatedCoefficient ContributionSub-Calc TL Area 80 Hz estimatedCoefficient ContributionSub-Calc TL Area ContributionSub-Calc TL Area 80 Hz estimatedCoefficient ContributionSub-Calc TL Area  fraction Coefficient ContributionSub-Calc Coefficient  TL Frequency Reference dBA CorrectionCo. 2+3 Enter TL Col. 4-5
80 21 164.65 0.05 7.9E-03 3.6E-04 59.5 22 2506 0.70 6.3E-03 4.4E-03 58.5 21 0 0.00 7.9E-03 0.0E+00 59.5 30 930.35 0.26 1.0E-03 2.6E-04 50.5 30 0 0.00 1.0E-03 0.0E+00 50.5 3601 5.0E-03 23 80 103 -22.5 80.5 23 57.50054

100 25 164.65 0.05 3.2E-03 1.4E-04 57.9 26 2506 0.70 2.5E-03 1.7E-03 56.9 25 0 0.00 3.2E-03 0.0E+00 57.9 29 930.35 0.26 1.3E-03 3.3E-04 53.9 33 0 0.00 5.0E-04 0.0E+00 49.9 3601 2.2E-03 27 100 102 -19.1 82.9 27 56.35944
125 29 164.65 0.05 1.3E-03 5.8E-05 55.9 24 2506 0.70 4.0E-03 2.8E-03 60.9 29 0 0.00 1.3E-03 0.0E+00 55.9 31 930.35 0.26 7.9E-04 2.1E-04 53.9 30 0 0.00 1.0E-03 0.0E+00 54.9 3601 3.0E-03 25 125 101 -16.1 84.9 25 59.71913
160 28 164.65 0.05 1.6E-03 7.2E-05 56.6 25 2506 0.70 3.2E-03 2.2E-03 59.6 28 0 0.00 1.6E-03 0.0E+00 56.6 36 930.35 0.26 2.5E-04 6.5E-05 48.6 30 0 0.00 1.0E-03 0.0E+00 54.6 3601 2.3E-03 26 160 98 -13.4 84.6 26 58.28854
200 30 164.65 0.05 1.0E-03 4.6E-05 56.1 17 2506 0.70 2.0E-02 1.4E-02 69.1 30 0 0.00 1.0E-03 0.0E+00 56.1 42 930.35 0.26 6.3E-05 1.6E-05 44.1 31 0 0.00 7.9E-04 0.0E+00 55.1 3601 1.4E-02 19 200 97 -10.9 86.1 19 67.54494
250 33 164.65 0.05 5.0E-04 2.3E-05 53.4 19 2506 0.70 1.3E-02 8.8E-03 67.4 33 0 0.00 5.0E-04 0.0E+00 53.4 46 930.35 0.26 2.5E-05 6.5E-06 40.4 27 0 0.00 2.0E-03 0.0E+00 59.4 3601 8.8E-03 21 250 95 -8.6 86.4 21 65.84013
315 33 164.65 0.05 5.0E-04 2.3E-05 54.4 21 2506 0.70 7.9E-03 5.5E-03 66.4 33 0 0.00 5.0E-04 0.0E+00 54.4 53 930.35 0.26 5.0E-06 1.3E-06 34.4 33 0 0.00 5.0E-04 0.0E+00 54.4 3601 5.6E-03 23 315 94 -6.6 87.4 23 64.84456
400 34 164.65 0.05 4.0E-04 1.8E-05 54.2 28 2506 0.70 1.6E-03 1.1E-03 60.2 34 0 0.00 4.0E-04 0.0E+00 54.2 54 930.35 0.26 4.0E-06 1.0E-06 34.2 33 0 0.00 5.0E-04 0.0E+00 55.2 3601 1.1E-03 29 400 93 -4.8 88.2 29 58.70065
500 36 164.65 0.05 2.5E-04 1.1E-05 53.8 30 2506 0.70 1.0E-03 7.0E-04 59.8 36 0 0.00 2.5E-04 0.0E+00 53.8 57 930.35 0.26 2.0E-06 5.2E-07 32.8 37 0 0.00 2.0E-04 0.0E+00 52.8 3601 7.1E-04 32 500 93 -3.2 89.8 32 58.29983
630 37 164.65 0.05 2.0E-04 9.1E-06 52.1 31 2506 0.70 7.9E-04 5.5E-04 58.1 37 0 0.00 2.0E-04 0.0E+00 52.1 58 930.35 0.26 1.6E-06 4.1E-07 31.1 39 0 0.00 1.3E-04 0.0E+00 50.1 3601 5.6E-04 33 630 91 -1.9 89.1 33 56.59983
800 37 164.65 0.05 2.0E-04 9.1E-06 52.2 33 2506 0.70 5.0E-04 3.5E-04 56.2 37 0 0.00 2.0E-04 0.0E+00 52.2 61 930.35 0.26 7.9E-07 2.1E-07 28.2 40 0 0.00 1.0E-04 0.0E+00 49.2 3601 3.6E-04 34 800 90 -0.8 89.2 34 54.74021

1000 37 164.65 0.05 2.0E-04 9.1E-06 52.0 35 2506 0.70 3.2E-04 2.2E-04 54.0 37 0 0.00 2.0E-04 0.0E+00 52.0 63 930.35 0.26 5.0E-07 1.3E-07 26.0 41 0 0.00 7.9E-05 0.0E+00 48.0 3601 2.3E-04 36 1000 89 0 89 36 52.60444
1250 36 164.65 0.05 2.5E-04 1.1E-05 53.6 35 2506 0.70 3.2E-04 2.2E-04 54.6 36 0 0.00 2.5E-04 0.0E+00 53.6 65 930.35 0.26 3.2E-07 8.2E-08 24.6 42 0 0.00 6.3E-05 0.0E+00 47.6 3601 2.3E-04 36 1250 89 0.6 89.6 36 53.24805
1600 37 164.65 0.05 2.0E-04 9.1E-06 52.0 34 2506 0.70 4.0E-04 2.8E-04 55.0 37 0 0.00 2.0E-04 0.0E+00 52.0 66 930.35 0.26 2.5E-07 6.5E-08 23.0 43 0 0.00 5.0E-05 0.0E+00 46.0 3601 2.9E-04 35 1600 88 1 89 35 53.56727
2000 41 164.65 0.05 7.9E-05 3.6E-06 48.2 31 2506 0.70 7.9E-04 5.5E-04 58.2 41 0 0.00 7.9E-05 0.0E+00 48.2 65 930.35 0.26 3.2E-07 8.2E-08 24.2 43 0 0.00 5.0E-05 0.0E+00 46.2 3601 5.6E-04 33 2000 88 1.2 89.2 33 56.65466
2500 45 164.65 0.05 3.2E-05 1.4E-06 43.3 31 2506 0.70 7.9E-04 5.5E-04 57.3 45 0 0.00 3.2E-05 0.0E+00 43.3 66 930.35 0.26 2.5E-07 6.5E-08 22.3 46 0 0.00 2.5E-05 0.0E+00 42.3 3601 5.5E-04 33 2500 87 1.3 88.3 33 55.73743
3150 48 164.65 0.05 1.6E-05 7.2E-07 38.2 33 2506 0.70 5.0E-04 3.5E-04 53.2 48 0 0.00 1.6E-05 0.0E+00 38.2 69 930.35 0.26 1.3E-07 3.3E-08 17.2 52 0 0.00 6.3E-06 0.0E+00 34.2 3601 3.5E-04 35 3150 85 1.2 86.2 35 51.635 OVERALL
4000 51 164.65 0.05 7.9E-06 3.6E-07 34.0 35 2506 0.70 3.2E-04 2.2E-04 50.0 51 0 0.00 7.9E-06 0.0E+00 34.0 71 930.35 0.26 7.9E-08 2.1E-08 14.0 57 0 0.00 2.0E-06 0.0E+00 28.0 3601 2.2E-04 37 4000 84 1 85 37 48.43315 OITC

100 67 100 74 100 67 100 59 100 65 100 73 27
OITC 33 OITC 26 OITC 33 OITC 42 OITC 35

Window Wall attenuation
Frederick Douglass Blvd Side
1st floor retail and lobby

ENTRANCE STOREFRONT GLASS NOT USED NOT USED
DOORS OPEN Laminated 1/2" glass WINDOW Fixed 750 OG Acoustical Test with Standard Insulated Unit WALL Concrete block + 1 layer sheetrock Total Effective Effective OITC
Enter Enter 1/4"-.030-1/4" OITC Enter Enter YCW 750 OG OITC 26Transmission OITC Enter Enter OITC Enter Enter Transmission OITC Enter Enter Area Transmission OITC area  TransmissionComposite Column 1 Column 2 Column 3 Column 4 Column 5 Column 6

FLOOR TL Area 80 Hz estimatedCoefficient ContributionSub-Calc TL Area 80 Hz estimatedCoefficient ContributionSub-Calc TL Area ContributionSub-Calc TL Area 80 Hz estimatedCoefficient ContributionSub-Calc TL Area  fraction Coefficient ContributionSub-Calc Coefficient  TL Frequency Reference dBA CorrectionCo. 2+3 Enter TL Col. 4-5
80 0 164.65 0.05 1.0E+00 4.6E-02 80.5 22 2506 0.70 6.3E-03 4.4E-03 58.5 21 0 0.00 7.9E-03 0.0E+00 59.5 30 930.35 0.26 1.0E-03 2.6E-04 50.5 30 0 0.00 1.0E-03 0.0E+00 50.5 3601 5.0E-02 13 80 103 -22.5 80.5 13 67.52195

100 0 164.65 0.05 1.0E+00 4.6E-02 82.9 26 2506 0.70 2.5E-03 1.7E-03 56.9 25 0 0.00 3.2E-03 0.0E+00 57.9 29 930.35 0.26 1.3E-03 3.3E-04 53.9 33 0 0.00 5.0E-04 0.0E+00 49.9 3601 4.8E-02 13 100 102 -19.1 82.9 13 69.69398
125 0 164.65 0.05 1.0E+00 4.6E-02 84.9 24 2506 0.70 4.0E-03 2.8E-03 60.9 29 0 0.00 1.3E-03 0.0E+00 55.9 31 930.35 0.26 7.9E-04 2.1E-04 53.9 30 0 0.00 1.0E-03 0.0E+00 54.9 3601 4.9E-02 13 125 101 -16.1 84.9 13 71.77521
160 0 164.65 0.05 1.0E+00 4.6E-02 84.6 25 2506 0.70 3.2E-03 2.2E-03 59.6 28 0 0.00 1.6E-03 0.0E+00 56.6 36 930.35 0.26 2.5E-04 6.5E-05 48.6 30 0 0.00 1.0E-03 0.0E+00 54.6 3601 4.8E-02 13 160 98 -13.4 84.6 13 71.41142
200 0 164.65 0.05 1.0E+00 4.6E-02 86.1 17 2506 0.70 2.0E-02 1.4E-02 69.1 30 0 0.00 1.0E-03 0.0E+00 56.1 42 930.35 0.26 6.3E-05 1.6E-05 44.1 31 0 0.00 7.9E-04 0.0E+00 55.1 3601 6.0E-02 12 200 97 -10.9 86.1 12 73.85429
250 0 164.65 0.05 1.0E+00 4.6E-02 86.4 19 2506 0.70 1.3E-02 8.8E-03 67.4 33 0 0.00 5.0E-04 0.0E+00 53.4 46 930.35 0.26 2.5E-05 6.5E-06 40.4 27 0 0.00 2.0E-03 0.0E+00 59.4 3601 5.4E-02 13 250 95 -8.6 86.4 13 73.76325
315 0 164.65 0.05 1.0E+00 4.6E-02 87.4 21 2506 0.70 7.9E-03 5.5E-03 66.4 33 0 0.00 5.0E-04 0.0E+00 54.4 53 930.35 0.26 5.0E-06 1.3E-06 34.4 33 0 0.00 5.0E-04 0.0E+00 54.4 3601 5.1E-02 13 315 94 -6.6 87.4 13 74.49716
400 0 164.65 0.05 1.0E+00 4.6E-02 88.2 28 2506 0.70 1.6E-03 1.1E-03 60.2 34 0 0.00 4.0E-04 0.0E+00 54.2 54 930.35 0.26 4.0E-06 1.0E-06 34.2 33 0 0.00 5.0E-04 0.0E+00 55.2 3601 4.7E-02 13 400 93 -4.8 88.2 13 74.905
500 0 164.65 0.05 1.0E+00 4.6E-02 89.8 30 2506 0.70 1.0E-03 7.0E-04 59.8 36 0 0.00 2.5E-04 0.0E+00 53.8 57 930.35 0.26 2.0E-06 5.2E-07 32.8 37 0 0.00 2.0E-04 0.0E+00 52.8 3601 4.6E-02 13 500 93 -3.2 89.8 13 76.46704
630 0 164.65 0.05 1.0E+00 4.6E-02 89.1 31 2506 0.70 7.9E-04 5.5E-04 58.1 37 0 0.00 2.0E-04 0.0E+00 52.1 58 930.35 0.26 1.6E-06 4.1E-07 31.1 39 0 0.00 1.3E-04 0.0E+00 50.1 3601 4.6E-02 13 630 91 -1.9 89.1 13 75.75362
800 0 164.65 0.05 1.0E+00 4.6E-02 89.2 33 2506 0.70 5.0E-04 3.5E-04 56.2 37 0 0.00 2.0E-04 0.0E+00 52.2 61 930.35 0.26 7.9E-07 2.1E-07 28.2 40 0 0.00 1.0E-04 0.0E+00 49.2 3601 4.6E-02 13 800 90 -0.8 89.2 13 75.83441

1000 0 164.65 0.05 1.0E+00 4.6E-02 89.0 35 2506 0.70 3.2E-04 2.2E-04 54.0 37 0 0.00 2.0E-04 0.0E+00 52.0 63 930.35 0.26 5.0E-07 1.3E-07 26.0 41 0 0.00 7.9E-05 0.0E+00 48.0 3601 4.6E-02 13 1000 89 0 89 13 75.62225
1250 0 164.65 0.05 1.0E+00 4.6E-02 89.6 35 2506 0.70 3.2E-04 2.2E-04 54.6 36 0 0.00 2.5E-04 0.0E+00 53.6 65 930.35 0.26 3.2E-07 8.2E-08 24.6 42 0 0.00 6.3E-05 0.0E+00 47.6 3601 4.6E-02 13 1250 89 0.6 89.6 13 76.22225
1600 0 164.65 0.05 1.0E+00 4.6E-02 89.0 34 2506 0.70 4.0E-04 2.8E-04 55.0 37 0 0.00 2.0E-04 0.0E+00 52.0 66 930.35 0.26 2.5E-07 6.5E-08 23.0 43 0 0.00 5.0E-05 0.0E+00 46.0 3601 4.6E-02 13 1600 88 1 89 13 75.62763
2000 0 164.65 0.05 1.0E+00 4.6E-02 89.2 31 2506 0.70 7.9E-04 5.5E-04 58.2 41 0 0.00 7.9E-05 0.0E+00 48.2 65 930.35 0.26 3.2E-07 8.2E-08 24.2 43 0 0.00 5.0E-05 0.0E+00 46.2 3601 4.6E-02 13 2000 88 1.2 89.2 13 75.85358
2500 0 164.65 0.05 1.0E+00 4.6E-02 88.3 31 2506 0.70 7.9E-04 5.5E-04 57.3 45 0 0.00 3.2E-05 0.0E+00 43.3 66 930.35 0.26 2.5E-07 6.5E-08 22.3 46 0 0.00 2.5E-05 0.0E+00 42.3 3601 4.6E-02 13 2500 87 1.3 88.3 13 74.95358
3150 0 164.65 0.05 1.0E+00 4.6E-02 86.2 33 2506 0.70 5.0E-04 3.5E-04 53.2 48 0 0.00 1.6E-05 0.0E+00 38.2 69 930.35 0.26 1.3E-07 3.3E-08 17.2 52 0 0.00 6.3E-06 0.0E+00 34.2 3601 4.6E-02 13 3150 85 1.2 86.2 13 72.83439 OVERALL
4000 0 164.65 0.05 1.0E+00 4.6E-02 85.0 35 2506 0.70 3.2E-04 2.2E-04 50.0 51 0 0.00 7.9E-06 0.0E+00 34.0 71 930.35 0.26 7.9E-08 2.1E-08 14.0 57 0 0.00 2.0E-06 0.0E+00 28.0 3601 4.6E-02 13 4000 84 1 85 13 71.62224 OITC

100 100 100 74 100 67 100 59 100 65 100 87 13
OITC 0 OITC 26 OITC 33 OITC 42 OITC 35

 Acoustilog, Inc.



125th Street Side
2nd floor retail and offices

ENTRANCE STOREFRONT GLASS NOT USED
NOT USED Laminated 1/2" glass WINDOW Fixed 750 OG Acoustical Test with Standard Insulated Unit WALL Concrete block + 1 layer sheetrock Lam. 1/4" glass .030, 1/2" airspace, lam. 1/4" glass .090 Total Effective Effective OITC
Enter Enter 1/4"-.030-1/4" OITC Enter Enter YCW 750 OG OITC 26Transmission OITC Enter Enter OITC Enter Enter Transmission OITC Enter Enter Area Transmission OITC area  TransmissionComposite Column 1 Column 2 Column 3 Column 4 Column 5 Column 6

FLOOR TL Area 80 Hz estimatedCoefficient ContributionSub-Calc TL Area 80 Hz estimatedCoefficient ContributionSub-Calc TL Area ContributionSub-Calc TL Area 80 Hz estimatedCoefficient ContributionSub-Calc TL Area  fraction Coefficient ContributionSub-Calc Coefficient  TL Frequency Reference dBA CorrectionCo. 2+3 Enter TL Col. 4-5
80 21 0 0.00 7.9E-03 0.0E+00 59.5 22 0 0.00 6.3E-03 0.0E+00 58.5 21 0 0.00 7.9E-03 0.0E+00 59.5 30 625 0.39 1.0E-03 3.9E-04 50.5 30 975 0.61 1.0E-03 6.1E-04 50.5 1600 1.0E-03 30 80 103 -22.5 80.5 30 50.5

100 25 0 0.00 3.2E-03 0.0E+00 57.9 26 0 0.00 2.5E-03 0.0E+00 56.9 25 0 0.00 3.2E-03 0.0E+00 57.9 29 625 0.39 1.3E-03 4.9E-04 53.9 33 975 0.61 5.0E-04 3.1E-04 49.9 1600 8.0E-04 31 100 102 -19.1 82.9 31 51.91556
125 29 0 0.00 1.3E-03 0.0E+00 55.9 24 0 0.00 4.0E-03 0.0E+00 60.9 29 0 0.00 1.3E-03 0.0E+00 55.9 31 625 0.39 7.9E-04 3.1E-04 53.9 30 975 0.61 1.0E-03 6.1E-04 54.9 1600 9.2E-04 30 125 101 -16.1 84.9 30 54.53627
160 28 0 0.00 1.6E-03 0.0E+00 56.6 25 0 0.00 3.2E-03 0.0E+00 59.6 28 0 0.00 1.6E-03 0.0E+00 56.6 36 625 0.39 2.5E-04 9.8E-05 48.6 30 975 0.61 1.0E-03 6.1E-04 54.6 1600 7.1E-04 32 160 98 -13.4 84.6 32 53.09724
200 30 0 0.00 1.0E-03 0.0E+00 56.1 17 0 0.00 2.0E-02 0.0E+00 69.1 30 0 0.00 1.0E-03 0.0E+00 56.1 42 625 0.39 6.3E-05 2.5E-05 44.1 31 975 0.61 7.9E-04 4.8E-04 55.1 1600 5.1E-04 33 200 97 -10.9 86.1 33 53.16454
250 33 0 0.00 5.0E-04 0.0E+00 53.4 19 0 0.00 1.3E-02 0.0E+00 67.4 33 0 0.00 5.0E-04 0.0E+00 53.4 46 625 0.39 2.5E-05 9.8E-06 40.4 27 975 0.61 2.0E-03 1.2E-03 59.4 1600 1.2E-03 29 250 95 -8.6 86.4 29 57.28375
315 33 0 0.00 5.0E-04 0.0E+00 54.4 21 0 0.00 7.9E-03 0.0E+00 66.4 33 0 0.00 5.0E-04 0.0E+00 54.4 53 625 0.39 5.0E-06 2.0E-06 34.4 33 975 0.61 5.0E-04 3.1E-04 54.4 1600 3.1E-04 35 315 94 -6.6 87.4 35 52.2766
400 34 0 0.00 4.0E-04 0.0E+00 54.2 28 0 0.00 1.6E-03 0.0E+00 60.2 34 0 0.00 4.0E-04 0.0E+00 54.2 54 625 0.39 4.0E-06 1.6E-06 34.2 33 975 0.61 5.0E-04 3.1E-04 55.2 1600 3.1E-04 35 400 93 -4.8 88.2 35 53.0709
500 36 0 0.00 2.5E-04 0.0E+00 53.8 30 0 0.00 1.0E-03 0.0E+00 59.8 36 0 0.00 2.5E-04 0.0E+00 53.8 57 625 0.39 2.0E-06 7.8E-07 32.8 37 975 0.61 2.0E-04 1.2E-04 52.8 1600 1.2E-04 39 500 93 -3.2 89.8 39 50.6766
630 37 0 0.00 2.0E-04 0.0E+00 52.1 31 0 0.00 7.9E-04 0.0E+00 58.1 37 0 0.00 2.0E-04 0.0E+00 52.1 58 625 0.39 1.6E-06 6.2E-07 31.1 39 975 0.61 1.3E-04 7.7E-05 50.1 1600 7.7E-05 41 630 91 -1.9 89.1 41 47.98375
800 37 0 0.00 2.0E-04 0.0E+00 52.2 33 0 0.00 5.0E-04 0.0E+00 56.2 37 0 0.00 2.0E-04 0.0E+00 52.2 61 625 0.39 7.9E-07 3.1E-07 28.2 40 975 0.61 1.0E-04 6.1E-05 49.2 1600 6.1E-05 42 800 90 -0.8 89.2 42 47.0709

1000 37 0 0.00 2.0E-04 0.0E+00 52.0 35 0 0.00 3.2E-04 0.0E+00 54.0 37 0 0.00 2.0E-04 0.0E+00 52.0 63 625 0.39 5.0E-07 2.0E-07 26.0 41 975 0.61 7.9E-05 4.8E-05 48.0 1600 4.9E-05 43 1000 89 0 89 43 45.86638
1250 36 0 0.00 2.5E-04 0.0E+00 53.6 35 0 0.00 3.2E-04 0.0E+00 54.6 36 0 0.00 2.5E-04 0.0E+00 53.6 65 625 0.39 3.2E-07 1.2E-07 24.6 42 975 0.61 6.3E-05 3.8E-05 47.6 1600 3.9E-05 44 1250 89 0.6 89.6 44 45.46278
1600 37 0 0.00 2.0E-04 0.0E+00 52.0 34 0 0.00 4.0E-04 0.0E+00 55.0 37 0 0.00 2.0E-04 0.0E+00 52.0 66 625 0.39 2.5E-07 9.8E-08 23.0 43 975 0.61 5.0E-05 3.1E-05 46.0 1600 3.1E-05 45 1600 88 1 89 45 43.86278
2000 41 0 0.00 7.9E-05 0.0E+00 48.2 31 0 0.00 7.9E-04 0.0E+00 58.2 41 0 0.00 7.9E-05 0.0E+00 48.2 65 625 0.39 3.2E-07 1.2E-07 24.2 43 975 0.61 5.0E-05 3.1E-05 46.2 1600 3.1E-05 45 2000 88 1.2 89.2 45 44.06638
2500 45 0 0.00 3.2E-05 0.0E+00 43.3 31 0 0.00 7.9E-04 0.0E+00 57.3 45 0 0.00 3.2E-05 0.0E+00 43.3 66 625 0.39 2.5E-07 9.8E-08 22.3 46 975 0.61 2.5E-05 1.5E-05 42.3 1600 1.5E-05 48 2500 87 1.3 88.3 48 40.1766
3150 48 0 0.00 1.6E-05 0.0E+00 38.2 33 0 0.00 5.0E-04 0.0E+00 53.2 48 0 0.00 1.6E-05 0.0E+00 38.2 69 625 0.39 1.3E-07 4.9E-08 17.2 52 975 0.61 6.3E-06 3.8E-06 34.2 1600 3.9E-06 54 3150 85 1.2 86.2 54 32.10404 OVERALL
4000 51 0 0.00 7.9E-06 0.0E+00 34.0 35 0 0.00 3.2E-04 0.0E+00 50.0 51 0 0.00 7.9E-06 0.0E+00 34.0 71 625 0.39 7.9E-08 3.1E-08 14.0 57 975 0.61 2.0E-06 1.2E-06 28.0 1600 1.2E-06 59 4000 84 1 85 59 25.95829 OITC

100 67 100 74 100 67 100 59 100 65 100 63 37
OITC 33 OITC 26 OITC 33 OITC 42 OITC 35

Frederick Douglass Blvd Side
2nd floor retail and offices

ENTRANCE STOREFRONT GLASS NOT USED NOT USED
NOT USED Laminated 1/2" glass WINDOW Fixed 750 OG Acoustical Test with Standard Insulated Unit WALL Concrete block + 1 layer sheetrock Total Effective Effective OITC
Enter Enter 1/4"-.030-1/4" OITC Enter Enter YCW 750 OG OITC 26Transmission OITC Enter Enter OITC Enter Enter Transmission OITC Enter Enter Area Transmission OITC area  TransmissionComposite Column 1 Column 2 Column 3 Column 4 Column 5 Column 6

