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Section 1  -  Introduction 

This Construction Certification Report (Report) presents the results of field observations and testing work 

performed during the 2008 construction of Pond 3 North (Pond 3N) Vertical Expansion at Xcel Energy’s 

(Xcel) Sherburne County Generating Plant (Sherco or the Plant) in Becker, Minnesota.  Pond 3N covers 

approximately 50 acres and is the north half of scrubber solids Pond No. 3 (Pond 3).  The original phase 

of Pond 3 development was the construction of Pond 3N in 2004 to a finished elevation of 976 

(operational elevation of 970).  This report documents the second phase of development, consisting of 

extending Pond 3N vertically to a finished elevation of 999 (operational elevation of 993).  Future 

development of Pond 3 consists of constructing the south half of  Pond 3 (Pond 3S), and subsequent 

vertical extensions of the entire pond. 

 

Pond 3N receives decanted water from the existing scrubber solids pond (Pond 2) and is currently used 

for water storage to manage the chemistry of water used in the Plant air quality control system and to 

provide surge capacity for storm water from the Plant site.  Pond 3N does not receive scrubber solids 

other than some carry-over from Pond 2.  As Pond 2 reaches capacity, Pond 3 will augment and 

ultimately replace Pond 2 as the primary means for scrubber solids disposal. 

 

The 2008 Pond 3N construction consisted primarily of constructing earth embankments and liner 

installation.  The south embankment was raised from elevation 976 to 997, and lined with a composite 

liner system to elevation 995.  Composite liner was also installed on the west slope from elevation 972 to 

1010.  The composite liner consisted of a geosynthetic clay liner (GCL) overlain by a high density 

polyethylene (HDPE) geomembrane.  Embankments on the north and east sides were raised from 

elevation 976 to 999 utilizing a clay-core and bottom ash/random fill upstream embankment 

configuration.  Bottom ash placement occurred only within interior areas of the pond.  Other activities 

during Pond 3N construction included granular drainage material placement, clay anchor installation, 

piping, electronic leak location testing, erosion control installation, establishment of access roads, and site 

restoration activities. Construction activities are more completely described in subsequent sections of this 

report. 

 

Construction was performed in accordance with NPDES Permit No. 0002186, and “Construction 

Drawings and Specifications, 2008 Pond No. 3 North Vertical Expansion, Bottom Ash Pond Dredging 

and Excavation, and Unit 3 AQCS Landfill Final Cover, Sherburne County Generating Plant (Sherco), 

Northern States Power Company (dba Xcel Energy, Inc.)”, prepared by McCain and Associates, 
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Inc.(McCain), and dated March 2008.  The prime contractor was Veit & Company, Inc. (Veit), and 

composite liner installation was performed by Clean Air and Water, LLC (CAAW) as a subcontractor to 

Veit.  Excavation activities began in April 2008 and the construction was completed in November 2008.  

Deviations from the Specifications and Drawings are noted on the enclosed Record Drawings and are 

described in the following sections of this Report. 

 

Xcel Energy performed construction management activities and the following companies provided 

services to complete the Pond 3N Project: 

 

Company Activity or Products 

McCain and Associates, Inc. (McCain) Design, QA/QC 

Veit & Company, Inc. (Veit) Earthwork 

Clean Air & Water, LLC. (CAAW) Geomembrane Installation (Subcontractor to Veit) 

GSE Lining Technology Geomembrane Supplier 

Foth Infrastructure & Environment, LLC. (Foth) Geomembrane Leak Location Testing 

Neaton Bros. Turf Establishment (Subcontractor to Veit) 

Braun Intertec Corporation Soil Testing 

Soil Engineering Testing (SET) Laboratory Clay Testing 

Bogart, Peterson & Associates, Inc Survey Verification (Subcontractor to Veit) 

Ulteig Engineers, Inc. Survey Verification  

 

Construction observation was performed during the project and consisted of observing and recording 

activities of the prime contractor and subcontractors, answering questions and interpreting information 

contained in the drawings and specifications as requested by the contractor, and directing testing and 

quality control activities performed by independent testing firms and construction subcontractors.  

Additional related construction work was completed by Veit in 2008 under the same contract, but is not 

described in this Report.  The additional work included excavation of bottom ash from the Bottom Ash 

Pond and placement of the bottom ash in Pond 2 to build interior dikes.  In addition, final cover on the 

Unit 3 Landfill was constructed, but is described in a separate report.   
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Section 2  - Construction Methods and Materials 

Methods of construction, equipment, and materials used for the project are described below.  Appendix A 

contains photographs depicting the various stages of construction.  Record Drawings in Appendix 

H,along with survey data in Appendix G, show details of the project as-constructed. 

 

2.1 Granular Drainage Material Screening and Stockpiling 

The drainage sand used for the project was taken from existing granular drainage material stockpiles 

southeast of Pond 3N.  The material in those stockpiles was produced in the fall of 2006, as part of a 

previous construction project in which clean sand was excavated and segregated from the Pond 3S 

footprint and screened to a maximum particle size of 3/8-inch.  The screened sand was tested and 

stockpiled for use in future construction projects at the plant. 

 

Samples of the screened sand were collected and analyzed during the 2008 Pond 3N project to verify 

compliance with project specifications.  Sampling and analysis of the granular drainage material is 

discussed in Section 3.2.5.   

 

2.2 Topsoil Stripping and Stockpiling 

Prior to embankment construction, topsoil from the pond slopes was stripped and stockpiled at the base of 

the slopes using dozers.  Topsoil was stripped from the random fill borrow area northeast of Pond 3N 

using scrapers and was stockpiled north of Pond 3N.  Topsoil on all pond slopes and embankments was a 

minimum of 6-inches thick, and ranged from 9-inches to 3-feet in the borrow area. 

 

2.3 Borrow Area Development 

To construct the Pond 3N vertical expansion, random fill material was excavated from a borrow area 

located northeast of Pond 3N (see Record Drawings in Appendix H).  Prior to excavation, soil samples 

were taken from six different test pits within the borrow area ranging from one to fifteen feet in depth.  

After stripping and stockpiling the topsoil, rooting soil was excavated and stockpiled west of the borrow 

area for future use in pond capping projects.  After stripping and stockpiling the rooting soil, random fill 

was excavated using scrapers, backhoes, and off-road haul trucks.  Excavation started at the southeast 

corner and progressed north, turned west around the existing topsoil stockpile, and worked to the west and 

south.  Due to a lower than expected yield of bottom ash from the Bottom Ash Pond excavation project, 

additional borrow material was needed to construct the upstream embankments, and the borrow area was 
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extended beyond the original limits.  As a result, the road originally designed around the toe of the north 

and east embankments was eliminated and a 15-feet wide bench was established between the 

embankment toe and the borrow area as shown on the Record Drawings.  The borrow area was excavated 

to elevation 940 with three horizontal to 1 vertical sideslopes.  Excavated material consisted primarily of 

sand, with some areas containing gravel and cobbles. 

 

Random fill soil samples collected from the borrow area were tested as discussed in Section 3.2.2. 

 

2.4 Embankment Construction and Subgrade Preparation 

Material excavated from the borrow area was used to construct the Pond 3N ramps and embankments. 

During embankment construction, fill was placed in maximum 12-inch loose lifts, and compacted to at 

least 95 percent Standard Proctor density using a vibratory smooth drum roller.  Water was added during 

placement and compaction as needed to meet compaction requirements.  An independent soil testing firm 

retained by Xcel, Braun Intertec Corporation, performed in-place density testing during embankment 

construction to verify compliance with project requirements.  Compaction testing was performed to meet 

the required rate of one test per 3,000 cubic yards.  A summary of the Standard Proctor tests and field 

density testing performed during Pond 3N construction is presented in Tables 1 and 2.  Testing locations 

are presented in Figure 1, 2, and 3.  Complete data for Standard Proctor and field compaction testing are 

included in Appendix B.   

 

The southeast ramp and south embankment were constructed concurrently up to the base of the weir at 

elevation 960.  Above elevation 960, the ramp and embankment were constructed independently to 

finished grade.  The north and east embankments were constructed with random fill from the base up to 

elevation 972.  At elevation 972, the existing clay was exposed, and embankment construction continued 

with random fill and clay on the exterior of the pond, and bottom ash and random fill inside the pond.  

Details of the upstream embankment construction are included in Section 2.11.  The final grades on the 

embankments were surveyed to verify design grades were achieved with the allowable tolerances. 

