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1. INTRODUCTION 

1.1 Purpose 

This Facility Closure Plan (Plan) has been prepared by Geosyntec Consultants, Inc. (Geosyntec) 
on behalf of Talen Montana, LLC (Talen) pursuant to Article IX of the “Administrative Order on 
Consent Regarding Impacts Related to Wastewater Facilities Comprising the Closed-Loop System 
at Colstrip Steam Electric Station, Colstrip Montana” (AOC) [MDEQ 2012]. The AOC was 
entered between Talen, the successor of PPL Montana, LLC, and the Montana Department of 
Environmental Quality (MDEQ or the Department) in August 2012.  

The AOC for Colstrip Steam Electric Station (CSES or the Station) applies to three areas: 

i. Areas at and downgradient of Units 1&2 Stage I and Stage II evaporation ponds northwest 
of the main plant site (SOEP/STEP Site); 

ii. Areas at and downgradient of the main plant site (Plant Site); and 

iii. Areas at and downgradient of Units 3&4 effluent holding ponds southeast of the main 
plant site (EHP Site). 

Article IX of the AOC requires a Facility Closure Plan be developed for each of the three areas (or 
sites). Figure 1 depicts the locations of the three sites. All wastewater facilities identified in 
Attachment A of the AOC will be addressed in one of the three plans. Table 1 replicates the 
facilities listed in Attachment A of the AOC and notes which plan addresses each facility. This 
Closure Plan is for the EHP Site. The Plant Site and the SOEP/STEP Site will be addressed in 
separate facility closure plans.  

1.2 Scope 

This Plan specifically addresses the AOC Article IX requirements for the EHP Site including: (1) 
provisions for control, minimization, or elimination, to the extent necessary to protect human 
health and the environment, of post-closure escape of Constituents of Interest (COIs) to the 
environment; (2) proposed actions to inform and obtain input from the community consistent with 
AOC Article V – Public Participation; and (3) cost estimates for closure and post-closure care. 
Closure of all CCR units will occur in compliance with the criteria for closure set forth in 40 CFR 
257.102. 

The requirements of the written closure plan (Appendix A) and post-closure plan (Appendix B) 
for EHP J Cell prepared by Geosyntec [2016a, 2016b], and the written closure plan (Appendix A) 
and post-closure plan (Appendix B) for existing impoundments prepared by Geosyntec [2016c, 
2016d], serve as the baseline for this Plan for the EHP Site. 
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A. In general, seams shall be oriented parallel to the line of maximum slope, (i.e., oriented 
down, not across, the slope).  In corners and at odd-shaped geometric locations, the 
number of field seams shall be minimized.  No horizontal seam shall be made within 10 
ft. of any toe of the slope, except where approved by ENGINEER or CQA Consultant.  
Horizontal seams shall be considered as any seam having an alignment exceeding 20 
degrees from being perpendicular to the slope contour lines, unless otherwise approved 
by ENGINEER.  No seams shall be located in an area of potential stress concentration, 
as defined by ENGINEER. 

B. 
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trampolining of the geomembrane is observed, then the Geosynthetics Installer will 
be required to make repairs so that the problem is eliminated. 

4. Ambient temperatures shall be measured 6 in. above the geomembrane surface. 

E. Overlapping and Temporary Bonding 

1. 
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specifically approved by make and model shall be used.  Proposed alternate seaming 
processes shall be documented and submitted to ENGINEER or CQA Consultant. 

2. Extrusion Equipment and Procedures: 

a. The Geosynthetics Installer shall maintain at least one spare operable extrusion 
seaming apparatus on Site at all times. 

b. 
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2. Four specimens, each 1.0-in. wide, shall be cut from the trial seam sample by the 
Geosynthetics Installer.  The specimens shall be tested in peel (both tracks for 
fusion welds) using an electronic readout field tensiometer, and the specimen shall 
fail by film tear bond (FTB) (i.e., failure in the parent material) rather than in the 
seam.  The Geosynthetics Installer shall test the specimens in the presence of the 
ENGINEER or CQA Consultant.  Testing using the field tensiometer shall be 
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2. Vacuum testing of extrusion field seams and repairs shall be performed in 
accordance with ASTM D 5641. 

3. Air pressure testing shall be performed on double fusion sea
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c. Two strips, 1-in. wide and 12-in. long with the seam centered parallel to the 
width, shall be taken.  The strip
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iii.�� all seaming equipment used in repair procedures must be approved by 
ENGINEER or CQA Consultant; 

iv.��





 
 
 

 

 
 
ME1431/MD17153.EHP Site Wastewater Facility AOC Closure Plan  11 February 2019 
 

§257.102(d)(3)(ii)(A) – Reduction in Infiltration 

The infiltration layer of the alternate final cover system must achieve an equivalent reduction in 
infiltration as the infiltration layer specified in §257.102(d)(3)(i)(A), which requires that the 
permeability of the final cover system be less than or equal to the permeability of the bottom liner 
or natural subsoils present (or 1 x 10-5 cm/sec, whichever is less), and §257.102(d)(3)(i) (B), which 
requires the use of an infiltration layer that contains a minimum of 18 inches of earthen material.  
Compliance with this requirement is discussed below for each cover system type. 

Type II Cover System 

As EHP C Cell and EHP G Cell are unlined, the permeability of the final cover must be less than 
or equal to that of the natural subsoils or 1 x 10-5 cm/sec, whichever is less.  However, the 
permeability of natural subsoils was not established as part of this design because the permeability 
of the geomembrane and GCL used in the final cover are 2 x 10-13 cm/sec and 1 x 10-8 cm/sec, 
respectively, far lower than the permeability of natural soils.  The final cover design thus meets 
the performance standard under §257.102(d)(3)(i)(A).   

The low permeability of the final cover is achieved through the use of a composite infiltration layer 
comprising an upper geomembrane component and a lower GCL component overlain by an 18-
inch earthen (bottom ash) protective drainage layer.  The Final Cover Drainage Layer Analysis 
performed by Geosyntec (Appendix A.1 of the CCR Rule Written Closure Plan) shows that the 
drainage layer is sufficient to allow liquids to flow freely to the dewatering system collection pipes, 
which will prevent buildup of liquid head on the geomembrane, thereby minimizing infiltration. 

Type III Cover System 

As EHP A Cell is unlined, the permeability of the final cover must be less than or equal to that of 
the natural subsoils or 1 x 10-5 cm/sec, whichever is less.  However, the permeability of natural 
subsoils was not established as part of this design because the permeability of the geomembrane 
and GCL used in the final cover are 2 x 10-13 cm/sec and 1 x 10-8 cm/sec, respectively, far lower 
than the permeability of natural soils.  The final cover design thus meets the performance standard 
under §257.102(d)(3)(i)(A).   

The low permeability of the final cover is achieved through the use of a composite infiltration layer 
comprising an upper geomembrane component and a lower GCL component overlain by a 
geocomposite drainage layer (if needed).  The Final Cover Drainage Layer Analysis performed by 
Geosyntec (Appendix A.1 of the CCR Rule Written Closure Plan) shows that the drainage layer is 
sufficient to allow liquids to flow freely to the dewatering system sump, which will prevent buildup 
of liquid head on the geomembrane, thereby minimizing infiltration. 
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Gauge nominal mils 60 ASTM D5994 
Shear Strength(1) 

at yield point 
minimum lb/in 108 ASTM D6392 
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§257.102(d)(3)(ii)(C) – Integrity of the Final Cover 

For all cover system types, the final cover will be constructed of earthen and geosynthetic 
components that are sufficiently flexible to accommodate expected local differential settlements 
and subsidence, as demonstrated by the Final Cover Settlement Analysis performed by Geosyntec 
(Appendix A.2 of the CCR Rule Written Closure Plan).  The design of the final cover system and 
lateral drainage layer and dewatering system are such that there will be no further impounding of 
water, sediment, or slurry in the closed impoundment, as required by §257.102(d)(1)(ii).  The 
calculations in Appendix A.2 also demonstrate that the final cover system grades will not be 
reversed and the lateral drainage layer and dewatering system will continue to perform as designed 
even after settlement of the underlying waste under the maximum overburden loading from the 
overfill impoundment, stormwater pond, or final cover system has occurred.  The final cover 
design thus meets the performance standard in §257.102(d)(3)(ii)(C). 

At the time of final cover system construction, quality control and quality assurance measures will 
be implemented such that the final cover will be constructed as designed and the cover system will 
maintain major slope stability and integrity throughout the closure and post-closure periods, as 
required under §257.102(d)(1)(iii).  The stability of the final cover system under design conditions 
is demonstrated by the Veneer Slope Stability Analysis performed by Geosyntec (Appendix A.3 
of the CCR Rule Written Closure Plan). The final cover design thus meets this performance 
standard. 

3.2 Post-Closure Care 

Post-closure care activities considered in this Plan include: (i) maintenance of final cover systems 
as needed to maintain integrity and effectiveness and to addresses settlement and erosion; and (ii) 
operation and management of final cover liquid collection systems. Groundwater activities, such 
as operation and maintenance of groundwater monitoring and groundwater capture systems, will 
be addressed by the Remedy Evaluation under the AOC.  

3.2.1 Property Uses During Post-Closure Period 

Planned uses for the EHP Site include stormwater or captured groundwater storage, and may 
include cattle grazing after the plant is out of service. Cattle grazing is recommended by Talen’s 
reclamation consultant, KC Harvey Environmental, LLC (2017), to facilitate good vegetative 
cover.  The executive summary states, in part, the following: 

“At all study sites, grazing management may improve species richness by opening the 
canopy for desired species to establish. Grazing to a 50% utilization level can provide 
an intermediate disturbance that maintains species richness and promotes soil health 
through nutrient cycling resulting from decay or plant residues. Boron levels in 
vegetation do not pose a health risk to grazing animals based on levels measured during 
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2017 monitoring. Continuation of low intensity grazing by livestock is recommended 
at the sites after observing the plant production condition in spring 2017. In addition, 
early spring or late fall grazing could be considered in the future for management of 
annual grasses.” 