FLOOR TL Area 80 Hz estimatedCoefficient ContributionSub-Calc TL Area 80 Hz estimatedCoefficient ContributionSub-Calc TL Area ContributionSub-Calc TL Area 80 Hz estimatedCoefficient ContributionSub-Calc TL Area  fraction Coefficient ContributionSub-Calc Coefficient  TL Frequency Reference dBA CorrectionCo. 2+3 Enter TL Col. 4-5
80 21 0 0.00 7.9E-03 0.0E+00 59.5 22 2065.5 0.65 6.3E-03 4.1E-03 58.5 21 0 0.00 7.9E-03 0.0E+00 59.5 30 1134 0.35 1.0E-03 3.5E-04 50.5 30 0 0.00 1.0E-03 0.0E+00 50.5 3199.5 4.4E-03 24 80 103 -22.5 80.5 24 56.96178

100 25 0 0.00 3.2E-03 0.0E+00 57.9 26 2065.5 0.65 2.5E-03 1.6E-03 56.9 25 0 0.00 3.2E-03 0.0E+00 57.9 29 1134 0.35 1.3E-03 4.5E-04 53.9 33 0 0.00 5.0E-04 0.0E+00 49.9 3199.5 2.1E-03 27 100 102 -19.1 82.9 27 56.05508
125 29 0 0.00 1.3E-03 0.0E+00 55.9 24 2065.5 0.65 4.0E-03 2.6E-03 60.9 29 0 0.00 1.3E-03 0.0E+00 55.9 31 1134 0.35 7.9E-04 2.8E-04 53.9 30 0 0.00 1.0E-03 0.0E+00 54.9 3199.5 2.9E-03 25 125 101 -16.1 84.9 25 59.45088
160 28 0 0.00 1.6E-03 0.0E+00 56.6 25 2065.5 0.65 3.2E-03 2.0E-03 59.6 28 0 0.00 1.6E-03 0.0E+00 56.6 36 1134 0.35 2.5E-04 8.9E-05 48.6 30 0 0.00 1.0E-03 0.0E+00 54.6 3199.5 2.1E-03 27 160 98 -13.4 84.6 27 57.88481
200 30 0 0.00 1.0E-03 0.0E+00 56.1 17 2065.5 0.65 2.0E-02 1.3E-02 69.1 30 0 0.00 1.0E-03 0.0E+00 56.1 42 1134 0.35 6.3E-05 2.2E-05 44.1 31 0 0.00 7.9E-04 0.0E+00 55.1 3199.5 1.3E-02 19 200 97 -10.9 86.1 19 67.20696
250 33 0 0.00 5.0E-04 0.0E+00 53.4 19 2065.5 0.65 1.3E-02 8.1E-03 67.4 33 0 0.00 5.0E-04 0.0E+00 53.4 46 1134 0.35 2.5E-05 8.9E-06 40.4 27 0 0.00 2.0E-03 0.0E+00 59.4 3199.5 8.1E-03 21 250 95 -8.6 86.4 21 65.50419
315 33 0 0.00 5.0E-04 0.0E+00 54.4 21 2065.5 0.65 7.9E-03 5.1E-03 66.4 33 0 0.00 5.0E-04 0.0E+00 54.4 53 1134 0.35 5.0E-06 1.8E-06 34.4 33 0 0.00 5.0E-04 0.0E+00 54.4 3199.5 5.1E-03 23 315 94 -6.6 87.4 23 64.50094
400 34 0 0.00 4.0E-04 0.0E+00 54.2 28 2065.5 0.65 1.6E-03 1.0E-03 60.2 34 0 0.00 4.0E-04 0.0E+00 54.2 54 1134 0.35 4.0E-06 1.4E-06 34.2 33 0 0.00 5.0E-04 0.0E+00 55.2 3199.5 1.0E-03 30 400 93 -4.8 88.2 30 58.30542
500 36 0 0.00 2.5E-04 0.0E+00 53.8 30 2065.5 0.65 1.0E-03 6.5E-04 59.8 36 0 0.00 2.5E-04 0.0E+00 53.8 57 1134 0.35 2.0E-06 7.1E-07 32.8 37 0 0.00 2.0E-04 0.0E+00 52.8 3199.5 6.5E-04 32 500 93 -3.2 89.8 32 57.90419
630 37 0 0.00 2.0E-04 0.0E+00 52.1 31 2065.5 0.65 7.9E-04 5.1E-04 58.1 37 0 0.00 2.0E-04 0.0E+00 52.1 58 1134 0.35 1.6E-06 5.6E-07 31.1 39 0 0.00 1.3E-04 0.0E+00 50.1 3199.5 5.1E-04 33 630 91 -1.9 89.1 33 56.20419
800 37 0 0.00 2.0E-04 0.0E+00 52.2 33 2065.5 0.65 5.0E-04 3.2E-04 56.2 37 0 0.00 2.0E-04 0.0E+00 52.2 61 1134 0.35 7.9E-07 2.8E-07 28.2 40 0 0.00 1.0E-04 0.0E+00 49.2 3199.5 3.2E-04 35 800 90 -0.8 89.2 35 54.30321

1000 37 0 0.00 2.0E-04 0.0E+00 52.0 35 2065.5 0.65 3.2E-04 2.0E-04 54.0 37 0 0.00 2.0E-04 0.0E+00 52.0 63 1134 0.35 5.0E-07 1.8E-07 26.0 41 0 0.00 7.9E-05 0.0E+00 48.0 3199.5 2.0E-04 37 1000 89 0 89 37 52.10321
1250 36 0 0.00 2.5E-04 0.0E+00 53.6 35 2065.5 0.65 3.2E-04 2.0E-04 54.6 36 0 0.00 2.5E-04 0.0E+00 53.6 65 1134 0.35 3.2E-07 1.1E-07 24.6 42 0 0.00 6.3E-05 0.0E+00 47.6 3199.5 2.0E-04 37 1250 89 0.6 89.6 37 52.70181
1600 37 0 0.00 2.0E-04 0.0E+00 52.0 34 2065.5 0.65 4.0E-04 2.6E-04 55.0 37 0 0.00 2.0E-04 0.0E+00 52.0 66 1134 0.35 2.5E-07 8.9E-08 23.0 43 0 0.00 5.0E-05 0.0E+00 46.0 3199.5 2.6E-04 36 1600 88 1 89 36 53.10094
2000 41 0 0.00 7.9E-05 0.0E+00 48.2 31 2065.5 0.65 7.9E-04 5.1E-04 58.2 41 0 0.00 7.9E-05 0.0E+00 48.2 65 1134 0.35 3.2E-07 1.1E-07 24.2 43 0 0.00 5.0E-05 0.0E+00 46.2 3199.5 5.1E-04 33 2000 88 1.2 89.2 33 56.30038
2500 45 0 0.00 3.2E-05 0.0E+00 43.3 31 2065.5 0.65 7.9E-04 5.1E-04 57.3 45 0 0.00 3.2E-05 0.0E+00 43.3 66 1134 0.35 2.5E-07 8.9E-08 22.3 46 0 0.00 2.5E-05 0.0E+00 42.3 3199.5 5.1E-04 33 2500 87 1.3 88.3 33 55.40018
3150 48 0 0.00 1.6E-05 0.0E+00 38.2 33 2065.5 0.65 5.0E-04 3.2E-04 53.2 48 0 0.00 1.6E-05 0.0E+00 38.2 69 1134 0.35 1.3E-07 4.5E-08 17.2 52 0 0.00 6.3E-06 0.0E+00 34.2 3199.5 3.2E-04 35 3150 85 1.2 86.2 35 51.30003 OVERALL
4000 51 0 0.00 7.9E-06 0.0E+00 34.0 35 2065.5 0.65 3.2E-04 2.0E-04 50.0 51 0 0.00 7.9E-06 0.0E+00 34.0 71 1134 0.35 7.9E-08 2.8E-08 14.0 57 0 0.00 2.0E-06 0.0E+00 28.0 3199.5 2.0E-04 37 4000 84 1 85 37 48.10003 OITC

100 67 100 74 100 67 100 59 100 65 100 72 28
OITC 33 OITC 26 OITC 33 OITC 42 OITC 35

125th Street Side
3rd floor retail and offices

ENTRANCE STOREFRONT GLASS NOT USED
NOT USED Laminated 1/2" glass WINDOW Fixed 750 OG Acoustical Test with Standard Insulated Unit WALL Concrete block + 1 layer sheetrock Lam. 1/4" glass .030, 1/2" airspace, lam. 1/4" glass .090 Total Effective Effective OITC
Enter Enter 1/4"-.030-1/4" OITC Enter Enter YCW 750 OG OITC 26Transmission OITC Enter Enter OITC Enter Enter Transmission OITC Enter Enter Area Transmission OITC area  TransmissionComposite Column 1 Column 2 Column 3 Column 4 Column 5 Column 6

FLOOR TL Area 80 Hz estimatedCoefficient ContributionSub-Calc TL Area 80 Hz estimatedCoefficient ContributionSub-Calc TL Area ContributionSub-Calc TL Area 80 Hz estimatedCoefficient ContributionSub-Calc TL Area  fraction Coefficient ContributionSub-Calc Coefficient  TL Frequency Reference dBA CorrectionCo. 2+3 Enter TL Col. 4-5
80 21 0 0.00 7.9E-03 0.0E+00 59.5 22 0 0.00 6.3E-03 0.0E+00 58.5 21 0 0.00 7.9E-03 0.0E+00 59.5 30 990.83 0.38 1.0E-03 3.8E-04 50.5 30 1633.2 0.62 1.0E-03 6.2E-04 50.5 2624.03 1.0E-03 30 80 103 -22.5 80.5 30 50.5

100 25 0 0.00 3.2E-03 0.0E+00 57.9 26 0 0.00 2.5E-03 0.0E+00 56.9 25 0 0.00 3.2E-03 0.0E+00 57.9 29 990.83 0.38 1.3E-03 4.8E-04 53.9 33 1633.2 0.62 5.0E-04 3.1E-04 49.9 2624.03 7.9E-04 31 100 102 -19.1 82.9 31 51.86145
125 29 0 0.00 1.3E-03 0.0E+00 55.9 24 0 0.00 4.0E-03 0.0E+00 60.9 29 0 0.00 1.3E-03 0.0E+00 55.9 31 990.83 0.38 7.9E-04 3.0E-04 53.9 30 1633.2 0.62 1.0E-03 6.2E-04 54.9 2624.03 9.2E-04 30 125 101 -16.1 84.9 30 54.5489
160 28 0 0.00 1.6E-03 0.0E+00 56.6 25 0 0.00 3.2E-03 0.0E+00 59.6 28 0 0.00 1.6E-03 0.0E+00 56.6 36 990.83 0.38 2.5E-04 9.5E-05 48.6 30 1633.2 0.62 1.0E-03 6.2E-04 54.6 2624.03 7.2E-04 31 160 98 -13.4 84.6 31 53.1567
200 30 0 0.00 1.0E-03 0.0E+00 56.1 17 0 0.00 2.0E-02 0.0E+00 69.1 30 0 0.00 1.0E-03 0.0E+00 56.1 42 990.83 0.38 6.3E-05 2.4E-05 44.1 31 1633.2 0.62 7.9E-04 4.9E-04 55.1 2624.03 5.2E-04 33 200 97 -10.9 86.1 33 53.24511
250 33 0 0.00 5.0E-04 0.0E+00 53.4 19 0 0.00 1.3E-02 0.0E+00 67.4 33 0 0.00 5.0E-04 0.0E+00 53.4 46 990.83 0.38 2.5E-05 9.5E-06 40.4 27 1633.2 0.62 2.0E-03 1.2E-03 59.4 2624.03 1.3E-03 29 250 95 -8.6 86.4 29 57.37375
315 33 0 0.00 5.0E-04 0.0E+00 54.4 21 0 0.00 7.9E-03 0.0E+00 66.4 33 0 0.00 5.0E-04 0.0E+00 54.4 53 990.83 0.38 5.0E-06 1.9E-06 34.4 33 1633.2 0.62 5.0E-04 3.1E-04 54.4 2624.03 3.1E-04 35 315 94 -6.6 87.4 35 52.36697
400 34 0 0.00 4.0E-04 0.0E+00 54.2 28 0 0.00 1.6E-03 0.0E+00 60.2 34 0 0.00 4.0E-04 0.0E+00 54.2 54 990.83 0.38 4.0E-06 1.5E-06 34.2 33 1633.2 0.62 5.0E-04 3.1E-04 55.2 2624.03 3.1E-04 35 400 93 -4.8 88.2 35 53.16158
500 36 0 0.00 2.5E-04 0.0E+00 53.8 30 0 0.00 1.0E-03 0.0E+00 59.8 36 0 0.00 2.5E-04 0.0E+00 53.8 57 990.83 0.38 2.0E-06 7.5E-07 32.8 37 1633.2 0.62 2.0E-04 1.2E-04 52.8 2624.03 1.2E-04 39 500 93 -3.2 89.8 39 50.76697
630 37 0 0.00 2.0E-04 0.0E+00 52.1 31 0 0.00 7.9E-04 0.0E+00 58.1 37 0 0.00 2.0E-04 0.0E+00 52.1 58 990.83 0.38 1.6E-06 6.0E-07 31.1 39 1633.2 0.62 1.3E-04 7.8E-05 50.1 2624.03 7.9E-05 41 630 91 -1.9 89.1 41 48.07375
800 37 0 0.00 2.0E-04 0.0E+00 52.2 33 0 0.00 5.0E-04 0.0E+00 56.2 37 0 0.00 2.0E-04 0.0E+00 52.2 61 990.83 0.38 7.9E-07 3.0E-07 28.2 40 1633.2 0.62 1.0E-04 6.2E-05 49.2 2624.03 6.3E-05 42 800 90 -0.8 89.2 42 47.16158

1000 37 0 0.00 2.0E-04 0.0E+00 52.0 35 0 0.00 3.2E-04 0.0E+00 54.0 37 0 0.00 2.0E-04 0.0E+00 52.0 63 990.83 0.38 5.0E-07 1.9E-07 26.0 41 1633.2 0.62 7.9E-05 4.9E-05 48.0 2624.03 5.0E-05 43 1000 89 0 89 43 45.9573
1250 36 0 0.00 2.5E-04 0.0E+00 53.6 35 0 0.00 3.2E-04 0.0E+00 54.6 36 0 0.00 2.5E-04 0.0E+00 53.6 65 990.83 0.38 3.2E-07 1.2E-07 24.6 42 1633.2 0.62 6.3E-05 3.9E-05 47.6 2624.03 3.9E-05 44 1250 89 0.6 89.6 44 45.55389
1600 37 0 0.00 2.0E-04 0.0E+00 52.0 34 0 0.00 4.0E-04 0.0E+00 55.0 37 0 0.00 2.0E-04 0.0E+00 52.0 66 990.83 0.38 2.5E-07 9.5E-08 23.0 43 1633.2 0.62 5.0E-05 3.1E-05 46.0 2624.03 3.1E-05 45 1600 88 1 89 45 43.95389
2000 41 0 0.00 7.9E-05 0.0E+00 48.2 31 0 0.00 7.9E-04 0.0E+00 58.2 41 0 0.00 7.9E-05 0.0E+00 48.2 65 990.83 0.38 3.2E-07 1.2E-07 24.2 43 1633.2 0.62 5.0E-05 3.1E-05 46.2 2624.03 3.1E-05 45 2000 88 1.2 89.2 45 44.1573
2500 45 0 0.00 3.2E-05 0.0E+00 43.3 31 0 0.00 7.9E-04 0.0E+00 57.3 45 0 0.00 3.2E-05 0.0E+00 43.3 66 990.83 0.38 2.5E-07 9.5E-08 22.3 46 1633.2 0.62 2.5E-05 1.6E-05 42.3 2624.03 1.6E-05 48 2500 87 1.3 88.3 48 40.26697
3150 48 0 0.00 1.6E-05 0.0E+00 38.2 33 0 0.00 5.0E-04 0.0E+00 53.2 48 0 0.00 1.6E-05 0.0E+00 38.2 69 990.83 0.38 1.3E-07 4.8E-08 17.2 52 1633.2 0.62 6.3E-06 3.9E-06 34.2 2624.03 4.0E-06 54 3150 85 1.2 86.2 54 32.19296 OVERALL
4000 51 0 0.00 7.9E-06 0.0E+00 34.0 35 0 0.00 3.2E-04 0.0E+00 50.0 51 0 0.00 7.9E-06 0.0E+00 34.0 71 990.83 0.38 7.9E-08 3.0E-08 14.0 57 1633.2 0.62 2.0E-06 1.2E-06 28.0 2624.03 1.3E-06 59 4000 84 1 85 59 26.04435 OITC

100 67 100 74 100 67 100 59 100 65 100 64 37
OITC 33 OITC 26 OITC 33 OITC 42 OITC 35

Frederick Douglass Blvd Side
3rd floor retail and offices

ENTRANCE STOREFRONT GLASS NOT USED NOT USED
NOT USED Laminated 1/2" glass WINDOW Fixed 750 OG Acoustical Test with Standard Insulated Unit WALL Concrete block + 1 layer sheetrock Total Effective Effective OITC
Enter Enter 1/4"-.030-1/4" OITC Enter Enter YCW 750 OG OITC 26Transmission OITC Enter Enter OITC Enter Enter Transmission OITC Enter Enter Area Transmission OITC area  TransmissionComposite Column 1 Column 2 Column 3 Column 4 Column 5 Column 6

FLOOR TL Area 80 Hz estimatedCoefficient ContributionSub-Calc TL Area 80 Hz estimatedCoefficient ContributionSub-Calc TL Area ContributionSub-Calc TL Area 80 Hz estimatedCoefficient ContributionSub-Calc TL Area  fraction Coefficient ContributionSub-Calc Coefficient  TL Frequency Reference dBA CorrectionCo. 2+3 Enter TL Col. 4-5
80 21 0 0.00 7.9E-03 0.0E+00 59.5 22 2154.54 0.57 6.3E-03 3.6E-03 58.5 21 0 0.00 7.9E-03 0.0E+00 59.5 30 1614.46 0.43 1.0E-03 4.3E-04 50.5 30 0 0.00 1.0E-03 0.0E+00 50.5 3769 4.0E-03 24 80 103 -22.5 80.5 24 56.55866

100 25 0 0.00 3.2E-03 0.0E+00 57.9 26 2154.54 0.57 2.5E-03 1.4E-03 56.9 25 0 0.00 3.2E-03 0.0E+00 57.9 29 1614.46 0.43 1.3E-03 5.4E-04 53.9 33 0 0.00 5.0E-04 0.0E+00 49.9 3769 2.0E-03 27 100 102 -19.1 82.9 27 55.85606
125 29 0 0.00 1.3E-03 0.0E+00 55.9 24 2154.54 0.57 4.0E-03 2.3E-03 60.9 29 0 0.00 1.3E-03 0.0E+00 55.9 31 1614.46 0.43 7.9E-04 3.4E-04 53.9 30 0 0.00 1.0E-03 0.0E+00 54.9 3769 2.6E-03 26 125 101 -16.1 84.9 26 59.07642
160 28 0 0.00 1.6E-03 0.0E+00 56.6 25 2154.54 0.57 3.2E-03 1.8E-03 59.6 28 0 0.00 1.6E-03 0.0E+00 56.6 36 1614.46 0.43 2.5E-04 1.1E-04 48.6 30 0 0.00 1.0E-03 0.0E+00 54.6 3769 1.9E-03 27 160 98 -13.4 84.6 27 57.42238
200 30 0 0.00 1.0E-03 0.0E+00 56.1 17 2154.54 0.57 2.0E-02 1.1E-02 69.1 30 0 0.00 1.0E-03 0.0E+00 56.1 42 1614.46 0.43 6.3E-05 2.7E-05 44.1 31 0 0.00 7.9E-04 0.0E+00 55.1 3769 1.1E-02 19 200 97 -10.9 86.1 19 66.68156
250 33 0 0.00 5.0E-04 0.0E+00 53.4 19 2154.54 0.57 1.3E-02 7.2E-03 67.4 33 0 0.00 5.0E-04 0.0E+00 53.4 46 1614.46 0.43 2.5E-05 1.1E-05 40.4 27 0 0.00 2.0E-03 0.0E+00 59.4 3769 7.2E-03 21 250 95 -8.6 86.4 21 64.97777
315 33 0 0.00 5.0E-04 0.0E+00 54.4 21 2154.54 0.57 7.9E-03 4.5E-03 66.4 33 0 0.00 5.0E-04 0.0E+00 54.4 53 1614.46 0.43 5.0E-06 2.1E-06 34.4 33 0 0.00 5.0E-04 0.0E+00 54.4 3769 4.5E-03 23 315 94 -6.6 87.4 23 63.97334
400 34 0 0.00 4.0E-04 0.0E+00 54.2 28 2154.54 0.57 1.6E-03 9.1E-04 60.2 34 0 0.00 4.0E-04 0.0E+00 54.2 54 1614.46 0.43 4.0E-06 1.7E-06 34.2 33 0 0.00 5.0E-04 0.0E+00 55.2 3769 9.1E-04 30 400 93 -4.8 88.2 30 57.77945
500 36 0 0.00 2.5E-04 0.0E+00 53.8 30 2154.54 0.57 1.0E-03 5.7E-04 59.8 36 0 0.00 2.5E-04 0.0E+00 53.8 57 1614.46 0.43 2.0E-06 8.5E-07 32.8 37 0 0.00 2.0E-04 0.0E+00 52.8 3769 5.7E-04 32 500 93 -3.2 89.8 32 57.37777
630 37 0 0.00 2.0E-04 0.0E+00 52.1 31 2154.54 0.57 7.9E-04 4.5E-04 58.1 37 0 0.00 2.0E-04 0.0E+00 52.1 58 1614.46 0.43 1.6E-06 6.8E-07 31.1 39 0 0.00 1.3E-04 0.0E+00 50.1 3769 4.5E-04 33 630 91 -1.9 89.1 33 55.67777
800 37 0 0.00 2.0E-04 0.0E+00 52.2 33 2154.54 0.57 5.0E-04 2.9E-04 56.2 37 0 0.00 2.0E-04 0.0E+00 52.2 61 1614.46 0.43 7.9E-07 3.4E-07 28.2 40 0 0.00 1.0E-04 0.0E+00 49.2 3769 2.9E-04 35 800 90 -0.8 89.2 35 53.77644

1000 37 0 0.00 2.0E-04 0.0E+00 52.0 35 2154.54 0.57 3.2E-04 1.8E-04 54.0 37 0 0.00 2.0E-04 0.0E+00 52.0 63 1614.46 0.43 5.0E-07 2.1E-07 26.0 41 0 0.00 7.9E-05 0.0E+00 48.0 3769 1.8E-04 37 1000 89 0 89 37 51.57644
1250 36 0 0.00 2.5E-04 0.0E+00 53.6 35 2154.54 0.57 3.2E-04 1.8E-04 54.6 36 0 0.00 2.5E-04 0.0E+00 53.6 65 1614.46 0.43 3.2E-07 1.4E-07 24.6 42 0 0.00 6.3E-05 0.0E+00 47.6 3769 1.8E-04 37 1250 89 0.6 89.6 37 52.17454
1600 37 0 0.00 2.0E-04 0.0E+00 52.0 34 2154.54 0.57 4.0E-04 2.3E-04 55.0 37 0 0.00 2.0E-04 0.0E+00 52.0 66 1614.46 0.43 2.5E-07 1.1E-07 23.0 43 0 0.00 5.0E-05 0.0E+00 46.0 3769 2.3E-04 36 1600 88 1 89 36 52.57334
2000 41 0 0.00 7.9E-05 0.0E+00 48.2 31 2154.54 0.57 7.9E-04 4.5E-04 58.2 41 0 0.00 7.9E-05 0.0E+00 48.2 65 1614.46 0.43 3.2E-07 1.4E-07 24.2 43 0 0.00 5.0E-05 0.0E+00 46.2 3769 4.5E-04 33 2000 88 1.2 89.2 33 55.77258
2500 45 0 0.00 3.2E-05 0.0E+00 43.3 31 2154.54 0.57 7.9E-04 4.5E-04 57.3 45 0 0.00 3.2E-05 0.0E+00 43.3 66 1614.46 0.43 2.5E-07 1.1E-07 22.3 46 0 0.00 2.5E-05 0.0E+00 42.3 3769 4.5E-04 33 2500 87 1.3 88.3 33 54.87231
3150 48 0 0.00 1.6E-05 0.0E+00 38.2 33 2154.54 0.57 5.0E-04 2.9E-04 53.2 48 0 0.00 1.6E-05 0.0E+00 38.2 69 1614.46 0.43 1.3E-07 5.4E-08 17.2 52 0 0.00 6.3E-06 0.0E+00 34.2 3769 2.9E-04 35 3150 85 1.2 86.2 35 50.7721 OVERALL
4000 51 0 0.00 7.9E-06 0.0E+00 34.0 35 2154.54 0.57 3.2E-04 1.8E-04 50.0 51 0 0.00 7.9E-06 0.0E+00 34.0 71 1614.46 0.43 7.9E-08 3.4E-08 14.0 57 0 0.00 2.0E-06 0.0E+00 28.0 3769 1.8E-04 37 4000 84 1 85 37 47.5721 OITC
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Metric (mm):
US Standard units (inch)
Interlayer:

The following details are specific to the identified configuration:
Test Number:
Single Number Ratings:

STC* 40 STC Deficiencies
OITC* 35 28 Frequency TL Data

Rw* 40 80 30
RA -1 dBA Reduction 100 33

RA, Tr -4 DR3 125 30
C 39 199 160 30

CTr 36 200 31
Characteristics SI US Std. 250 27
Test Number: 315 33
Test Standard: 400 33
Test Date: 500 37
Glazing Type: 630 39
Panel Size: 914.4 x 2133.6 mm 35.75 x 83.75 inches 800 40
Unit Area: 1.66 mm2 18 ft2 1000 41
Aspect Ratio: 1250 42
Unit Weight: 34 kg/sqm 7 lbs/sqft 1600 43
Unit Thickness: 25.4 mm 1.12 inches 2000 43
Spacer Type: 2500 46
Insulating Unit: 3415 52
Temperature at Test: 20 °C 68 °F 4000 57
Humidity at Test: 5000 62

JCS40672V1

3.0-0.76 Saflex®-3.0[12.7 AS]3.0-2.29 Saflex®-3.0
1/8-0.030 Saflex®-1/8[1/2 AS]1/8-0.090 Saflex®-1/8

RAL: TL96-358

Dbl. Lam IGU

Saflex® interlayer by Solutia Inc.