 

2.5 Clay Anchor Construction 

A 5-foot deep clay anchor was constructed in the southeast corner of the pond from elevation 972 to 995, 

and was connected to the existing inclined clay barrier.  The clay anchor was used to anchor the 

composite liner, and provides a low permeability connection for the transition from composite liner to the 

inclined clay barrier in the upstream embankment.  The clay anchor at elevation 995 was extended south 
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beyond the Pond 3N composite liner limit to provide access for future Pond 3S connection.  Details of the 

clay anchor are shown on the Record Drawings in Appendix H. 

 

The clay anchor was constructed with clay from the off-site clay borrow source south of Monticello 

(Anderson Pit).  The clay was placed in maximum 9-inch loose lifts and compacted to at least 100 percent 

Standard Proctor density at or above the optimum moisture content.  Moisture was added as needed 

during placing and compacting to achieve the proper moisture content.  After the required compaction 

was achieved, a 2-foot deep by 2-foot wide trench was dug into the clay to provide anchorage for the 

composite liner.  Once the composite liner was installed, the anchor trench was backfilled with clay and 

compacted as specified.  In-place density and moisture content testing, and laboratory testing of the clay 

was performed by Xcel’s independent soil testing firms.  The test results for clay used in the clay anchor 

are summarized in Table 3, 4, and 5, with complete test data located in Appendix C.  Locations of tests 

are shown on Figures 4 through 7. 

 

A 5-foot deep clay anchor was originally planned to be constructed along the entire west slope at 

elevation 995 to connect the Pond 3N composite liner to the Pond 2 clay slope liner.  However, the west 

slope design was modified during the project to facilitate construction, and the portion of the clay anchor 

that had been installed prior to the design change was abandoned in place and not used.  The design 

change extended the composite liner from elevation 995 to the top of the slope at elevation 1010, and the 

composite liner was anchored into the top of the existing Pond 2 inclined clay barrier, eliminating the 

need for a clay anchor along the west slope. 

 

2.6 Composite Liner Construction 

Composite liner was installed from elevation 972 to 995 on the south embankment, and from elevation 

972 to 1010 on the west slope.  The composite liner was connected to the existing Pond 3N composite 

liner along the south and west embankments as shown on the Record Drawings.  The composite liner 

consisted of internally reinforced GCL with non-woven geotextiles on both sides overlain by textured 60-

mil HDPE geomembrane.  Composite liner installation began in the southeast corner of the pond and 

continued clockwise along the south embankment and west slope until reaching the northwest corner of 

the pond.  GCL and geomembrane panels were oriented parallel to the slope, while seams perpendicular 

to the slopes were installed in rain lap fashion.  During a typical day of liner installation, both GCL and 

geomembrane panels were deployed and seamed, so that all the GCL deployed during the day was 

covered with geomembrane by the end of the day. This protected the GCL from precipitation and 

prevented it from becoming fully hydrated prior to completion of liner installation and cover soil 
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placement.  GCL which had become hydrated or was damaged during deployment was replaced or not 

used.   

 

The composite liner system was electronically leak tested after the granular drainage layer was placed to 

insure the integrity of the liner system.  Electronic leak testing was completed in phases, and is discussed 

in Section 3.5. 

 

2.6.1 Geosynthetic Clay Liner (GCL) 

The GCL used throughout the project was Bentofix® NWL, manufactured by GSE, which is internally 

reinforced and contains non-woven geotextiles on both sides.  GCL rolls were 15.5 feet wide by 150 feet 

long.  Prior to deploying GCL, the installer inspected the subgrade and determined the subgrade was 

acceptable for installation by signing subgrade acceptance forms (contained in Appendix I). 

 

The GCL was deployed using a backhoe with a spreader bar attached to the bucket that held the rolls at 

the top of the slope while the GCL was pulled by hand down-slope.  Workers grabbed the end of the GCL 

panel and pulled it down the slope, face up, taking care to prevent the roll from becoming skewed with 

the adjacent panel or developing wrinkles or folds. 

 

Adjacent GCL panels were overlapped a minimum of 6 inches along the edges.  A lap line was marked on 

the GCL rolls during manufacturing to insure the proper overlap was achieved during deployment.  

Accessory granular bentonite was used along the edges of adjacent panels, at a rate of ¼ pound per lineal 

foot continuously along all seams or overlap areas.  GCL panels were overlapped a minimum of 24-

inches at the roll ends in rain-lap fashion and augmented with accessory granular bentonite.  Damaged 

GCL was repaired by placing a patch over the damaged area, with a 12-inch minimum overlap around all 

parts of the damaged area, and augmented with granular bentonite around the perimeter of the patch.  

After granular bentonite was placed, panel ends were heat tacked together with a leister heat gun.  The 

GCL panels were anchored at the top of the slope in a 2-foot deep anchor trench.  Quality control testing 

performed during GCL installation is described in Section 3.3.   

 

2.6.2 High Density Polyethylene (HDPE) Geomembrane 

The HDPE geomembrane used on this project was manufactured by GSE.  Geomembrane rolls were 22.5-

feet wide by approximately 500 feet long.  All geomembrane used was textured 60-mil. 
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Geomembrane was deployed in the same manner as the GCL.  The geomembrane panels were anchored 

at the top of the slope in the same anchor trench used to anchor the GCL. 

 

Adjacent geomembrane panels were overlapped and seamed together with a split-wedge fusion welder 

whenever possible.  Patches, repairs, and areas inaccessible to the fusion welder were seamed with an 

extrusion welder.  End seams perpendicular to the slope were placed in rain-lap fashion at 45 degree 

angles.  Sandbags were used to temporarily anchor geomembrane panels to prevent wind uplift and 

damage to the geomembrane.  Geomembrane boots were installed around the Pond 2 dewatering pipes 

and the Pond 2 decant pipe which penetrate the composite liner along the west slope of the pond.  The 

boots were extruded and banded with stainless steel banding straps.  Details of the pipe penetrations are 

shown in the Record Drawings.  

 

The final configuration of geomembrane panels including locations of patches, seams, boots, and 

destructive tests is shown on the as-built panel layout and test reports in Appendix J.  Quality control 

testing performed during liner installation is described in Section 3.4. 

 

2.7 Weir Construction 

During the 2004 Pond 3N construction, an overflow weir from elevation 960 to 972 was embedded into 

the east end of the south embankment and sealed off with a composite liner flap.  The weir was 

constructed in order to hydraulically connect Pond 3N to the future Pond 3S.  During the 2008 Pond 3N 

construction, the weir was extended from elevation 972 to the top of the finished embankment at 

elevation 995, and sealed off with composite flaps as described below. 

  

Lower and upper flaps were constructed during 2008 to seal off the weir.  The flaps are configured to 

provide complete containment of Pond 3N, and allow access for removal when building Pond 3S to 

connect the two ponds.  The lower flap consists of composite liner, and was installed through the 

originally constructed weir.  The lower flap is connected to the originally constructed pond liner from 

elevation 960 at the base of the weir to the top of the originally constructed south embankment liner at 

elevation 972. At elevation 972, the new lower flap is connected to the originally constructed flap, which 

provides complete containment of any pond water that leaks through the original flap.  After installation 

of the lower flap, it was covered with granular drainage material and leak tested.  

 

Once the lower flap was completed and leak tested, soil was placed in the upper portion of the weir to fill 

the weir, complete the south embankment, and form the foundation for the upper flap.  The upper flap is 
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comprised of composite liner, and is aligned with the rest of the south embankment liner along the three 

horizontal to one vertical pond slope.  The upper flap is connected to the original flap at elevation 972 and 

to the south embankment liner from elevation 972 up to 995.  The flap is anchored at the top of the slope 

at elevation 995.  The upper flap was then covered with granular drainage material and leak tested. 

 

Details of the weir and flaps are shown on the Record Drawings in Appendix H. 

 

2.8 Granular Drainage Layer Placement 

Placement of the granular drainage layer commenced after the composite liner was installed and tested.  

As liner installation progressed around the site, drainage layer placement followed such that both 

operations occurred simultaneously.  The drainage layer was placed in a single 2-foot lift over the liner.  

The native material used for granular drainage material was screened and stockpiled in 2006 as discussed 

in Section 2.1.  The material was tested for grain size, fines content, and permeability to assure 

compliance with project specifications.  Testing of the granular drainage material is discussed in Section 

3.2.5. 

 

The contractor hauled granular drainage material from the stockpiles to the pond in off-road haul trucks.  

Granular drainage material was placed at least 4-feet thick along haul roads inside the pond to provide 

access for trucks.  Drainage sand was dumped from the haul roads, and dozers utilizing GPS equipment 

worked to place the material over the liner by rolling the material off the edge of the previously placed 

material so that sand did not slide across the liner.  Laborers worked ahead of the dozer, removing 

sandbags and hand spreading sand to prevent wrinkle propagation in the geomembrane.  Whenever 

possible, drainage sand was placed during the coolest parts of the day when the geomembrane liner was 

smooth, and was placed from the bottom of the slopes. The sand was fine-graded to produce a smooth, 

uniform finished surface. 