Disturbance to the integrity of the closure/containment system is not anticipated. To provide for 
control, minimization, or elimination, to the extent necessary to protect human health and the 
environment, of post-closure escape of COIs, an appropriate institutional control may be imposed 
on the real property, without conveying the property or creating a dominant and servient estate.  
Section 257.102(i) of the CCR Rule outlines the requirements for deed notations to be placed on 
the property that contains a closed surface impoundment that is regulated by the CCR Rule, which 
include notification of the presence of a CCR unit and that the use of the property is restricted.  If 
identified in the AOC Remedy Evaluation Report, similar procedures could be followed for surface 
impoundments not regulated by the CCR Rule. 

3.2.2 Final Cover System Maintenance 

Construction of the final cover as described above uses passive management systems to the extent 
possible to reduce the need for long-term maintenance of cells after closure or after construction 
of an overfill cell. If the closed unit is not used as overfill or for storage of stormwater or captured 
groundwater, the final cover will be vegetated with native, non-woody vegetation requiring little 
maintenance such as mowing.  

For existing impoundments where a new CCR Rule-compliant surface impoundment overfill or a 
stormwater pond will be constructed directly above the closed CCR surface impoundment (i.e., 
the north portion of A Cell, a portion of C Cell, and all of G Cell and J Cell), the cover system for 
the underlying impoundment will be protected from erosion damage by the placement of CCR 
solids and/or water in the lined overfill impoundment. This negates the need for the installation of 
an erosion layer as part of the cover system and eliminates the need for future maintenance and 
repair of erosion layer soils and vegetation.  

Following the closure of a CCR surface impoundment where no overfill construction or 
stormwater storage is planned (i.e., the south portion of A Cell, all of D/E Cell, J-1 Cell, G-1 Cell, 
and C-1 Cell), erosion and sedimentation control measures will be maintained until vegetated 
surfaces of the final cover system are fully stabilized. After vegetation is fully established, routine 
site inspections will be performed as part of post-closure care to monitor the condition of the access 
roads, stormwater channels, and final cover and evaluate if repair maintenance is needed. 

When identified during routine site inspections, eroded, non-vegetated, or otherwise damaged 
areas of the final cover will be repaired by the addition of soil, regrading, and revegetation, as 
necessary.  Inspections of all closed impoundments will be performed at least on an annual basis 
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throughout the 30-year post-closure period for CCR surface impoundments.  At the end of the 30-
year post-closure care period, the cover systems will be evaluated to verify that they have met the 
requirements and determine if any additional activities are needed. 

During detailed design of impoundment closure, a run-on and run-off control and stormwater 
management system will be developed. The run-on and run-off control system will be designed 
and constructed to limit erosion and other damage to the final cover. The run-on and run-off control 
system will also be designed and constructed to maintain its effectiveness following closure of the 
surface impoundment.  The specific details of the run-on and run-off control system will be 
developed during the detailed design for the closure of each impoundment.  In general, these 
systems may consist of, but are not limited to, swales, benches, berms, and downchutes. 

The drainage systems will be operated and monitored as needed to remove liquids from above the 
underlying impoundments’ cover system, including managing cover liquids produced by the waste 
placed in the overfill impoundment and/or by managing water that drains from the overlying 
impoundment into the drainage system. If routine inspections and/or monitoring, or performance 
of the drainage system, indicate that the drainage system is not operating as designed, maintenance 
will be performed to correct the deficiency. 

As discussed in Section 3.1, the CSES will remain a zero-discharge facility at least until plant 
closure. 

3.2.3 Liquid Collection and Removal System Maintenance 

Each of the overfill impoundments will be constructed with a liquid collection and removal system 
(LCRS) consisting of one or more components that may include a geocomposite, bottom ash or 
soil protective drainage layer, piping, and/or gravel.  

The underdrain collections system for the New Clearwell consists of one underdrain collection 
system situated between the primary and secondary liners (between liner collection). The double 
liner and underdrain collection system consist of the following components (from top to bottom): 

 60-mil textured HDPE primary geomembrane liner; 
 250-mil geocomposite intermediate drainage layer consisting of a geonet between two 

geosynthetic cushions (collection system between liners); 
 60-mil textured HDPE secondary geomembrane liner; 
 240-mil geosynthetic clay liner; and 
 prepared CCR subgrade. 

The underdrain collection system for the B Cell consists of an underdrain collection system 
situated beneath the liner (under liner).  The liner and underdrain collection system consist of the 
following components (from top to bottom): 
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 45-mil Reinforced Polypropylene (RPP) liner; 
 geotextile cushion layer; and 
 compacted liner subgrade (collection system under liner). 

The underdrain collections systems for the C-1, G-1 and J-1 Cells consist of one liquid collection 
system situated above the liner. The liner and LCRS consist of the following components (from 
top to bottom): 

 18-in protective drainage bottom ash layer (collection system above liner); 
 8-oz non-woven geotextile cushion layer; 
 60-mil textured HDPE geomembrane; 
 geosynthetic clay liner; and 
 prepared CCR subgrade. 

The underdrain collection system for the F Cell consists of an underdrain collection system situated 
beneath the liner (under liner). The liner and underdrain collection system consist of the following 
components (from top to bottom): 

 45-mil Reinforced Polypropylene (RPP) liner; 
 8-oz geotextile cushion layer; and 
 compacted liner subgrade (collection system under liner). 

The underdrain collection systems for the H Cell consist of: (i) one underdrain collection system 
situated between the primary and secondary liners (between liner collection), and (ii) a second 
underdrain collection system situated beneath the secondary liner (under liner). The double liner 
and underdrain collection system consist of the following components (from top to bottom): 

 45-mil RPP primary geomembrane liner; 
 350-mil geocomposite drainage layer consisting of a geonet between two geosynthetic 

cushions (between liner or primary collection system); 
 36-mil RPP secondary geomembrane liner; 
 geotextile cushion layer; and 
 compacted liner subgrade (under liner or secondary collection system). 

Liquids collected in the drainage systems are or will be conveyed to sumps fitted with riser pipes 
in which a pump will be operated to remove liquids to the decant water pond for evaporation or 
use by the plants.  Following plant closure, these liquids may be evaporated through the forced 
evaporation system or treated and discharged, under a discharge permit, as needed.  The collection 
systems installed above the geosynthetic liner will reduce the liquid head on the liner and limit 
infiltration from the overlying cells. The underdrain collection systems installed below the 
geosynthetic liners will be operated to capture any liquid seeping through the liner.  



 
 
 

 

 
 
ME1431/MD17153.EHP Site Wastewater Facility AOC Closure Plan  17 February 2019 
 

The collection systems will be operated and maintained throughout the post-closure period 
capturing liquid from the waste placed in the impoundments as needed. If monitoring or 
performance of the collection systems indicates that the system is not operating as designed, 
maintenance will be performed to correct the deficiency.  The need for operation of the Liquids 
Collection and Removal Systems and underdrains beyond the 30-year post-closure care period will 
be evaluated as part of post-closure care activities and monitoring for each impoundment.   

As discussed in Section 3.1, the CSES will remain a zero discharge facility at least until plant 
closure. 

4. PROPOSED ACTIONS FOR PUBLIC PARTICIPATION 

Per Article IX.C of the AOC, this Plan “shall include proposed actions to inform and obtain input 
from the community consistent with Article V.” The proposed actions that Talen will conduct for 
public participation and that the Department shall perform as part of its action on this submission 
are in accordance with Article V.F of the AOC (Amendment entered effective March 1st, 2017). 
The following bullet points are a summary of those requirements: 

 Talen will submit this Plan to the Department per the requirements of the AOC;  
 The Department shall post this Plan on its website upon receipt of this report. If the 

Department disapproves the plan, it shall also post its written disapproval; 
 The Department shall post any revised plans submitted by Talen addressing concerns 

identified by the Department in its disapproval; 
 The Department shall post a preliminary approval or preliminary conditional approval of 

the plan or revised plan on its website and a notice to the public of a 60-day period within 
which to comment on the report; 

 Upon receipt of a written request within 10 days of posting by 10 or more persons or by a 
group having 10 or more members, the Department will conduct a public meeting on the 
plan; 

 If a request for a public meeting has been received, the Department will set a public meeting 
and publish a public notice of the meeting on its website and in the local newspaper and 
the Billings Gazette; 

 The public meeting must be held at least 10 days prior to the close of the public comment 
period. The Department shall conduct the public meeting; 

 The Department will respond to substantive public comment as part of its final action on 
the submission; and 

 The Department shall conduct a public meeting annually to inform the public of progress 
made by the Department and Talen under the AOC and to accept any input the public may 
have on implementation of the AOC. 



 
 
 

 

 
 
ME1431/MD17153.EHP Site Wastewater Facility AOC Closure Plan  18 February 2019 
 

5. COST ESTIMATE FOR CLOSURE AND POST-CLOSURE CARE 

Cost estimates are based on recent cost experience at CSES for similar construction work and 
Geosyntec’s experience with similar projects. To estimate costs for future development activities, 
costs for typical construction activities anticipated to be performed at the Station were developed 
(e.g., capping, liner system) and these costs were then normalized on a per unit basis (e.g., acre, 
foot, square foot). This per unit cost was then used to estimate construction costs for each of the 
anticipated impoundment construction activities based on the size of the existing or proposed 
impoundment and the type of construction activity being performed. Costs for closure and post-
closure care activities are presented in 2018 dollars. 