Sound Transmission Loss Data

17-Dec-96
ASTM E90-90; E413-87

RAL: TL96-358

Laminated Glass with Saflex® interlayer
Acoustical Performance Data

The configuration detailed in this test report is a Dbl. Lam IGU glazing.
Configuration:

© 2011 Solutia Inc., St. Louis, Missouri, U.S.A. All rights reserved. SOLUTIA and Radiance Logo™, Saflex® and Vanceva® are trademarks of Solutia 
Inc. As used herein, ® denotes registered trademark status in the U.S. only.

Notice
The information set forth in this data sheet is presented in good faith 
and believed to be correct.  Solutia Inc. and its subsidiaries and 
affiliates (collectively, “Solutia”) make no representations or 
warranties as to the completeness or accuracy thereof. THIS 
INFORMATION IS PROVIDED “AS-IS,” WITHOUT WARRANTY OF ANY 
KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING WITHOUT 
LIMITATION, THE IMPLIED WARRANTIES OF MERCHANTABILITY 
AND FITNESS FOR A PARTICULAR PURPOSE.  IN NO EVENT WILL 
SOLUTIA BE LIABLE FOR DAMAGES OF ANY KIND, INCLUDING 
WITHOUT LIMITATION, ANY INCIDENTAL, CONSEQUENTIAL OR 
PUNITIVE DAMAGES ARISING OUT OF THE USE OF THIS 
This information is supplied on the condition that the persons 
receiving it will make their own determinations as to its suitability for 
their purpose(s) before use. The data presented is derived from 
samples tested.  Results are not guaranteed for all samples or for 
conditions other than those tested.  Data and its respective 
measured, calculated or estimated single number ratings is for glass 
panels only – glazing installed in frames may differ significantly in 
performance.

* typical test deviation ± 1 unit.

Acoustical Testing Performed on Glass only at: Riverbank Acoustical Testing Laboratory, Geneva, Illinois, USA

This configuration incorporates Saflex Q series interlayer - a high performance acoustical interlayer for laminated glass.
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1.0 EXECUTIVE SUMMARY 
The Vapor Barrier and active Sub-Slab Depressurization System Design Specifications have been 
prepared by Hydro Tech Environmental, Corp. (Hydro Tech) as a part of the Remedial Action 
Work Plan (RAWP) for the property located at 2329 Frederick Douglas Boulevard (Block 1952, 
Lots 29), Manhattan, New York. These systems have been designed to mitigate potential soil 
intrusions of organic and chlorinated vapors and semi-organic compounds present beneath the 
Site. The Site has been assigned a New York City Mayor’s Office of Environmental Remediation 
(OER) case #11EHAN220M a New York City Brownfield Cleanup Program ID # 12CBCP020M. 
 
The proposed development plan at this property includes the development of a 3-story 
commercial building with a single level cellar. The building will be developed throughout the 
entire property. The northwest corner of the site will be excavated to a depth of 4 feet and within 
this portion the building will be built with a slab on grade. The proposed building slab will be 
approximately 6 inches in thickness.  The bottom of cellar slab will be approximately 16 feet 
below grade. The depth to water beneath the Site is approximately 21 feet 6 inches. In order to 
prevent subsurface vapors from impacting the interior air of the buildings at the Site, a vapor 
barrier system consisting of a 30-mil High Density Polyethylene (HDPE) Geomembrane and an 
active sub-slab depressurization system will be installed beneath the cellar slab/foundations of 
the building. The vapor barrier will be extended up to grade level by attaching it to the outside of 
the foundation walls utilizing 4000 Bithutene membrane.    
 
These systems will be installed under the direct oversight of a Hydro Tech Environmental, Corp.  
(Hydro Tech) Engineer.  Following the completion of all site construction, Hydro Tech will prepare 
a Remedial Closure Report for submittal to the New York Office Mayor Office of Environmental 
Remediation (OER) under separate cover. This Closure Report will provide documentation of all 
aspects of the project above and will be signed/stamped by a NYS-licensed Professional Engineer.   



Vapor Barrier & Active Depressurization System Design Specifications August 24, 2011 
2329 Frederick Douglas Boulevard  OER #11EHAN220M 
New York, NY  NYS BCP  #12CBCP020M 
  Page 2  
 

 

2.0 INTRODUCTION 
 
The Vapor Barrier (VB) system and active Sub-Slab Depressurization System (SSDS) will be 
installed in accordance with the manufacturer’s specifications in order to sustain long-term 
exposure to organic and chlorinated vapors and semi-organic compounds present beneath the 
property situated at 2329 Frederick Douglas Boulevard (Block 1952; Lot 29), Manhattan, New 
York. 
 
These written specifications and accompanying engineering plans for the proposed VB and active 
SSDS complement and supplement each other.  Therefore, the Contractor shall review both of 
them for sizing their proper installation. 
 
These specifications consist of the following Sections: 
 

1. Important Note for Site Work – discusses safety issues that are specific to this Site.  
2. Standards – lists applicable standards for vapor barrier system construction. 
3. System Description – provides a brief overview of the vapor barrier system.  
 

2.1 Important Notes for Site Work 
 

Open flames and smoking are prohibited in the work area. 
 

During construction of the proposed VB and active SSDS system, the Contractor shall take all 
protective measures to ensure the health and safety of all site personnel from potential exposure 
to organic and chlorinated vapors. Care should be taken to eliminate exposure to metal and semi-
volatile compounds detected in the soil.   
  
2.2 Standards 
 
The American Society for Testing and Materials (ASTM) Standard D2321-89 (re-approved 1995), 
“Standard Practice for Underground Installation of Thermoplastic Pipe for Sewers and Other 
Gravity-Flow Applications,” is included here by reference.  Unless otherwise stated below, the 
Contractor shall follow ASTM Standard D2321 during trenching, backfilling and piping 
construction.  This specification is only needed in areas requiring trenching work.   
 
In addition to the above standards, the Contractor shall follow all applicable Federal, State and 
Local codes, regulations and ordinances pertaining to construction and safety. 
 
The Contractor shall consult with and follow the Engineer’s instructions in case any conflicts 
between these plans and specifications and any of the above standards may arise. 
 



Vapor Barrier & Active Depressurization System Design Specifications August 24, 2011 
2329 Frederick Douglas Boulevard  OER #11EHAN220M 
New York, NY  NYS BCP  #12CBCP020M 
  Page 3  
 

 

3.0 VAPOR MITIGATION EFFORTS  
 

1. Based on the information provided by the Client, the proposed remedial construction 
activities at the Site include the construction of 3-story, 19,983 square foot, commercial 
building with a cellar. The cellar will also consist of a commercial space and will be 
developed over 17,858 square foot of the property.   The northwest corner of the property 
will not contain a cellar but will be excavated to a depth 4 feet for the layout of a building 
slab on grade. The building slab will be approximately 6 inches in thickness and the 
bottom of the cellar slab will be approximately 16 feet below grade.  At localized locations 
column footings will be installed to depth ranging from 18 feet 6 inches to 20 feet below 
grade and elevator and escalator pits will be installed to approximately 21 feet below 
grade. Figure 1 provides a Site excavation plan.  

 
2. The VB designed beneath the cellar slab/foundation will consist of a 30-mil GSE High 

Density Polyethylene (HDPE) Geomembrane and Grace 4000 Bithutene membrane 
around the foundation walls. The VB designs are depicted in the attached drawings and 
described in these written specifications. The VB has been designed specifically based on 
a specific modular concept for the proposed building footprints, cellar and foundation 
walls. The concept of VB design may be easily extended to other different-sized footprints; 
however, the Design Engineer’s prior approval must be obtained in such cases.   

 
3. The active SSDS prevents elevated soil gas levels inside buildings by creating a negative 

pressure zone beneath the slab. To create this negative pressure zone, a sub-slab 
perforated pipe is installed in aggregate under the slab. The sub-slab network of pipes is 
then connected to four suction fans mounted on the roof of the building and connected to 
four stack vents that exhaust air from beneath the slab to the outdoors. 
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4.0 DESIGN AND CONSTRUCTION PROCEDURES OF THE VAPOR BARRIER AND 
SSDS SYSTEMS 

 
4.1 Installation of Vapor Barrier System  
 
The essential guidelines for designing and installing the vapor barrier system are listed below: 
 

o A 30-mil GSE HDPE Geomembrane will be installed underneath the building slab and 
footings of foundation walls. The membrane will then be attached to Grace 4000 
Bithutene membrane, which will be installed on the outside of foundation walls and 
extended up linearly to grade as per manufacturer’s specifications.    
 

o The HDPE Geomembrane is to be pitched upward from the center of the building towards 
its perimeter at a rate of approximately 1/2” per foot in length direction and 1/4” per foot 
in width direction to ensure that the membrane will not be inadvertently pitched 
downward during construction thus ensuring that there will be no pockets of trapped 
gases under the membrane, and also to provide an additional buoyant pathway for the 
gases to travel away from the center towards the building perimeter. 
 

o The HDPE membrane will be protected by a geo-textile non-woven fabric (8 oz./sq. yd.) on 
both sides to prevent tears, and the entire assembly is additionally protected by 
minimum 4”-thick layers of fine Mason Sand on both sides.  

 
o The HDPE membrane shall be continuous in order to be effective.  The membrane shall 

completely cover the entire building area. Any joints/seams, both lateral and butt should 
be overlapped 6” and sealed properly in accordance to manufacturer’s spec sheets. 

 
o When installing the HDPE Geomembrane, sufficient slack shall be provided in the 

membrane on all sides when it is underneath the proposed slab so that it will yield at 
least 2” without tearing if and when any settlement of the slab occurs. Contractor shall 
follow manufacturer’s instructions for proper installation. 

 
o Extreme care shall be taken to ensure that all punctures, penetrations or tears in the 

material shall be sealed and covered with liquid bituthene as necessary prior to pouring 
concrete. 
 

o Bithutene 4000 membrane will be protected on the outer side by Hydroduct 200 drainage 
composite product or plywood to prevent any potential tears or punctures. 

 
 

4.2 Installation of Active Sub-Slab Depressurization System  
 
In order to create a negative pressure zone beneath the slab, a 4”-dia., Sch. 80 Polyvinyl Chloride 
(PVC) perforated pipe will be installed throughout the perimeter of the building area and laterally 
beneath the entire cellar area, as shown in the plans. The perforated piping will collect vapors 
deflected by the membrane traveling from the center to the perimeter and collect vapors traveling 
towards the building from the periphery. The essential guidelines for installing the SSDS are 
listed below: 
 
 

o The perforated pipe will have the following specifications: 
 

- Rectangular slots will be located throughout the pipe to serve as perforations. 
- Slots shall be in four (4) rows, oriented along the pipe circumference, with a 

0.125” slot width, a 0.25” on center separation between adjacent slots, a 90-
degree separation to centers of the two rows, and shall have 48 sq. in. of open 
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area per foot of pipe.  The angle of separation between the two rows may vary 
from the above specifications, provided all other specifications are met. 

- Appropriately sized fittings (tees, elbows, etc.) will be used as required for 
installing the pipe.  Follow ASTM D2321 and manufacturers’ instructions for pipe 
installation, joint sealing and other installation tasks. 

 
o The underground perforated vent pipes should be embedded in high permeability gravel 

and protected by a geotextile non-woven liner (8 oz./sq. yd) in order to prevent it from 
becoming clogged by migrating fine sand particles. 

 
o The underground perforated piping network under the slab is then connected to four (4)  

non-perforated, 4”-dia., pipes attached to the exterior walls of the building. Each of 
these 4 pipes will then be connected to outdoor Radon Away G-501 model fans capable 
of a suction pressure of 4 inches of H2O. The fan will also be connected to an individual 
outdoor exhaust stack extending 4 feet above the roof of the building. The fan will create 
a negative pressure in the sub-slab environment beneath the building. Based on 
manufacturer specification, this type of fan can provide coverage up to 2,000 square feet 
in applications where sub-slab material is compact and communication is poor.  At a 
static suction of 4 inches of H2O, this fan can generate a flow of less than 5 cubic feet per 
minute (CFM). With a proposed discharge stack of at least 4 feet above the roof top with a 
maximum flow rate of less 5 CFM, no pollution control will be required for the SSD 
systems.   

 
o Starting at the floor slab, any openings between the vent pipe and the floor slab should 

be sealed with a high adhesive sealant like polyurethane. All piping joints shall be sealed.  
The visible vent pipes shall be labeled as “soil gas vent” and the labels made visible for 
occupants. 

 
o The fans will be mounted on the roof of the building and will be operated via a hand-off-

auto switch located on the main control panels. The fans will also be interlocked to 
individual alarm systems to prevent systems malfunctioning in the event of mechanical 
or electrical failure. 

 
Figure 2 provides Plan & Elevation. Figure 3 provides Section Details. Appendix 1 provides 
specifications sheets of Geomembrane, geo-textile fabric and liquid Bithutene. Attachment 2 
provides the Radon Away G-501 Specifications. 

 
4.3 Interaction with Underground Conduits 

 
Examples of utility penetrations through the building slab include water and sewer lines, utility 
lines to unit ventilators and radiators, electrical service entries, sub-slab conduits, air conditioner 
condensate drains and roof drains. The openings around these slab penetrations shall be sealed 
with polyurethane caulk. All unpressurized water and wastewater lines connected to the 
buildings shall be equipped with house traps (P-traps) to prevent the migration of gases through 
them into the building. These lines shall be equipped with vents on the outside of the building, 
such that the P-traps are located between these vents and the building to which they are 
connected. These measures are not needed for city water supply lines. 

 
4.4 Other Considerations 
 

1. If any trench construction or excavation is involved in the construction of the VB and 
SSDS, follow trench excavation instructions in ASTM D2321 and other applicable codes, 
regulations, and standards, including instructions for trench support and sloping as 
needed. Trench locations shall be clearly separated from the rest of the property with 
temporary fences, and access to the trench(s) shall be limited to only the workers and 
related equipment and shall be denied to all others. Construction shall be scheduled 
such that at the end of each day of work, all trench excavations during that day are 
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backfilled and consolidated, such that the possibility of any human, animal, or 
equipment falling into the trench(s) or sinking into a loosely backfilled trench is 
eliminated. The safety practices of the Contractor shall not be limited to those described 
or specified above; the Contractor shall also take all safety measures and precautions 
that are necessary for this project depending on project specific conditions. The 
Contractor is responsible for ensuring the safety of workers, as well as all other people, 
animals or equipment on Site during all construction activities related to this project, 
including trench construction.  

 
2. All soil material used as backfill (“fill”) will be imported from an approved facility/source. 

Hydro Tech will collect one (1) sample of the fill material for every 250 cubic yards of 
material.  Each sample will be analyzed for Target Compound List (TCL) VOCs, SVOCs, 
Pesticides/PCBs and Target Analyte List Metals by an ELAP-certified laboratory. The 
analytical results will then be compared to Soil Cleanup Objectives (SCOs) as specified in 
6 NYCRR Subpart 375 Section 6. The analytical data will be compared to the more 
stringent of SCOs for VOCs, SVOCs, PCBs/Pesticides, and TAL Metals between the 
Protection of Groundwater and the Protection of Public Health: Restricted-Residential. 
The tabulated results, compared to the appropriate SCOs, will be sent to OER for review 
and approval prior to importing the material/soil as clean fill. 
 

3. All soil material used as backfill (“fill”) shall be completely free of organic material and 
free of all extraneous materials such as roots, tree stumps, construction spoils or any 
other material that would eventually degrade and cause a change in soil volume.  Backfill 
shall also be free of rocks, bricks, nails or any other hard, sharp material that could 
damage the vapor barrier system and gas collection piping. 

 
4. Backfill shall not contain any frozen material and shall not be placed on frozen ground 

because of significant damage that can occur when the material thaws. Backfill shall be 
mixed and deposited in a manner as to produce reasonable uniformity throughout the 
mass. 

 
5. Backfill shall be carefully deposited into the excavation and compacted to form a 

uniformly, dense and stable mass.  Before a new layer of backfill is deposited on a freshly 
compacted layer, the surface of the compacted layer shall be scarified to enhance 
mechanical bonding between the surfaces of the two layers. 

 
6. Field inspections must be conducted while construction is in progress. 
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Introduction

1.0 Overview
This manual is a guide of the duties and responsibilities for a GSE QA technician.

ASTM Practices that this guide lists include the following and are included separately:

ASTM D-6392 Standard Test Methods For Determining The Integrity Of NonReinforced Geomembrane
Seams Produced Using Thermo Fusion Methods

ASTM D-5820 Standard Practice For Pressurized Air Channel Evaluation of Dual Seamed 
Geomembranes

ASTM D-5641 Standard Practice For Geomembrane Seam Evaluation By Vacuum Chamber

ASTM D-6497 Standard Guide For Mechanical Attachment of Geomembrane to Penetrations or
Structures

GRI Standard GM13 Test Properties, Testing Frequency and Recommended Warranty for High Density
Polyethylene (HDPE) Smooth and Textured Geomembranes

GRI Standard GM14 Selecting Variable Intervals for Taking Geomembrane Destructive Seam Samples
Using the Method of Attributes

GRI Standard GM17 Test Properties, Testing Frequency and Recommended Warranty for Linear Low
Density Polyethylene (LLDPE) Smooth and Textured Geomembranes

GRI Standard GM19 Standard Specification for Seam Strength and Related Properties of Thermally
Bonded Polyolefin Geomembranes

2.0 Material Delivery
2.01 Upon arrival on site, the GSE QA will do an inventory of materials on the job site.

2.02 Roll numbers of liner, textile, geonet and composite will be logged on the Inventory Check List and
cross-referenced with bills of lading (Materials Supplied by GSE).

2.03 Copies of the Inventory Check List and signed Bill of Ladings should be sent to the home office
with the QA retaining the originals.

2.04 Any visible damage to roll materials should be noted on the roll and Inventory Check List.

3.0 Earthwork
3.01 The General Contractor is responsible for preparing and maintaining the subgrade.  The subgrade

should be prepared and maintained per the individual job specifications.

3.02 Subgrade Surface Acceptance Certificate - The GSE Site Manager shall be responsible for assur-
ing that the subgrade surface has been properly prepared for deployment of geosynthetics.   If
GSE is required to sign a Subgrade Surface Acceptance Certificate, please use the form provid-
ed by GSE.  Under no circumstances sign off on subgrade that is not suitable for deployment of
geosynthetics. Sign the Subgrade Acceptance Certificate only on areas to be covered in one day,
preferably after deployment.
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Geomembranes Installation Quality Assurance Manual

Introduction

3.03 If the subgrade is unacceptable and the GC/Owner directs GSE to deploy over, the GSE Site
Manager must have the Owner's representative sign the Deployment by Owner's Direction Over
Unsuitable Subgrade Certificate which will take the place of the Subgrade acceptance Certificate
for the particular area being covered.

3.04 Prior to material installation, whenever possible, the QA should measure the area to be covered
and compare it to the area used for the bid.  An outline of the area including anchor trenches,
top of slopes and toe of slopes will be provided by GSE's Drafting department. Use this outline to
log actual on-site conditions, i.e....distances between anchor trenches, length of anchor trenches,
top of berms, length of slopes and/or any other relevant distances.

Note: Whenever possible distances will be included on the blank outlines.  If actual field dimen-
sions have changed or do not match the GSE outline the QA should notify their Supervisor and
then the Project Manager, so that quantities can be reassessed to determine the proper amount of
material needed for installation.  It is important to establish the limits of deployment with all par-
ties.  Any changes must be noted and signed off by the Customer’s Representative.

4.0 Panel Placement
4.01 Each panel will be assigned a number as detailed below.

4.01a When there is only one layer, panels may be designated with a number only, i.e....
1, 2, 3, 4 etc.

4.01b When two or more layers are required use a letter and number,  i.e.…
Secondary Liner S1, S2, S3, S4 etc…
Primary Liner   P1, P2, P3, P4 etc…
Tertiary Liner   T1, T2, T3, T4 etc…

4.02 This numbering system should be used whenever possible.  Agreement to a panel numbering sys-
tem should be made at the pre-construction meeting if possible.  However, it is essential that GSE's
system and the Owner's Representative/Third Party QA agree.  Do not use different systems.

4.03 Panel numbers shall be written in large block letters in the center of each deployed panel.  The
roll number, date of deployment and length (gross) should be noted below the panel number.  All
noting should be made so that they are easily visible from a distance.  On long panels it is ben-
eficial to write information at both ends.

4.04 Panel Numbers shall be logged on the GSE Panel Placement Log along with the roll number and
gross length.

4.05 If there is a partial roll left after deployment it is important to write the last four digits of the roll
number several times for future identification, along with the estimated length.

4.06   Deployment of geomembrane panels shall be performed in a manner that will comply with the fol-
lowing guidelines: 

4.06a  Unroll geomembrane using methods that will not damage geomembrane and will protect
underlying surface from damage (spreader bar, protected equipment bucket).
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4.06b  Place ballast (commonly sandbags) on geomembrane which will not damage geomem-
brane to prevent wind uplift. 

4.06c  Personnel walking on geomembrane shall not engage in activities or wear shoes that could
damage it.  Smoking will not be permitted on the geomembrane.

4.06d  Do not allow heavy vehicular traffic directly on geomembrane.  Rubber tired/tracked
ATV's and trucks are acceptable if wheel contact is less than 8 psi.

4.06e  Protect geomembrane in areas of heavy traffic by placing protective cover over the
geomembrane. 

4.06f   Driver shall check for sharp edges, embedded rocks, or other foreign material stuck into
or protruding out from tires/tracks prior to driving on any geosynthetic layer.

4.06g  Path driven on geosynthetics shall be as straight as possible with no sharp turns, sudden
stops, or quick starts.

4.06h  Areas where driving occurs shall be continuously and thoroughly inspected throughout the
deployment process by the contractor and the third party CQA.

5.0 Trial Welds
5.01 Seaming apparatus shall be allowed to warm up a minimum of 15 minutes before performing trial

welds.

5.02 Each seaming apparatus along with GSE Welding Tech will pass a trial weld prior to use.   Trial
welds to be performed in the morning and afternoon, as a minimum, as well as whenever there
is a power shutdown.

5.03 Fusion or wedge welds will always be performed or conducted on samples at least 6' long.
Extrusion welds will be done on samples at least 3' long.  

Note:  Always perform trial welds in the same conditions that exist on the job.  Run the trial welds
on the ground, not the installed liner.  Do not use a wind break unless you are using one on the
job.

5.04 Sampling Procedure

5.04a Cut 4 - 1" wide specimens from the trial weld sample.  Operating temperatures
should be monitored while welding.
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5.04b Specimens will always be cut using a 1" die cutter so the peel values may be used
for qualitative analysis.

5.04c When cutting coupons from the trial weld samples, the inside and outside tracks on
the coupon should be identified to assist in troubleshooting problems in case the
weld fails.  The outside track will be defined as the track which would be peeled if
pulling the overlap exposed in a typical installation,  or the seam which is closest
to the edge of the top sheet.  The inside track is the seam closest to the edge of the
bottom sheet.

5.04d Place a small mark on the exposed (Top) overlap to denote the outside track prior
to testing trial welds.

5.05 Die Cutter

5.05a Only cut one sample at a time to avoid damaging the die cutter.

5.05b Samples should be free of sand and grit prior to cutting sample.

5.05c Inspect the die edge weekly for nicks, dents or signs of dullness. Dullness of the cut-
ting edge may damage the units.

5.05d Remove die when edge has been dulled and lightly reshape it with a medium hand
file.  When wear is excessive return it for a replacement die.

5.05e When the cutting board becomes deeply scored and/or interferes with coupon cut-
ting it should be replaced.

5.05d To adjust the depth of the die cut into the cutting board, after replacing the cutting
board or sharpening the die, 0.015" washer shims can be added or removed
between the cutting ram and the ram extension. Only add shims when cutting is dif-
ficult due to lack of depth of cut.

5.06 Trial Weld Testing

5.06a Allow coupons to cool prior to testing.  Avoid separating the coupons while hot as
failure of the sheet may be initiated and false readings indicated. 

5.06b In extreme heat the coupons may need to be cooled, using water or an insulated
cooler prior to peel testing.  Lab conditions specify 70 degrees (plus or minus 4
degrees) Fahrenheit.  Coupon temperatures greater than 70 degrees may result in
lowered strengths.

5.06c Visually inspect the coupons for squeeze-out, footprint, pressure and general
appearance.

5.06d Each of the 4 coupons will be tested in peel on the field tensiometer at a separa-
tion rate of 2" per minute (for HDPE).  Shear tests, in addition to the peel tests, will
be performed if required by a site-specific QA. Plan.

5.07 Pass/Fail Criteria
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5.07a Criteria for passing trial welds will be as follows:

1) Seam must exhibit film tear bond (FTB).  Trial welds should have no incursion into the
weld.

2)  Peel and shear values shall meet or exceed the values listed below for HDPE smooth or
textured sheet (@ 2"/min.):

Material Shear Strength Fusion Peel Extrusion Peel
(Mil) (PPI) (PPI) (PPI)

40 81 65 52

60 121 98 78

80 162 130 104

100 203 162 130

3)  Peel and shear values shall meet or exceed the values listed below for LLDPE smooth or
textured sheet (@ 20"/min.):

Material Shear Strength Fusion Peel Extrusion Peel
(Mil) (PPI) (PPI) (PPI)

40 60 50 48

60 90 75 72

80 120 100 96

100 150 125 120

5.07b Both tracks of fusion welded samples must pass for the trial weld to be considered
acceptable.  If any of the four coupons fail either due to seam incursion (no FTB) or
low strength values, the trial weld must be re-done.