 

2.9 Slope Protection 

To protect the liner system and drainage layer, 4-feet of cover soils (3.5-feet of random fill and 6-inches 

of topsoil), were placed over the 2 foot granular drainage layer, as shown on the Record Drawings.  

Random fill and topsoil was placed with off-roads trucks and dozers in a similar fashion to the granular 

drainage material.  The topsoil was seeded and blanketed.  On the upstream embankments, the random fill 

and bottom ash foundation material provides the slope protection. 
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2.10 Pond 2 Decant Pipe Installation 

In order to complete grading and liner installation on the west slope, the Pond 2 decant pipe, which 

transfers water from Pond 2 to the southwest corner of  Pond 3N, was removed.  The decant pipe was 

temporarily routed straight down the west slope and discharged into Pond 3N while the west slope was 

being constructed.  After completion of the west slope, the decant pipe was installed along a slightly new 

alignment on the west slope and routed into the existing culvert discharge flume in the southwest corner 

of Pond 3N, as shown on the Record Drawings. 

 

2.11 Upstream Embankment Construction 

On the north and east sides of the pond, the upstream embankment was extended from elevation 976 to 

999, including clay barrier extension from elevation 972 to elevation 995. The additional 4-feet of fill 

above the top of the clay barrier provides frost protection for the clay.  Details of the upstream 

embankment are shown on the Record Drawings and described below. 

 

2.11.1 Interior embankment 

The interior portion of the upstream embankment (inside the clay barrier) was originally planned to be 

constructed entirely of bottom ash from the Bottom Ash Pond.  During construction, however, the volume 

of suitable coarse bottom ash available from the Bottom Ash Pond was less than expected, so the interior 

embankments were supplemented with random fill.  Additionally, the proposed bottom ash bench 

elevation of 967 was raised to elevation 976 to account for a higher than expected water level in Pond 3N 

during construction.  Approximately 206,400 cubic yards of material was used to construct the interior 

portion of the upstream embankments, which included 100,800 cubic yards of bottom ash and 105,600 

cubic yards of random fill. 

 

Construction started at the northwest corner and continued clockwise to the southeast corner.  At times, 

the embankment construction occurred simultaneously with the clay barrier construction (see Section 

2.11.2). The embankment material was placed with off-road trucks, spread in lifts with dozers and 

compacted with vibratory smooth drum rollers to 95% standard proctor density.  A backhoe shaped the 

exterior of the embankments to a 1.5 horizontal to 1 vertical slope in preparation for the clay barrier 

construction.  In-place density tests for the random fill and bottom ash are summarized in Tables 2 and 6 

respectively.  Complete data for random fill and bottom ash Standard Proctor tests and in-place density 

tests can be found in Appendices B and E respectively. 
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2.11.2 Inclined Clay Barrier 

The inclined clay barrier core of the upstream embankment was constructed with clay from the 

prequalified off-site borrow source.  The base of the clay barrier was connected to the existing inclined 

clay barrier at elevation 972 by scarifying and moistening the top of the existing clay prior to placing the 

first lift of clay.  The clay barrier was constructed in horizontal lifts no longer than 500-feet.  Each lift was 

maintained in a rough and moistened condition to promote bonding between lifts to provide uniformity 

throughout the clay barrier.  Clay was placed by belly-dump or side-dump semis.  Following placement, a 

dozer spread the clay into 9-inch loose lifts approximately 10-feet wide (for semi travel) along the 

inclined clay barrier alignment. The loose lifts were compacted to at least 100 percent Standard Proctor 

density at or above the optimum moisture content by a vibratory sheepsfoot roller.  Periodically, a 

backhoe would shape the exterior of the clay barrier by pulling up the extra clay on the sides to a final 

width of 8-feet at a slope of 1.5 horizontal to 1 vertical.  A vibratory sheepsfoot roller followed behind to 

compact the clay pulled up by the backhoe.  In-place density tests were taken on every lift approximately 

100-feet apart. 

 

Once the clay barrier was at final elevation, it was compacted by a smooth drum roller to an elevation of 

995, and an additional 4-foot of random fill was placed over the upstream embankment to bring the top of 

the embankment to final grade at elevation 999. 

 

In-place density and moisture content testing, and laboratory testing of the clay was performed by Xcel’s 

independent soil testing firms.  The test results for clay used in the clay barrier are summarized in Tables 

3, 4 and 5, and complete clay data is located in Appendix C.  Locations of tests are shown on Figure 4, 5, 

6 and 7. 

 

2.11.3 Exterior embankment 

The exterior portion of the upstream embankment (outside of the clay barrier) was partially constructed 

during embankment construction activities as discussed in Section 2.4.  The remaining portion of the 

exterior upstream embankment was built as the clay barrier was installed   Off-road haul trucks placed 

random fill while dozers spread the random fill into lifts taking care not to damage the clay.  Once the 

clay barrier reached the final elevation of 995, off-road trucks placed random fill over the entire width of 

the upstream embankment to an elevation of 999, as shown on the Record Drawings.  Tables 1 and 2 

summarize the random fill tests.  Complete data can be found in Appendix B.  Locations for the random 

fill density tests can be found in Figures 1, 2, and 3. 
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2.12 Dewatering System 

During the 2004 construction of Pond 3N, a dewatering system was incorporated to accommodate post-

closure dewatering of Pond 3.  Dewatering features were modified during the project as described below. 

  

2.12.1 Cleanout Extension 

In order to clean the dewatering pipes at the base of the pond after the pond is closed, clean-out access 

points were installed as part of the original construction in 2004.  In 2008, as the embankments were 

raised, the clean-outs were also raised.  On the west side, four cleanouts were extended from elevation 

976 at a 3 horizontal to 1 vertical slope to the top of the finished slope at approximately elevation 1012. 

On the east side, the cleanouts were extended from elevation 976 at a 1.5 horizontal to 1 vertical slope 

along the inside of the clay barrier to elevation 999.  The southern-most clean-out was broken off during 

construction, and was capped and abandoned in place at approximately elevation 976.  This cleanout 

provided access to the south end of the dewatering header pipe at the toe of the east berm.   This 

dewatering header pipe is also accessible from the north through the cleanout in the dewatering manhole, 

therefore, the broken cleanout will not affect the ability to clean the east header pipe.  Each cleanout 

extension is an 8-inch solid wall polyethylene pipe connected to the existing cleanout pipe with an 

electrofusion coupling.  The existing corrugated metal protective casings were salvaged and reinstalled on 

the extended cleanouts.  Record Drawings of the cleanout extensions can be found in Appendix H. 

 

2.12.2 Manhole Extension 

In 2004, two dewatering manholes were constructed as part of the dewatering system.  The concrete 

manholes were lined with 80-mil high density polyethylene geomembrane liner. During the 2008 

construction project, the east dewatering manhole had to be extended from elevation  976 to 997.  

Concrete barrel sections with embedded 80-mil HDPE liner were used again to extend the manhole.  

Before each barrel section was set, two rings of mastic were added, as shown on the Construction Photos 

in Appendix A and the Record Drawings.  In addition, the first new barrel section added to the existing 

manhole was supported with concrete anchors and metal support rods.  After all the sections were set, 4-

inch strips of 80-mil HDPE polyethylene were fused between the manhole sections to achieve a 

continuously lined manhole. After installation was complete, the geomembrane seams were spark tested 

in accordance with the technical specifications.  Any leaks which were found during spark testing were 

repaired and re-tested.  The cleanout riser pipe in the manhole was also extended using 8-inch solid wall 

polyethylene pipe.  After testing was completed, the top slab was installed, and the manhole was covered 

with two feet of random fill. 
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2.13 Site Restoration 

Site restoration included installing stormwater controls, final grading and turf establishment, and access 

road construction. 

 

2.13.1 Stormwater controls 

A 4-foot catch basin was installed at the bottom of the east ramps to capture water from the east ramp 

ditches.  Stormwater is conveyed from the manhole to an outlet at the base of the east embankment 

through a 24-inch diameter corrugated metal pipe (CMP).  The inlet to the catch basin and the pipe outlet 

are protected with 9-inches of Class II rip rap underlain by woven filter. 

 

Stormwater captured by the north ramp ditch is conveyed into a sedimentation pond at the base of the 

north embankment.  The sedimentation pond has a 24-inch corrugated metal pipe outlet that discharges 

into a drainage swale north of the perimeter road  The drainage swale is graded to drain into the borrow 

area. 