Table 5 presents the cost estimate for closure and post-closure care of wastewater facilities at the 
EHP Site. It is notable that the future construction costs are heavily dependent on a few 
construction components (primarily geosynthetics but also, for some units, excavation), for which 
the costs are reasonably well known, and on several ancillary construction items (e.g., liquid or 
cover drainage systems), which are affected by specific design details and, therefore, are less 
certain. More detailed cost estimates will be developed during the design phase for each 
construction activity.  
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Table 1. AOC Attachment A Facilities with Plan Reference 

Wastewater Facility (1) Facility Closure Plan 
Units 1&2 A/B Flyash Pond 

Plant Site 
Clearwell 

A Pond  
B Pond 

1&2 Scrubber Pipeline SOEP/STEP Site 

Units 1&2 Wash Tray Pond 
Plant Site 

(currently Units 1&2 Bottom Ash Clearwell) 

Units 1&2 Bottom Ash Pond w/ Clearwell 
Plant Site  

 
Units 1&2 Brine Waste Disposal Ponds 

 (previously closed per MDEQ approval) D1-D3 ponds 
D4 pond 

Units 1&2 Cooling Tower Blowdown (Pond C) 
Plant Site Pond C North 

Pond C South 
Units 1&2 Groundwater Capture Storage Pond Plant Site 
Units 1&2 Stage I Evaporation Pond  (previously closed per MDEQ approval) 
Units 1&2 Stage II Evaporation Pond 

SOEP/STEP Site 
Cells A, E 

Cell B 
Old Clearwell 

Cell D 

Units 3&4 Auxiliary Scrubber Drain Pond  
 (concrete structure, will be removed as part 

of plant demolition work) 
Units 3&4 North Plant Area Drain Plant Site 
Units 3&4 Wash Tray Pond (Stormwater 
Pond – 1) 

Plant Site 

Units 3&4 Scrubber Drain Collection – 
(Stormwater Pond – 2) 

Plant Site 

Units 3&4 Bottom Ash Pond w/ Clearwell Plant Site 
Brine Concentrator Solids Disposal Area Plant Site 
Units 3&4 Effluent Holding Pond w/ Clearwell 
(EHP) 

EHP Site 

Units 3&4 Scrubber-EHP Pipeline EHP Site 
Units 1-4 Sediment Retention Pond  Plant Site 
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Table 1. AOC Attachment A Facilities with Plan Reference (cont.) 

Wastewater Facility (1) Facility Closure Plan 
Units 1-4 North Plant Sediment Retention 
Pond 

Plant Site 

Units 1-4 Surge Pond (Castle Rock Lake) 
 (Fresh water supply pond, not a wastewater 

facility) 

Unit 4 Cooling Tower Canal 
 (concrete structure being removed as part of 

plant demo work) 
Drain Pit #3 (2) EHP Site 
Drain Pit #5 (2) EHP Site 
Drain 1AD Drain Pond (2) SOEP/STEP Site 

 Notes: (1) Wastewater facilities from AOC Attachment A unless otherwise specified. 

(2) Drain pits along the pipelines were not listed in AOC Attachment A. 
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Table 2. Description of Wastewater Facility Construction and Service History at the EHP Site 

  

Wastewater 
Facility 

CCR Rule 
Regulated 

Surface 
Area 

(acre) (1) 

Years in 
Service 

Contents Stored Construction Upgrades/Operation Changes 

A Cell (2) 
(south 

portion to be 
capped) 

Yes 23.1 1983 - 2017 CCR solids 
Closed by capping south portion of A Cell in 2017. CCRs remain in 
the unit below the synthetic cap. 

New 
Clearwell (2) 

(over north 
portion of A 

Cell) 

No 22.5 

1983 - 2017 CCR solids 
Closed by installing cap/liner for New Clearwell over north portion 
of A Cell in 2017.  CCRs remain in the unit below the cap/liner. 

2018 - plant 
shutdown 

Pond return water  
New Clearwell over A Cell to store decant/pond return water until 
plant shutdown. 

After plant 
shutdown 

Stormwater New Clearwell over A Cell to store stormwater after plant shutdown. 

B Cell 
(Clearwell) 

Yes 39 

1983 - 2008 
CCR water and 

solids 
B Cell stored CCR water and solids until 2008. 

2008 - 2022 Pond return water Liner for B Cell installed in 2008 to serve as Clearwell. 

After 2022 CCR solids 
Close by filling with CCR and installing synthetic cap, planned for 
2022. 

C/C-1 Cells 
(3) 

Yes 74.9 

1983 - 2023 
CCR water and 

solids 
Close C Cell by installing cap/liner for C-1 Cell, planned for 2023.  
CCRs will remain in the unit below the synthetic cap/liner. 

2023 - plant 
shutdown (6) 

CCR solids Close C-1 Cell by capping after plant shutdown. 

D/E Cell Yes 39.2 1983 - 2022 CCR solids Close by capping, planned for 2022. 
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Table 2. Description of Wastewater Facility Construction and Service History at the EHP Site (cont.) 

Wastewater 
Facility 

Will This Unit 
be covered by 

the CCR 
Rule? 

Surface 
Area  

(acre) (1) 

Years in 
Service 

Contents Stored Construction Upgrades/Operational Changes 

F Cell (4) No 59.2 

1983-2004 CCR water and solids Stored scrubber slurry until 2004. 

2005 - plant 
shutdown 

Captured 
groundwater and 

excess pond water 

Lined in 2005 using a 45-mil RPP liner with an underdrain 
collection system installed below the geomembrane and 10+ ft. 
of low permeability dried paste below the liner. 

G/G-1 Cells 
(3) 

Yes 51.8 

1983 - 2023 

CCR water and 
solids, scrubber 

slurry, brine pond 
soils 

Close G Cell by installing cap/liner for G-1 Cell, planned for 
2023.  CCRs will remain in the unit below the synthetic 
cap/liner. 

2023 - plant 
shutdown (6) 

CCR solids Close G-1 Cell by capping, after plant shutdown. 

H Cell (4) No 49.9 

1983 - 2013 CCR water and solids Stored scrubber slurry until 2013. 

2014 - plant 
shutdown 

Excess pond water to 
be evaporated as part 
of the excess water 

elimination program 

Double-lined in 2013 with RPP and leakage collection systems 
installed in between and below the liners, over low permeability 
dry scrubber slurry. 

J/J-1 Cells (3) Yes 57.1 

1983 - 2013 CCR water and solids 
Old Clearwell received paste from 2009-2013. Old Clearwell 
and north portion of G Cell combined in 2014 to form J Cell  

2014 - 2017 CCR water and solids 
Closed J Cell and lined J-1 Cell in 2017. CCRs remain in the 
unit below the synthetic cap/liner. 

2018 - 2024 
(6) 

CCR water and solids Close J-1 Cell by capping, planned for 2024 
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Table 2. Description of Wastewater Facility Construction and Service History at the EHP Site (cont.) 

Notes:  (1) This is the footprint of the cell. 

(2) Total area of EHP A Cell is 45.6 acres, including the south portion to be capped (23.1 acres) and the north portion (22.5 acres) where EHP New Clearwell is planned for 
operation in 2018.  

(3) EHP J-1 Cell was constructed over J Cell in 2017. EHP C-1 Cell over C Cell and G-1 Cell over G Cell are planned for 2023.  

(4) EHP F and H Cells will continue to be used for groundwater capture water and excess water storage to be eliminated through the forced evaporation system. EHP F and 
H Cells are intended to be dewatered and used for stormwater and groundwater capture storage after plant shutdown. 

(5) The Units 3&4 scrubber-EHP pipeline and Drain Pits #3 and #5 along the pipeline are an accessory to the EHP Site and are considered in this Closure Plan.  

(6) The placement of CCRs will be dry after 1 July 2022.

Wastewater 
Facility 

Will This Unit 
be covered by 

the CCR 
Rule? 

Surface 
Area  

(acre) (1) 

Years in 
Service 

Contents Stored Construction Upgrades/Operational Changes 

Units 3&4 
Scrubber-

EHP 
Pipeline and 
Drain Pits #3 

and #5 (5) 

No 
Not 

Applicable 

1983 - 
plant 

shutdown 

Scrubber slurry 
transported from the 
scrubbers to the EHP 

and clearwater 
returned to the 

scrubbers 

3-mile pipeline was originally fiberglass, changed out to HDPE 
from 1988 - 1998. Drain Pits #3 and #5 along the pipeline were 
geomembrane lined. To be decommissioned and removed after 
plant shutdown.  
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Table 3. CCR Rule Requirements for Closure of Surface Impoundments 

Rule Section Rule Requirement 
Location Where Addressed in 

CCR Rule Written Closure Plan 
(Appendix A) 

§257.102(b)(1)(i) 
Narrative description of how unit will be closed with 

CCR in place  
Section 3.1 

§257.102(b)(1)(iii) 

Description of final cover system design Section 3.2.1 

Discussion of how final cover system will meet 
performance standard of §257.102(d)(1) 

Section 3.1, 3.2.2, and 3.2.4 

Discussion of drainage and stabilization 
requirements of §257.102(d)(2) 

Section 3.2.3 

Description of methods and procedures used to 
install the final cover system 

Section 3.2.4 

§257.102(b)(1)(iv) Estimate of the maximum on-site CCR inventory Section 3.3 

§257.102(b)(1)(v) 
Estimate of the largest area of the CCR unit  

requiring closure 
Section 3.4 

§257.102(b)(1)(vi) Closure schedule Section 3.5 

§257.102(g)  
and  

§257.102(h) 
Closure notifications 

CERTIFICATION STATEMENT 
and 

Section 3.6 

§257.102(i) Notification of deed notations Section 3.6 

§257.102(j) Recordkeeping requirements Section 3.6 
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Table 4. CCR Rule Requirements for Post-Closure of Surface Impoundments 

 

 

Rule Section Rule Requirement 

Location Where 
Addressed in CCR Rule 

Written Closure Plan 
(Appendix B) 

§257.104(d)(1)(i) 
Description and frequency of monitoring and 

maintenance activities required by §257.104(b) 
Section 3.1 

§257.104(d)(1)(ii) Post-closure period contact information Section 3.2 

§257.104(d)(1)(iii) Property uses during post-closure period Section 3.3 

§257.104(d)(2) Deadline to prepare the initial written post-closure plan 
CERTIFICATION 

STATEMENT 

§257.104(d)(4) 
Written certification from a qualified professional 

engineer that the initial/amended written post-closure 
plan meets the requirements of §257.104(d) 