5.07c The GSE QA will give approval to proceed with welding after observing and
recording all trial welds.

5.08 Trial Weld Documentation

5.08a All trial weld data will be logged on the GSE Trial Weld log 

5.08b When logging fusion welded peel values on the GSE Trial Weld log indicate the
values for the outside track first, followed by the inside track

5.08c Speed and temperature settings will be recorded for each machine's trial weld

6.0 Geomembrane Field Seaming
6.01 The seam number takes the identity of the panels on each side. The seam between panels 1 & 2

becomes Seam 1/2. These lengths and seam numbers shall be recorded in the GSE Seam Log.

6.02 Welding Technicians will mark their initials/employee number, machine number, date and time at
the start of every seam.  Technician should also periodically mark temperatures along the seam
and at the end of the seam.
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6.03 Approved processes for field seaming and repairing are extrusion welding and fusion welding.
All welding equipment shall have accurate temperature monitoring devices installed and working
to ensure proper measurement.

6.04 Extrusion welding shall be used primarily for repairs, patching and special detail fabricating and
may be used for seaming.  The GSE Site Manager shall verify that:

1) equipment in use is functioning properly
2) welding personnel are purging the machine of heat degraded extrudate prior to actual

use
3) all work is performed on clean surfaces and done in a professional manner
4) no seaming will be performed in adverse weather conditions

6.05 Fusion welding, shall be used for seaming panels together and is not used for patching or detail
work.  The GSE Site Manager shall verify that:

1) the equipment used is functioning properly
2) seaming personnel are working in a professional manner and are attentive to their

duties
3) no seaming will be performed in adverse weather conditions

6.06 Seam preparation, the welding technician shall verify that:

1) prior to seaming, the seaming area is free of moisture, dust, dirt, sand or debris of any
nature

2) the seam is overlapped properly for fusion welding
3) the seam is overlapped or extended beyond damaged areas at least 4" when extrusion

welding
4) the seam is properly heat tacked and abraded when extrusion welding
5) seams are welded with fewest number of unmatched wrinkles or "fishmouths"

6.07 No seaming will be performed in ambient air temperatures or adverse weather conditions that
would jeopardize the integrity of the liner installation.

7.0 Field Destructive Testing
7.01 Destructive seam tests shall be performed to evaluate  bonded seam strength. The frequency of

sample removal shall be one sample per 500' of seam, unless specific site specifications differ.
Location of the destructive samples will be selected and marked by the QA Technician or third
party QA. Field testing should take place as soon as possible after seam is completed.

7.02 Samples should be labeled in numerical order, I.e. DS-1, DS-2 etc….This should carry thru any
layers and or multiple ponds, do not start numbering from 1 again. (This is the preferred method)

7.03 The size of samples and distribution should be approximately 12" x 39"(size may vary depend-
ent on Job requirements) and distributed as follows:

7.03a 12" x 12" piece given to QA Technician for field testing.
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7.03b 12" x 12" piece sent to Home Office for testing, if required.
7.03c 12" x 12" piece given to third party for independent testing, or archiving.

NOTE: All samples will be labeled showing test number, seam number, machine number, job num-
ber, date welded and welding tech number.

7.04 The sample given to the QA Technician in the field shall have ten coupons cut and be tested with
a tensiometer adjusted to a pull rate as shown below. The strength of four out of five specimens
should meet or exceed the values below, and the fifth specimen must meet or exceed 80% of the
value below.

1) Seam must exhibit film tear bond (FTB). Welds should have ≤25% incursion into the
weld.

2) Peel and shear values shall meet or exceed the values listed below for HDPE smooth or
textured sheet (@ 2"/min.):

Material Shear Strength Fusion Peel Extrusion Peel
(Mil) (PPI) (PPI) (PPI)

40 81 65 52

60 121 98 78

80 162 130 104

100 203 162 130

3) Peel and shear values shall meet or exceed the values listed below for LLDPE smooth or
textured sheet (@ 20"/min.):

Material Shear Strength Fusion Peel Extrusion Peel
(Mil) (PPI) (PPI) (PPI)

40 60 50 48

60 90 75 72

80 120 100 96

100 150 125 120
7.05 All weld destructive test data will be logged on the GSE Destructive test log.

7.06 When logging fusion welded peel values on the GSE Destructive Test Log, indicate the values for
the outside track first, followed by the inside track.

7.08 Test results will be noted in the GSE Destructive Test Log as P (pass) or F (fail).

7.09 If test fails, additional samples will be cut, approximately 10' on each side of the failed test, and
retested.  These will be labeled A (after) & B (before).  This procedure will repeat itself until a sam-
ple passes.  Then the area of failed seam between the two tests that pass will be capped or recon-
structed.

7.10 In lieu of taking an excessive number of samples, the GSE Site Manager may opt to extrusion weld
the flap or cap the entire seam and then non-destructively test according to Section 8.0.
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8.0 Non-Destructive Testing
8.01 GSE shall non-destructively test all seams their full length using an air pressure or vacuum test. The

purpose of this test is to check the continuity of the seam.

8.02 Air testing; the following procedures are applicable to those seams welded with a double-seam
fusion welder.

8.02a The equipment used shall consist of an air tank or pump capable of producing a
minimum  35 psi and a sharp needle with a pressure gauge attached to insert into
the air chamber.

8.02b Seal both ends of the seam by heating and then squeezing together. Insert the nee-
dle with the gauge into the air channel, it may be necessary to heat the liner to
make this easier. Pressurize the air channel to 30psi. Note time test starts and wait
a minimum of 5 minutes to check. If pressure after five minutes has dropped less
than 2 psi then the test is successful (Thickness of material may cause variance).

8.02c Cut opposite seam end and listen for pressure release to verify full seam has been
tested. 

8.02d If the test fails, follow these procedures.

a) While channel is under pressure walk the length of the seam listening for a
leak.

b) While channel is under pressure apply a soapy solution to the seam edge
and look for bubbles formed by air escaping.

c) Re-test the seam in smaller increments until the leak is found.

8.02e Once the leak is found using one of the proceedures above, cut out the leak area
and retest the portions of the seams between the leak areas as per 8.02a to 8.02c
above. Continue this proceedure until all sections of the seam pass the pressure test.

8.02f Repair the leak with a patch and vacuum test again.

8.02g All non-destructive tests will be noted in the GSE Non-Destructive Test/Repair log.

8.03 Vacuum testing; the following procedures are applicable to those seams welded with a extrusion
welder.

8.03a The equipment used shall consist of an vacuum pumping device, a vacuum box and
a foaming agent in solution.

8.03b Wet a section with the foaming agent, place vacuum box over wetted area.
Evacuate air from the vacuum box to a pressure suitable to affect a seal between
the box and geomembrane. Observe the seam through the viewing window for
the presence of soap bubbles emitting from the seam.

8.03c If no bubbles are observed, move box to the next area for testing. If bubbles are
observed, mark the area of the leak for repair as per Section 10.0 and retest as
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per Section 8.03.

Note:  If vacuum testing fusion welded seams, the overlap flap must be cut off to perform the tests.

9.0 Defects and Repairs
9.01 Identification; all seams and non-seam areas of the geomembrane lining system shall be exam-

ined for defects in the seam and sheet.

9.02 Identification of the defect should be made using the following procedures:

9.02a For any defect in the seam or sheet that is an actual breach (hole) in the liner, instal-
lation personnel shall circle the defect and mark with the letter "P" along side the
circle.  The letter "P" indicates a patch is required.

9.02b For any defect that is not an actual hole, installation personnel shall only circle the
defect indicating that the repair method may be only an extruded bead and that a
patch is not required.

9.02c Each suspect area that has been identified as needing repair shall be repaired in
accordance with this section and Non-Destructively tested as per Section 8.0.  After
all work is complete, the GSE Site Manager will conduct a final walk-through  to
confirm all repairs have been completed and debris removed.  Only after this final
evaluation by GSE's Site Manager and Owner/Agent shall any material be placed
over the installed liner.

10.0 Repair Procedures
10.01 Any Portion of the Geomembrane liner system exhibiting a defect which has been marked for

repair may be repaired with any one or combination of the following procedures:

1) Patching - used to repair holes, tears, undispersed raw materials in the sheet and dent-
ed areas.

2) Grind and Reweld - used to repair small sections of extruded seams.
3) Spot Welding - Used to repair small minor, localized flaws.
4) Flap Welding - Used to extrusion weld the flap of a fusion weld in lieu of a full cap.
5) Capping - Used to repair failed seams.
6) Topping - Application of extrudate bead directly to existing seams.

10.02 The following conditions shall apply to the above methods:

1) surfaces of the geomembrane which are to be repaired shall be roughened
2) all surfaces must be clean and dry at the time of the repair
3) all seaming equipment used in repairing procedures shall be qualified
4) all patches and caps shall extend at least 4" beyond the edge of the defect,  and all

patches must have rounded corners
5) all cut out holes in liner must have rounded corners, 3" min. radius

11.0 As-Built Drawing Procedures
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11.01 Liner Layout

11.01a Submitted As-built Drawings should always be on blank outlines supplied by GSE's
Drafting Department. (Phone 281-230-2518 Don Sharkey). When outlines are not
available plain paper may be used, but only after permission from GSE's Drafting
Department.

11.01b Accuracy to the way seams fit or join.

11.01c Using different colors makes information easier to see.  Drawings may be done in
ink or pencil, but writing must be neat.

11.01d Do not write so small that it is hard to read.

11.01e Suggested scale  is 1" = 40' (Other scales may be used if required).

11.02 Anchor Trenches

11.02a The amount of liner actually in the trench should be noted on the drawing. If amount
differs, show all differences and approximate locations.

11.02b If anchor trench is larger than shown on GSE's construction drawings then a writ-
ten approval should be obtained from the Owner/Agent representative. This should
be included in the as-built package.

11.03 Panel & Roll Numbers

11.03a Each panel will be assigned a number as detailed below. When there is only one
layer panels may be designate with a number only, i.e.... 1, 2, 3, 4 etc.

11.03b When two or more layers are required use a letter and number, i.e.…

Secondary Liner    S1, S2, S3, S4 etc…
Primary Liner   P1, P2, P3, P4 etc…
Tertiary Liner   T1, T2, T3, T4 etc…

11.03c This numbering system should be used whenever possible.  Agreement to a panel
numbering system should be made at the pre-construction meeting if possible.
However, it is essential that GSE's system and the Owner's Representative/Third
Party QA agree.  Do not use different systems.

11.03d Panel numbers shall be written in large block letters in the center of each deployed
panel.  The roll number, date of deployment and gross length should be noted
below the panel number. All notations should be made so that they are easily vis-
ible from a distance.  On long panels it is beneficial to write information at both
ends.

11.03e Panel Numbers shall be logged on the Daily Report Forms along with the roll num-
ber and gross length.
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11.03f Whenever possible, roll numbers should be placed next to panel numbers on the
field copies of the as-built drawing.

11.04 Seam Lengths

11.04a Every seam length that is not a cross-seam must be noted.  This includes rectangles,
squares, pies and any other shape (See Fig. A).

11.04b GSE assumes that all regular cross-seams are either 22' or 34' wide, unless they
are not full width panels they do not have to be noted on the drawing.  Panel widths
are measured perpendicularly across the panels.

11.04c All dimensions should be called out in tenths of a foot.

11.05 Tests

11.05a All test markings should conform to the "Legend" on the blank outline.

11.05b It can be assumed that all seam junctions will have a patch, therefore, it is only nec-
essary to note if they don't.

11.06 Seam Numbers

11.06a Since the seam number is drawn from the adjoining panels (I.e. 1/2, 10/11 etc.)
there is no need to call out seam numbers on the drawings.

11.06b Each seam must be logged in the Daily Report.
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Fig A

11.07 Miscellaneous

11.07a QA's name should be on all drawings and paperwork.

11.07b Any questions arising in the field about reporting issues may be handled by calling
Don Sharkey at 800-435-2008, ext 2518 or 281-230-2518.

12.0 Formulas
12.01 Here are some procedures using trig formulas to enable you to deal with slope corrections con-

cerning seam lengths on as-built drawings in order to do these calculations you will need a cal-
culator that performs trigonomic functions.

A = Rise
B = Base
C = Slope

(One dimension required)
220' - 3 3/4'

(Two dimensions required)

(Two dimensions required)

178' - 3'

190' - 3 3/4'

221' - 3 7/8'

198' - 9 3/4'

(Three dimensions
required)

67' - 6 3/4'

20' - 6'

???' - ???'

(Two dimensions required)
Measured length is 
Irregular unless??????

102' - 10'

102' - 7 7/8'

102' - 10'

The dimensions ??? 23-3 ?????

Typical Panel Measurements
Not to scale
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12.02 Useful Formulas

12.02a rise divided by base = Tangent of the angle

12.02b base divided by cosign of the angle = slope

12.02c slope multiplied by cosign of the angle = base

12.02d rise divided by Tangent of the angle = base

12.03 Slope factors

12.03a Slope factors can be used as a quick method of calculating seam lengths in a flat
plan, such as an as-built drawing. Most of the time when field drawings do not fit the
outline provided by the Drafting Department it is because actual seam lengths were
used instead of lengths calculated with a slope factor. Once you determine the slope
factor (a percentage of the actual length) it will probably make field drawings fit the
outlines better.  As usual, there are always exceptions to this theory.

12.03b To determine a slope factor simply divide the base length by the slope length. Lets use
a 3:1 slope as an example. With a base of 100' and a rise of 33.34' the angle of
the slope  becomes 18.435 degrees. 100' divided by the cosign of 18.435 degrees
equals 105.41'. Thus, if you divide 100' by 105.41' you get a slope factor of .9487
or rounded to the nearest one hundredth 0.95. 

Now, if you multiply your slope lengths by .95 you will get the actual plan view or
paper view length of a seam.

12.04 Typical Slope factors

Slope Slope Factor Degrees

2 to 1 0.895 26.565

3 to 1 0.949 18.435

4 to 1 0.970 14.036

5 to1 0.981 11.310

2.5 to 1 0.928 21.802
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Project Name: Site Manager:

Location: Material:

Job Number: Sheet Thickness:

Q.A. Technician: Smooth: Textured:

GSE Panel Placement Log

Length Square Feet Square FeetPanel Roll Deployment Width
Number Number Date (Feet) (Feet) Smooth Textured
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Project Name: Site Manager:

Location: Material:

Job Number: Sheet Thickness:

Q.A. Techncian: Smooth: Textured:

GSE Seam Log

Seam Time of Date of Type of Length of Machine Technician
Number Weld Weld Weld Seam Number ID Number
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Location: Material:

Job Number: Sheet Thickness:

Q.A. Technician: Smooth: Textured:

Technicians
ID NumberNo. Number

Trial MachineDate of
Trial

GSE Trial Weld Log

Preheat
Peel
ppi ppippi

Shear
ppi

Shear
ppi

Speed PeelTime of
Trial Temp.

Wedge
Mass

Ambient Pass
Fail

Shear
Y / N
FTBPeel

ppi ppi
Peel Shear

ppi
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GSE Lining Technology, Inc. Job No.:
19103 Gundle Road Project:
Houston, Texas 77073-3598 Client:
800-435-2008 Bill To:
281-443-8564
281-875-6010 Fax

Job Description:
% Complete of Total Job:

I, the undersigned, duly representative of:
Do hereby take over and accept the work described above from the date hereof and confirm to the best of 
my knowledge the work has been completed in accordance with the specifications and the terms and 
conditions of the contract.
Name Signature Title Date

Certificate accepted by GSE Lining Technology, Inc Representative.
Name Signature Title Date

Certificate of Acceptance

Material Estimated Square feet Final Quantity/Description
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GRI Standard GM 13*

STANDARD SPECIFICATION FOR TEST PROPERTIES, TESTING FREQUENCY AND RECOMMENDED
WARRANTY FOR HIGH DENSITY POLYETHYLENE (HDPE) SMOOTH AND TEXTURED GEOMEMBRANES
This specification was developed by the Geosynthetic Research Institute (GRI), with the cooperation of the member organ-
izations for general use by the public. It is completely optional in this regard and can be superseded by other existing
or new specifications on the subject matter in whole or in part. Neither GRI, the Geosynthetic Institute, nor any of its relat-
ed institutes, warrant or indemnifies any materials produced according to this specification either at this time or in the
future.

1.0 Scope
1.1 This specification covers high density polyethylene (HDPE) geomembranes with a formulated sheet

density of 0.940 g/ml, or higher, in the thickness range of 0.75 mm (30 mils) to 3.0 mm (120
mils). Both smooth and textured geomembrane surfaces are included.

1.2 This specification sets forth a set of minimum, physical, mechanical and chemical properties that
must be met, or exceeded by the geomembrane being manufactured. In a few cases a range is
specified. 

1.3 In the context of quality systems and management, this specification represents manufacturing
quality control (MQC). 

Note 1: Manufacturing quality control represents those actions taken by a manufacturer to ensure
that the product represents the stated objective and properties set forth in this specification. 

1.4 This standard specification is intended to ensure good quality and performance of HDPE geomem-
branes in general applications, but is possibly not adequate for the complete specification in a
specific situation. Additional tests, or more restrictive values for test indicated, may be necessary
under conditions of a particular application.

1.5 This specification also presents a recommended warrant which is focused on the geomembrane
material itself. 

1.6 The recommended warrant attached to this specification does not cover installation considerations
which is independent of the manufacturing of the geomembrane.

Note 2: For information on installation techniques, users of this standard are referred to the
geosynthetics literature, which is abundant on the subject. 

*This GRI standard is developed by the Geosynthetic Research Institute through consultation and review by the member
organizations. This specification will be reviewed at least every 2-years, or on an as-required basis. In this regard it is
subject to change at any time. The most recent revision date is the effective version.
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2. Referenced Documents 
2.1 ASTM Standards:

D 638 Test Method for Tensile Properties of Plastics 

D 792 Specific Gravity (Relative Density) and Density of Plastics by Displacement 

D 1004 Test Method for Initial Tear Resistance of Plastics Film and Sheeting 

D 1238 Test Method for Flow Rates of Thermoplastics by Extrusion Plastometer 

D 1505 Test Method for Density of Plastics by the Density-Gradient Technique 

D 1603 Test Method for Carbon Black in Olefm Plastics 

D 3895 Test Method for Oxidative Induction Time of Polyolefms by Thermal Analysis 

D 4218 Test Method for Determination of Carbon Black Content in Polyethylene Compounds
by the Muffle-Furnace Technique 

D 4833 Test Method for Index Puncture Resistance of Geotextiles, Geomembranes and
Related Products 

D5199 Test Method for Measuring Nominal Thickness of Geotextiles and Geomembranes 

D 5397 Procedure to Perform a Single Point Notched Constant Tensile Load -(SP-NCTL) Test:
Appendix 

D 5596 Test Method for Microscopic Evaluation of the Dispersion of Carbon Black in
Polyolefm Geosynthetics 

D 5721 Practice for Air-Oven Aging of Polyolefin Geomembranes 

D 5885 Test method for Oxidative Induction Time of Polyolefm Geosynthetics by High
Pressure Differential Scanning Calorimetry

D 5994 Test Method for Measuring the Core Thickness of Textured Geomembranes 

2.2 GRI Standards:

GM10 Specification for the Stress Crack Resistance of Geomembrane Sheet

GM 11 Accelerated Weathering of Geomembranes using a Fluorescent UVA-Condensation
Exposure Device

GM 12 Measurement of the Asperity Height ofTextured Geomembranes Using a Depth
Gage 

2.3 U. S. Environmental Protection Agency Technical Guidance Document "Quality Control Assurance
and Quality Control for Waste Containment Facilities," EPA/600/R-93/182, September 1993,
305 pgs. 

3.0 Definitions 
Manufacturing Quality Control (MQC)  –  A planned system of inspections that is used to directly monitor and control
the manufacture of a material which is factory originated. MQC is normally performed by the manufacturer of geosyn-
thetic materials and is necessary to ensure minimum (or maximum) specified values in the manufactured product. MQC
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refers to measures taken by the manufacturer to determine compliance with the requirements for materials and work-
manship as stated in certification documents and contract specifications. ret. EPA/600/R-93/182 

Manufacturing Quality Assurance (MQA)  –  A planned system of activities that provides assurance that the materials
were constructed as specified in the certification documents and contract specifications.  MQA includes manufacturing
facility inspections, verifications, audits and evaluation of the raw materials (resins and additives) and geosynthetic prod-
ucts to assess the quality of the manufactured materials. MQA refers to measures taken by the MQA organization to
determine if the manufacturer is in compliance with the product certification and contract specifications for the project.
ref. EPA/600/R-93/182 

Formulation, n  –  The mixture of a unique combination of ingredients identified by type, properties and quantity.  For
HDPE polyethylene geomembranes, a formulation is defined as the exact percentages and types ofresin(s), additives and
carbon black. 

4.0 Material Classification and Formulation 
4.1 This specification covers high density polyethylene geomembranes with a formulated sheet densi-

ty of 0.940 g/ml, or higher. Density can be measured by ASTM D1505 or ASTM D792. If the
latter. Method B is recommended. 

4.2 The polyethylene resin from which the geomembrane is made will generally be in the density
range of 0.932 g/ml or higher, and have a melt index value per ASTM D1238 of less than 1.0
g/10 min. 

4.3 The resin shall be virgin material with no more than 10% rework. If rework is used, it must be a
similar HDPE as the parent material.

4.4 No post consumer resin (PCR) of any type shall be added to the formulation.

5.0 Physical, Mechanical and Chemical Property Requirements
5.1 The geomembrane shall conform to the test property requirements prescribed in Tables 1 and 2.

Table 1 is for smooth HOPE geomembranes and Table 2 is for single and double sided textured
HDPE geomembranes. Each of the tables are given in English and SI (metric) units. The conver-
sion from English to SI (metric) is soft.

Note 3:  There are several tests often included in other HDPE specifications which are omitted from
this standard because they are outdated, irrelevant or generate information that is not necessary
to evaluate on a routine MQC basis. The following tests have been purposely omitted:

• Volatile Loss • Water Absorption

• Dimensional Stability • Ozone Resistance

• Coeff. of Linear Expansion • Modulus of Elasticity

• Resistance to Soil Burial • Hydrostatic Resistance

• Low Temperature Impact • Tensile Impact

• ESCR Test (D 1693) • Field Seam Strength

• Wide Width Tensile • Multi-Axial Burst

• Water Vapor Transmission • Various Toxicity Tests
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Note 4:  There are several tests which are included in this standard (that are not customarily
required in other HDPE specifications) because they are relevant and important in the context of
current manufacturing processes. The following tests have been purposely added:

• Oxidative Induction Time

• Oven Aging

• Ultraviolet Resistance

• Asperity Height ofTextured Sheet

Note 5:  There are other tests in this standard, focused on a particular property, which are updat-
ed to current standards. The following are in this category:

• Thickness of Textured Sheet

• Puncture Resistance

• Stress Crack Resistance

• Carbon Black Dispersion (In the viewing and subsequent quantitative interpreta-
tion of ASTM D 5596 only near spherical agglomerates shall be included in the
assessment).

Note 6:  There are several GRI tests currently included in this standard. Since these topics are not
covered in ASTM standards, this is necessary. They are the following:

• UV Fluorescent Light Exposure

• Asperity Height Measurement

5.2 The values listed in the tables of this specification are to be interpreted according to the desig-
nated test method. In this respect they are neither minimum average roll values (MARV) nor max-
imum average roll values (MaxARV).

5.3 The properties of the HDPE geomembrane shall be tested at the minimum frequencies shown in
Tables 1 and 2. If the specific manufacturer's quality control guide is more stringent and is certi-
fied accordingly, it must be followed in like manner.

Note 7:  This specification is focused on manufacturing quality control (MQC). Conformance test-
ing and manufacturing quality assurance (MQA) testing are at the discretion of the purchaser
and/or quality assurance engineer, respectively.

6. Workmanship and Appearance
6.1 Smooth geomembrane shall have good appearance qualities. It shall be free from such defects

that would affect the specified properties of the geomembrane.

6.2 Textured geomembrane shall generally have uniform texturing appearance. It shall be free from
agglomerated texturing material and such defects that would affect the specified properties of the
geomembrane.
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6.3 General manufacturing procedures shall be performed in accordance with the manufacturer's
internal quality control guide and/or documents.

7. MQC Sampling
7.1 Sampling shall be in accordance with the specific test methods listed in Tables 1 and 2. If no sam-

pling protocol is stipulated in the particular test method, then test specimens shall be taken even-
ly spaced across the entire roll width.

7.2 The number of tests shall be in accordance with the appropriate test methods listed in Tables 1
and 2.

7.3 The average of the test results should be calculated per the particular standard cited and com-
pared to the minimum value listed in these tables, hence the values listed are the minimum aver-
age values and are designated as "min. ave."

8. MQC Retest and Rejection
8.1 If the results of any test do not conform to the requirements of this specification, retesting to deter-

mine conformance or rejection should be done in accordance with the manufacturing protocol as
set forth in the manufacturer's quality manual.

9. Packaging and Marketing
9.1 The geomembrane shall be rolled onto a substantial core or core segments and held firm by ded-

icated straps/slings, or other suitable means. The rolls must be adequate for safe transportation
to the point of delivery, unless otherwise specified in the contract or order.

10. Certification
10.1 Upon request of the purchaser in the contract or order, a manufacturer's certification that the mate-

rial was manufactured and tested in accordance with this specification, together with a report of
the test results, shall be furnished at the time of shipment.