 

2.13.2 Topsoil Placement and Turf Establishment 

Topsoil from the existing central stockpile was hauled to the toe of newly constructed embankments by 

off-road haul trucks.   From there, the topsoil was pushed up the slope and spread in 6-inch lifts by 

dozers.  Topsoil was also pushed up-slope by dozers from smaller stockpiles located along the toe of the 

north, south, and east embankments.  The topsoiled areas were seeded to establish vegetation.  A 

protective straw-coconut erosion blanket was added to all slopes and disturbed areas to minimize erosion 

until vegetation is fully established.  Turf mat was added to areas highly prone to erosion such as ditches 

and draws, as shown on the Record Drawings. 

 

2.13.3 Access Road Construction 

Class 5 aggregate was spread and compacted on road surfaces and ramps, as shown on the Record 

Drawings.  Field density tests on class 5 aggregate are summarized in Table 7, with complete data located 

in Appendix F. 
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Section 3  - Testing and Quality Control 

 
Testing and quality control activities were conducted by subcontractors to the prime contractor, by 

independent testing firms, and by field observation personnel from McCain and Xcel.  Testing and quality 

control activities included surveying, soil testing, and geomembrane testing.  Testing and quality control 

procedures are presented below. 

 

3.1 Surveying 

An independent registered land surveyor, Bogart Pederson & Associates, Inc., was retained by the prime 

contractor to provide location and grade verification as required.  Earthwork verification surveying 

included the following shots at grade breaks and 50-foot intervals: south embankment and west slope 

subgrade, clay anchor location and thickness, upstream clay barrier alignment and thickness, and north 

and east upstream embankment tops and side slopes.  Other survey data included stormwater manholes 

and outlet inverts, and the top of the Pond 2 decant pipe at grade breaks and 50-foot intervals.  The top of 

the liner cover soils were also surveyed on a 50-foot grid.  The surveyor collected data using GPS and 

total station equipment, and periodically provided results of field data gathered during construction for 

review by McCain personnel.  Complete survey data is contained in Appendix G.  Construction staking 

was completed by the contractor, using their own GPS equipment and personnel. 

 

Ulteig Engineers, Inc. was retained by Xcel to provide surveys for calculating the upstream barrier 

quantity and documenting the embankment configuration. 

 

The contractor’s personnel verified lines and grades during construction utilizing their GPS equipment.  

McCain personnel also spot checked field grades using their own GPS equipment.  Measurements of 

drainage soil thickness were taken by McCain personnel at random locations to verify the 2-feet of 

drainage material had been placed. 
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3.2 Soil Testing 

Soil testing was performed on the following: 

1. Off-site clay prequalification testing 

2. Random fill 

3. Bottom ash 

4. Clay anchor and inclined clay barrier 

5. Granular drainage material  

6. Class 5 

 

3.2.1 Off-Site Clay Prequalification Testing 

Clay used during the 2008 construction project was imported from an off-site source.  The source, 

referred to as the Anderson pit, is located near Monticello.  The contractor had collected samples from the 

pit prior to construction to verify the clay would meet the project requirements. 

 

McCain personnel also collected clay samples from the Anderson pit for additional prequalification 

testing prior to construction.  Six samples were collected from test pits at the clay source.  The clay was 

very uniform, and five of the six samples (CLS-1, CLS-2, CLS-4, CLS-5, and CLS-6) were sent to Xcel’s 

independent laboratory (SET) for analysis of Atterberg Limits, particle size distribution, Standard Proctor, 

in-place moisture content, and re-compacted permeability.  The sixth sample (CLS-3) was retained for 

future testing if needed.  All of the samples tested met the MPCA guidelines for classification, Atterberg 

Limits and percent fines, and three of the five samples (CLS-1, CLS-2, and CLS-6) met the guidelines for 

permeability.  The permeability samples were tested at or slightly above optimum moisture content and at 

95% of the Standard Proctor maximum dry density.  The two samples that did not meet the permeability 

guidelines (CLS-4 and CLS-5) were very close to the maximum allowable permeability, and were re-

tested at approximately two percent above the optimum moisture content and 98% of the Standard Proctor 

maximum dry density.  Both samples had significantly slower permeability rates at those conditions and 

the results were over an order of magnitude slower than the required rate of 1.0x10-7 cm/s.  Based on this 

information and discussions with the testing laboratory, the contractor decided to compact the clay to 

100% of the Standard Proctor maximum dry density at or above optimum moisture content during 

construction to insure that the required permeability rates of the in-place clay would be achieved. 
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During construction, gray clay was noticed while excavating at the borrow pit, and appeared to be slightly 

different from the brown clay samples that had been collected prior to construction.  This clay was 

sampled immediately (CLS-7) and sent to the laboratory for analysis.  Although the clay had slightly less 

than 50% passing the No. 200 sieve (48.5%), it met the other MPCA guidelines for clay (Atterberg Limits 

and permeability) and was determined to be acceptable for construction. 

 

The results of the clay prequalification testing are summarized in Table 4, with complete results in 

Appendix C. 

 

3.2.2 Random Fill Testing 

Random fill was taken from the borrow area and used for Pond 3N embankments.  Samples of random fill 

were collected and analyzed for Standard Proctor results, and these results were used as compaction 

criteria for field density testing.  The required compaction for embankments was 95 percent of the 

Standard Proctor maximum dry density.  The moisture content of the material was generally well below 

the optimum moisture content, so the contractor added water during construction to meet the compaction 

requirement.  Compaction testing was performed by Xcel’s independent soil testing firm (Braun Intertec 

Corporation) under the direction of McCain personnel.  Testing was performed with a nuclear density 

gauge at a minimum frequency of one test per 3,000 cubic yards of material placed. 

 

The Standard Proctor results of all random fill samples are summarized in Table 1.  Field compaction test 

data is summarized in Table 2.  Locations for each test are presented in Figures 1, 2, and 3.  Complete 

data is located in Appendix B. 

 

3.2.3 Bottom Ash 

Samples of bottom ash were collected and analyzed for Standard Proctor results, and these results were 

used as compaction criteria for field density testing.  Specifications for bottom ash require 95 percent of 

the Standard Proctor maximum dry density.  Generally, the bottom ash was near optimum moisture, but 

some water was added, as needed, to achieve required density. Compaction testing was performed by 

Xcel’s independent soil testing firm (Braun Intertec Corporation) under the direction of McCain 

personnel.  Testing was performed with a nuclear density gauge at a minimum frequency of one test per 

3,000 cubic yards of material placed. 

 

Field compaction test data is summarized in Table 6.  Complete data for the Standard Proctor tests and 

density tests are located in Appendix E. 
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3.2.4 Clay Anchor and Inclined Barrier 

The clay anchor and inclined barrier were constructed with prequalified clay from the off-site source.  

Quality control testing performed during construction included in-place compaction and moisture content 

tests, laboratory analysis of in-place permeability, and index property tests (Atterberg Limits, sieve and 

hydrometer analysis, classification).  Testing procedures and results are discussed below. 

 

3.2.4.1 Clay Compaction Testing 

During clay construction activities, a representative from Xcel’s soil testing firm (Braun Intertec 

Corporation) was on site to perform in-place density and moisture content testing of the clay using a 

nuclear density gauge.  Compaction testing was completed at the minimum rate of once per horizontal lift 

at intervals of approximately 100-feet.  In order to determine passing or failing results, the contractor 

decided to use 100% of the Standard Proctor maximum dry density at or above optimum moisture 

content.  This was higher than what the technical specifications required (95% of the Standard Proctor 

maximum dry density), but was needed to insure that the clay met the permeability specification of 1x10-7 

cm/s as discussed in Section 3.2.1.  When a field density test indicated a failing result, the area received 

additional compaction if the compaction was low, or was reworked to meet the moisture requirement.   

Additional testing was performed in the same location after the material had been reworked, and this 

procedure was repeated until passing test results were obtained.  In addition to field testing of the clay, 

placement of the clay was constantly observed and monitored to verify that consistent processing and 

compaction procedures were being used, and that lift thicknesses were within tolerance.  The on-site 

quality control personnel worked closely with the contractor during clay placement to insure the clay was 

placed and compacted to meet the project requirements. 

 

Compaction testing was distributed across the site to give complete coverage of the clay placed.  

Compaction test locations are shown in Figures 4, 5, and 6 and results of clay compaction tests are 

summarized in Table 3.  Complete testing data can be found in Appendix C. 