CERTIFICATION 
STATEMENT 

§257.104(e) 
Notification of completion of post-closure 

care period 
Section 3.4 

§257.104(f) Recordkeeping and notification requirements Section 3.4 
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Table 5. Cost Estimates for Wastewater Facility Closure and Post-Closure Care at the EHP Site 

Wastewater Facility 
Facility 
Area, ac 

Design and Construction Costs (1) 

Closure (2, 3) 
Post-Closure 

Care (3, 4, 5) 
Subtotal 

Activity 
Year 

Planned 
Item Cost 

NPV Item Cost 
(2, 3) 

EHP A Cell (south portion 
capped in 2017) 

23.1 None None $0 $0 $0 $236,000 $236,000 

EHP New Clearwell 
(constructed over north 

portion of A Cell in 2017) 
22.5 

Prepare EHP New Clearwell for use as post-
closure stormwater management pond, to be 
empty/dry in 2040 

2040 $250,000 $130,473 $130,000 $0 $130,000 

EHP B Cell 39 Close EHP B Cell 2022 $7,900,000 $7,019,048 $7,020,000 $399,000 $7,419,000 

EHP C Cell 74.9 

Design EHP C Cell closure (and partial liner) 2022 $250,000 $222,122 

$11,922,000 $766,000 $12,688,000 
Construct partial closure in EHP C Cell 2023 $6,867,598 $5,924,051 

Design closure for C Cell 2039 $240,000 $129,012 

Close EHP C Cell 2040 $10,820,000 $5,646,877 

EHP D/E Cells 39.2 
Design closure for EHP D/E Cells 2021 $600,000 $549,085 

$7,568,000 $401,000 $7,969,000 
Close EHP D/E Cells 2022 $7,900,000 $7,019,048 

EHP F Cell 59.2 
Prepare EHP F Cell for use as post-closure 
stormwater management pond, to be 
empty/dry in 2040 

2040 $500,000 $260,946 $261,000 $0 $261,000 

EHP G/G-1 Cells 51.8 

Close EHP G Cell with overfill liner system 2023 $8,800,000 $7,590,957 

$11,591,000 $530,000 $12,121,000 Design closure for G-1 Cell 2039 $170,000 $91,383 

Close EHP G-1 Cell 2040 $7,490,000 $3,908,975 

EHP H Cell 49.9 
Prepare EHP H Cell for use as post-closure 
stormwater management pond, to be 
empty/dry in 2040 

2040 $500,000 $260,946 $261,000 $0 $261,000 

EHP J-1 Cell over J Cell 57.1 
Design closure for EHP J-1 Cell 2023 $400,000 $345,044 

$10,060,000 $584,000 $10,644,000 
Close EHP J-1 Cell 2024 $11,600,000 $9,714,817 

Units 3&4 Scrubber-EHP 
Pipeline and Drain Pits #3 

and #5 
0.75 Removal/Decommissioning in 2040 2040 $190,000 $99,160 $99,000 $0 $99,000 

EHP SITE TOTAL $51,828,000 
Notes:  (1) Construction cost is obtained from the per acre cost estimated in Table 6 and the facility's area. Note that construction quality assurance (CQA) is assumed to be five (5) percent of the total construction cost and is included here. 

(2) NPV = net present value. A discount rate of three (3) percent was used, agreed upon between MDEQ and Talen. 
(3) Costs for closure and post-closure care activities are presented in 2018 dollars. 
(4) A post-closure care period of 30 years is considered after the EHP Site is closed after plant shutdown. Under the CCR Rule, the owner or operator of a CCR unit should conduct post-closure care for 30 years. 
(5) Post-Closure Care includes maintenance of final cover as needed to maintain integrity and effectiveness and addresses settlement and erosion, operation and management of underdrain collection system. Operation and maintenance of groundwater monitoring 

system and groundwater capture system will be addressed by the remediation report under the AOC. 
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Table 6. Typical Construction Costs 

Construction 
Type (1) 

Item Units Quantity  Unit Price   Total Price  Price per Acre Unit Price Notes 

Type IV Cover 
System (assume 

50 acres) 

Mobilization/Demobilization LS 1 $455,472 $455,472  Five percent of other construction items (per PPL) 

Surveying AC 50 $4,000.00 $200,000  Estimated price of $4,000 per acre for surveying for geosynthetic 
liner/cap construction 

Attic Fill (to 3% slopes) - on-site source/CCRs CY 900,000 $5.00 $4,500,000  Cost based on the actual cost of onsite projects, rounded to nearest 
dollar, plus $1/cy for compaction 

Geomembrane (40-mil HDPE) SF 2,178,000 $0.49 $1,067,220  Cost estimated based on other onsite projects 

Cap Drainage System LS 1 $500,000.00 $500,000  Estimate 

Cap Soil (two feet) - on-site source CY 161,333 $4.00 $645,333  Borrow soil cost rounded to nearest dollar from other onsite 
projects 

Permanent Stabilization AC 50 $7,500.00 $375,000  Assumes amending top six inches of soil ($5k) and applying seed 
and mulch ($2.5k) 

Miscellaneous (25% of construction costs) LS -- -- $1,821,888  Assumed to be 25 percent of unit price items 

       $9,564,914 $191,298   

Type II Cover 
System (assume 

50 acres) 

Mobilization/Demobilization LS 1 $220,000.00 $220,000  Cost estimated based on other onsite projects 

Surveying AC 50 $2,970.00 $148,500  Cost estimated based on other onsite projects 

Subgrade Fill CY 80,667 $3.24 $261,360  Cost estimated based on other onsite projects, assumes an average 
of one foot of fill over the entire cell 

Subgrade Preparation SF 2,178,000 $0.05 $103,278  Cost estimated based on other onsite projects, assumes that 
subgrade is ready and only requires fine grading 

GCL SF 2,178,000 $1.24 $2,700,720  Cost estimated based on other onsite projects 

Geomembrane (60-mil HDPE) SF 2,178,000 $0.47 $1,023,660  Cost estimated based on other onsite projects 

Geotextile SF 2,178,000 $0.19 $413,820  Cost estimated based on other onsite projects 

Liner Protective Cover (1.5 feet bottom ash) CY 121,000 $7.40 $895,400  Cost estimated based on other onsite projects, including screening 
and placement 

Leachate Collection and Removal System LS 1 $699,596.70 $699,597  Cost estimated based on other onsite projects 

Miscellaneous (25% of construction costs) LS -- -- $1,561,584  Examples include: access ramps, connection to paste plant. 
Assumed to be 25 percent of unit price items 

       $8,027,919 $160,558   
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Table 6. Typical Construction Costs (cont.) 

Construction 
Type (1) 

Item Units Quantity  Unit Price   Total Price  Price per Acre Unit Price Notes 

Type III Cover 
System (EHP 

New Clearwell 
only, 22.5 acres) 

Mobilization/Demobilization LS 1 $390,158.51 $390,159  Five percent of other construction items (per PPL) 

Surveying AC 22.5 $4,000.00 $90,000  Estimated price of $4,000 per acre for surveying for geosynthetic 
liner/cap construction 

Excavation CY 500,000 $4.00 $2,000,000  Cost estimated based on other onsite projects, rounded to nearest 
dollar 

Subgrade Preparation SF 980,100 $0.05 $46,475  Cost estimated based on other onsite projects, assumes that 
subgrade is ready and only requires fine grading 

GCL SF 980,100 $1.24 $1,215,324  Cost estimated based on other onsite projects 

Geomembrane (60-mil HDPE) SF 980,100 $0.47 $460,647  Cost estimated based on other onsite projects 

Geocomposite SF 980,100 $1.11 $1,087,911  Cost estimated based on other onsite projects, plus 5% per year 
increase and plus 10% locale cost 

Geomembrane (60-mil HDPE) SF 980,100 $0.47 $460,647  Cost estimated based on other onsite projects 

Secondary Liquids Collection System LS 1 $381,532.00 $381,532  Cost estimated based on other onsite projects 

Water Piping LS 1 $500,000.00 $500,000  Estimate 

Miscellaneous (25% of construction costs) LS -- -- $1,560,634  Assumed to be 25 percent of unit price items 

       $8,193,329 $364,148   

Impoundments 
Lined with Clay 
to Be Pushed In 

(Assume 5 acres) 

Mobilization/Demobilization LS 1 $17,290.00 $17,290  Five percent of other construction items (per PPL) 

Erosion Control Matting SY 24,000 $2.10 $50,400  Estimated price based on recent similar projects 

Subgrade Preparation SF 217,500 $0.20 $43,500  Assumes that subgrade is ready and only requires fine grading 

Cap Soil (0.5 feet) - on-site source CY 4,000 $4.00 $16,000  Borrow soil cost rounded to nearest dollar from other onsite 
projects 

Permanent Stabilization AC 5.0 $7,500.00 $37,500  Assumes amending top six inches of soil ($5k) and applying seed 
and mulch ($2.5k) 

Waste (CCR) excavation and relocation CY 800 $8.00 $6,400  Unit price from recent similar projects, assume 0.1 ft thick CCR 
settling in the pond   

Clay liner excavation and relocation CY 24,000 $8.00 $192,000  Unit price from recent similar projects, assume 3 ft thick clay liner  

Miscellaneous (15% of construction costs) LS - - $51,870  Assumed to be 15 percent of unit price items 

       $414,960 $82,992   
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Table 6. Typical Construction Costs (cont.) 