11. Warranty
11.1 Upon request of the purchaser in the contract or order, a manufacturer's warrant of

the quality of the material shall be furnished at the completion of the terms of the
contract.

11.2 A recommended warranty for smooth and textured HDPE geomembranes manu-
factured and tested in accordance with this specification is given in Appendix A.

11.3 The warranty in Appendix A is for the geomembrane itself. It does not cover sub-
grade preparation, installation, seaming, or backfilling. These are separate opera-
tions that are often beyond the control, or sphere of influence, of the geomembrane
manufacturer.

Note 8:  If a warrant is required for installation, it is to be developed between the
installation contractor and the party requesting such a document.
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TYPICAL HDPE GEOMEMBRANE WARRANTY
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ADOPTION AND REVISION SCHEDULE FOR HDPE SPECIFICATION PER GRI-GM13
“Test Properties, Testing Frequency and Recommended Warrant for High Density Polyethylene (HDPE) Smooth and
Textured Geomembranes”

Adopted: June 17, 1997 

Revision 1: November 20, 1998; changed CB dispersion from allowing 2 views to be in Category 3 to requir-
ing all 10 views to be in Category 1 or 2.  Also reduced UV percent retained from 60% to 50%.

Revision 2: April 29, 1999:  added to Note 5 after the listing of Carbon Black Dispersion the following:  “(In
the viewing and subsequent quantitative interpretation of ASTM D5596 only near spherical agglom-
erates shall be included in the assessment)” and to Note (4) in the property tables.

Revision 3: June 28, 2000:  added a new Section 5.2 that the numeric table values are neither MARV or
MaxARV.  They are to be interpreted per the the designated test method.

Revision 4: December 13, 2000:  added one Category 3 is allowed for carbon black dispersion.  Also, unified
terminology to “strength” and “elongation”. 

Revision 5: May 15, 2003:  Increased minimum acceptable stress crack resistance time from 200 hrs to 300
hrs.

Revision 6: June 23, 2003:  Adopted ASTM D 6693, in place of ASTM D 638, for tensile strength testing.
Also, added Note 2.
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GRI Standard GM14

SELECTING VARIABLE INTERVALS FOR TAKING GEOMEMBRANE DESTRUCTIVE SEAM SAMPLES

1. Scope
1.1 This guide is focused on selecting the spacing interval for taking destructive seam samples of field

deployed geomembranes as a particular job progresses based on an installers ongoing record of
pass - or - fail testing.

Note 1 - While subjective at this time, the guide is most applicable to large geomembrane seam-
ing projects, which require more than 100 destructive seam samples based upon the typical sam-
pling strategy of 1 destructive sample per 150 m (500 ft).

1.2 This guide is essentially applicable to production seams. Caution should be exercised in using the
guide for projects that involve complex geometries, multiple penetrations, or extreme weather con-
ditions.

1.3 The primary target audiences for this guide are construction quality assurance (CQA) organiza-
tions, construction quality control (CQC) organizations, facility owner/operators and agency reg-
ulators having permitting authority.

1.4 The outcome of using the guide rewards good seaming performance resulting from a record of
passing destructive seam tests. It also penalizes poor seaming performance resulting from a record
of excessively failing seam tests.

1.5 This guide does not address the actual seam testing procedures that are used for acceptance or
failure of the geomembrane seam test specimens themselves. Depending on the type of geomem-
brane being deployed one should use ASTM D4437, D3083, D751 and D413 for testing details
in this regard. The project-specific CQA plan should define the particular criteria used in accept-
ance or failure.

1.6 An appendix is offered using control charts, which is intended to be of assistance to geomem-
brane installers, i.e., construction quality control (CQC) organizations, to identify salient aspects
of good and poor seaming performance.

2. Referenced Documents
2.1 ASTM Standards:

D4437 Practice for Determining the Integrity of Field Seams Used in Joining Flexible
Polymeric Sheet Geomembranes

D3083 Specification for Flexible Poly (Vinyl Chloride) Plastic Sheeting for Pond, Canal,
and Reservoir Lining

D751 Method of Testing Coated Fabrics

D413 Test Methods for Rubber Property - Adhesion to Flexible Substrate
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2.2 Other Standards:

ANSI/ASQC Z1.4 [1993]

Sampling Procedures and Tables for Inspection by Attributes

3. Summary of Guide
3.1 Use of this guide requires the establishment of an anticipated geomembrane seam failure per-

centage (ranging from 1 to 8%) and an initial, or start-up, sampling interval.

Note 2 - The value of anticipated failure percentage is an important consideration. It dictates each
decision as to a possible increase or decrease in interval spacing from the preceding value. The
percentage itself comes from historical data of the construction quality assurance (CQA) organi-
zation or regulatory agency. It is related to a number of factors including criticality of installation,
type of geomembrane, type of seaming method and local ambient conditions.

The actual value is admittedly subjective and should be made known in advance to the geomem-
brane installer before bidding the project. Use of an unrealistically low value of anticipated fail-
ure percentage, e.g., < 1.0%, will likely result in field difficulties insofar as decreased sampling
intervals are concerned. Conversely, use of an unrealistically high value of anticipated failure per-
centage, e.g., > 8.0%, will likely result in very large sampling intervals and quite possibly sacri-
fice the overall quality of the seaming effort.

3.2 The guide then gives the procedure for establishing the initial number of samples needed for a
possible modification to the start-up sampling interval. This is called the initial batch. Based upon
the number of failed samples in the initial batch, the spacing is increased (for good seaming), kept
the same, or decreased (for poor seaming).

3.3 A second batch size is then determined and the process is continued. Depending on the project
size, i.e., the total length of seaming, a number of decision cycles can occur until the project is
finished.

3.4 It is seen that the number of samples required for the entire project is either fewer than the start-
up frequency (for good seaming); the same as the start-up frequency (for matching the initial antic-
ipated failure percentage); or more than the start-up frequency (for poor seaming).

4. Significance and Use
4.1 Construction quality assurance (CQA) and construction quality control (CQC) organizations, as

well as owner/operators and agency regulators can use this guide to vary the sampling interval
of geomembrane seam samples (i.e., the taking of field samples for destructive shear and peel
testing) from an initial, or start-up, interval. This initial interval is often 1 destructive seam sample
in every 150 m (500 ft) of seam length.

4.2 The guide leads to increasing the sampling interval for good seaming practice (hence fewer
destructive samples) and to decreasing the sampling interval for poor seaming practice (hence
additional destructive samples).

4.3 Use of the guide should provide an incentive for geomembrane installers to upgrade the quality
and performance of their field seaming activities. In so doing, the cutting of fewer destructive sam-
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ples will lead to overall better quality of the entire liner project, since the patching of previously
taken destructive samples is invariably of poorer quality than the original seam itself.

Note 3 - It is generally accepted that field patching of areas where destructive samples had been
taken using extrusion fillet seaming is less desirable than the original seam, which was made by
hot wedge welding.

4.4 Control charts are illustrated in Appendix A, which can be used by geomembrane installers and
their construction quality control (CQC) personnel for improvement in overall job quality and iden-
tification of poorly performing seaming personnel and/or equipment.

5. Suggested Methodology
Using the concepts embodied in the method of attributes, the following procedure is based on adjustments to sequential
sampling.

5.1 Typical Field Situation - In order to begin the process, a project-specific total seam length must be
obtained from the installers panel (roll) layout plan. Also, an initial, or start-up, sampling interval
must be decided upon. From this information the total number of samples that are required based
on the start-up sampling interval can be obtained.

Example 1 - A given project has 54,000 m (180,000 ft) of field seaming. The start-up sampling
frequency is 1 sample per 150 m (500 ft). Therefore, the total number of samples required if the
start-up interval is kept constant will be:

54,000
––––––––––– = 360 Samples

150

5.2 Determination of Initial Batch Size - Using the table shown below, the initial batch size from which
to possibly modify the start-up sampling interval is obtained.
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TABLE 1. BATCH SIZE DETERMINATION, AFTER ANSI/ASQC Z1.4 [1993] 

Example 1 (cont.) - For 360 samples, a batch size of 50 is necessary. As production seaming pro-
gresses, these 50 samples are tested (either as they are taken or in a batch) and the number of
failures is determined.

5.3 Verification of Start-Up Sampling Interval - A sampling table is now used which separates the num-
ber of failures within this initial batch size into three categories: a relatively low number of fail-
ures (where the sampling interval can be increased), the anticipated number of failures (where the
sampling interval is maintained), or a relatively high number of failures (where the sampling inter-
val should be decreased). Table 2 provides this information that is based upon the operation char-
acteristic (OC) curves of Appendix B.

Example 1 (cont.) - Assuming an anticipated failure percentage of 2% (recall Note - 2), Table 2
results in the three categories shown below: 

• 0 or 1 failure out of 50; the sampling interval can be increased 
• 2 or 3 failures out of 50; the sampling frequency should remain at 1 sample per 150 m (500 ft)
• 4 or more failures out of 50; the sampling interval should be decreased 

No. Of Required Samples Based 
on Initial 

No. Of samples Needed (Batch 
Size)

Or Modified Sampling Interval  To Determine Subsequent 
Sampling Interval

2-8 2
9-15 3
16-25 5
26-50 8
51-90 13
91-150 20
151-280 32
281-500 50
501-1200 80
1201-3200 125
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TABLE 2. SAMPLING TABLE CONTAINING THE NUMBER OF FAILED SAMPLES TO BE USED FOR
INTERVAL

Sampling Interval Modification, see Appendix B for details  

No: *To be selected by CQA, owner or regulatory organizations
I = Increase the sampling interval if the number of failed samples found in the batch does not exceed the tabulated value.
D = Decrease the sampling interval if the number of failed samples found in the batch equals or exceeds the tabulated value.

5.4 Modification of Start-Up Sampling Interval - Depending upon the outcome of the previous section,
the start-up sampling interval may be modified to a new value which will then require a new batch

No. Of Required 
Samples 

No. Of Samples Needed Anticipated Failure Percentage*

Based on Initial or 
Modified 

(Batch Size) to 
Determine 

5% 6% 7% 8%

Sampling Interval Subsequent Sampling 
Interval 

I D I D I D I D

2-8 2 0 1 0 1 0 2 0 2
9-15 3 0 2 0 1 0 2 0 2
16-25 5 0 2 0 1 0 3 0 3
26-50 8 0 3 0 1 1 3 1 4
51-90 13 1 4 1 2 1 4 1 5
91-150 20 1 5 2 3 2 5 2 6
151-280 32 2 6 3 3 3 7 4 7
281-500 50 4 7 4 4 5 9 6 10
504-1200 80 6 10 7 6 8 12 9 14
1201-3200 125 9 13 10 7 12 17 13 19

No. Of Required 
Samples 

No. Of Samples Needed Anticipated Failure Percentage*

Based on Initial or 
Modified 

(Batch Size) to 
Determine 

1% 2% 3% 4% 

Sampling Interval Subsequent Sampling 
Interval 

I D I D I D I D

2-8 2 0 1 0 1 0 1 0 1 
9-15 3 0 1 0 1 0 2 0 2 
16-25 5 0 1 0 1 0 2 0 2 
26-50 8 0 1 0 1 0 2 0 2 
51-90 13 0 1 0 2 0 2 0 3 
91-150 20 0 2 0 3 1 3 1 4 
151-280 32 0 2 1 3 1 4 2 5 
281-500 50 0 3 1 4 2 5 3 6 
504-1200 80 1 4 2 6 3 7 5 9 
1201-3200 125 2 5 4 7 5 9 7 11
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size to verify the modification. The process is then continued until the project is finished. Two exam-
ples will be provided using the above sampling tables both with anticipated failure percentages
of 2.0%: Example 2 illustrates good seaming, and Example 3 illustrates poor seaming.

Example 2 - Using the same project seam length and start-up sampling frequency as in the previ-
ous example assume that the start-up batch of 50 samples in the previous example had 2-failures.
The decision is then to continue at a 1 destructive sample in 150 m (500 ft) sampling interval.
Thus the second batch size from Table 1 is again 50 samples, see Table 3. Table 3(a) is in S.I.
units and Table 3(b) is in English units. Now assume in the second batch there are no failures. This
allows the sampling interval to be increased, e.g., to 1 sample in 180 m (600 ft). From Table 1,
the third batch size is then decreased to 32 samples. The process is continued in this manner until
the project is concluded. For this hypothetical situation Table 3(a) illustrates that 265 samples (or
266 samples when using the English units in Table 3(b)) are necessary. Note that by using a con-
stant interval of 1 sample in 150 m (500 ft), 360 samples would have been necessary. Also note
that the maximum sampling interval was fixed at 310 m (1000 ft). 

Note 4 - This example, and the following one, use a changing sampling interval of +/- 20% from
the previous value. That is, when good seaming allows for an increase in sampling interval; the
progression being from 150, 180, 215, 260 to 310 m (500, 600, 720, 850 to 1000 ft), respec-
tively. A maximum interval of 310 m (1000 ft) is recommended, but clearly this value is at the dis-
cretion of the organizations involved. Conversely, poor seaming requires a decrease in sampling
interval, the progression being from 150, 120, 100, 80 to 65 m (500, 400, 320, 250 to 200
ft), respectively. A minimum interval of 65 m (200 ft) is recommended, but clearly this decision is
also at the discretion of the organizations involved

Table 3(a) - Results of Example 2 (in S.I. Units) Illustrating the Variation of the Sampling Interval Based on a 2.0%
Anticipated Failure Percentage With a "Good" Quality Installer 

Batch Sampling 
Interval 

No. Of 
Remaining 

Batch Cumulative 
Distance 

Number 
of

Decision

Number (m) Samples 
Required 

Size (m) Failures Made

1 150 360 50 7500 2 Stay
2 150 310 50 15000 0 Increase
3 180 217 32 20760 0 Increase
4 215 155 32 27640 2 Stay
5 215 123 20 31940 1 Stay
6 215 103 20 36240 0 Increase
7 260 68 13 39620 1 Stay
8 260 55 13 43000 0 Increase
9 310 35 8 45480 0 Stay
10 310 27 8 47960 0 Stay
11 310 19 5 49510 0 Stay
12 310 14 3 50440 0 Stay
13 310 11 3 51370 0 Stay
14 310 8 2 51990 0 Stay
15 310 6 2 52610 0 Stay
16 310 4 2 53230 0 Stay
17 310 2 2 53850 0 Done
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Total Number of tests per 54,000 m of seam project = 265

Table 3(a) - Results of Example 2 (in English Units) Illustrating the Variation of the Sampling Interval Based on a 2.0%
Anticipated Failure Percentage With a "Good" Quality Installer 

Total Number of tests per 180,000 ft of seam project = 266

Example 3 - Using the same project seam length and start-up sampling frequency as Example 1,
assume that the start-up batch of 50 samples had 3- failures. The decision is then to continue at a
1 destructive sample in 150 m (500 ft) sampling interval. Thus the second batch size is again 50
samples as it was with Example 2, see Table 4. Table 4(a) is in S.I. units and Table 4(b) is in
English units. Now assume in the second batch there are 2-failures. The decision is to again con-
tinue at a 1 destructive sample in 150 m (500 ft) sampling interval. From Table 1, the third batch
size is then decreased to 32 samples. The process is continued in this manner until the project is
concluded. For this hypothetical situation Table 4 illustrates that 412 samples are necessary. Note
that by a constant interval of 1 sample in 150 m (500 ft), 360 samples would have been neces-
sary. Furthermore, a good seamer (as illustrated in Example 2) would only have had to take 265
samples.

Batch Sampling 
Interval 

No. Of 
Remaining 

Batch Cumulative 
Distance 

Number 
of

Decision

Number (Ft) Samples 
Required 

Size (Ft) Failures Made

1 500 360 50 25000 2 Stay
2 500 310 50 50000 0 Increase
3 600 217 32 69200 0 Increase
4 720 155 32 92240 2 Stay
5 720 123 20 106640 1 Stay
6 720 103 20 121040 0 Increase
7 850 68 13 132090 1 Stay
8 850 55 13 143140 0 Increase
9 1000 35 8 151140 0 Stay
10 1000 27 8 159140 0 Stay
11 1000 19 5 164140 0 Stay
12 1000 14 3 169140 0 Stay
13 1000 11 3 172140 0 Stay
14 1000 8 2 174140 0 Stay
15 1000 6 2 176140 0 Stay
16 1000 4 2 178140 0 Stay
17 1000 2 2 179140 0 Done
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Table 4(a) - 150Results of Example 3 (in S.I. Units) Illustrating the Variation of the Sampling Interval Based on a 2.0%
Anticipated Failure Percentage With a "Poor" Quality Installer 

Total Number of tests per 54,000 m of seam project = 412 

Batch Sampling 
Interval 

No. Of 
Remaining 

Batch Cumulative 
Distance 

Number 
of 

Decision

Number (m) Samples 
Required 

Size (m) Failures Made

1 150 360 50 7500 3 Stay
2 150 310 50 15000 2 Stay
3 150 260 32 19800 2 Stay
4 150 228 32 24600 3 Decrease
5 150 245 32 28440 3 Decrease
6 150 256 32 31640 1 Increase
7 150 186 32 35480 1 Increase
8 150 123 20 38480 2 Stay
9 150 103 20 41480 1 Stay
10 150 83 13 43430 2 Decrease
11 150 88 13 44990 2 Decrease
12 150 90 13 46290 1 Stay
13 150 77 13 47590 1 Stay
14 150 64 13 48890 1 Stay
15 150 51 13 50490 0 Increase
16 150 32 8 51150 1 Stay
17 150 24 5 51750 1 Decrease
18 150 23 5 52250 0 Increase
19 150 15 3 52610 0 Increase
20 150 9 2 52910 1 Decrease
21 150 9 2 53150 1 Decrease
22 150 11 3 53210 0 Increase
23 150 7 2 53390 0 Increase
24 150 5 2 53510 0 Increase
25 150 3 2 53750 0 Done
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Table 4(b) - Results of Example 3 (in English Units) Illustrating the Variation of the Sampling Interval Based on a 2.0%
Anticipated Failure Percentage With a "Poor" Quality Installer

Total Number of tests per 54,000 m of seam project = 412

5.5 Summary
This guide illustrates by means of hypothetical examples how a CQA and/or CQC organization can modify the sam-
pling interval for taking destructive samples from a geomembrane-seaming project. It is based on the method of attrib-
utes that are common to statistical control methods. The methodology uses sequential sampling to proceed from one deci-
sion to the next until the project is complete.

The result in using this guide for the above purpose is to reward good seaming performance by taking fewer destructive
samples, and to penalize poor seaming performance by taking additional destructive samples. In the example illustra-
tions, good seaming resulted in taking 265 samples (versus 360), or a decrease of 26% from the originally set constant
interval of 1 sample per 150 m (500 ft). Conversely, poor seaming resulted in taking 412 samples (versus 360), or a
14% increase in the originally set constant interval of 1 sample per 150 m (500 ft.) of seam length.

Batch Sampling 
Interval 

No. Of 
Remaining 

Batch Cumulative 
Distance 

Number 
of

Decision

Number (Ft) Samples 
Required 

Size (Ft) Failures Made

1 500 360 50 25000 3 Stay
2 500 310 50 50000 2 Stay
3 500 260 32 66000 2 Stay
4 500 228 32 82000 3 Decrease
5 400 245 32 94800 3 Decrease
6 320 266 32 105040 1 Increase
7 400 187 32 117840 1 Increase
8 500 124 20 127840 2 Stay
9 500 104 20 137840 1 Stay
10 500 84 13 144340 2 Decrease
11 400 89 13 149540 2 Decrease
12 320 95 13 153700 1 Stay
13 320 82 13 157860 1 Stay
14 320 69 13 162020 1 Stay
15 320 56 13 166180 0 Increase
16 400 35 8 169380 1 Stay
17 400 27 5 171380 1 Decrease
18 320 27 5 172980 0 Increase
19 400 18 3 174180 0 Increase
20 500 12 2 175180 1 Decrease
21 400 12 2 175980 1 Decrease
22 320 13 3 176140 0 Increase
23 400 10 2 176780 0 Increase
24 500 6 2 177140 0 Increase
25 600 5 2 177980 0 Done
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Appendix A - General Principles of Control Charts
In order to control a production process, like the field seaming of geomembranes, it is necessary to identify and quanti-
fy characteristics that reflect the quality of the product. Such quality characteristics can be either discrete or continuous
variables. For example, the number of pinholes in a sheet of geomembrane is a discrete variable. Variation in the thick-
ness of a sheet of geomembrane, however, is considered to be a continuous variable.

Whether quality characteristics are discrete or continuous, variability in the observed values is unavoidable. In the the-
ory of control charts, this variation is considered due to either random (common) or assignable (special) causes,
Wadsworth (1989) and Deming (1982). Random causes are generally smaller, uncontrollable influences that cannot be
removed from the process without fundamental changes in the process itself. An assignable cause, however, is an influ-
ence considered to be significant, unusual, and capable of being removed form the process. Such causes may be due
to human error, variation in raw materials, or the need for machine adjustment.

An important tool used to reduce process variation is the use of control charts. When using control charts, control limits
are used to determine whether the variability of the statistic over time appears to be due to random variation only, or if
an assignable cause is present. In other words, the purpose of control charts is to establish a "statistical control" of the
assignable causes of variation within of a process.

The control chart generally used to monitor conforming or non-conforming data, called attributes, is the p-chart, where
"p" stands for the proportion of non-conforming items in the entire population. In the case of inspecting the quality of the
seams of field-deployed geomembranes, the p-value would be the historic failure percentage of the installer.

Suppose we have m subgroups (e.g., m different operators, or m different welding machines, or m working days, etc.)
of varying sample sizes n1, n2, ...., nm. The number of non-conforming (failed) samples in the ith subgroup is Di, i =1,
2, ..., m, so the proportion of non-conforming items (failure rate) in the ith subgroup is as follows:

(A1)

For the p-chart, the values of pi are plotted against the subgroup number with a control limit, CL, set at the following: 

(A2)

Where = average sample size.
in = nm

1

CL = p + 3
p(1-p)
n

1/2

P = 1 = 1,2,...,mi
Di

n i
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Two examples follow:

Example A1 - Assume that a seaming project is expected to take 25-days for completion, i.e.,
m=25. The installer has a historic data indicating that the company's average failure percentage
is 2.0%. As the work progresses, the number of destructive seam samples and the respective num-
bers of failures are listed in tabular form as shown in the following table. Note that the daily fail-
ure rates, i.e.,  , are also shown in the table. The control chart of this project can now be devel-
oped.

Subgroup No. 
(days) 

No. Of destructive 
samples 

No. Of failures 
in subgroup 

Failure 
Percentage 

P

1 12 0 0.000

2 14 0 0.000

3 9 0 0.000

4 7 0 0.000

5 13 1 0.077

6 15 0 0.000

7 19 1 0.053

8 13 0 0.000

9 14 1 0.071

10 9 0 0.000

11 17 1 0.059

12 16 0 0.000

13 7 0 0.000

14 22 1 0.045

15 18 0 0.000

16 16 0 0.000

17 15 0 0.000

18 16 0 0.000

19 14 0 0.000

20 16 0 0.000

21 22 1 0.045

22 18 0 0.000

23 16 0 0.000

24 9 0 0.000

25 13 1 0.077
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Solution: From Equation (B2), the control limit is calculated as follows:

The control chart can now be obtained by plotting the subgroup failure rate against the subgroup number (i.e., days)
along with the control limit, CL = 0.13. The results are shown in the following figure, note that the 2.0% historic failure
rate is also shown.

Figure A1 – The Resulted Control Chart of Example A-1.

As seen in the above control chart, the entire 25-day record of the failure rate of this project falls below the control limit
set on the basis of the installer's 2.0% historic failure rate. That is to say, the variations in the daily failure record were
due to random causes only and no assignable cause was identified. The above control chart indicates that no corrective
action is necessary. This is an example of good seaming control.

Example A2 - For a similar size seaming project and historic record (i.e., 2% failure rate) as presented in Example A-1,
a second installer has a poorer destructive seam record as shown in the following table. The control chart of this partic-
ular situation can also be developed. 
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Solution: Since the historic failure rate is the same as shown in Example A-1.A new control chart can now be obtained
by plotting the subgroup failure rate against the subgroup number (i.e., days) along with the control limit, CL = 0.13.
The results are shown in the following figure. Again, the 2.0% historic failure rate is also shown.

Subgroup No. 
(days) 

No. Of destructive 
samples 

No. Of failures 
in subgroup 

Failure 
Percentage 

1 12 1 0.083

2 14 0 0.000

3 9 1 0.111

4 7 0 0.000

5 13 1 0.077

6 15 1 0.067

7 19 3 0.158

8 13 2 0.154

9 14 1 0.071

10 9 0 0.000

11 17 0 0.000

12 16 1 0.063

13 7 1 0.143

14 22 2 0.091

15 18 1 0.056

16 16 2 0.125

17 15 0 0.000

18 16 1 0.063

19 14 0 0.000

20 16 1 0.063

21 22 2 0.091

22 18 1 0.056

23 16 3 0.188

24 9 0 0.000

25 13 1 0.077
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Figure A2 - The Resulted Control Chart of Example A-2.

As seen in the above control chart, the daily failure rates at day 7, 8, 13 and 23 exceed the control limit set on the basis
of the installer's 2.0% historic failure rate. That is to say, there are possible assignable causes on those days. From the
standpoint of construction quality control, the installer should check the record on those days, identify the cause(s) of such
variations, and take necessary corrective actions. This is an example of poor seaming.
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GM 14 - Appendix B - The Selection of the "I" and "D" Values
In this appendix, the procedure used for selecting the "I" and "D" values listed in Table 2 is presented. The required back-
ground, e.g., the concept of sampling risk and the operating characteristics (OC) curves, are briefly discussed.