 

3.2.4.2 Clay Permeability and Index Properties Testing 

In addition to prequalification testing, laboratory analysis was completed on additional clay samples 

collected on-site.  The samples were collected by pushing thin-wall tubes into the clay after placement 

and compaction to recover undisturbed cores of clay.  Voids created during sample collection were 

backfilled with bentonite. Seven samples were collected, and sample locations were distributed across the 

site to represent all areas of the clay anchor and inclined barrier.  Approximately 21,000 cubic yards of 
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clay were placed, resulting in one test per 3,000 cubic yards.  Samples were tested for permeability, 

Atterberg Limits, sieve and hydrometer analysis, and classification.  The coefficient of permeability of the 

clay samples ranged from 1.2x10-8 to 6.4x10-9 cm/s, with an average of 2.3 x 10-8 cm/s, significantly 

slower than the required maximum rate of 1x10-7 cm/s.  All of the soil classifications and Atterberg 

Limits test results met the MPCA guidelines.  Some of the percent fines results were slightly less than the 

50% minimum guideline, but the other tests for those samples met the minimum requirements.  The 

results from clay samples collected on site are summarized in Table 5, locations are presented Figure 7, 

and complete results are included in Appendix C. 

 

3.2.5 Granular Drainage Material Testing 

Granular drainage material was tested for maximum particle size, percent passing the no. 200 sieve, and 

hydraulic conductivity at the minimum rate of one test per 10,000 cubic yards of material placed.  

Approximately 21,000 cubic yards of granular drainage material was placed, requiring 3 samples for 

gradation testing and 3 samples for permeability testing.  All samples met the permeability and particle 

size requirements.  Complete results are located in Appendix D. 

 

3.2.6 Class 5 Testing 

Class 5 was used on access roads and ramps around the pond perimeter.  A portion of the material was 

salvaged from existing roads.  Class 5 imported from off-site was tested for gradation and Standard 

Proctor.  After placing and compacting class 5, in-place density tests were taken at approximately 300-

feet intervals and found to meet the compaction requirement of 100% of Standard Proctor maximum dry 

density. Class 5 testing is summarized in Table 7, and complete data is located in Appendix F. 

 

3.3 Geosynthetic Clay Liner (GCL) Quality Control 

Quality control for GCL included manufacturing quality control (MQC) and construction quality 

assurance (CQA) activities.  Details of these activities are described below.  GCL was installed by Clean 

Air & Water, LLC. (CAAW), as a subcontractor to the prime contractor. 

 

3.3.1 Manufacturing Quality Control (MQC) 

MQC was completed during and after production of the GCL by the GCL manufacturer (Bentofix).  The 

manufacturer was responsible for testing the GCL to confirm the product met the requirement of the 

project specifications.  The results were documented and certified by Bentofix, and submitted to the GCL 

installer (CAAW).  CAAW then submitted the certification packages to the general contractor and Xcel’s 
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on-site representative.  The certifications were reviewed by McCain personnel to insure the GCL met the 

project requirements. 

 

Testing performed on the GCL included bentonite mass per unit area, grab strength, elongation, peel 

strength, index flux, and permeability.  The GCL manufacturer’s MQC certification packages are 

included in Appendix I.   

 

3.3.2 Construction Quality Assurance (CQA) 

CQA activities were completed on site during unloading, material handling, storage, transport, 

installation, and covering of the GCL.  CQA was performed by personnel from McCain and Xcel. 

 

The GCL was unloaded under observation of the CQA personnel.  Rolls were unloaded from flatbed 

trailers by the GCL installer or prime contractor.  GCL rolls were unloaded in accordance with the 

manufacturer’s recommendations with either an extendable-boom forklift or front end loader utilizing a 

stinger bar, a core pipe with a spreader bar, or lifting straps.  As MQC data were received, the roll 

numbers of GCL delivered to the site were checked against the roll numbers in the MQC certification 

packages. 

 

As GCL was unloaded, it was placed in designated storage areas around the site.  The storage areas were 

level, dry, and well drained, and the GCL rolls were stacked no more than three rolls high.  The GCL rolls 

were delivered pre-wrapped; however, GCL which was not used right away was covered with tarps to 

protect it from becoming hydrated. 

 

During installation, GCL was transported from the storage areas to the deployment area using the same 

equipment and methods which were used to unload the GCL. Prior to deployment, the subgrade was 

inspected by the installer and the CQA personnel.  The GCL installer approved the subgrade by signing 

subgrade acceptance forms, which are include in Appendix I. 

 

After acceptance of the subgrade, GCL was deployed using the methods described in Section 2.6.1.  On 

the side slopes, panels were oriented parallel to the slope.  During deployment, care was taken to avoid 

wrinkles or folds in the GCL.  Any wrinkles which occurred were pulled out to keep the panels smooth.  

Damage to the GCL was repaired using patches as described in Section 2.6.1.  Adjacent overlaps between 

GCL panels were visually verified to be between 6 and 9 inches by observing the lap lines printed directly 

on the GCL rolls.  The overlap area between panels was kept free of dirt to maintain self-seaming 
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between panels.  If necessary, the overlap areas were swept clean.  Accessory bentonite was used between 

the edges of adjacent panels at the recommendation of the manufacturer.  The ends of rolls were 

overlapped two feet in rain-lap fashion, and accessory bentonite was used.  On the slope areas, ends of 

panels were heat tacked by fusing the geotextiles together. 

 

After deployment of the GCL, HDPE geomembrane was installed directly over the GCL.  No heavy 

equipment was operated directly on the GCL, but 4-wheel all terrain vehicles were used to deploy 

geomembrane over the GCL.  When 4-wheelers were used on the GCL, no sudden stops, starts, or abrupt 

turning was allowed.  All GCL panels were covered daily with geomembrane to ensure the bentonite did 

not hydrate prior to placement of cover soils. 

 

3.4 Geomembrane Quality Control 

On-site observation of the geomembrane installation was performed by personnel from McCain and Xcel. 

Geomembrane installation was performed by Clean Air & Water, LLC. (CAAW), as a subcontractor to 

the prime contractor. 

 

Geomembrane used on the project was textured 60-mil high density polyethylene (HDPE) manufactured 

by GSE.  Geomembrane resin, rolls, and extrudate rod met the requirements of Geosynthetic Research 

Institute’s (GRI) Test Method GM 17.  Geomembrane quality control data was submitted by GSE to 

CAAW, and in turn submitted to the prime contractor and Xcel’s on-site representative.  The 

certifications were reviewed by McCain personnel to insure the geomembrane met the requirements of 

GRI GM 17. 

 

Geomembrane was delivered to the site on flatbed trailers. The geomembrane rolls were delivered with 

lifting straps in place, and were unloaded with a front-end loader.  Rolls were unloaded and stacked in the 

designated storage areas.  Roll numbers were checked against the manufacturer’s quality control 

submittals to verify all rolls were certified by the manufacturer. 

 

Textured geomembrane was used on all side slopes.  Panels on the slope were oriented parallel to the 

slope, and cross-seams were fused perpendicular to the slopes.  Geomembrane was deployed over the 

GCL as described in Section 2.6.2. 

  

Trial seams were prepared at the beginning of each seaming period with each piece of seaming equipment 

by the corresponding operator.  One-inch-wide coupons were cut from the trial seams and tested on-site 
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by the liner installer for mechanical seam strength (shear and peel) using a tensiometer. Field seaming of 

geomembrane panels was required to meet the strength requirements of GRI’s test method GM 19.  Trial 

seam tests are reported on the Trial Weld Testing Report forms included in Appendix J. 

 

Destructive seam tests were performed on samples taken randomly from seams in the installed 

geomembrane at a rate of 1 sample per 500 lineal feet of seam.  The destructive seam samples were tested 

on-site by the liner installer for shear and peel strength using a tensiometer, and results were recorded on 

the Destructive Testing Report forms included in Appendix J.  

 

All seams were non-destructively tested for air leaks using either the air-channel test for split-wedge 

fusion seams or the vacuum box test for extruded seams.  Split-wedge seams were required to hold 25 to 

30 lbs/sq. inch of air pressure for 5 minutes without dropping more than 2 lbs/sq. inch.  Non-destructive 

seam test reports are provided in Appendix J. 

 

In addition to the report forms described above, the additional following quality control testing report 

forms were also completed by the geomembrane installer: 

1. Panel placement forms 

2. Panel seaming forms 

3. Geomembrane repair reports 

 

All of these report forms are included in Appendix J. 

 

3.5 Electronic Leak Location Testing 

In addition to the routine quality control activities performed on the geomembrane prior to cover soil 

placement, electronic leak location testing was conducted over the geomembrane liner after placement of 

granular drainage layer to identify the presence of construction related damage to the geomembrane.  Xcel 

contracted directly with Foth Infrastructure & Environment, LLC. (Foth) to complete electronic leak 

location testing. 

 

During the course of conducting electrical leak location testing, there were several instances where either 

the calibration procedure was not successfully completed or a blind hole in the liner was not detected.  