Construction 
Type (1) 

Item Units Quantity  Unit Price   Total Price  Price per Acre Unit Price Notes 

Impoundments 
Lined with 

Geosynthetic to 
Be Pushed In 
(Assume 0.25 

acre) 

Mobilization/Demobilization LS 1 $15,000.00 $15,000  Estimate for small construction jobs 

Erosion Control Matting SY 2,000 $2.20 $4,400  Estimated price based on recent similar projects 

Subgrade Preparation SF 17,500 $0.20 $3,500  Assumes that subgrade is ready and only requires fine grading 

Cap Soil (0.5 feet) - on-site source CY 350 $4.00 $1,400  Borrow soil cost rounded to nearest dollar from other onsite projects 

Permanent Stabilization AC 0.40 $7,500.00 $3,000  Assumes amending top six inches of soil ($5k) and applying seed and 
mulch ($2.5k), additional disturbed area of 0.15 acre 

Waste (CCR) excavation and relocation CY 450 $8.00 $3,600  Unit price from recent similar projects, assume average 1 ft thick 
CCR settling in the pond   

Clay liner/soil excavation and relocation CY 1,250 $8.00 $10,000  Unit price from recent similar projects, assume 3 ft thick layer  

Removal and Disposal of Existing Liner AC 0.25 $9,800.00 $2,450  Unit price from recent similar projects 

Miscellaneous (30% of construction costs) LS - - $8,505  Assumed to be 30 percent of unit price items 

       $51,855 $207,420   

Impoundments 
Lined with 

Geosynthetic to 
Be Pushed In 
(Assume 10 

acres) 

Mobilization/Demobilization LS 1 $25,000.00 25,000   Estimate for small construction jobs 

Erosion Control Matting SY 25,000 $2.20 $55,000   Estimated price based on recent similar projects 

Subgrade Preparation SF 17,500 $0.20 $3,500   Assumes that subgrade is ready and only requires fine grading 

Cap Soil (0.5 feet) - on-site source CY 14,600 $4.00 $58,400   Borrow soil cost rounded to nearest dollar from other onsite projects 

Permanent Stabilization AC 10.15 $7,500.00 $76,125   
Assumes amending top six inches of soil ($5k) and applying seed and 
mulch ($2.5k), additional disturbed area of 0.15 acre 

Waste (CCR) excavation and relocation CY 16,500 $8.00 $132,000   
Unit price from recent similar projects, assume average 1 ft thick 
CCR settling in the pond   

Clay liner/soil excavation and relocation CY 24,500 $8.00 $196,000   Unit price from recent similar projects, assume 3 ft thick layer  

Removal and Disposal of Existing Liner AC 10.00 $9,800.00 $98,000   Unit price from recent similar projects 

Miscellaneous (30% of construction costs) LS - - $185,708   Assumed to be 30 percent of unit price items 

    $829,733  $82,973   

Pipeline 
Removal only 

(Assume 3 miles) 
Removal and disposal of 3-mile pipelines LS - - $15,100 $15,100 

Assumes being part of drain pond/pit removal construction, 
Mobilization/Demobilization not double-counted  

Post-closure Care 
(2) 

Post-closure Care (per acre) AC 1 $1,000.00 $1,000 $1,000 Estimate 

Notes:  (1) For construction activities, construction quality assurance (CQA) is assumed to be five percent of the total construction cost, which is included in the total closure cost in Table 5. 

(2) Based on actual cost on other similar facility, Post-closure Care is assumed to be $1,000 per acre of closed impoundment, including maintenance of final cover as needed.  
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Figure 5.  Final Alternative Cover Systems 

 

 

 

 

 

 

 

 

 

(a) Type II Cover System 

 

 

 

 

(b) Type III Cover System 

 

 

 

 

 

(c) Type IV Cover System 

 

Wastewater Facility Cover System Wastewater Facility Cover System 

A Cell Type III/Type IV H Cell N/A (stormwater) 

B Cell Type IV J Cell Type II 

C Cell Type II/Type IV C-1 Cell Type IV 

D/E Cells Type IV G-1 Cell Type IV 

F Cell N/A (stormwater) J-1 Cell Type IV 

G Cell Type II New Clearwell N/A (stormwater) 

40-mil textured HDPE geomembrane 

geocomposite drainage layer (when needed) 

8-oz non-woven geotextile cushion (when needed) 

12-inch earthen material serving as infiltration layer  

6-inch erosion layer capable of sustaining native 
plant growth 

 Prepared subgrade 

60-mil textured HDPE geomembrane 

geocomposite drainage layer 

GCL  

60-mil textured HDPE geomembrane 

60-mil textured HDPE geomembrane 

8-oz non-woven geotextile cushion 

GCL  

18-inch bottom ash protective drainage layer 
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Appendix C - Typical HDPE Geomembrane Specification 1 January 2018 


SECTION 02075 
GEOMEMBRANE 


PART 1 GENERAL 


1.01 SCOPE OF WORK 


A. CONTRACTOR shall furnish all labor, tools, supervision, transportation, and 
installation equipment necessary for the installation of geomembrane in accordance with 
the Contract Documents. 


B. Textured high-density polyethylene (HDPE) geomembrane shall be used as the 
geomembrane for this Work.  The approved geomembrane will have properties that 
comply with the requirements specified in Table 02075-1. 


C. OWNER shall supply the specified geomembrane to CONTRACTOR for its use 
pursuant to this Section. 


D. CONTRACTOR shall retain the services of a Geosynthetics Installer to install the 
approved geomembrane in conjunction with the other components of the Work.  The 
Geosynthetics Installer shall be approved by the OWNER and Geomembrane 
Manufacturer and have the demonstrated experience with installation of geomembrane 
as stated in Part 1.02 of this Section. 


1.02 1.02 QUALIFICATIONS 


A. Geosynthetics Installer: 


1. The Geosynthetics Installer shall be responsible for field handling, storing, 
deploying, seaming, temporarily restraining (against wind), and other aspects of 
installation of the geomembrane and shall provide qualified installation personnel, 
as outlined in this Section.  The Geosynthetics Installer may also be responsible for 
anchoring systems. 


2. As a firm, the Geosynthetics Installer shall have successfully installed a minimum 
of 10,000,000 ft2 of HDPE geomembrane for at least ten landfill or similar 
containment projects in the past five years. 


3. The superintendent assigned to this Work shall have supervised the installation of 
a minimum of 2,000,000 ft2 of either HDPE geomembrane on at least ten similar 
containment projects. 


4. All personnel performing seaming operations shall be qualified by experience or 
by successfully passing seaming tests. 


a. At least one seamer shall have experience seaming a minimum of 1,000,000 
lineal ft. of HDPE geomembrane seams using the same type of seaming 
apparatus to be used for this Work.  Seamers with such experience will be 
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Appendix C - Typical HDPE Geomembrane Specification 2 January 2018 


designated “master seamers” and shall provide direct supervision over less 
experienced seamers. 


b. Seaming personnel shall have seamed at least 100,000 lineal ft. of HDPE 
geomembrane seams using the same type of seaming apparatus to be used at for 
this Work. 


1.03 1.03 SUBMITTALS 


A. At least 14 days prior to the scheduled date of geomembrane installation, the 
Geosynthetics Installer shall submit to ENGINEER or CQA Consultant the following: 


1. Copy of Geomembrane Installer’s letter of approval or license by the Geomembrane 
Manufacturer. 


2. Installation capabilities, including: 


a. information on equipment and personnel; 
b. average daily production anticipated for this Work; and 
c. quality control procedures; 


3. A list of at least ten landfill or similar containment projects within the last five years 
that the Geomembrane Installer has installed a minimum of 10,000,000 ft2 of HDPE 
geomembrane.  The following information shall be provided for each facility: 


a. the name and purpose of the facility, its location, and dates of installation; 
b. the names of OWNER, ENGINEER, and CONTRACTOR; 
c. thickness and surface area of installed geomembrane; 
d. type of seaming and type of seaming apparatus used; and 
e. duration of installation. 


4. Resumes of all personnel who will perform seaming operations for this Work, 
including dates and duration of employment. 


5. A drawing showing the installation layout identifying field seams, as well as any 
variance or additional details that deviate from the Drawings.  The layout shall be 
adequate for use as a construction plan and shall include dimensions, details, etc. 


6. Installation schedule. 
7. A Certificate of Calibration less than 12 months old for the field tensiometer 


referenced in Parts 3.05.I and K of this Section. 


B. At least 14 days prior to transporting welding rod to the Site, the Geosynthetics Installer 
shall submit the following documentation on welding rod to ENGINEER: 


1. quality control documentation, including lot number, welding rod spool number, 
and results of quality control tests on the welding rod; and 


2. certification that the welding rod is compatible with the geomembrane and this 
Section. 
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C. During the installation, the Geosynthetics Installer shall be responsible for the timely 
submission to ENGINEER the following: 


1. quality control documentation; and 
2. subgrade acceptance certificates, signed by the Geosynthetics Installer, for each area 


to be covered by geomembrane. 


E. Upon completion of the installation, CONTRACTOR or the Geosynthetics Installer shall 
submit to ENGINEER or CQA Consultant record drawings of the installation as 
specified in Section 01721. 


1.04 1.05 CONSTRUCTION QUALITY ASSURANCE 


A. The installation of geomembrane shall be monitored by the ENGINEER or CQA 
Consultant as outlined in the CQA Plan. 


B. CONTRACTOR and the Geosynthetics Installer shall be aware of the activities in the 
CQA Plan and shall account for these CQA activities in the installation schedule. 


C. OWNER shall provide the CQA Consultant the opportunity to obtain conformance 
samples at the geomembrane manufacturing facility in order to expedite the conformance 
testing and approval process. 


PART 2 PRODUCTS 


2.01 GEOMEMBRANE SUPPLY 


A. OWNER will provide CONTRACTOR with geomembrane for the Work.  The 
geomembrane will be supplied to the Site in rolls.  CONTRACTOR shall confirm the 
maximum height of rolls in a stockpile to avoid crushing of the center core. 


2.02 2.02 LABELING 


A. Geomembrane and fabricated panels will be labeled with the following information: 


1. thickness of the material; 
2. length and width of the roll or factory panel; 
3. names of manufacturer; 
4. product identification; 
5. lot number; and 
6. roll or factory panel number. 