Sampling Risk
Sampling involves a degree of risk that the actual samples do not adequately reflect the conditions of the lot. For exam-
ple, when using the sampling plan recommended in this guide, there are two common risks [see Juran and Gryna (1980)
and Juran el. al (1974) for details]:

1. A good seaming practice might be penalized. This is generally referred as the
installer's risk and denoted as the risk. 

2. A poor seaming practice might go undetected. This is generally referred as an
owner/regulators risk and denoted as the risk. 

The effects (impacts) of the relative degree of these two risks are summarized in Table B1.

TABLE B1 - THE EFFECTS OF THE RELATIVE DEGREE OF AND RISKS. 

Operating Characteristics (OC) Curves
Both of the risks can be quantified by sampling-plan-specific operating characteristics (OC) curves. The OC curve for a
sampling plan is a graph that plots the probability that the sampling plan will accept a lot (i.e., the Pa value) versus the
percent defective samples in that particular lot. Note that the term "sampling plan" used here corresponds to a batch of
"n" destructive testing samples and the criteria for adjusting the sampling interval. Recall Table 2 in the main body of
this guide. Figure B1 illustrates the concept of OC curves. In Figure B1, the dashed curve represents an "ideal" OC curve.
Here it is desired to accept all lots having less or equal than 2% and reject all lots having greater than 2% failures. In
reality, all sampling plans have risks that a "good" lot will be rejected or a "bad" lot will be accepted. This is illustrated
by the solid S-shaped curve shown in Figure B1. It is seen that this particular sampling plan will have a 5% risk (100%
- 95%) of rejecting a lot having only 1% defects (i.e., a "good" lot) and a 10% risk of accepting a lot having 5% defects
(i.e., a "bad" lot).

Relative Types of Risks

Degree Installers (α) Risk Owner/Regulators (β) Risk

Low Loose CQA control; low testing 
cost 

Tight CQA control; high testing cost

High Tight CQA control; high testing 
cost 

Loose CQA control; low testing cost
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Figure B1 - Ideal and Actual Operating Characteristics Curves for a Sampling Plan

An OC curve can be developed by determining the probability of acceptance for several values of the percent defects.
To do so, a statistical distribution of the acceptance probability has to be assumed first. There are three distributions that
can be used: hypergeometric, binomial and Poisson distribution. The Poisson distribution is generally preferable due to
the ease of calculation. It is used in this guide. The Poisson distribution function to be applied to an acceptance-sampling
plan is as follows:

(B1) 

Most statistics books provide Poisson distribution tables that give the probability of "c" or fewer defects in a batch of size
"n" from a lot having a fraction of defect "p".

The Selection of the "I" and "D" Values Listed in Table 2
As mentioned earlier, each of the sampling plans recommended in this guide consists of three variables: the batch size
"n", the values of "I" and "D". Note that the values of "I" and "D" are specific values of "c" mentioned in Equation B1.
The "I" value corresponds to the judgment criterion of rewarding good seaming practice, i.e., increasing the sampling
interval if the number of failed samples does not exceed this particular value. The "D" value, on the other hand, corre-
sponds to the judgment criterion of penalizing poor seaming practice, i.e., decreasing the sampling interval if the num-
ber of failed samples equals or exceeds this particular value.

The concept of the OC curves is used to determine the actual values of I's and D's for different sampling plans. The cri-
teria used are as follows:

• For a batch of size "n", the "I" value should yield a 80~90% probability of rewarding
good seaming practice, i.e., 80% < Pa < 90%. 

• For a batch of size "n", the "D" value should yield a risk of 0.5% or less of penalizing

P exactly "c" defects
in a batch of size "n"

e (np)
c!

-np c
=

0 1 2 3 4 5 6 7 8
0

10

20

30

40

50

60

70

80

90

100

Defective in Lot (%)

P
ro
ba
bi
lit
y
of
A
cc
ep
ta
nc
e
(%

)

Ideal OC Curve

Actual OC Curve



GSE STANDARD PRODUCTS

www.gseworld.com

North America GSE Lining Technology, Inc.  Houston, Texas   800.435.2008   281.443.8564  Fax:  281.230.6739
South America GSE Lining Technology Chile S.A.  Santiago, Chile  56.2.595.4200 Fax:  56.2.595.4290
Asia Pacific  GSE Lining Technology Company Limited  Bangkok, Thailand    66.2.937.0091  Fax:  66.2.937.0097
Europe & Africa  GSE Lining Technology GmbH  Hamburg, Germany     49.40.767420  Fax:   49.40.7674234
Middle East GSE Lining Technology-Egypt The 6th of October City, Egypt  20.2.828.8888 Fax:   20.2.828.8889This information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with the use of this information.  Please check with
GSE for current, standard minimum quality assurance procedures and specifications.

GSE and other trademarks in this document are registered trademarks of GSE Lining Technology, Inc. in the United States and certain foreign countries.

52
GEOMEM IQA R03/16/06

Geomembranes Installation Quality Assurance Manual

Standard Test Method - GRI Standard GM14

good seaming practice, i.e., Pa >99.5%. In other words, the probability for good
seaming practice to be penalized is extremely small, i.e., less than 0.5%. 

The above criteria are subjective. Nevertheless, it is felt to be adequate since the rights of both the installer and the
owner/regulator are protected. Recognize that a sampling plan with tighter control (i.e., smaller values of "I" and "D")
might seem to be more ideal at first glance, but it may result in a significant increase in the required number of destruc-
tive tests, i.e., it may be counter productive.

As an illustration, Figure B2 shows the graphic procedure of obtaining the "I" and "D" values for a batch of 50 samples
(n=50) and an anticipated failure percentage of 4%. [In other words, it illustrates the procedure of obtaining one par-
ticular pair of numbers listed in Table 2, namely, "I" and "D" equal to 3 and 6, respectively.] Note that each OC curve
shown in Figure B2 corresponds to a specific "c" value and is obtained via a Poisson distribution table.

Figure B2 can also used to determine the values of "I" and "D" for sampling plans with the same batch size (i.e., n =
50) but different anticipated failure percentage. The rest of the values listed in Table 2 can be verified in a similar man-
ner using OC curves corresponding to different batch sizes.

Figure B2 - The Determination of the Values of "I" and "D" for a Batch with 50
Samples and an Anticipated Failure Percentage of 4.0%. 
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GRI Standard GM17

STANDARD SPECIFICATION FOR TEST PROPERTIES, TESTING FREQUENCY 
AND RECOMMENDED WARRANTY FOR LINEAR LOW DENSITY POLYETHYLENE (LLDPE) SMOOTH 

AND TEXTURED GEOMEMBRANES
This specification was developed by the Geosynthetic Research Institute (GRI), with the cooperation of the member organ-
izations for general use by the public. It is completely optional in this regard and can be superseded by other existing
or new specifications on the subject matter in whole or in part. Neither GRI, the Geosynthetic Institute, nor any of its relat-
ed institutes, warrant or indemnifies any materials produced according to this specification either at this time or in the
future.

1. Scope
1.1 This specification covers linear low density polyethylene (LLDPE) geomembranes with a formulat-

ed sheet density of 0.939 g/ml, or lower, in the thickness range of 0.50 mm (20 mils) to 3.0 mm
(120 mils). Both smooth and textured geomembrane surfaces are included.

1.2 This specification sets forth a set of minimum, maximum, or range of physical, mechanical and
endurance properties that must be met, or exceeded by the geomembrane being manufactured.

1.3 In the context of quality systems and management, this specification represents manufacturing
quality control (MQC).

Note 1: Manufacturing quality control represents those actions taken by a manufacturer to ensure
that the product represents the stated objective and properties set forth in this specification.

1.4 This standard specification is intended to ensure good uniform quality LLDPE geomembranes for
use in general applications.

Note 2: Additional tests, or more restrictive values for the tests indicated, may be necessary under
conditions of a particular application. In this situation, interactions with the manufacturers are
required.

1.5 This specification also presents a recommended warranty which is focused on the geomembrane
material itself.

1.6 The recommended warranty attached to this specification does not cover installation considera-
tions which are independent of the manufacturing of the geomembrane.

Note 3: For information on installation techniques, users of this standard are referred to the
geosynthetics literature, which is abundant on the subject.

*This GRI standard is developed by the Geosynthetic Research Institute through consultation and review by the member
organizations. This specification will be reviewed at least every 2-years, or on an as-required basis. In this regard it is
subject to change at any time. The most recent revision date is the effective version.
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2. Referenced Documents
2.1 ASTM Standards:

D 638 Test Method for Tensile Properties of Plastics
D 792 Specific Gravity (Relative Density) and Density of Plastics by Displacement
D 1004 Test Method for Initial Tear Resistance of Plastics Film and Sheeting
D 1238 Test Method for Flow Rates of Thermoplastics by Extrusion Plastometer
D 1505 Test Method for Density of Plastics by the Density-Gradient Technique
D 1603 Test Method for Carbon Black in Olefin Plastics
D 3895 Test Method for Oxidative Induction Time of Polyolefins by Thermal Analysis
D 4218 Test Method for Determination of Carbon Black Content in Polyethylene

Compounds by the Muffle-Furnace Technique
D 4833 Test Method for Index Puncture Resistance of Geotextiles, Geomembranes and

Related  Products
D 5199 Test Method for Measuring Nominal Thickness of Geotextiles and Geomembranes
D 5323 Practice for Determination of 2% Secant Modulus for Polyethylene

Geomembranes
D 5994 Test Method for Measuring the Core Thickness of Textured Geomembranes
D 5596 Test Method for Microscopic Evaluation of the Dispersion of Carbon Black in

Polyolefin Geosynthetics
D 5617 Test Method for Multi-Axial Tension Test for Geosynthetics
D 5721 Practice for Air-Oven Aging of Polyolefin Geomembranes GM17 - 3 of 14 rev. 2

- 12/13/00
D 5885 Test method for Oxidative Induction Time of Polyolefin Geosynthetics by High

Pressure Differential Scanning Calorimetry

2.2 GRI Standards:

GM 11 Accelerated Weathering of Geomembranes using a Fluorescent UVA-Condensation
Exposure Device

GM 12 Measurement of the Asperity Height of Textured Geomembranes Using a Depth
Gage

2.3 U. S. Environmental Protection Agency Technical Guidance Document "Quality Control Assurance
and Quality Control for Waste Containment Facilities," EPA/600/R-93/182, September 1993,
305 pages.

3. Definitions
Manufacturing Quality Control (MQC) - A planned system of inspections that is used to directly monitor and control the
manufacture of a material which is factory originated. MQC is normally performed by the manufacturer of geosynthetic
materials and is necessary to ensure minimum (or maximum) specified values in the manufactured product. MQC refers
to measures taken by the manufacturer to determine compliance with the requirements for materials and workmanship
as stated in certification documents and contract specifications ref. EPA/600/R-93/182.

Manufacturing Quality Assurance (MQA) - A planned system of activities that provides assurance that the materials were
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constructed as specified in the certification documents and contract specifications. MQA includes manufacturing facility
inspections, verifications, audits and evaluation of the raw materials (resins and additives) and geosynthetic products to
assess the quality of the manufactured materials. MQA refers to measures taken by the MQA organization to determine
if the manufacturer is in compliance with the product certification and contract specifications for the project ref.
EPA/600/R-93/182.

Linear Low Density Polyethylene (LLDPE), n - A ethylene/ -olefin copolymer having a linear molecular structure. The
comonomers used to produce the resin can include hexane, octane, or methyl pentene. LLDPE resins have a natural den-
sity in the range of 0.915 to 0.926 g/ml (ref. Pate, T. J. Chapter 29 in Handbook of Plastic Materials and Technology,
I.I. Rubin Ed., Wiley,1990).

Formulation, n - The mixture of a unique combination of ingredients identified by type, properties and quantity. For lin-
ear low density polyethylene geomembranes, a formulation is defined as the exact percentages and types of resin(s),
additives and carbon black.

4. Material Classification and Formulation
4.1 This specification covers linear low density polyethylene geomembranes with a formulated sheet

density of 0.939 g/ml, or lower. Density can be measured by ASTM D1505 or ASTM D792. If
the latter, Method B is recommended.

4.2 The polyethylene resin from which the geomembrane is made will generally be in the density
range of 0.926 g/ml or lower, and have a melt index value per ASTM D1238 of less than 1.0
g/10 min. This refers to the natural, i.e., nonformulated, resin.

4.3 The resin shall be virgin material with no more than 10% rework. If rework is used, it must be of
the same formulation (or other approved formulation) as the parent material.

4.4 No post consumer resin (PCR) of any type shall be added to the formulation.

5. Physical, Mechanical and Chemical Property Requirements
5.1 The geomembrane shall conform to the test property requirements prescribed in Tables 1 and 2.

Table 1 is for smooth LLDPE geomembranes and Table 2 is for single and double sided textured
LLDPE geomembranes. Each of the tables are given in English and SI (metric) units. The conver-
sion from English to SI (metric) is "soft". It is to be understood that the tables refer to the latest revi-
sion of the referenced test methods and practices.

Note 4: There are several tests sometimes included in other LLDPE geomembrane specifications
which are omitted from this standard because they are outdated, irrelevant or generate informa-
tion that is not necessary to evaluate on a routine MQC basis. The following tests have been pur-
posely omitted:

• Volatile Loss • Solvent Vapor Transmission
• Dimensional Stability • Water Absorption
• Coeff. of Linear Expansion • Ozone Resistance
• Resistance to Soil Burial • Hydrostatic Resistance
• Low Temperature Impact • Tensile Impact
• ESCR Test (D 1693 and D 5397) • Small Scale Burst
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• Wide Width Tensile • Various Toxicity Tests
• Water Vapor Transmission • Field Seam Strength
Note 5: There are several tests which are included in this standard (that are not customarily
required in other LLDPE geomembrane specifications) because they are relevant and important in
the context of current manufacturing processes. The following tests have been purposely added:

• Oxidative Induction Time
• Oven Aging
• Ultraviolet Resistance
• Asperity Height of Textured Sheet

Note 6:  There are other tests in this standard, focused on a particular property, which are updat-
ed to current standards. The following are in this category:

• Thickness of Textured Sheet
• Tensile Properties, incl. 2% Secant Modulus
• Puncture Resistance
• Axi-Symmetric Break Resistance Strain
• Carbon Black Dispersion (In the viewing and subsequent quantitative interpretation of

ASTM D 5596 only near spherical agglomerates shall be included in the assessment).

Note 7: There are several GRI tests currently included in this standard. Since these topics are not
covered in ASTM standards, this is necessary. They are the following:

• UV Fluorescent Light Exposure
• Asperity Height Measurement

5.2 The values listed in the tables of this specification are to be interpreted according to the desig-
nated test method. In this respect they are neither minimum average roll values (MARV) nor max-
imum average roll values (MaxARV).

5.3 The various properties of the LLDPE geomembrane shall be tested at the minimum frequencies
shown in Tables 1 and 2. If the specific manufacturer's quality control guide is more stringent, it
must be followed in like manner. 

Note 8: This specification is focused on manufacturing quality control (MQC). Conformance test-
ing and manufacturing quality assurance (MQA) testing are at the discretion of the purchaser
and/or quality assurance engineer, respectively. Communication and interaction with the manu-
facturer is strongly suggested.

6. Workmanship and Appearance
6.1 Smooth geomembrane shall have good appearance qualities. It shall be free from such defects

that would affect the specified properties and hydraulic integrity of the geomembrane.

6.2 Textured geomembrane shall generally have uniform texturing appearance. It shall be free from
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such defects that would affect the specified properties and hydraulic integrity of the geomem-
brane.

6.3 General manufacturing procedures shall be performed in accordance with the manufacturer's
internal quality control guide and/or documents.

7. MQC Sampling
7.1 Sampling shall be in accordance with the specific test methods listed in Tables 1 and 2. If no sam-

pling protocol is stipulated in the particular test method, then test specimens shall be taken even-
ly spaced across the entire roll width.

7.2 The number of tests shall be in accordance with the appropriate test methods listed in Tables 1
and 2.

7.3 The average of the test results should be calculated per the particular standard cited and com-
pared to the minimum value listed in these tables, hence the values listed are the minimum aver-
age values and are designated as "minimum average."

8. MQC Retest and Rejection
8.1 If the results of any test do not conform to the requirements of this specification, retesting to deter-

mine conformance or rejection should be done in accordance with the manufacturing protocol as
set forth in the manufacturer's quality manual.

9. Packaging and Marketing
9.1 The geomembrane shall be rolled onto a substantial core or core segments and held firm by ded-

icated straps/slings, or other suitable means. The rolls must be adequate for safe transportation
to the point of delivery, unless otherwise specified in the contract or order.

9.2 Marking of the geomembrane rolls shall be done in accordance with the manufacturers accepted
procedure as set forth in their quality manual.

10. Certification
10.1 Upon request of the purchaser in the contract or order, a manufacturer's certification that the mate-

rial was manufactured and tested in accordance with this specification, together with a report of
the test results, shall be furnished at the time of shipment.
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11. Warranty
11.1 Upon request of the purchaser in the contract or order, a manufacturer's warranty of the quality

of the material shall be furnished at the completion of the terms of the contract.

11.2 A recommended warranty for smooth and textured LLDPE geomembranes manufactured and test-
ed in accordance with this specification is given in Appendix A.

11.3 The warranty in Appendix A is for the geomembrane itself. It does not cover subgrade prepara-
tion, installation, seaming, or backfilling. These are separate operations that are often beyond the
control, or sphere of influence, of the geomembrane manufacturer.

Note 9: If a warranty is required for installation, it is to be developed between the installation con-
tractor and the party requesting such a document.

Adoption and Revision Schedule for GRI Test Method GM17
“Test Properties, Testing Frequency and Recommended Warranted for Linear Low Density Polyethylene (LLDPE) Smooth
and Textured Geomembranes”

Adopted: April 3, 2000

Revision 1: June 28, 2000:  added a new Section 5.2 that the numeric tables values are neither MARV nor
MaxARV.   They are to be interpreted per the designated test method.  Also, corrected typographical
error of textured sheet thickness test method designation from D5199 to D5994.

Revision 2: December 13, 2000:  added one Category 3 is allowed for carbon black dispersion.  Also, unified
terminology to “strength” and “elongation”.

Revision 3: June 23, 2003:  Adopted ASTM D 6693, in place of ASTM D 638, for tensile strength testing.  Also,
added Note 4.
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GRI Test Method GM19* 

STANDARD SPECIFICATION FOR SEAM STRENGTH AND RELATED PROPERTIES OF 
THERMALLY BONDED POLYOLEFIN GEOMEMBRANES

This specification was developed by the Geosynthetic Research Institute (GRI), with the cooperation of the member organ-
izations for general use by the public.  It is completely optional in this regard and can be superseded by other existing
or new specifications on the subject matter in whole or in part.  Neither GRI, the Geosynthetic Institute, nor any of its
related institutes, warrant or indemnifies any materials produced according to this specification either at this time or in
the future.

1. Scope
1.1 This specification addresses the required seam strength and related properties of thermally bond-

ed polyolefin geomembranes; in particular, high density polyethylene (HDPE), linear low density
polyethylene (LLDPE) and flexible polypropylene both nonreinforced (fPP) and scrim reinforced
(fPP-R).

1.2 Numeric values of seam strength and related properties are specified in both shear and peel
modes.

Note 1: This specification does not address the test method details or specific testing procedures.
It refers to the relevant ASTM test methods where applicable.

1.3 The thermal bonding methods focused upon are hot wedge (single and dual track) and extrusion
fillet.

Note 2:  Other acceptable, but less frequently used, methods of seaming are hot air and ultra-
sonic methods.  They are inferred as being a subcategory of hot wedge seaming.

1.4 This specification also suggests the distance between destructive seam samples to be taken in the
field, i.e., the sampling interval. However, project-specific conditions will always prevail in this
regard.

1.5 This specification is only applicable to laboratory testing.

1.6 This specification does not purport to address all of the safety concerns, if any, associated with its
use.  It is the responsibility of the user of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limitations prior to use.

2. Referenced Documents
2.1 ASTM Standards

D751 Standard Test Methods for Coated Fabrics

D6392 Standard Test Method for Determining the Integrity of Nonreinforced
Geomembrane Seams Produced Using Thermo-Fusion Methods

2.2 EPA Standards

This information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with the use of this information.  Please check with
GSE for current, standard minimum quality assurance procedures and specifications.
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EPA 600/2.88/052 (NTIS PB-89-129670)

Lining of Waste Containment and Other Containment Facilities

2.3 NSF Standards

NSF International Standard, Flexible Membrane Liners, NSF 54-1993 (depreciated)

2.4 GRI Standards

GM13 Test Properties, Testing Frequency and Recommended Warranty for High Density
Polyethylene (HDPE) Smooth and Textured Geomembranes

GM14 Selecting Variable Intervals for Taking Geomembrane Destructive Seam Samples
Using the Method of Attributes

GM17 Test Properties, Testing Frequency and Recommended Warranty for Linear Low
Density Polyethylene (LLDPE) Smooth and Textured Geomembranes

GM18 Test Properties, Testing Frequency and Recommended Warranty for Flexible
Polypropylene (fPP and fPP-R) Geomembranes

3. Definition
3.1 Geomembrane, n – An essentially impermeable geosynthetic composed of one or more synthetic

sheets used for the purpose of liquid, gas or solid containment.

3.2 Hot Wedge Seaming – A thermal technique which melts the two opposing geomembrane surfaces
to be seamed by running a hot metal wedge or knife between them.  Pressure is applied to the
top or bottom geomembrane, or both, to form a continuous bond.  Seams of this type can be made
with dual bond tracks separated by a nonbonded gap.  These seams are referred to as dual hot
wedge seams or double-track seams.

3.3 Hot Air Seaming – This seaming technique introduces high-temperature air or gas between two
geomembrane surfaces to facilitate localized surface melting.  Pressure is applied to the top or
bottom geomembrane, forcing together the two surfaces to form a continuous bond.

3.4 Ultrasonic Seaming - A thermal technique which melts the two opposing geomembrane surfaces
to be seamed by running a ultrasonically vibrated metal wedge or knife between them.  Pressure
is applied to the top or bottom geomembrane, or both, to form a continuous bond.  Some seams
of this type are made with dual bond tracks separated by a nonbonded gap.  These seams are
referred to as dual-track seams or double-track seams.

3.5 Extrusion Fillet Seaming – This seaming technique involves extruding molten resin at the edge of
an overlapped geomembrane on another to form a continuous bond.  A depreciated method
called “extrusion flat” seaming extrudes the molten resin between the two overlapped sheets.  In
all types of extrusion seaming the surfaces upon which the molten resin is applied must be suit-
ably prepared, usually by a slight grinding or buffing.

4. Significance and Use
4.1 The various methods of field fabrication of seams in polyolefin geomembranes are covered in

existing ASTM standards mentioned in the referenced document section.  What is not covered in

This information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with the use of this information.  Please check with
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those documents is the numeric values of strength and related properties that the completed seam
must meet, or exceed.  This specification provides this information insofar as minimum, or maxi-
mum, property values are concerned when the field fabricated seams are sampled and laborato-
ry tested in shear and peel.  The specification also provides guidance as to what spacing inter-
vals the samples should be taken at typical field installation projects.

5. Sample and Specimen Preparation
5.1 The spacing for taking field seam samples for destructive testing is to be 1 per 500 feet (1 per

150 m) of seam length, or as by directed by the construction quality assurance inspector.  As the
project continues and data is accumulated, however, this sampling interval should be varied
according to the procedure set forth in GRI GM14.  Following this procedure three different situ-
ations can result.

5.1.1 Good seaming with fewer rejected test results than the preset historic average can
result in a sequential increase in the spacing interval, i.e., one per greater than 500
ft. (one per greater than 150 m).

5.1.2 Poor seaming with more rejected test results than the preset historic average can
result in a sequential decrease in the spacing interval, i.e., one per less than 500
ft. (one per less than 150 m).

5.1.3 Average seaming with approximately the same test results as the preset historic
average will result in the spacing interval remaining the same, i.e., one per 500 ft.
(one per 150 m).

Note 3:  The method of attributes referred to in GRI GM14 is only one of several statistical strate-
gies that might be used to vary sampling frequency.  The use of control charts should also be con-
sidered in this regard.

5.2 The size of field seam samples is to be according to the referenced test method, e.g., ASTM
D6392 or site-specific CQA plan.

5.3 The individual test specimens taken from the field seam samples are to be tested according to the
referenced test method, i.e., ASTM D6392 for HDPE, LLDPE and fPP, and ASTM D751 (as modi-
fied by NSF 54) for fPP-R.  The specimens are to be conditioned prior to testing according to these
same test methods and evaluated accordingly.

6. Assessment of Seam Test Results
6.1 HDPE seams – For HDPE seams (both smooth and textured), the strength of four out of five 1.0

inch (25 mm) wide strip specimens in shear should meet or exceed the values given in Tables 1(a)
and 1(b).  The fifth must meet or exceed 80% of the given values.  In addition, the shear percent
elongation, calculated as follows, should exceed the values given in Tables 1(a) and 1(b):
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(1)

where

E = elongation (%)
L = extension at end of test (in. or mm)
Lo = original average length (usually 1.0 in. or 25 mm)

Note 4:  The assumed gage length is considered to be the unseamed sheet material on either side
of the welded area.  It generally will be 1.0 in. (25 mm) from the edge of the seam to the grip
face.

For HDPE seams (both smooth and textured), the strength of four out of five 1.0 in. (25 mm) wide
strip specimens tested in peel should meet or exceed the values given in Tables 1(a) and 1(b).  The
fifth must meet or exceed 80% of the given values.

In addition, the peel separation (or incursion) should not exceed the values given in Tables 1(a)
and 1(b).  The value shall be based on the proportion of area of separated bond to the area of
the original bonding as follows:

(2)

where

S = separation (%)
A = average area of separation, or incursion (in2 or mm2)
A0 = original bonding area (in2 or mm2)

Note 5:  The area of peel separation can occur in a number of nonuniform patterns across the
seam width.  The estimated dimensions of this separated area is visual and must be done with
care and concern.  The area must not include squeeze-out which is part of the welding process.