When these instances occurred, production testing was suspended while the cause of the problem was 

investigated.   
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Failure to detect calibration and blind holes can result from: 

1) An incomplete electrical circuit through the hole due to site conditions 
2) Inadequate electrical isolation of the cover soil from ground  
3) Improper function of the testing equipment 

 

Investigation revealed that all three of these issues contributed to those instances of unsuccessful 

calibration and blind hole detection.  Corrective actions included adjusting moisture conditions at the 

calibration site in accordance with the provisions of ASTM D7007, improving ground isolation on the 

perimeter of the testing area, and repairing loose wiring connections on the testing equipment.  

Calibration was successfully completed and blind holes were located after the corrections were made. 

 

The following paragraphs discuss the causes and remedies for the calibration and blind hole detection 

issues. 

 

3.5.1 Electrical Circuit 

Site conditions that could affect the completion of an electrical circuit through a hole in the liner include 

conductivity of the cover soil, GCL, and subgrade soil; and continuity between cover soil and subgrade.  

Conductivity is primarily affected by moisture content of the materials, since the electrical current is 

carried by moisture in the non-metallic materials.  Continuity refers to a physical connection between the 

cover soil and subgrade (i.e. moist soil filling the hole in the liner, thus connecting the cover soil to 

ground).   

 

As part of the investigation of calibration issues, the conductivity of a GCL sample was evaluated.  It was 

found that in a dry condition, the geotextile portion of the GCL was not conductive.  It is known that a 

GCL will draw moisture from subgrade and cover soils in sufficient quantities to become conductive, 

however, the small size of the calibration hole, the lack of saturation of the cover soils, and the short 

duration of exposure between the time of placement of the hole and performing the calibration procedure 

probably resulted in insufficient moisture absorption and thus lack of conductivity through the GCL. 

 

The project specification did not permit the use of water for the calibration procedure in order to more 

closely simulate actual field conditions.  However, when water was poured over the calibration hole, as 

allowed by ASTM D7007, the calibration procedure was successfully completed.   A remedy would be to 

allow use of water on the calibration hole, and also require that a blind hole (that better simulates field 

conditions) be located prior to conducting production testing.  This combination would demonstrate that 
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the required signal:noise ratio is achieved (measure by the calibration hole), and that actual site conditions 

are conductive to conductivity and continuity (measured by the blind hole). 

 

3.5.2 Ground Isolation 

Isolating the liner cover soils from ground is accomplished by removing soil to expose a strip of the non-

conductive liner on the perimeter of the testing area.  If soil or water are present on the isolation strip, an 

electrical circuit can be completed between the cover soil and ground and interfere with detection of the 

electrical signal through the subject hole.   

 

Maintaining ground isolation can be challenging in areas where the isolation strip is located at a mid-

slope position due to soil sloughing and runoff draining across the strip.  Maintaining ground isolation can 

also be difficult after heavy rainfall when water drains from the cover soils across the isolation strip.  

Ground isolation problems can often be remedied by waiting for conditions to dry out so that excess water 

is not draining across the isolation strip or causing soil to slough.  Laborers can be employed to closely 

monitor and maintain the isolation strip. 

 

3.5.3 Testing Equipment 

The testing equipment must be functioning properly in delivering an electrical charge of the required 

voltage and amperage to the liner cover soils and be properly connected to ground beneath the liner in 

order for successful testing to occur.  In several instances, the testing contractor indicated that the leak 

signal strength was low due to low amperage measurements.  A loose wire was found on the testing 

equipment after a number of unsuccessful calibration attempts and blind hole location failures.  The loose 

wire may have been primarily responsible for the unsuccessful calibration attempts, because calibration 

was successfully completed after the wire connection was repaired. 

 

A final report was prepared and submitted by Foth on the leak testing and is included in Appendix K. 
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Section 4  - Conclusion 

Construction of Scrubber Solids Pond 3 North Vertical Expansion at Xcel Energy’s Sherburne County 

Generating Plant has been completed in material conformance with the “Contract Drawings and 

Specifications for Scrubber Solids Pond 3 North, February 2008” prepared by McCain and Associates, 

Inc., and in compliance with the requirements for notification, construction, materials, and testing 

contained in NPDES Permit No. 0002186.  This report presents the results of all observation, 

documentation, and testing performed during the course of construction of this facility. 

 

 

 

 

 

 



Tables 



SAMPLE No.

MAXIMUM DRY 
DENSITY (pcf)

OPTIMUM MOISTURE 
CONTENT (%)

1 SP
Poorly Graded Sand, medium to coarse 
grained, with trace gravel, brown 108.3 13.8

2 SP
Poorly Graded Sand, fine to medium 
grained, with gravel, brown 120.0 8.1

3 SP
Poorly Graded Sand, medium to coarse 
grained, with gravel, brown 123.4 8.9

4 SP
Poorly Graded Sand, medium to coarse 
grained, with gravel, brown 119.4 10.4

5 SP
Poorly Graded Sand, fine to medium 
grained, with trace gravel, brown 110.4 11.9

6 SP
Poorly Graded Sand, medium to coarse 
grained, with little gravel, brown 116.3 10.4

7 SP
Poorly Graded Sand, fine to medium 
grained, with trace gravel, brown 110.5 12.6

8 SP
Poorly Graded Sand, fine to medium 
grained, with trace gravel, light brown 102.0 16.1

9 SP
Poorly Graded Sand, fine to medium 
grained, with trace gravel, brown 110.3 11.8

10 SP
Poorly Graded Sand, coarse grained, with 
gravel, brown 119.6 7.4

11 SP
Poorly Graded Sand, fine to medium 
grained, with little gravel, brown 112.7 10.2

Note: Complete test data located in Appendix B

SOIL TYPE

Random Fill Standard Proctor Testing Summary

Table 1
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Appendix A 
 

Construction Photographs



Photo 1: Granular Drainage Screening and Stockpiling 
Operation, prior to Pond 3N 2008 Construction.

Photo 3: Scrapers Stripping and Stockpiling Topsoil (far 
pile) from Borrow Area

Photo 2: Existing Conditions, South Embankment looking 
West

Photo 4: Dozers Stripping Topsoil from the South Side of 
the Existing South Embankment



 
 

 

 
 

 



Photo 5: Vibratory Smooth Roller and Dozer Constructing 
South Embankment, looking West

Photo 7: Topsoil Pile at the South Toe of the South 
Embankment, looking East

Photo 6: South Embankment Construction, looking East
Photo 8: Random Fill Excavation from the East Side of the 

Borrow Area, looking North



 
 

 

 
 

 



Photo 9: Excavating Random Fill to Place Clay Anchor 
Connection to Pond 3N at Southeast Corner, looking North

Photo 11: Southeast Corner Clay Anchor Transition Lift 
Compacted with Vibratory Sheepsfoot Roller, looking 

Northeast

Photo 10: Bottom of Excavated Clay Anchor Trench, 
looking South

Photo 12: Southeast Clay Anchor Lift at Elevation 990 +/-, 
looking North.  Note:  Vibratory Sheepsfoor Roller and 

Watering Truck in Background.



 
 

 

 
 

 



Photo 13: Braun Technician Recording Nuclear Gauge In-
Place Density

Photo 15: 2' x 2' Liner Anchor Trench on North Side of 
Southeast Corner with Geosynthetic Clay Liner (GCL) 

Placed Inside, looking South.

Photo 14: 2' Deep Liner Anchor Trench at Top of West 
Slope in Existing Pond 2 Inclined Clay Barrier at Elevation 

1010 +/-, looking South

Photo 16: Supplemental Bentonite being used at GCL 
Panel Overlaps.



 
 

 

 
 

 



Photo 17: GCL Deployment on West Side of Weir, looking 
West

Photo 19: Geomembrane Liner Deployment on South Side 
of South Embankment, looking North

Photo 18: GCL placed on West Slope and Pond 2 Decant 
Pipe Stub, looking Southwest

Photo 20: Composite Liner placed in 2' Deep Anchor 
Trench in Clay Anchor in Southeast Corner at Elevation 

995, looking North.  Note:  Geomembrane is underlain by 
GCL.



 
 

 

 
 

 



Photo 21: Composite Liner Construction on East Side of 
Weir, looking North.  Note:  Exposed Existing Liner shown 

in Background

Photo 23: Connecting Existing Flap (Right Side) to New 
Lower Flap (Left Side), looking Southwest.

Photo 22: Installing Geomembrane Portion of Lower Flap 
in Weir, looking Northeast  Note:  Lower Flap Consists of 

GCL over Geomembrane

Photo 24: Dozer spreading GDM over GCL on Lower Flap, 
looking West. Note:  GCL is underlain by Geomembrane.