2.03 2.03 HANDLING AND STORAGE 


A. CONTRACTOR or the Geosynthetics Installer shall be responsible for handling, 
storing, and caring for the geomembrane at the Site.  CONTRACTOR or the 
Geosynthetics Installer shall be liable for all damages to the materials incurred prior to 
final acceptance by OWNER and ENGINEER. 
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B. CONTRACTOR or the Geosynthetics Installer shall be responsible for storage of the 
geomembrane at the Site.  During storage, the geomembrane shall be protected from 
excessive heat or cold, puncture, cutting, or other damaging or deleterious conditions.  
The geomembrane shall be stored in accordance with any additional requirements of the 
Geomembrane Manufacturer. 


PART 3 EXECUTION 


3.01 FAMILIARIZATION 


A. Prior to implementing any Work described in this Section, the Geosynthetics Installer 
shall become thoroughly familiar with all portions of the Work required by Section. 


B. The Geosynthetics Installer shall carefully inspect the installed Work of all other 
Sections and verify that all Work is complete to the point where the Work of this Section 
may properly commence without adverse impact to the project. 


C. If the Geosynthetics Installer has any concerns regarding the installed Work of other 
Sections, then he should notify ENGINEER or CQA Consultant in writing prior to the 
start of the Work of this Section.  Failure to inform ENGINEER or CQA Consultant in 
writing or commencing geomembrane installation will be construed as the 
Geosynthetics Installer’s acceptance of the related Work of other Sections. 


3.02 SURFACE PREPARATION 


A. If not already covered by previously installed geosynthetics, Geosynthetics Installer 
shall provide certification in writing that the surface on which the geomembrane will be 
installed is acceptable.  The surface shall be free of stones, litter, organic matter, 
irregularities, protrusion, loose soil, and any abrupt changes in grade that could damage 
the geomembrane.  The certification of acceptance shall be given to and accepted by the 
ENGINEER or CQA Consultant prior to commencement of geomembrane installation 
in the area under consideration. 


B. Special care shall be taken to maintain the prepared subgrade. 


C. No geomembrane shall be placed onto an area which has been softened by precipitation 
or which has cracked due to desiccation.  The subgrade shall be observed daily to 
evaluate the effects of desiccation cracking and/or softening on the integrity of the 
subgrade. 


D. Any damage to the subgrade caused by installation of the geosynthetics shall be repaired 
at CONTRACTOR’s expense. 
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E. CONTRACTOR shall be responsible for dewatering areas that have been accepted for 
geomembrane deployment, including anchor trenches. 


F. CONTRACTOR shall make efforts to grade the area to direct surface water away from 
the installation area and pump any accumulation of water immediately from the 
installation area. 


3.03 ANCHORAGE 


A. The anchor trench shall be excavated prior to geomembrane placement to the lines, 
grades, and configuration indicated by the Contract Documents. 


B. Slightly rounded corners shall be provided in the anchor trench where the geomembrane 
adjoins the trench to avoid sharp bends in the geomembrane. 


C. Loose soil shall be compacted or removed from the anchor trench prior to installation of 
the geomembrane. 


D. The anchor trench shall be backfilled and compacted after the geosynthetics has been 
installed in the trench.  Care shall be taken when backfilling the trenches to prevent any 
damage to the geosynthetics. 


E. Soils used in the anchor trench shall conform to the requirements for structural fill as 
specified in Section 02055.  Soils shall be placed and compacted as specified in Section 
02055.   


3.04 GEOMEMBRANE DEPLOYMENT 


A. The Geosynthetics Installer shall prepare geomembrane installation layout drawings 
prior to geomembrane deployment.  These drawings shall indicate the geomembrane 
configuration, dimensions, details, locations of seams, etc.  ENGINEER or CQA 
Consultant must approve the layout drawings prior to the installation of any 
geomembrane.  The layout drawings, as modified and/or approved by ENGINEER or 
CQA Consultants, shall become part of the Contract Documents. 


B. Field Panel Identification 


1. A geomembrane field panel is a roll or a portion of roll cut in the field.  The 
Geosynthetics Installer shall be responsible to identify and track all partially used 
rolls by marking the roll number clearly on the roll after cutting a field panel. 


2. Each field panel must be given an identification code (number or letter-number).  
This identification code shall be agreed upon by the ENGINEER or CQA Consultant 
and the Geosynthetics Installer.  The field panel identification code shall be related, 
through a table or chart, to the original resin, and the constituent rolls and factory 
panels. 
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A. Field Panel Placement 


1. Field panels shall be installed as approved or modified at the location and positions 
indicated in the layout drawings.  


2. Field panels shall be placed one at a time, and each field panel shall be seamed to 
adjacent panels the same day that it is placed. 


3. Geomembrane may only be deployed during daylight hours between one hour after 
sunrise and one hour before sunset, unless otherwise approved by OWNER and 
ENGINEER or CQA Consultant. 


4. Geomembrane shall not be placed when the ambient temperature is below 32F or 
above 104F, unless otherwise authorized by ENGINEER or CQA Consultant. 


5. Geomembrane shall not be placed during any precipitation, in the presence of 
excessive moisture (e.g., frost, ice, fog, dew), in an area of ponded water, or in the 
presence of winds exceeding 20 miles per hour. 


6. The overlaps shall be shingled to aid in shedding water. 


7. The Geosynthetics Installer shall employ placement methods consistent with the 
following: 


a. no vehicular traffic shall be allowed on the geomembrane. 
b. equipment used shall not damage the geomembrane by handling, trafficking, 


leakage of hydrocarbons, or other means. 
c. personnel working on the geomembrane shall not smoke, wear damaging shoes, 


or engage in other activities that could damage the geomembrane. 
d. the method used to unroll the panels shall not scratch or crimp the geomembrane 


and shall not damage the subgrade. 
e. the prepared subgrade shall not be allowed to deteriorate after acceptance of the 


surface, and shall remain acceptable up to the time of geomembrane placement. 
f. the method used to place the panels shall minimize wrinkles (especially 


differential wrinkles between adjacent panels). 
g. temporary loads and/or anchors (e.g., sand bags, tires), not likely to damage the 


geomembrane, may be placed on the geomembrane to prevent uplift by wind. 
In high winds, continuous loading is recommended along panel edges to 
minimize the risk of wind flow under the panels. 


8. Any field panel or portion thereof that becomes seriously damaged (e.g., torn, 
twisted, or crimped) shall be replaced with new material at no cost to OWNER.  Less 
serious damage may be repaired at the ENGINEER’s or CQA Consultant’s sole 
discretion and at no cost to OWNER.  Damaged panels or portions of damaged 
panels that have been rejected shall be removed from the work area. 


9. Placement of geomembrane shall not damage the underlying geosynthetics. 
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3.05 FIELD SEAMING 


A. In general, seams shall be oriented parallel to the line of maximum slope, (i.e., oriented 
down, not across, the slope).  In corners and at odd-shaped geometric locations, the 
number of field seams shall be minimized.  No horizontal seam shall be made within 10 
ft. of any toe of the slope, except where approved by ENGINEER or CQA Consultant.  
Horizontal seams shall be considered as any seam having an alignment exceeding 20 
degrees from being perpendicular to the slope contour lines, unless otherwise approved 
by ENGINEER.  No seams shall be located in an area of potential stress concentration, 
as defined by ENGINEER. 


B. All personnel performing seaming operations shall be qualified as indicated in this 
Section.  No seaming shall be performed unless a “master seamer” (as defined in this 
Section) is present. 


C. The geomembrane shall have field seams that equal or exceed the strength requirements 
presented in Table 02075-2. 


D. Weather Conditions for Seaming 


1. Seaming shall not be attempted at ambient temperatures below 32F or above 104F 
or when wind velocity exceeds 20 miles per hour.  At ambient temperatures between 
32F and 50F, seaming shall be allowed if the geomembrane is preheated either by 
the sun or a hot air device, and if there is no excessive cooling from wind.  At 
ambient temperatures above 50F, no preheating will be required.  In all cases, the 
geomembrane shall be dry and protected from excessive wind. 


2. If the Geosynthetics Installer wishes to use methods that allow seaming at ambient 
temperatures below 32F or above 104F, then he shall demonstrate that the seam 
so produced is equivalent to those produced under normally approved conditions, 
and that the overall quality of the geomembrane is not adversely affected.  In 
addition, an addendum to the Contract between OWNER and the Geosynthetics 
Installer shall be required that specifically states that the seaming procedure does 
not cause any physical or chemical modification to the geomembrane that will 
generate any short or long term damage to the geomembrane. 


3. To minimize geomembrane contraction stresses, seaming should ideally be carried 
out in the morning and late evening when the geomembrane is relatively contracted, 
and during the middle of the day if overcast conditions prevail.  If the geomembrane 
must be seamed in the middle of a sunny day, then the Geosynthetics Installer shall 
ensure that the panels to be seamed are at the same temperature and that there is 
sufficient slack in the geomembrane to prevent the generation of excessive stresses 
or trampolining when the geomembrane contracts as cooler temperatures prevail.  
The Geosynthetics Installer shall determine the required amount of slack and it 
should not be so much so as to cause significant wrinkling of the geomembrane.  If 
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trampolining of the geomembrane is observed, then the Geosynthetics Installer will 
be required to make repairs so that the problem is eliminated. 


4. Ambient temperatures shall be measured 6 in. above the geomembrane surface. 


E. Overlapping and Temporary Bonding 


1. Geomembrane panels shall be overlapped a minimum of 3 in. for extrusion welding 
and 5 in. for fusion welding, but in any event, sufficient overlap shall be provided 
to allow peel tests to be performed on the seam. 


2. The procedure used to temporarily bond adjacent panels together shall not damage 
the geomembrane.  The temperature of the air at the nozzle of the spot welding 
apparatus shall be controlled such that the geomembrane is not damaged. 


3. No solvent or adhesive shall be used unless OWNER has approved the product in 
writing.  Samples of any proposed solvent or adhesive shall be submitted to 
CONTRACTOR for testing and evaluation at the Geosynthetics Installer’s expense. 


F. Seam Preparation 


1. Prior to seaming, the seam area shall be cleaned and made free of moisture, dust, 
dirt, debris of any kind, and foreign material. 