Regarding the locus-of-break patterns of the different seaming methods in shear and peel, the fol-
lowing are unacceptable break codes per their description in ASTM D6392 (in this regard, SIP is
an acceptable break code);

Hot Wedge:  AD and AD-Brk > 25%

Extrusion Fillet:  AD1, AD2 and AD-WLD (unless strength is achieved)

This information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with the use of this information.  Please check with
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6.2 LLDPE seams – For LLDPE seams (both smooth and textured), the strength of four out of five 1.0 in.
(25 mm) wide strip specimens in shear should meet or exceed the values given in Table 2(a) and
1(b).  The fifth must meet or exceed 80% of the given values.  In addition, the shear percent elon-
gation, calculated as follows, should exceed the values given in Tables 2(a) and 2(b).

(1)

where

E = elongation (%)
L = extension at end of test (in. or mm)
Lo = original average length (usually 1.0 in. or 25 mm)

Note 4:  The assumed gage length is considered to be the unseamed sheet material on either side
of the welded area.  It generally will be 1.0 in. (25 mm) from the edge of the seam to the grip
face.

For LLDPE seams (both smooth and textured), the strength of four out of five 1.0 in. (25 mm) wide
strip specimens tested in peel should meet or exceed the values given in Tables 2(a) and 2(b).  The
fifth must meet or exceed 80% of the given values.

In addition, the peel separation (or incursion) should not exceed the values given in Tables 2(a)
and 2(b).  The value shall be based on the proportion of area of separated bond to the area of
the original bonding as follows:

(2)

where

S = separation (%)
A = average depth of separation, or incursion (in.2 or mm2)
Ao = original bonding distance (in.2 or mm2)

Note 5:  The area of peel separation can occur in a number of nonuniform patterns across the
seam width.  The estimated dimensions of this separated area is visual and must be done with
care and concern.  The area must not include squeeze-out which is part of the welding process.

Regarding the locus-of-break patterns of the different seaming methods in shear and peel, the fol-
lowing are unacceptable break codes per their description in ASTM D6392 (in this regard, SIP is
an acceptable break code);
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Hot Wedge:  AD and AD-Brk > 25%

Extrusion Fillet:  AD1, AD2, AD-WLD (unless strength is achieved)

6.3 fPP Seams – For fPP seams (both nonreinforced and scrim reinforced), the strength of four out of
five specimens in shear should meet or exceed the values given in Tables 3(a) and 3(b).  The fifth
must meet or exceed 80% of the given values.  Note that the unreinforced specimens are 1.0 in.
(25 mm) wide strips and the scrim reinforced specimens are 4.0 in. (100 mm) wide grab tests.
In addition, the shear percent elongation on the unreinforced specimens, calculated as follows,
should exceed the values given in Tables 3(a) and 3(b).

(1)

where

E = elongation (%)
L = extension at end of test (in. or mm)
Lo = original gauge length (usually 1.0 in. or 25 mm)

Note 4: The assumed gage length is considered to be the unseamed sheet material on either
side of the welded area.  It generally will be 1.0 in. (25 mm) from the edge of the seam to the
grip face.

Shear elongation is not relevant to scrim reinforced geomembranes and as such is listed as “not
applicable” in Table 3(a) and 3(b).

For fPP seams (both nonreinforced and scrim reinforced), the strength of four out of five specimens
in peel should meet or exceed the values given in Tables 3(a) and 3(b).  The fifth must meet or
exceed 80% of the given values.  Note that the unreinforced specimens are 1.0 in. (25 mm) wide
strips and the scrim reinforced specimens are grab tests.  In addition, the peel percent separation
(or incursion) should not exceed the values given in Tables 3(a) and 3(b).  The values should be
based on the proportion of area of separated bond to the area of the original bonding as follows.

(2)

where

S = separation in (%)
A = average depth of separation, or incursion (in.2 or mm2)
Ao = original bonding distance (in.2 or mm2)

This information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with the use of this information.  Please check with
GSE for current, standard minimum quality assurance procedures and specifications.
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Note 5: The area of peel separation can occur in a number of nonuniform patterns across the
seam width.  The estimated dimensions of this separated area is visual and must be done with
care and concern.  The area must not include squeeze-out which is part of the welding process.

Regarding the locus-of-break patterns of the different seaming methods in shear and peel, the fol-
lowing are unacceptable break codes per their description in ASTM D6392 (in this regard, SIP is
an acceptable break code);

Hot Wedge:  AD and AD-Brk > 25%

Extrusion Fillet:  AD1, AD2 and AD-WLD (unless strength is achieved) 

7. Retest and Rejection
7.1 If the results of the testing of a sample do not conform to the requirements of this specification,

retesting to determine conformance or rejection should be done in accordance with the construc-
tion quality control or construction quality assurance plan for the particular site under construction.

8. Certification
8.1 Upon request of the construction quality assurance officer or certification engineer, an installer’s

certification that the geomembrane was installed and tested in accordance with this specification,
together with a report of the test results, shall be furnished at the completion of the installation.

This information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with the use of this information.  Please check with
GSE for current, standard minimum quality assurance procedures and specifications.
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Introduction to AutoCad

1.0 Basic Drawing Tools
1.01 Line A straight line from one point to another

1.02 Pline A line that can be modified to have width and/or be joined to other lines or poly-
lines.

1.03 Arc A curved line, usually with a starting point, middle point and an end point

1.04 Circle A perfect circle. Can be defined by radius, diameter, two points or three points.

1.05 Ellipse An egg shape, sort of.

1.06 Polygon A shape, such as a triangle, that can be made with as many sides as desired.

1.07 Donut A thick circle defined with an inner diameter and an outer diameter.

2.0 Basic Modification Tools
2.01 Move Command line: move Select objects you want to move, press enter, select a base

point, select the point you want to move to.

2.02 Trim Command line: trim Select line or object you want to trim to, hit enter, then trim the
lines or objects that are to be trimmed.

2.03 Extend Command line: extend Select line or object you want to extend to, hit enter, then
pick the lines you want extended

2.04 Hatch Command line: hatch Pick the hatch you want, look at rotation and scale, associ-
ated or not, and then pick how you want to select the area to be hatched.  You will
need to play with these  commands to learn.

2.05 Explode Command line: explode This command is used to separate a block or break up a
pline.  Select the items you want to explode then hit enter.

2.06 Stretch Command line: stretch

This command must be started with a crossing window, window the objects you
want to stretch, hit enter, provide a base point then stretch to a new point.

It is sometimes helpful to use "snap" setting when using this command.

2.07 Scale Command line: scale

Select objects, pick a base point, type in how you want to scale the object. You can
also do a reference scaling, Say you have a line in an object that is 6" long and
you want it to be 24" long, you input the first dimension and then input the new
dimension.

2.08 Break Command break:

Select the line you want to break, and then pick the two points you want to open.
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2.09 Break at

Similar to Break, but you only break at one point.

2.10 Fillet Command line: Fillet

Create a fillet by picking two lines. Requires input of the two distances.

2.11 Radius Command line: Radius

Creates a radius by picking two lines. Requires inputting a radius.  You can radius
all corners of a polylines by picking 'polylines' from the side menu.

2.12 Rotate Command line: rotate 

Pick object to rotate, hit enter, pick a base point, then the angle of rotation.angles
are clockwise unless you use a negative, ie.. -90o

2.13 Mirror Command Line: mirror

Mirror places an mirror image around a reference line.  Pick objects to be mirrored,
hit enter, thin pick two points along reference line.

2.14 Array Command line: array

Pick objects to array, hit enter, enter number of times you wish to array, then pick
the distances between arrays.

2.15 Polar array Command line: array p

Same as array but this arrays around a center point. Pick objects, then pick center
point, then number of arrays, then the amount of angle, 0 to 360.

3.0 Drawing Commands
3.01 Offset Command Line: Offset

Offsets line to a defined distance entered by user.

3.02 Draw Line w/ Typed Command Command Line: line 

Lines drawn from specific point with typed distance and rotation, ie… @24<45 this
draws a line 24" long from a given point at a 45° angle

3.03 Drawing Lines with Coordinates
Command Line: line

Lines drawn from two points using given coordinates such are found on customer's
drawings.  You may enter coordinates in feet or inches. East coordinate goes first.
Inches = 10”,10” (enter) 20”,20” always put a comma between east and north

Feet = 10',10' (enter) 20',20'
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DS037 NW  R03/15/06

Product Data Sheet

GSE Nonwoven Geotextile

GSE Nonwoven Geotextiles is a family of polypropylene, staple fiber, nonwoven, needlepunched geotextiles.
Manufactured using an advanced manufacturing and quality system, these products are the most uniform and consistent
nonwoven, needlepunched geotextile currently available in the industry. GSE combines a fiber selection and approval
system with in-line quality control and a state-of-the-art laboratory to ensure that every roll shipped meets customer spec-
ifications. The company has performed extensive performance testing to evaluate suitability of its nonwovens for various
applications. GSE Nonwoven Geotextiles are available in a range of weights to meet your specific project needs. These
product specifications meet or exceed GRI GT12, GRI GT13 and AASHTO M288.

Product Code GEO GEO GEO GEO GEO GEO
0408002 0608002 0808002 1008002 1208002 1608002

AASHTO M288 Class 3 2 1 >1 >>1 >>>1
Mass per Unit Area, oz/yd2 (g/m2) ASTM D 5261 90,000 ft2 4 6 8 10 12 16 

(135) (200) (270) (335) (405) (540)
Thickness ASTM D 5199 1/90,000 ft2 45 mil 70 mil 80 mil  100 mil  110 mil 155 mil  
Grab Tensile Strength, lb (N) ASTM D 4632 90,000 ft2 120 170 220 260 320 390 

(530) (755) (975) (1,155) (1,420) (1,735)
Grab Elongation, % ASTM D 4632 90,000 ft2 50 50 50 50 50 50
Puncture Strength, lb (N) ASTM D 4833 90,000 ft2 60 90 120 165 190 240 

(265) (395) (525) (725) (835) (1,055)
Trapezoidal Tear Strength, lb (N) ASTM D 4533 90,000 ft2 50 70 95 100 125 150 

(220) (310) (420) (445) (555) (665)
Apparent Opening Size, Sieve No. (mm) ASTM D 4751 540,000 ft2 70 70 80 100 100 100 

(0.212) (0.212) (0.180) (0.150) (0.150) (0.150)
Permittivity, sec-1 ASTM D 4491 540,000 ft2 1.50 1.50 1.50 1.20 0.80 0.70
Permeability, cm/sec ASTM D 4491 540,000 ft2 0.22 0.30 0.30 0.30 0.29 0.27
Water Flow Rate, gpm/ft2 (l/min/m2) ASTM D 4491 540,000 ft2 120 110 110 85 60 50 

(4,885) (4,480) (4,480) (3,460) (2,440) (2,035)
UV Resistance ASTM D 4355 per 70 70 70 70 70 70
(% retained after 500 hours) formulation
Roll Length(1), ft (m) 600 600 600 300 300 300 

(182) (182) (182) ( 91) ( 91) (91)
Roll Width(1), ft (m) 15 15 15 15 15 15 

(4.6) (4.6) (4.6) (4.6) (4.6) (4.6)
Roll Area, ft2 (m2) 9,000 9,000 9,000 4,500 4,500 4,500

(836) ( 836) ( 836) (418) (418) (418)

TESTED PROPERTY TEST METHOD FREQUENCY NW4 NW6 NW8 NW10 NW12 NW16

Product Specifications

NOTES:
• The property values listed are in weaker principal direction. All values listed are Minimum Average Roll Values (MARV) except apparent opening size in mm and UV

resistance. Apparent opening size (mm) is a Maximum Average Roll Value. UV is a typical value.

• (1)Roll lengths and widths have a tolerance of ±1%.
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Product Data Sheet

GSE Nonwoven “Heavyweight” Geotextile

GSE Nonwoven Geotextiles is a family of polypropylene, staple fiber, nonwoven needle punched geotextiles.
Manufactured using an advanced manufacturing and quality system, these products are the most uniform and consistent
nonwoven needle punched geotextile currently available in the industry. GSE combines a fiber selection and approval
system with in-line quality control and a state-of-the-art laboratory to ensure that every roll shipped meets customer spec-
ifications. The company has performed extensive performance testing to evaluate suitability of its nonwovens for various
applications. GSE Nonwoven Geotextiles are available in a range of weights to meet your specific project needs. These
product specifications meet or exceed GRI GT12.

Product Code GEO2008002 GEO2408002 GEO2808002 GEO3208002

Mass per Unit Area, oz/yd2 (g/m2) ASTM D 5261 90,000 ft2 20 (675) 24 (810) 28 (950) 32 (1,080)

Grab Tensile Strength, lb (N) ASTM D 4632 90,000 ft2 450 (1,980) 500 (2,200) 550 (2,420) 600 (2,640)

Grab Elongation, % ASTM D 4632 90,000 ft2 50 50 50 50

Puncture Strength, lb (N) ASTM D 4833 90,000 ft2 200 (880) 250 (1,100) 300 (1,320) 350 (1,540)

Trapezoidal Tear Strength, lb (N) ASTM D 4533 90,000 ft2 125 (550) 200 (880) 250 (1,100) 270 (1,190)

UV Resistance ASTM D 4355 per 70 70 70 70
(% retained after 500 hours) formulation

Roll Length(1), ft (m) 200 (61) 200 (61) 200 (61) 200 (61)

Roll Width(1), ft (m) 15 (4.6) 15 (4.6) 15 (4.6) 15 (4.6)

Roll Area, ft2 (m2) 3,000 (281) 3,000 (281) 3,000 (281) 3,000 (281)

TESTED PROPERTY TEST METHOD FREQUENCY NW20 NW24 NW28 NW32

Product Specifications

NOTES:
• The property values listed are in weaker principal direction. All values listed are Minimum Average Roll Values (MARV) except UV resistance which is a typical value.

• (1)Roll lengths and widths have a tolerance of ±1%.
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Product Data Sheet

GSE HD

GSE HD is a smooth, high quality, high density polyethylene (HDPE) geomembrane produced from specially formulat-
ed, virgin polyethylene resin. This polyethylene resin is designed specifically for flexible geomembrane applications. It
contains approximately 97.5% polyethylene, 2.5% carbon black and trace amounts of antioxidants and heat stabiliz-
ers; no other additives, fillers or extenders are used. GSE HD has outstanding chemical resistance, mechanical proper-
ties, environmental stress crack resistance, dimensional stability and thermal aging characteristics. GSE HD has excel-
lent resistance to UV radiation and is suitable for exposed conditions. These product specifications meet or exceed GRI
GM13.

NOTES:

• +Note 1: Dispersion only applies to near spherical agglomerates. 9 of 10 views shall be Category 1 or 2. No more than 1 view from Category 3.

• GSE HD is available in rolls weighing about 3,900 lb (1,769 kg)

• All GSE geomembranes have dimensional stability of ±2% when tested with ASTM D 1204 and LTB of <-77° C when tested with ASTM D 746.

• (1)Roll lengths and widths have a tolerance of ± 1%.

Product Code HDE HDE HDE HDE HDE

030A000 040A000 060A000 080A000 100A000

Thickness, (minimum average) mil (mm) ASTM D 5199 every roll 30 (0.75) 40 (1.00) 60 (1.50) 80 (2.00) 100 (2.50)

Lowest individual reading (-10%) 27 (0.69) 36 (0.91) 54 (1.40) 72 (1.80) 90 (2.30)

Density, g/cm3 ASTM D 1505 200,000 lb 0.94 0.94 0.94 0.94 0.94

Tensile Properties (each direction) ASTM D 6693, Type IV 20,000 lb

Strength at Break, lb/in-width (N/mm) Dumbell, 2 ipm 114 (20) 152 (27) 228 (40) 304 (53) 380 (67)

Strength at Yield, lb/in-width (N/mm) 63 (11) 84 (15) 126 (22) 168 (29) 210 (37)

Elongation at Break, % G.L. 2.0 in (51 mm) 700 700 700 700 700

Elongation at Yield, % G.L. 1.3 in (33 mm) 12 12 12 12 12

Tear Resistance, lb (N) ASTM D 1004 45,000 lb 21 (93) 28 (125) 42 (187) 56 (249) 70 (311)

Puncture Resistance, lb (N) ASTM D 4833 45,000 lb 54 (240) 72 (320) 108 (480) 144 (640) 180 (800)

Carbon Black Content, % ASTM D 1603 20,000 lb 2.0 2.0 2.0 2.0 2.0

Carbon Black Dispersion ASTM D 5596 45,000 lb +Note 1 +Note 1 +Note 1 +Note 1 +Note 1

Notched Constant Tensile Load, hr ASTM D 5397, Appendix 200,000 lb 300 300 300 300 300

Oxidative Induction Time, min    ASTM D 3895, 200° C; 200,000 lb >100 >100 >100 >100 >100
O2, 1 atm

Roll Length(1) (approximate), ft (m) 1,120 (341) 870 (265) 560 (171) 430 (131) 340 (104)

Roll Width(1), ft (m) 22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 22.5 (6.9)

Roll Area, ft2 (m2) 25,200 19,575 12,600 9,675 7,650
(2,341) (1,819) (1,171) (899) (711)

TESTED PROPERTY TEST METHOD FREQUENCY MINIMUM VALUE

REFERENCE PROPERTY TEST METHOD FREQUENCY NOMINAL VALUE

Product Specifications 

 



Advantages
• Excellent adhesion – special

adhesive compound engineered
to work with high tack System
4000 Surface Conditioner

• Cold applied – simple
application to substrates,
especially at low temperatures

• Reduced inventory and
handling costs – System 4000
Surface Conditioner is included
with each roll of membrane

• Wide application temperature
range – excellent bond to self
and substrate from -4°C (25°F)
and above

• Overlap security – minimizes
margin for error under site
conditions

• Cross laminated, high density
polyethylene carrier film –
provides high tear strength,
puncture and impact resistance

• Flexible – accommodates minor
structural movements and will
bridge shrinkage cracks

• RIPCORD® – this Split Release
on Demand feature allows the
splitting of the membrane into
two (2) pieces for ease of
installation in detailed areas

Description
Bituthene® System 4000 is a 
1.5 mm (1⁄16 in.) flexible, 
pre-formed waterproof membrane
which combines a high

performance, cross laminated,
HDPE carrier film with a unique,
super tacky, self-adhesive
rubberized asphalt compound.

System 4000 Surface Conditioner
is a unique, water-based, latex
surface treatment which imparts
an aggressive, high tack finish 
to the treated substrate. 
It is specifically formulated to
bind site dust and concrete

efflorescence, thereby providing a
suitable surface for the Bituthene
System 4000 Waterproofing
Membrane.

Conveniently packaged in each
roll of membrane, System 4000
Surface Conditioner promotes
good initial adhesion and, more
importantly, excellent permanent
adhesion of the Bituthene System
4000 Waterproofing Membrane.

Bituthene® System 4000
Self-adhesive HDPE waterproofing membrane with super tacky compound
for use with patented, water-based System 4000 Surface Conditioner

P R O D U C T I N F O R M A T I O N

www.graceconstruction.com
Below Grade Waterproofing

Hydroduct 220

Bituthene Liquid 
Membrane termination

System 4000 
Surface Conditioner

Bituthene 4000

Bituthene 4000

Preprufe

Preprufe Tape

Footing

Hydroduct
Coil 600

Bituthene Liquid Membrane
2.3 mm (3⁄32 in.) minimum



The VOC (Volatile Organic
Compound) content of this
product is 125 g/L.

Architectural and Industrial
Maintenance Regulations limit
the VOC content in products
classified as Architectural Coatings.
Refer to Technical Letters at
www.graceconstruction.com for
most current list of allowable
limits.

Use
Bituthene is ideal for
waterproofing concrete, masonry
and wood surfaces where 
in-service temperatures will not
exceed 57°C (135°F). It can be
applied to foundation walls,
tunnels, earth sheltered structures
and split slab construction, 
both above and below grade.
(For above grade applications,
see “Above Grade Waterproofing
Bituthene System 4000.”)

Bituthene is 1.5 mm (1⁄16 in.)
thick, 0.9 m (3 ft) wide and 20 m
(66.7 ft) long and is supplied in
rolls. It is unrolled sticky side
down onto concrete slabs or
applied onto vertical concrete
faces primed with System 4000
Surface Conditioner. Continuity
is achieved by overlapping a
minimum 50 mm (2 in.) and
firmly rolling the joint.

Bituthene is extremely flexible. 
It is capable of bridging shrinkage
cracks in the concrete and will
accommodate minor differential
movement throughout the service
life of the structure.

Application
Procedures
Safety, Storage and
Handling Information
Bituthene products must be
handled properly. Vapors from
solvent-based primers and mastic
are harmful and flammable. 

For these products, the best
available information on safe
handling, storage, personal
protection, health and
environmental considerations has
been gathered. Material Safety
Data Sheets (MSDS) are available
at www.graceconstruction.com
and users should acquaint
themselves with this information.
Carefully read detailed
precaution statements on product
labels and the MSDS before use.

Surface Preparation
Surfaces should be structurally
sound and free of voids, spalled
areas, loose aggregate and sharp
protrusions. Remove contaminants
such as grease, oil and wax from
exposed surfaces. Remove dust,
dirt, loose stone and debris.
Concrete must be properly dried
(minimum 7 days for normal
structural concrete and 14 days for
lightweight structural concrete). 

If time is critical, Bituthene Primer
B2 may be used to allow priming
and installation of membrane on
damp surfaces or green concrete.
Priming may begin in this case as
soon as the concrete will
maintain structural integrity. Use
form release agents which will not
transfer to the concrete. Remove
forms as soon as possible from
below horizontal slabs to prevent
entrapment of excess moisture.
Excess moisture may lead to
blistering of the membrane. Cure
concrete with clear, resin-based
curing compounds which do not
contain oil, wax or pigment.
Except with Primer B2, allow
concrete to thoroughly dry
following rain. Do not apply any
products to frozen concrete.

Repair defects such as spalled or
poorly consolidated areas. Remove
sharp protrusions and form match
lines. On masonry surfaces, apply

a parge coat to rough concrete
block and brick walls or trowel
cut mortar joints flush to the face
of the concrete blocks.

Temperature
• Apply Bituthene System 4000

Membrane and Conditioner
only in dry weather and when
air and surface temperatures
are -4°C (25°F) or above.

• Apply Bituthene Primer B2 
in dry weather above -4°C
(25°F). (See separate product
information sheet.)

Conditioning
Bituthene System 4000 Surface
Conditioner is ready to use and
can be applied by spray or roller.
For best results, use a pump-type
air sprayer with fan tip nozzle,
like the Bituthene System 4000
Surface Conditioner Sprayer, to
apply the surface conditioner.

Apply Bituthene System 4000
Surface Conditioner to clean, dry,
frost-free surfaces at a coverage
rate of 7.4 m2/L (300 ft2/gal).
Coverage should be uniform.
Surface conditioner should not be
applied so heavily that it puddles
or runs. Do not apply conditioner
to Bituthene membrane.

Allow Bituthene System 4000
Surface Conditioner to dry one
hour or until substrate returns to
its original color. At low
temperatures or in high humidity
conditions, dry time may be longer.

Bituthene System 4000 Surface
Conditioner is clear when dry
and may be slightly tacky. In
general, conditioning should be
limited to what can be covered
within 24 hours. In situations
where long dry times may prevail,
substrates may be conditioned in
advance. Substrates should be
reconditioned if significant dirt or
dust accumulates.



Before surface conditioner dries,
tools should be cleaned with
water. After surface conditioner
dries, tools should be cleaned
with mineral spirits. Mineral
spirits is a combustible liquid
which should be used only in
accordance with manufacturer’s
recommendations. Do not use
solvents to clean hands or skin.

Corner Details
The treatment of corners varies
depending on the location of the
corner. For detailed information
on Bituthene Liquid Membrane,
see separate product information
sheet.

• At wall to footing inside
corners – 
Option 1: Apply membrane to
within 25 mm (1 in.) of base 
of wall. Treat the inside corner
by installing a 20 mm (3⁄4 in.)
fillet of Bituthene Liquid
Membrane. Extend Bituthene
Liquid Membrane at least 
65 mm (21⁄2 in.) onto footing,
and 65 mm (21⁄2 in.) onto 
wall membrane. 
Option 2: Treat the inside
corner by installing a 20 mm
(3⁄4 in.) fillet of Bituthene
Liquid Membrane. Apply 
300 mm (12 in.) wide strip of
sheet membrane centered over
fillet. Apply wall membrane
over inside corner and extend
150 mm (6 in.) onto footing.
Apply 25 mm (1 in.) wide
troweling of Bituthene Liquid
Membrane over all terminations
and seams within 300 mm 
(12 in.) of corner.

• At footings where the elevation
of the floor slab is 150 mm 
(6 in.) or more above the
footing, treat the inside corner
either by the above two
methods or terminate the
membrane at the base of the
wall. Seal the termination with
Bituthene Liquid Membrane.

Joints
Properly seal all joints with
waterstop, joint filler and sealant
as required. Bituthene
membranes are not intended to
function as the primary joint
seal. Allow sealants to fully cure.
Pre-strip all slab and wall cracks
over 1.5 mm (1⁄16 in.) wide and
all construction and control
joints with 230 mm (9 in.) wide
sheet membrane strip.

Application on Horizontal
Surfaces
(Note: Preprufe® pre-applied
membranes are strongly
recommended for below slab or
for any application where the
membrane is applied before
concreting. See Preprufe product
information sheets.)