 
 

 

 
 



Photo 25: GCL placed around Existing Pond 2 Inclined 
Dewatering Well, looking North

Photo 27: Worker Fusing New Geomembrane (Right) to 
Existing Geomembrane (Left) with Extrusion Welder

Photo 26: Geomembrane Boot Placed around Pond 2 
Inclined Dewatering Well

Photo 28: Non-Destructive Testing of Hot-Wedge Welded 
Seam.  Note:  Air Pressure Test Requires Maintaining 30 

psi for 5 Minutes on every Seam.



 
 

 

 
 



Photo 29: Dozer placing GDM on South Side of Weir, 
looking Southeast

Photo 31: Liner Leak Testing Technicians Surveying the 
West Slope Composite Liner, looking South.

Photo 30: Dozers spreading Granular Drainage Material on 
West Slope Composite Liner, looking North.

Photo 32: Liner Leak Test Calibration Hole.  Hole is placed 
in Liner Prior to Leak Testing.



 
 

 

 
 

 



Photo 33: Worker using "Jumping Jack" to Compact Clay 
in Southeast Anchor Trench, looking South

Photo 35: Dozer and Vibratory Smooth Drum Roller 
Spreading and Compacting Random Fill in Weir, looking 

East

Photo 34: Worker using Hand Operated Sheepsfoot to 
Compact Clay in West Slope Anchor Trench, looking 

South.

Photo 36: Installing GCL Portion of Upper Flap in Weir, 
looking West.



 
 

 

 
 

 



Photo 37: 1-foot of Insulation placed over Pond 2 Inclined 
Dewatering Well, looking Southwest.

Photo 39: Pond 2 Decant Pipe Alignment, looking North.

Photo 38: Installing 18" Polyethylene (PE) Decant Pipe 
from Pond 2, looking North

Photo 40: Pond 2 Decant Pipe Discharge Flume at 
Southwest Corner of Pond 3N, looking Southeast.



 
 

 

 
 

 



Photo 41: Fusing and Installing Decant Pipe
Photo 43: Pond 3N Interior Berm and Bench Construction 
(Constructed out of Bottom Ash and Random Fill), looking 

Northeast

Photo 42: Excavating Bottom Ash Material from Bottom 
Ash Pond, looking Southeast.

Photo 44: Exposing Existing Upstream Clay Barrier on 
North Embankment, looking East.



 
 

 

 
 

 



Photo 45: Scarifying Clay with Chisel Plow, looking 
Southwest.

Photo 47: Foreground:  Vibratory Sheepsfoot Roller 
Compacting Upstream Clay Barrier.  Background:  Dozer 

Spreading Clay, looking West.

Photo 46: Left:  Belly Dump Hauling Clay along Upstream 
Clay Barrier.  Right:  1.5H to 1V Interior Berm, looking 

Southeast.

Photo 48: Backhoe Bucket Removing Thin-Walled Tube 
Sample from Upstream Clay Barrier.



 
 

 

 
 

 



Photo 49: Backhoe pulling Clay up from the Exterior of the 
Upstream Clay Barrier (Upstream Clay Barrier is generally 
construced wider than 8 feet to allow Belly Dump Semis 
room to travel), Vibratory Sheepsfoot Roller Compacting 

pulled up Clay.  Looking East.

Photo 51: Foreground:  Upstream Clay Barrier Smooth 
Rolled to Final Elevation (995).  Background:  Backhoe 

Shaping Interior Berm at a 2H to 1V, looking South.

Photo 50: Foreground:  East Side 8" PE Pipe Clean Out 
Extension with Electrofusion Coupler (Culvert used to 

temporarily prop Pipe while constructing Interior Berm).  
Background:  Dozer spreading Random Fill along Interior 

Berm, looking North

Photo 52: Vibratory Smooth Drum Roller Compacting 
Bottom Ash/Random Fill along Discharge Structure Access 

Road, looking East.



 
 

 

 
 

 



Photo 53: Two Rings of Mastic Applied to Northeast 
Dewatering Manhole before Installing the next Section.

Photo 55:  North Embankment Sedimentation Pond, 
looking East

Photo 54: East Ramp Manhole with 24 inch Corrugated 
Metal Pipe (CMP) Outlet, looking East.

Photo 56: East Embankment Smooth Rolled to Final 
Elevation (999), looking North



 
 

 

 
 

 



Photo 57: Dozers spreading 6 inches of Topsoil along East 
Embankment, looking North.

Photo 59:  Foreground:  Class II Riprap placed around 
East Ramp Stormwater Manhole.  Background Left:  Straw-

Coconut Erosion Blanket placed on 3H to 1V Slope.  
Background Right:  12 feet of Turfmat placed along Ramp 

Ditch, looking North

Photo 58: Dozer spreading 6 inches of Class 5 along 
South Embankment, looking East.

Photo 60:  Foreground:  Straw-Coconut Erosion Blanket 
placed on East Slope.  Foreground Right:  15 foot Bench 

between East Embankment Toe and Borrow Area 
(Extends around to North Embankment)  Background:  

Borrow Area, looking North.



 
 

 

 
 

 



Appendix B 
 

Random Fill Test Reports 
 

Random Fill Standard Proctor Test Reports 
Random Fill Density Test Reports 



Random Fill Standard Proctor Test Reports 

























Random Fill Density Test Reports 

























































Appendix C 
 

Clay Test Reports 
 

Anderson Pit (Off-Site) Clay Pre-Qualification Test Reports 
Anderson Pit (Off-Site) Clay Pre-Qualification Re-Test Test Reports 

Clay Standard Proctor Test Reports  
Clay Density Test Reports   

Clay In-Place Permeability and Index Test Reports 



 Anderson Pit (Off-Site) Clay Pre-Qualification Test Reports 

























Anderson Pit (Off-Site) Clay Pre-Qualification Re-Test Test Reports 





Clay Standard Proctor Test Reports 









Clay Density Test Reports 





































Clay In-Place Permeability and Index Test Reports



















Appendix D 
  

Granular Drainage Test Reports 
 

Granular Drainage Standard Proctor Test Reports  
Granular Drainage Gradation Test Reports  

Granular Drainage Permeability Test Reports 



 Granular Drainage Standard Proctor Test Reports 







Granular Drainage Gradation Test Reports









Granular Drainage Permeability Test Reports 









Appendix E 
 

Bottom Ash Reports 
 

Bottom Ash Standard Proctor Test Reports 
Bottom Ash Density Test Reports 



 Bottom Ash Standard Proctor Test Reports







Bottom Ash Density Test Reports 







Appendix F 
 

Class 5 Test Reports 
 

Class 5 Standard Proctor Test Reports 
Class 5 Gradation Test Reports  

Class 5 Density Test Reports 



 Class 5 Standard Proctor Test Reports 









Class 5 Gradation Test Reports 









Class 5 Density Test Reports 







Appendix G 
 

Survey Verification Data 















Appendix H 
 

Record Drawings 









































































Appendix I 
  

Geosynthetic Clay Liner (GCL) Data 
 

Bentonite Test Data 
Geotextile Test Data 

GCL Test Data 
GCL Roll Inventory 

Subgrade Acceptance Forms 





























































































































































Appendix J 
 

High Density Polyethylene (HDPE) Geomembrane Data 
 

Geomembrane Roll Packing Lists 
Geomembrane Roll Test Data 

Resin Test Data 
O.I.T and Oven Aging Test Data 

Stress Crack Resistance Test Data 
Welding Rod Test Data 

Material Delivery Inventory 
Tensiometer Calibration Certificates 

Trial Weld Testing Reports 
Panel Placement Forms 

Panel Seaming Forms 
Non-Destructive Testing Reports 

Destructive Testing Reports 
Geomembrane Repair Reports 

As-Built Geomembrane Panel Layout Drawing 
Warranty 

























































































































































































































































Appendix K 
 

Electronic Leak Location Test Reports 
 

Electrical Leak Location Testing Report 
Technical Specifications (Section 02775) for Electrical Leak Location Surveying 



Electrical Leak Location Testing Report 















































































Technical Specifications (Section 02775)   
for Electrical Leak Location Surveying 
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SECTION 02775 
ELECTRICAL LEAK LOCATION SURVEYING OF 

SOIL-COVERED GEOMEMBRANE LINER 
SHERCO SCRUBBER SOLIDS POND 3N 

 
 
GENERAL 
 
1.01  SECTION INCLUDES 

 
A. Performing leak detection sensitivity testing using “actual leaks” (see 3.02A of this Specification) placed by 

the leak-testing Contractor under observation of the Company. 
 
B. Performing phased leak location surveying to detect Company placed holes, and installation/construction 

related holes for the entire project. 
 
C. Reporting results of leak location surveying. 
 

1.02 BASIS FOR COMPENSATION 
 
 A. Compensation for all Work covered under this Section of these Specifications will be included under the 

lump sum Contract Price bid. 
 