2. If seam overlap grinding is required, then the process shall be completed according 
to the Geomembrane Manufacturer’s instructions within 20 minutes of the seaming 
operation and in a manner that does not damage the geomembrane.  The grind depth 
shall not exceed ten percent of the geomembrane thickness.  Grinding marks shall 
not appear beyond 0.25 in. of the extrudate after it is placed. 


3. Seams shall be aligned with the fewest possible number of wrinkles and 
“fishmouths”. 


G. General Seaming Requirements 


1. Seaming shall extend to the outside edge of panels, including those panels placed in 
the anchor trench. 


2. If required to provide a firm substrate, then a board, or similar hard surface, placed 
directly under the seam overlap may be used to achieve proper support. 


3. Fishmouths or wrinkles at the seam overlaps shall be removed by cutting the 
geomembrane along the ridge of the wrinkle.  At the end(s) of the cut, cut a circle 
in the geomembrane to achieve a flat overlap.  The cut shall be seamed as described 
in this Section.  Any portion where the overlap is inadequate shall then be patched 
with an oval or round patch of the same geomembrane that extends a minimum of 6 
in. beyond the cut in all directions. 


H. Seaming Process 


1. Approved processes for field seaming are extrusion welding and fusion welding.  
Seaming equipment shall be operated in a manner that does not cause damage to the 
geomembrane.  Only apparatus that ENGINEER or CQA Consultant has 
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specifically approved by make and model shall be used.  Proposed alternate seaming 
processes shall be documented and submitted to ENGINEER or CQA Consultant. 


2. Extrusion Equipment and Procedures: 


a. The Geosynthetics Installer shall maintain at least one spare operable extrusion 
seaming apparatus on Site at all times. 


b. Extrusion welding apparatus shall be equipped with gauges giving the 
temperature in the apparatus. 


c. Prior to beginning a seam, the extruder shall be purged until all heat-degraded 
extrudate has been removed from the barrel. 


d. The electric generator used for power supply to the welding machines shall be 
placed outside the area to be lined or mounted on soft tires such that no damage 
occurs to the geomembrane.  The electric generator shall be equipped with a 
grounding rod that is driven into the ground outside the lined area.  A smooth 
insulating plate or fabric shall be placed beneath the hot welding apparatus after 
use. 


3. Fusion Equipment and Procedures: 


a. The Geosynthetics Installer shall maintain at least one spare operable seaming 
apparatus on Site at all times. 


b. Fusion-welding apparatus shall be automated vehicular-mounted devices 
equipped with gauges giving the instantaneous temperatures and pressures of 
the machine. 


c. The edges of cross seams shall be abraded to a smooth incline (top and bottom) 
prior to welding. 


d. A movable protective layer may be used directly below each geomembrane 
overlap to be seamed to prevent the buildup of moisture between the sheets. 


e. The electric generator used for power supply to the welding machines shall be 
placed outside the area to be lined or mounted on soft tires such that no damage 
occurs to the geomembrane.  A smooth insulating plate or fabric shall be placed 
beneath the hot welding apparatus after use. 


I. Trial Seams 


1. Trial seams shall be made prior to production seaming by all seamers and by all 
equipment to be used during production seaming.  The trial seams shall be made on 
fragment pieces of geomembrane to verify that seaming conditions are adequate.  
Such trial seams shall be made at the beginning of each seaming period, and at least 
once each five hours, for each seaming apparatus used that day.  Trial seams shall 
be made under the same conditions as actual production field seams.  The trial seam 
sample shall be at least 5-ft. long by 1-ft. wide (after seaming) with the seam 
centered lengthwise.  Seam overlap shall be as specified in Part 3.05.E of this 
Section. 
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2. Four specimens, each 1.0-in. wide, shall be cut from the trial seam sample by the 
Geosynthetics Installer.  The specimens shall be tested in peel (both tracks for 
fusion welds) using an electronic readout field tensiometer, and the specimen shall 
fail by film tear bond (FTB) (i.e., failure in the parent material) rather than in the 
seam.  The Geosynthetics Installer shall test the specimens in the presence of the 
ENGINEER or CQA Consultant.  Testing using the field tensiometer shall be 
performed in accordance with ASTM D6392, at a strain rate of 2 in./minute.  
Ideally, the samples shall be conditioned at 73°F at a relative humidity of 50 percent 
for two hours prior to testing.  If test conditions vary from this requirement, then a 
1-in. wide specimen of the parent geomembrane (no weld) shall be tested in the 
same manner as the seam specimens to determine the break strength at this 
condition.  At no time shall the specimens be soaked in water. 


3. If a specimen fails to comply with the properties stated in Table 02075-2, then the 
entire operation shall be repeated.  If the additional specimen fails to meet these 
requirements, then the seaming apparatus or seamer shall not be accepted and shall 
not be used for seaming until the deficiencies are corrected and two consecutive 
successful trial seams are achieved. 


4. After completion of the above-described tests, the remaining portion of the trial 
seam sample can be discarded.  If a trial seam sample fails a test, then a destructive 
test seam sample may be taken from the seams completed by the seamer during the 
shift related to the considered trial seam at the discretion of ENGINEER or CQA 
Consultant.  These samples shall be forwarded to CQA geosynthetics laboratory 
and, if they fail the tests, the procedure indicated in Part 3.05.K.5 of this Section 
shall apply.  The results of all testing shall be reported to ENGINEER or CQA 
Consultant.  The conditions of this paragraph shall be considered as met for a given 
seam if a destructive seam test sample has already been taken from the considered 
seam. 


J. Nondestructive Seam Continuity Testing 


1. The Geosynthetics Installer shall nondestructively test all field seams over their full 
length using a vacuum test, air pressure test (for double fusion seams only), or other 
approved method.  Continuity testing shall be carried out as the seaming work 
progresses, not at the completion of all field seaming.  The installer shall complete 
any required repairs in accordance with Part 3.05.L of this Section.  The following 
procedures shall apply to locations where seams cannot be nondestructively tested: 


a. If the seam is accessible to testing equipment prior to final installation, then the 
seam shall be nondestructively tested prior to final installation. 


b. If the seam cannot be tested prior to final installation, then the seaming 
operations must be observed in their entirety by the CQA Consultant for 
uniformity and completeness. 
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2. Vacuum testing of extrusion field seams and repairs shall be performed in 
accordance with ASTM D 5641. 


3. Air pressure testing shall be performed on double fusion seams only, and shall be 
performed in accordance with ASTM D 5820 and the following: 


a. Energize the air pump to a pressure between 25 and 30 psi, close valve, allow 
two minutes for pressure to stabilize, and sustain the pressure for not less than 
5 minutes. 


b. If loss of pressure exceeds 4 psi, or if the pressure does not stabilize, then locate 
faulty area and repair in accordance with Part 3.05.L of this Section. 


c. Cut opposite end of air channel from pressure gauge and observe release of 
pressure to ensure that the entire channel is not blocked. 


d. Remove needle, or other approved pressure feed device, and seal repair in 
accordance with Part 3.05.L of this Section. 


4. ENGINEER or CQA Consultant may allow spark testing in accordance with ASTM 
D6365 if the seam cannot be tested using other nondestructive methods. 


K. Destructive Testing 


1. Destructive testing of field seams shall be performed on samples collected from 
selected locations to evaluate seam strength and integrity according to the 
requirements for seam strength presented in Table 02075-2.  Destructive testing 
shall be carried out as the geomembrane installation progresses, not at the 
completion of all field seaming. 


2. Sampling 


a. Field seam samples shall be collected for destructive testing at a minimum 
average frequency of one test location per 1,000 ft. of seam length per seamer.  
Test locations shall be determined during seaming, and may be prompted by 
suspicion of excess crystallinity, contamination, offset seams, or any other 
potential cause of imperfect seaming.  ENGINEER or CQA Consultant will be 
responsible for choosing the locations.  The Geosynthetics Installer shall not be 
informed in advance of the locations where the seam samples will be taken.  
ENGINEER or CQA Consultant reserves the right to increase the sampling 
frequency. 


b. Samples of the field seams shall be cut with rounded corners by the 
Geosynthetics Installer at the locations designated by ENGINEER or CQA 
Consultant as the seaming progresses.  Passing laboratory test results must be 
obtained before the field seams are covered by another material.  All holes in 
the geomembrane resulting from the field seam sampling shall be immediately 
repaired in accordance with the repair procedures described in Part 3.05.L of 
this Section.  The continuity of the new seams in the repaired areas shall be 
tested according to Part 3.05.J of this Section. 
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c. Two strips, 1-in. wide and 12-in. long with the seam centered parallel to the 
width, shall be taken.  The strips shall be spaced a clear distance of 42-in. apart.  
These samples shall be tested using the field tensiometer in accordance with 
Part 3.05.I.2 of this Section.  If these samples pass the field test, then a 
laboratory sample shall be taken.  The laboratory sample shall be at least 12-in. 
wide by 42-in. long with the seam centered lengthwise.  The sample shall be 
cut into three parts and distributed as follows: 


i. one 12-in. long portion to the Geosynthetics Installer. 
ii. one 12-in. long portion to OWNER for its archives; and 


iii. one 18-in. long portion to ENGINEER or CQA Consultant for 
laboratory testing. 


3. If any field test sample fails to meet the required seam strength properties presented 
in Table 02075-2, then the procedures outlined in Part 3.05.K.5 of this Section shall 
be followed. 