Apply membrane from the low
point to the high point so that
laps shed water. Overlap all
seams at least 50 mm (2 in.).
Stagger all end laps. Roll the
entire membrane firmly and
completely as soon as possible.
Use a linoleum roller or standard
water-filled garden roller less
than 760 mm (30 in.) wide,
weighing a minimum of 34 kg
(75 lbs) when filled. Cover the
face of the roller with a resilient
material such as a 13 mm (1⁄2 in.)
plastic foam or two wraps of
indoor-outdoor carpet to allow
the membrane to fully contact the
primed substrate. Seal all T-joints
and membrane terminations with
Bituthene Liquid Membrane at
the end of the day.

Protrusions and Drains
Apply membrane to within 
25 mm (1 in.) of the base of the
protrusion. Apply Bituthene
Liquid Membrane 2.5 mm 
(0.1 in.) thick around protrusion.

Bituthene Liquid Membrane
should extend over the membrane
a minimum of 65 mm (21⁄2 in.)
and up the penetration to just
below the finished height of the
wearing course.

Vertical Surfaces
Apply membrane in lengths up to
2.5 m (8 ft). Overlap all seams at
least 50 mm (2 in.). On higher
walls apply membrane in two or
more sections with the upper
overlapping the lower by at least
50 mm (2 in.). Roll all membrane
with a hand roller.

Terminate the membrane at grade
level. Press the membrane firmly
to the wall with the butt end of a
hardwood tool such as a hammer
handle or secure into a reglet.
Failure to use heavy pressure at
terminations can result in a poor
seal. A termination bar may be
used to ensure a tight seal.
Terminate the membrane at the
base of the wall if the bottom of
the interior floor slab is at least
150 mm (6 in.) above the footing.
Otherwise, use appropriate inside
corner detail where the wall and
footing meet.

Membrane Repairs
Patch tears and inadequately
lapped seams with membrane.
Clean membrane with a damp
cloth and dry. Slit fishmouths and
repair with a patch extending
150 mm (6 in.) in all directions
from the slit and seal edges of the
patch with Bituthene Liquid
Membrane. Inspect the
membrane thoroughly before
covering and make any repairs.

Drainage
Hydroduct® drainage composites
are recommended for both active
drainage and protection of the
membrane. See Hydroduct
product information sheets.



Protection of Membrane
Protect Bituthene membranes
to avoid damage from other
trades, construction materials
or backfill. Place protection
immediately in temperatures
above 25°C (77°F) to avoid
potential for blisters.

• On vertical applications, use
Hydroduct 220 Drainage
Composite. Adhere
Hydroduct 220 Drainage
Composite to membrane
with Hydroduct Tape.
Alternative methods of
protection are to use 25 mm
(1 in.) expanded polystyrene
or 6 mm (1⁄4 in.) extruded
polystyrene that has a
minimum compressive
strength of 55 kN/m2

(8 lbs/in.2). Such alternatives
do not provide positive
drainage to the system. 

If 6 mm (1⁄4 in.) extruded
polystyrene protection board
is used, backfill should not
contain sharp rock or
aggregate over 50 mm 
(2 in.) in diameter. Adhere
polystyrene protection board
with Hydroduct Tape.

• In mud slab waterproofing,
or other applications where
positive drainage is not
desired and where reinforced
concrete slabs are placed
over the membrane, the use
of 6 mm (1⁄4 in.) hardboard
or 2 layers of 3 mm (1⁄8 in.)
hardboard is recommended. 

Insulation
Always apply Bituthene
membrane directly to primed
or conditioned structural
substrates. Insulation, if used,

must be applied over the
membrane. Do not apply
Bituthene membranes over
lightweight insulating concrete.

Backfill
Place backfill as soon as
possible. Use care during
backfill operation to avoid
damage to the waterproofing
system. Follow generally
accepted practices for
backfilling and compaction.
Backfill should be added and
compacted in 150 mm (6 in.)
to 300 mm (12 in.) lifts.

For areas which cannot be fully
compacted, a termination bar
is recommended across the top
termination of the membrane. 

System 4000 Surface
Conditioner Sprayer
The Bituthene System 4000 Surface
Conditioner Sprayer is a professional grade,
polyethylene, pump-type, compressed air
sprayer with a brass fan tip nozzle. It has a
7.6 L (2 gal) capacity. The nozzle orifice 
and spray pattern have been specifically
engineered for the optimum application of
Bituthene System 4000 Surface Conditioner.

Hold nozzle 450 mm (18 in.) from substrate
and squeeze handle to spray. Spray in a
sweeping motion until substrate is uniformly
covered.

Sprayer should be repressurized by pumping
as needed. For best results, sprayer should be
maintained at high pressure during spraying.

To release pressure, invert the sprayer and
spray until all compressed air is released.

Maintenance
The Bituthene System 4000 Surface Conditioner
Sprayer should perform without trouble for
an extended period if maintained properly.

Sprayer should not be used to store 
Bituthene System 4000 Surface Conditioner.
The sprayer should be flushed with clean
water immediately after spraying. For breaks
in the spray operation of one hour or less,
invert the sprayer and squeeze the spray
handle until only air comes from the nozzle.
This will avoid clogging.

Should the sprayer need repairs or parts, call
the maintenance telephone number on the
sprayer tank (800-323-0620).



Supply

Bituthene System 4000 0.9 m x 20 m roll (18.6 m2) 3 ft x 66.7 ft (200 ft2)

Roll weight 38 kg (83 lbs) gross

Palletization 25 rolls per pallet

Storage Store upright in dry conditions below +35°C (95°F).

System 4000 Surface Conditioner 1 x 2.3 L (0.625 gal) bottle in each roll of System 4000 Membrane

Ancillary Products

Surface Conditioner Sprayer 7.6 L (2 gal) capacity professional grade sprayer with 
specially engineered nozzle

Bituthene Liquid Membrane 5.7 L (1.5 gal) pail/125 pails per pallet or 15.1 L (4 gal) pail/
48 pails per pallet

Hydroduct Tape 2.5 cm x 61.0 m (1 in. x 200 ft) roll/6 rolls per carton

Bituthene Mastic 12 – 0.9 L (30 oz) tubes/carton or 18.9 L (5 gal) pail/36 pails per pallet

Complementary Material

Hydroduct See separate data sheets

Equipment by others: Soft broom, utility knife, brush or roller for priming

Placing Steel
When placing steel over
properly protected membrane,
use concrete bar supports
(dobies) or chairs with plastic
tips or rolled feet to prevent
damage from sharp edges. Use
special care when using wire
mesh, especially if the mesh is
curled.

Approvals
• City of Los Angeles

Research Report RR 24386
• U.S. Department of Housing

and Urban Development
(HUD) HUD Materials
Release 628E

Warranty
Five year material warranties
covering Bituthene and
Hydroduct products are
available upon request.
Contact your Grace sales
representative for details.

Technical Services
Support is provided by full
time, technically trained 
Grace representatives and
technical service personnel,
backed by a central research
and development staff.
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For Technical Assistance call toll free at 866-333-3SBM (3726).

Physical Properties for Bituthene 4000 Membrane

Property Typical Value Test Method

Color Dark gray-black

Thickness 1.5 mm (1⁄16 in.) nominal ASTM D3767 – method A 

Flexibility, 180° bend over 25 mm Unaffected ASTM D1970
(1 in.) mandrel at -32°C (-25°F)

Tensile strength, membrane, die C 2240 kPa (325 lbs/in.2) minimum ASTM D412 modified1

Tensile strength, film 34.5 MPa (5,000 lbs/in.2) minimum ASTM D882 modified1

Elongation, ultimate failure 300% minimum ASTM D412 modified1

of rubberized asphalt

Crack cycling at -32°C (-25°F), Unaffected ASTM C836
100 cycles

Lap adhesion at minimum 880 N/m (5 lbs/in.) ASTM D1876 modified2

application temperature

Peel strength 1576 N/m (9 lbs/in.) ASTM D903 modified3

Puncture resistance, membrane 222 N (50 lbs) minimum ASTM E154

Resistance to hydrostatic head 70 m (210 ft) of water ASTM D5385

Permeance 2.9 ng/m2sPa (0.05 perms) maximum ASTM E96, section 12 – water method

Water absorption 0.1% maximum ASTM D570
Footnotes:
1. The test is run at a rate of 50 mm (2 in.) per minute.
2. The test is conducted 15 minutes after the lap is formed and run at a rate of 50 mm (2 in.) per minute at 5°C (40°F).
3. The 180° peel strength is run at a rate of 300 mm (12 in.) per minute.

Physical Properties for System 4000 Surface Conditioner

Property Typical Value

Solvent type Water

Flash point >60°C (>140°F)

VOC* content 125 g/L

Application temperature -4°C (25°F) and above

Freeze thaw stability 5 cycles (minimum)

Freezing point (as packaged) -10°C (14°F)

Dry time (hours) 1 hour**
* Volatile Organic Compound
** Dry time will vary with weather conditions







BITUTHENE® LIQUID MEMBRANE
Two component, elastomeric, liquid applied detailing
compound for use with Grace waterproofing membranes

Grace Waterproofing Products

Product Advantages

• Liquid applied

• Waterproof

• Tough, rubber-like

• Chemically cured

• Cold applied

• System compatible

• Flashing material around drains, protrusions,
curbs and parapets

• Sealing material at terminations

• Repair material for defects on concrete surfaces

• Flashing material at corners

The two parts of Bituthene Liquid Membrane are
mixed on site and troweled on to provide a simple
and quick waterproofing detailing aid in conjunc-
tion with Bituthene, Preprufe® and Procor®

systems.

Compatibility
Bituthene Liquid Membrane is completely
compatible with Bituthene, Preprufe and Procor,
and with existing asphalt or coal tar-based water-
proofing materials. It is also compatible with
cured silicone and polyurethane sealants. It is not
compatible with creosote, pentachlorophenol,
linseed oil or polysulfide-based sealants.

Description
Bituthene® Liquid Membrane is a two component,
elastomeric, cold applied, trowel grade material
designed for a variety of uses with the Grace
waterproofing systems. The VOC (Volatile
Organic Compound) content is 10 g/L.

Architectural and Industrial Maintenance Regula-
tions limit the VOC content in products classified
as Architectural Coatings. Refer to Technical
Letters at www.graceconstruction.com for most
current list of allowable limits.

Advantages
• Liquid applied—conforms to irregular profiles

• Waterproof—resistant to water vapor and
water pressure

• Tough, rubber-like—flexible and damage
resistant

• Chemically cured—unaffected by in-service
temperature variations

• Cold applied—no flame hazard

• System compatible—formulated for use with
Grace waterproofing membrane systems

Use
Bituthene Liquid Membrane is ideally suited for
the following uses:

• Fillet material at inside corners

• Reinforcement material at inside corners

Drawings are for illustration purposes only. 
Please refer to www.graceconstruction.com for specific application details.

Bituthene 
Liquid Membrane

3⁄32 in. (2.3 mm) minimum

Hydroduct® 220

Bituthene Liquid Membrane termination

Bituthene 4000

Bituthene 4000

Preprufe

Preprufe Tape

Footing

Hydroduct
Coil 600

System 4000 Surface
Conditioner
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Physical Properties

Property Typical Value Test Method
Color

Part A Black
Part B Clear
Mixture of Parts A and B Black

Solids content 100% ASTM D1644
Elongation 250% minimum ASTM D412
Peel strength 5 lbs/in. (880 N/m) minimum ASTM D903
Flexibility, 180° bend over 1 in. Unaffected ASTM D1970
(25 mm) mandrel at -25°F (-32°C)

Supply

Bituthene Liquid Membrane (Parts A & B)
Unit size 1.5 gal (5.7 L) 4 gal (15.1 L)
Weight per unit 16 lbs (8 kg) 44 lbs (20 kg)
Units per pallet 100 24

Application Procedures
Safety, Storage and Handling Information
Bituthene products must be handled properly.
Vapors from solvent-based primers and mastic are
harmful and flammable. For these products, the
best available information on safe handling,
storage, personal protection, health and environ-
mental considerations has been gathered. Material
Safety Data Sheets (MSDS) are available at
www.graceconstruction.com and users should
acquaint themselves with this information. Care-
fully read detailed precaution statements on
product labels and the MSDS before use.

Surface Preparation
All surfaces must be dry and free from dirt,
grease, oil, dust or other contaminants. Bituthene
Liquid Membrane may be applied at temperatures
of 25°F (-4°C) or above. Below 40°F (5°C), store
in a warm place before application.

Mixing
Add the entire contents of the Part B container to
Part A and mix for 3 to 5 minutes until uniform.
Part A is black and Part B is clear. Take care to
scrape material from the side and bottom of the
containers to assure thorough mixing. A low speed
(150 rpm) mechanical mixer with flat paddle
blades is required. Do not apply any material if
streaks can be seen due to insufficient mixing.

Once mixed, Bituthene Liquid Membrane must be
applied by trowel within 1.5 hours. More time is
available at lower temperatures. At high tempera-
tures, thickening and curing will be faster. Material
that has thickened must be discarded. The material
will cure to a very flexible rubber-like material.

Bituthene Liquid Membrane must be applied at a
minimum thickness of 3⁄32 in. (2.3 mm) unless
otherwise noted on details. In fillet applications,
the face of the fillet should be a minimum of 3⁄4 in.
(20 mm). In corner flashing application details, it
should extend 6 in. (150 mm) in each direction
from the corner. Bituthene Liquid Membrane will
adhere to primed or unprimed concrete. 

Bituthene Liquid Membrane should be allowed to
cure at least 24 hours before flood testing.

Coverage
As a fillet material, 1 gal (3.8 L) will cover
approximately 100 linear feet (30 m). As a flashing
material, 1 gal (3.8 L) will cover approximately 
17 ft2 (1.6 m2). As a fillet and reinforcement, 
1 gal (3.8 L) will cover approximately 14 linear
feet (4.3 m).

Cleaning
Clean tools and equipment with mineral spirits
before Bituthene Liquid Membrane has cured.
Mineral spirits is a combustible liquid and should
be used only in accordance with the manufac-
turer’s safety recommendations. Do not use
solvents to clean hands or skin.

Bituthene, Hydroduct and Preprufe are registered trademarks of W. R. Grace & Co.–Conn.
Procor is a U.S. registered trademark of W. R. Grace & Co.–Conn., and is used in Canada under license from PROCOR LIMITED.
We hope the information here will be helpful. It is based on data and knowledge considered to be true and accurate and is offered for the users’
consideration, investigation and verification, but we do not warrant the results to be obtained. Please read all statements, recommendations or
suggestions in conjunction with our conditions of sale, which apply to all goods supplied by us. No statement, recommendation or suggestion is
intended for any use which would infringe any patent or copyright. W. R. Grace & Co.–Conn., 62 Whittemore Avenue, Cambridge, MA 02140.
In Canada, Grace Canada, Inc., 294 Clements Road, West, Ajax, Ontario, Canada L1S 3C6.
This product may be covered by patents or patents pending. Copyright 2007. W. R. Grace & Co.–Conn.
BIT-230D Printed in USA 3/07 FA/LI/1M
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300R Membrane termination. Remove the
release liner and roll firmly.

Preprufe 160R to Plaza Deck Waterproofing -
Install Preprufe 160R over the prepared verti-
cal surface following the standard vertical
application instructions above. Terminate the
Preprufe 160R Membrane 6" (150 mm) above
the proposed height of the finished wall.
Once the wall is poured and properly cured,
remove temporary forming and trim the
excess Preprufe 160R remaining above the
wall. Install the plaza deck waterproofing
according to the manufacturer’s standard
installation procedures. Ensure that the plaza
deck waterproofing overlaps the 160R mem-
brane a minimum of 9" (225 mm) and termi-
nate it onto the Preprufe 160R using a bead of
Bituthene Liquid Membrane.

Preprufe 160R to Post-Applied Wall
Waterproofing - Install Preprufe 160R over the
prepared vertical surface following the stan-
dard vertical application instructions above.
Extend the Preprufe 160R Membrane 12" (300
mm) beyond the end of the blind-side wall. As
the foundation wall formwork is installed, fold
the 12" (300 mm) piece of Preprufe 160R
Membrane to form a sharp corner. Secure it to
the inside face of the exterior form panel.
Once the wall is poured and cured for seven
days, remove the formwork and install the
post-applied waterproofing according to the
manufacturer’s standard installation proce-
dures.

Preprufe 300R Membrane Wall Termination
• Option 1 (Liquid Membrane Detail) - Install

Preprufe 300R Membrane over a mud slab
as detailed in horizontal applications above.
For compacted earth, contact a local
Grace representative. Install Preprufe 300R
Membrane tight to all vertical and horizontal
intersections. At the termination of the mem-
brane, place a 1" (25.4 mm) fillet of Bituthene
liquid membrane and trowel a 90 mil 
(2.2 mm) coating a minimum of 3" (75 mm)
onto vertical and horizontal surfaces.
Remove the release liner and install a mini-
mum 12" (300 mm) strip of Bituthene
Membrane centered over the horizontal ter-
mination. Install Preprufe Tape to cover the
strip of Bituthene Membrane by overlapping
a minimum of 1" (25.4 mm) until a minimum
of 2" (51 mm) overlap onto the Preprufe
Membrane is achieved. Terminate the top
edge of the strip of Bituthene Membrane
and Preprufe Tape along the wall with a

bead of Bituthene Liquid Membrane.
• Option 2 (Sheet Membrane Detail) - Install

Preprufe 300R Membrane over the pre-
pared substrate as detailed in horizontal
applications above. Install Preprufe 300R
Membrane tight to all vertical and horizontal
intersections. Install a minimum 6" (150 mm)
strip of Bituthene Membrane on the vertical
surface along the joint. Mix and apply
Bituthene Liquid Membrane to form a mini-
mum 1" (25.4 mm) continuous fillet between
the Preprufe Membrane and the wall. Install
Preprufe CJ Tape 6" (150 mm)  from the
edge of the wall onto the Preprufe
Membrane and terminate 2" (51 mm) onto
the strip of Bituthene Membrane. Install
Preprufe CJ Tape onto the strip of Bituthene
Membrane and overlap onto the previous
Preprufe CJ Tape a minimum of 2" (51 mm).
Terminate the top edge of the strip of
Bituthene Membrane and Preprufe Tape
along the wall with a bead of Bituthene
Liquid Membrane.

Membrane Repair
Inspect the membrane for damage before
placement of reinforcing steel, formwork and
concrete. Repair small punctures 1/2" (12 mm),
or less, and slices by applying Preprufe Tape
centered over the damaged area and roll
firmly. Remove the release liner from the tape.
Repair holes and large punctures by applying
a patch of Preprufe membrane, which
extends 6" (150 mm) beyond the damaged
area. Seal all edges of the patch with
Preprufe Tape, remove the release liner from
the tape and roll firmly.

CONCRETE PLACEMENT
Lightly soiled membrane should be cleaned
with air blower and heavily soiled membrane
should be cleaned with a power-washer. Cast
concrete within 56 days (42 days in hot cli-
mates) of application of the membrane.
Concrete must be placed carefully to avoid
damage to the membrane. Never use a
sharp object to consolidate concrete. 

REMOVAL OF FORMWORK
Preprufe Membranes can be applied to remov-
able formwork, such as slab perimeters, eleva-
tor and lift pits, etc. Once the concrete is
poured, the formwork must remain in place until
the concrete has gained sufficient compressive
strength to develop the surface bond. Preprufe
Membranes are not recommended for con-
ventional twin-sided wall forming systems.

A minimum concrete compressive strength

of 1500 psi (10 N/mm2) is recommended prior
to stripping formwork supporting Preprufe
Membranes. Premature stripping may result in
displacement of the membrane and/or
spalling of the concrete.

As a guide, to reach the minimum compres-
sive strength stated above, a structural con-
crete mix with an ultimate strength of 6000 psi
(40 N/mm2) will typically require a cure time of
approximately 6 days at an average ambient
temperature of 25 degrees F (-4 degrees C) or
2 days at 70 degrees F (21 degrees C).

6. Availability & Cost

AVAILABILITY
A network of distributors carries Preprufe and
Bituthene products for prompt delivery to 
project sites.

COST
For specific information, contact a local 
distributor or a Grace Construction Products 
representative.

7. Warranty
A 5 year material warranty for Preprufe and
Bituthene membrane products is available
from the manufacturer upon request.

8. Maintenance
Preprufe 300R and Preprufe 160R membranes
will not require maintenance when installed in
accordance with Grace’s recommendations.

9. Technical Services
Support is provided by full-time, technically
trained Grace field sales representatives and
technical service personnel, backed by a cen-
tral research and development staff.

10. Filing Systems
• Reed First Source
• Additional product information is available

from the manufacturer.
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Addendum 8 
Truck Route 

 



 

©2011 Google - Map data ©2011 Google - -

To see all the details that are visible on the 
screen, use the "Print" link next to the map. 

Page 1 of 22329 Frederick Douglass Blvd, New York, NY 10027 to George Washington Bridge, Ne...

8/3/2011http://maps.google.com/



Driving directions to George Washington Bridge, New York, NY 

These directions are for planning purposes only. You may find that construction projects, traffic, weather, or other events may cause 
conditions to differ from the map results, and you should plan your route accordingly. You must obey all signs or notices regarding your route. 
Map data ©2011 Google  

Report a problem  

1.  Head northeast on 8th Ave/Frederick Douglass Blvd toward W 125th St/Dr Martin Luther King Jr 
Blvd 
 328 ft 

2.  Take the 2nd left onto W 126th St 
 0.4 mi 

3.  Turn right onto Amsterdam Ave 
 0.3 mi 

4.  Turn left onto W 133rd St 
 0.4 mi 

5.  Turn right onto the Newyork 9A N/H. Hudson Pkwy ramp 
 0.2 mi 

6.  Merge onto New York 9A N 
 1.5 mi 

7.  Take exit 14 for I-95/George Washington Bridge toward Cross Bronx Expy/W 178 St 
 0.4 mi 

8.  Follow signs for I-95 N/Cr Bronx Expy 
 0.2 mi 

9.  Keep right at the fork, follow signs for West 178 Street 
 240 ft 

2329 Frederick Douglass Blvd
New York, NY 10027

George Washington Bridge
New York, NY

Page 2 of 22329 Frederick Douglass Blvd, New York, NY 10027 to George Washington Bridge, Ne...

8/3/2011http://maps.google.com/



Directions to George Washington Bridge, New 
York, NY 
3.4 mi – about 9 mins

 

These directions are for planning purposes only. You may find that construction projects, traffic, weather, or other events may cause 
conditions to differ from the map results, and you should plan your route accordingly. You must obey all signs or notices regarding your 
route. 
Map data ©2011 Google  

Directions weren't right? Please find your route on maps.google.com and click "Report a problem" at the bottom left. 

2329 Frederick Douglass Blvd, New York, NY 10027 

1. Head northeast on 8th Ave/Frederick Douglass Blvd toward W 125th St/Dr Martin 
Luther King Jr Blvd 

go 328 ft
total 328 ft

2. Take the 2nd left onto W 126th St 
About 1 min 

go 0.4 mi
total 0.4 mi

3. Turn right onto Amsterdam Ave 
About 1 min 

go 0.3 mi
total 0.7 mi

4. Turn left onto W 133rd St 
About 2 mins 

go 0.4 mi
total 1.1 mi

5. Turn right onto the Newyork 9A N/H. Hudson Pkwy ramp go 0.2 mi
total 1.3 mi

6. Merge onto New York 9A N 
About 2 mins 

go 1.5 mi
total 2.8 mi

7. Take exit 14 for I-95/George Washington Bridge toward Cross Bronx Expy/W 178 St go 0.4 mi
total 3.1 mi

8. Follow signs for I-95 N/Cr Bronx Expy go 0.2 mi
total 3.3 mi

9. Keep right at the fork, follow signs for West 178 Street go 240 ft
total 3.4 mi

George Washington Bridge, New York, NY 

Page 1 of 12329 Frederick Douglass Blvd, New York, NY 10027 to George Washington Bridge, Ne...

8/3/2011http://maps.google.com/maps?f=d&source=s_d&saddr=2329+Frederick+Douglass+Boulev...



 

 

Addendum 9 
Updated Project Schedule 



ID Task Name Duration Start Finish

1 EARTHWORK/ EXCAVATION 3 wks Fri 9/30/11 Thu 10/20/11

2

3 SIDEWALKS 6 wks Fri 6/8/12 Thu 7/19/12

4

5 CURBS 6 wks Fri 6/8/12 Thu 7/19/12

6

7 ASPHALT 2 wks Fri 7/20/12 Thu 8/2/12

8

9 FENCE PVC,2 GATES 3 wks Fri 6/8/12 Thu 6/28/12

10

11 CAST IN CONCRETE 10 wks Fri 10/21/11 Thu 12/29/11

12

13 SLAB 3 wks Fri 2/24/12 Thu 3/15/12

14

15 MASONRY 12 wks Fri 3/16/12 Thu 6/7/12

16

17 STRUCTURAL STEEL 10 wks Fri 12/16/11 Thu 2/23/12

18

19 ROOFING 2 wks Fri 12/30/11 Thu 1/12/12

20

21 DOORS 1 wk Fri 7/20/12 Thu 7/26/12

22

23 STORE FRONT 12 wks Fri 3/16/12 Thu 6/7/12

24

25 DRYWALL/TAPING/INSULATIO 6 wks Fri 6/8/12 Thu 7/19/12

26

27 CERAMIC/QUARRY TILE 4 wks Fri 7/20/12 Thu 8/16/12

28

29 PLUMBING & SERVICES 16 wks Fri 3/2/12 Thu 6/21/12

30

31 FIRE PROTECTION 16 wks Fri 3/2/12 Thu 6/21/12

32

33 HVAC 16 wks Fri 3/16/12 Thu 7/5/12

34

35 ELECTRIC 16 wks Fri 3/16/12 Thu 7/5/12

36

37 FIRE ALARM 12 wks Fri 3/16/12 Thu 6/7/12

38

39 Conveying Systems 12 wks Fri 6/8/12 Thu 8/30/12
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