4. Samples shall be tested in the laboratory in accordance with the requirements of this 
Section and the CQA Plan. 


5. Destructive Test Failure 


a. The following procedures shall apply whenever a sample fails a destructive test, 
whether the test is conducted by the CQA geosynthetics laboratory, the 
Geosynthetics Installer’s laboratory, or by a field tensiometer.  The 
Geosynthetics Installer shall have two options, as described in b and c below. 


b. The Geosynthetics Installer can reconstruct the seam (e.g., remove the old seam 
and reseam) between two passing destructive test locations.  The welding path 
of the seaming apparatus shall be tracked (in each direction). 


c. The Geosynthetics Installer can trace the welding path to an intermediate 
location, a minimum of 10 ft. from the location of the failed test (in each 
direction) and take a small sample for an additional field test at each location.  
If these additional samples pass the tests, then full laboratory samples shall be 
taken.  If these laboratory samples pass the tests, then the seam shall be 
reconstructed between these locations.  If either sample fails, then the process 
shall be repeated to establish the zone in which the seam should be 
reconstructed.  In any case, all acceptable seams must be bounded by two 
locations from which samples passing laboratory destructive tests have been 
taken.  In cases where the length of reconstructed seam exceeds 150 ft., a 
destructive sample taken from within the reconstructed zone must pass 
destructive testing.  Whenever a sample fails, ENGINEER or CQA Consultant 
may require additional tests for seams that were formed by the same seamer 
and/or seaming apparatus or seamed during the same time shift. 


L. Defects and Repairs 
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1. All seams and non-seam areas of the geomembrane will be examined by 
ENGINEER or CQA Consultant and the Geosynthetics Installer for evidence of 
defects, holes, blisters, undispersed raw materials and any sign of contamination by 
foreign matter.  The surface of the geomembrane shall be clean at the time of 
examination.  The geomembrane surface shall be swept or washed by the 
Geosynthetics Installer if surface contamination inhibits examination.  The 
Geosynthetics Installer shall ensure that this examination of the geomembrane 
precedes any seaming of that section. 


2. Each suspect location, both in seam and non-seam areas, shall be nondestructively 
tested using the methods described Part 3.05.J of this Section, as appropriate.  Each 
location that fails nondestructive testing shall be marked by ENGINEER or CQA 
Consultant and repaired by the Geosynthetics Installer.  Work shall not proceed with 
any materials that will cover the defective area until the suspect location is repaired 
and passing nondestructive test are obtained.  In addition, passing destructive test 
results shall be achieved prior to placing any material over geomembrane. 


3. When seaming of a geomembrane is completed (or when seaming of a large area of 
a geomembrane is completed) and prior to placing overlying materials, ENGINEER 
or CQA Consultant shall identify excessive geomembrane wrinkles.  The 
Geosynthetics Installer shall cut and reseam the wrinkle areas so identified.  The 
seams thus produced shall be tested like any other seams. 


4. Repair Procedures. 


a. Any portion of the geomembrane exhibiting a flaw, or failing a destructive or 
nondestructive test, shall be repaired by the Geosynthetics Installer.  Several 
repair procedures are specified below.  The final decision as to the appropriate 
repair procedure shall be agreed upon between ENGINEER or CQA 
Consultant and the Geosynthetics Installer.  The procedures available include: 


i. patching, used to repair large holes, small tears, undispersed raw 
materials, and contamination by foreign matter; 


ii. abrading and reseaming, used to repair small sections of extruded 
seams; 


iii. spot seaming, used to repair minor, localized flaws; 
iv. capping, used to repair lengths of failed seams; 
v. removing failed seam and replacing with a strip of new material seamed 


into place (used with long lengths of fusion seams) and/or extrusion 
seams. 


b. In addition, the following shall be satisfied: 


i. surfaces of the geomembrane that are to be repaired shall be abraded no 
more than 20 minutes prior to the repair; 


ii. all surfaces must be clean and dry at the time of repair; 
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iii. all seaming equipment used in repair procedures must be approved by 
ENGINEER or CQA Consultant; 


iv. the repair procedures, materials, and techniques shall be approved in 
advance, for the specific repair, by ENGINEER or CQA Consultant and 
Geosynthetics Installer; 


v. patches or caps shall extend at least 6 in. beyond the edge of the defect, 
and all corners of holes and patches shall be rounded with a radius of at 
least 3 in.; and 


vi. the geomembrane below large caps shall be appropriately cut to avoid 
water or gas collection between the two sheets. 


5. Each repair shall be numbered and logged and shall be nondestructively tested using 
the methods described in this Section.  Repairs that pass the nondestructive test shall 
be taken as an indication of an adequate repair.  Failed tests will require the repair 
to be redone and retested until a passing test result is achieved.  At the discretion of 
ENGINEER or CQA Consultant, destructive testing may be required on large caps. 


3.06 MATERIALS IN CONTACT WITH THE GEOMEMBRANE 


A. The Geosynthetics Installer shall take all necessary precautions to ensure that the 
geomembrane is not damaged during its installation or during the installation of other 
components of the liner system or by other construction activities.  Installation on rough 
surfaces, such as concrete, shall be performed carefully. 


B. Equipment shall not be driven directly on the geomembrane.  Unless otherwise specified 
by ENGINEER, all equipment operating on earthen materials overlying the 
geomembrane shall comply with the following. 


Allowable Equipment 
Ground Pressure (psi) 


Thickness of Overlying 
Compacted Soil (ft.) 


<5 1.0 
<10 1.5 
<20 2.0 
>20 3.0 


C. In heavily trafficked areas such as access ramps, and in areas trafficked by rubber tire 
vehicles, the thickness of overlying compacted soil shall be at least 3 ft. 


D. Installation of the geomembrane in sump areas, and connection of the geomembrane to 
appurtenances shall be made according to these Specifications and as shown on the 
Drawings.  Extreme care shall be taken while seaming around sumps and appurtenances 
since neither nondestructive nor destructive testing may be feasible in these areas.  The 
Geosynthetics Installer shall ensure that the geomembrane has not been visibly damaged 
while making connections to sumps and appurtenances.  Because of the difficulty of 
vacuum testing seams in the sump area, fusion seams should be made at all possible 
locations in the sump. 
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E. Placement of soils above the geomembrane will not proceed at an ambient temperature 
below 32F nor above 104F unless otherwise specified, or approved by ENGINEER. 


3.07 GEOMEMBRANE ACCEPTANCE 


A. The Geosynthetics Installer shall retain all ownership and responsibility for the 
geomembrane until accepted by OWNER and ENGINEER or CQA Consultant. 


B. The geomembrane will not be accepted by OWNER and ENGINEER or CQA 
Consultant until all of the following conditions are met: 


1. the installation is finished; 
2. all documentation of installation is completed; 
3. verification of the adequacy of all field seams and repairs, including associated 


testing, is complete; and 
4. written certification documents, including record drawings, sealed by a 


professional land surveyor licensed in the State of Maryland, have been received 
by OWNER and ENGINEER, in accordance with Section 01721. 


3.08 PRODUCT PROTECTION 


A. CONTRACTOR shall use all means necessary to protect all prior Work and all materials 
and completed Work of other Sections. 


B. In the event of damage, CONTRACTOR shall immediately make all repairs and 
replacements necessary, to the approval of ENGINEER or CQA Consultant and at no 
additional cost to OWNER. 
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TABLE 02075-1 


TEXTURED GEOMEMBRANE PROPERTY VALUES(1) 


PROPERTIES 
QUALIFIE


RS 
UNITS 


SPECIFIED 
VALUE 


TEST METHOD 
TEST 


FREQUENCY 


Thickness 


nominal mils 40/60 ASTM D5994 


1 per roll 


minimum 
average 


mils 38/57 ASTM D5994 


lowest for 8 
of 10 values 


mils 36/54 ASTM D5994 


lowest for 
any of 


10 values 
mils 34/51 ASTM D5994 


Asperity Height 
minimum 
average 


mils 16 ASTM D7466 1 per 2 rolls 


Density minimum g/cc 0.940 
ASTM D792 or 


D1505 
1 per 100,000 ft2 


Tensile Properties     


1 per 100,000 ft2 
1. Yield Strength minimum lb/in. 84/126 ASTM D6693 
2. Break Strength minimum lb/in. 60/90 ASTM D6693 
3. Yield Elongation minimum % 12 ASTM D6693 
4. Break Elongation minimum % 100 ASTM D6693 


Puncture Resistance minimum lb. 60/90 ASTM D4833 1 per 100,000 ft2 


Carbon Black Content  % 2.0-3.0 
ASTM D1603 or 


D4218 
1 per 100,000 ft2 


Carbon Black Dispersion - - See Note 2 ASTM D5596 1 per 100,000 ft2 
Stress Crack Resistance minimum hours 500 ASTM D5397 1 per production run 
Interface Friction minimum  lb/ft2 See Note 4. ASTM D5321 See Note 4. 


Notes: 


 


1. All values represent minimum average roll values (i.e., any roll in a lot should meet or exceed these values). 
2. Carbon black dispersion (only near spherical agglomerates) for 10 different views: 


 minimum 9 in Categories 1 or 2; and 
 maximum 1 in Category 3. 


3. These are the properties of the material that the OWNER will procure for CONTRACTOR’s use. 
4. Interface friction testing shall result in a peak interface that meets or exceeds a strength envelope characterized by 


an interface friction angle of 22.7 degrees with no adhesion when tested at a shear displacement rate of 0.04 in/min. 
Interface friction tests shall be performed at a minimum of one test per interface of liner components at normal 
stresses of 750 psf, 1,500 psf, and 2,000 psf. GCL shall be fully hydrated for tests under these normal pressures. 
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TABLE 02075-2 


REQUIRED TEXTURED GEOMEMBRANE SEAM PROPERTIES 


PROPERTIES QUALIFIERS UNITS 
SPECIFIED 


VALUES 
TEST METHOD 


Gauge nominal mils 60 ASTM D5994 
Shear Strength(1) 


at yield point 
minimum lb/in 108 ASTM D6392 


Peel Adhesion 
FTB(2) Fusion 


minimum lb/in 90 ASTM D6392 


Peel Adhesion 
FTB(2) Extrusion 


minimum lb/in- 78 ASTM D6392 


Notes: 1. Also called “Bonded Seam Strength.” 
2. In addition to the minimum passing values, passing seams shall not separate more that 10 percent 


of the width into the weld and shall exhibit the following location of breaks: 
 Fusion Welded Seams – BRK, SE1, SE2, and AD-BRK 
 Extrusion Welded Seams – SE1, SE2, SE3, BRK1, and BRK2 


END OF SECTION 