1.03 REFERENCES 
 
 A. American Society for Testing and Materials, current edition, hereafter referred to as ASTM. 
 
 B. ASTM D7007: Standard Practice for Electrical Methods for Locating Leaks in Geomembranes Covered with 

Water or Earth Materials (most current edition). 
 
1.04 DEFINITIONS 

 
A.  Definitions: 

1. Submit for Documentation 
a. Submittal is for the purpose of formal verification that the subject of the submittal conforms to the 

requirements of the Specifications, for formal documentation of the Work, or both. 
b. No action is required by Company.  Company will notify Contractor if deficiencies are identified, 

however, the Contractor is responsible for ensuring that the subject of the submittal conforms to the 
requirement of the Specifications. 

2. Submit for Review 
a. Submittal is for the purpose of providing opportunity to Company for review and comment on the 

subject of the submittal. 
b. Company will respond to the submittal either with a list of comments or an indication that it has no 

comments. 
c. If Company’s comments indicate a deficiency with respect to the requirement of the Specifications, 

Contractor shall amend the submittal and resubmit.  Company will again respond to the re-submittal. 
d. If Company’s comments are in regards to an issue that, based upon the Contract, is at Contractor’s 

discretion, Contractor shall furnish additional information, provide justification, and otherwise 
cooperate in addressing and resolving Company’s comments. 

 
1.05 SUBMITTALS 

 
A. Submit for documentation Contractor’s statement of warranty to perform the work to the best of their ability 

in accordance with the standard of professional practice. 
 
B. Submit for documentation Contractor’s statement of factors that influence leak detection sensitivity and 

accuracy and which may be adjusted or corrected in the field to improve the accuracy and sensitivity of leak 
detection. 
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C. Submit for review Contractor’s leak location surveying plan, including equipment, setup requirements, 
survey grid spacing, data management method, QA/QC plan, crew size, and other pertinent information. 

 
D. Upon receipt of the Company’s proposed leak-testing phase schedule, submit for review a detailed schedule 

for leak location surveying work, including setup, leak detection sensitivity testing, leak detection surveying, 
data analysis, and reporting. 

 
E. Submit for review an example of Contractor’s proposed format for reporting results of the leak location 

survey. 
 
1.06 SEQUENCING AND SCHEDULING 
 

A. The Company will provide the Contractor a plan for sequencing and scheduling of leak location surveying.  
The plan will remain subject to change for the duration of the project to accommodate weather, construction 
progress, and sequencing requirements. 

 
B. Leak location surveying shall be performed in phases.  The number and size of phases will be subject to 

change based upon weather, construction progress, and sequencing requirements. 
 

1.07 JOB CONDITIONS 
 
A. It shall be solely the Contractor’s responsibility to review available tests and reports, conduct additional tests, 

and otherwise determine to its own satisfaction the location and nature of all surface and subsurface features 
and the soil and water conditions that may be encountered. 

 
B. It shall be solely the Contractor’s responsibility to review project construction plans and specifications, 

sequencing and scheduling plans, and other construction-related information, and determine to its own 
satisfaction Contractor’s ability to perform the required work within the context of the overall construction 
project. 

 
C. Company’s information on site conditions may be reviewed at Company’s offices as scheduled with 

Company. 
 

1.08 WORK BY COMPANY 
 

A. Company will prepare each phase for leak location surveying by placing cover soil over the geomembrane, 
isolating the cover soil from ground, and applying water and maintaining the moisture content of the cover 
soil. 

 
B. The Contractor will place “actual leaks” (as defined in ASTM 7007, Annex A) in the liner within the 

surveying area under observation by the Company for use in performing leak detection sensitivity testing as 
described in Article 3.02 of this Specification.  Company may direct Contractor in placement of holes as 
described in Article 3.02. 

 
C. Company will place additional holes in the liner within the surveying area for the purposes described in 

Article 3.03 of this Specification.   
 

D. Company will furnish 110-volt power source for use during leak testing. 
 

E. Company will furnish laborers to install string lines for testing grid, and to remove cover soils from leaks. 
 

F. Company will maintain moisture condition of cover soils prior to and during leak testing. 
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PRODUCTS 
 
NOT APPLICABLE 
 
 
EXECUTION 
 
3.01 ACCEPTANCE OF SITE AND SURVEY CONDITIONS 
 

A. Prior to performing sensitivity testing or leak location surveying, Contractor shall notify Company of site 
conditions or surveying conditions which are within Company’s ability to control (such as electrical isolation 
of cover soil or moisture content of cover soil) and which would inhibit Contractor’s ability to locate leaks.  
Such conditions shall be typical of those under which leak location surveying is generally performed. 

 
B. If, after correction of site and surveying conditions by Company as described in Paragraph 3.01A, Contractor 

is unable to obtain successful results for sensitivity testing or locating Company-placed holes (as described in 
Articles 3.02 and 3.03, respectively), then Contractor shall discuss with Company additional modifications to 
the site and surveying conditions which may produce successful results.  Company will make such additional 
modifications if they are within reason and is able to do so. 

 
3.02 LEAK DETECTION SENSITIVITY TESTING 
 

A. The Contractor shall perform leak detection sensitivity testing using “actual leaks” placed by Contractor 
under Company observation.   These “actual leaks” shall be placed at locations within the test area that 
represent worst-case site conditions with respect to drainage layer and subgrade moisture content, electrical 
isolation of the drainage layer from ground, distance from the source electrode to the testing locations and 
drainage layer thickness.  Multiple “actual leaks” shall be placed if required to assess worst-case conditions.  
Company may direct Contractor where to place “actual leaks” for sensitivity testing.  Sensitivity testing shall 
be performed within the active test area in conformance with the requirements of ASTM D7007, Annex A4, 
except that no water shall be poured over a partially buried leak. 

 
B. The leak detection distance shall be computed by Contractor to produce an “R” value (as defined by ASTM 

D7007, Annex A4) greater than 3.0.  Contractor shall make adjustments to its surveying equipment and 
methods as necessary to meet this requirement. 

 
C. Leak detection sensitivity testing shall be conducted, at a minimum, at the beginning and end of each testing 

period of leak surveying for each set of equipment.  Additional sensitivity testing shall be performed if site 
conditions change during a testing period.  If leak detection sensitivity testing reveals an “R” value of 3.0 or 
less, the area surveyed with that set of equipment in the period since the previous successful leak detection 
sensitivity test shall be resurveyed at Contractor’s expense. 

 
D. Inability by Contractor to successfully complete leak detection sensitivity testing shall be cause for 

cancellation of the contract for surveying services.  Upon cancellation, Contractor will be judged to be in 
default of the Contract and no payments shall be owed to Contractor. 

 
3.03 COMPANY-PLACED HOLES 

 
A. Additional holes, other than those used for leak detection sensitivity testing, may be placed by Company in 

the surveying area in order to simulate damage which may occur as a result of placing cover soils over the 
geomembrane.  Such holes will be a minimum size of 1 inch in diameter and the locations will be unmarked. 
Contractor shall be required to detect these holes as part of routine surveying.  Failure to locate Company-
placed holes will invalidate the surveying work performed by Contractor on that day.  Company will reveal 
the hole locations to Contractor if Contractor is unable to locate them, and provide Contractor the opportunity 
to determine the cause of failure to locate the holes, make necessary adjustments to the surveying equipment 
and methods, and re-survey.  Adjustments and resurveys shall be solely at Contractor’s expense. 
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B. Inability by Contractor to detect Company-placed holes during daily survey work, after attempting remedy as 
described in Article 3.01 and Paragraph 3.03A shall be cause for cancellation of the contract for surveying 
services.  Company will be liable only for the cost of mobilization and area successfully surveyed through the 
time of cancellation. 

 
3.04 LEAK LOCATION SURVEYING 
 

A. Contractor shall perform the leak location survey procedure in conformance with the surveying plan 
submitted above and in conformance with ASTM D7007 with the exception noted in Article 3.02. 

 
B. Leak location surveying shall be performed with grid spacing, measurement electrode spacing (for dipole 

measurements), and distance from the current source electrode not greater than the respective spacing and 
distance determined from the sensitivity tests. 

 
C. Contractor shall mark detected leak locations with lath, flagging, or similar marking, and shall notify 

Company for removal of cover soil from the area. 
  

D. Resurveying shall be performed in the areas near leak locations to verify that repairs were adequate and that 
an additional leak is not present which may have been masked by the detected leak. 

 
E. Periodic leak detection sensitivity testing and re-surveying, if necessary, shall be completed in conformance 

with ASTM D7007 and as described in Paragraph 3.02C. 
 

3.05 REPORTING 
 
A. Contractor shall field-report to Company summary results of surveying on a daily basis.  Daily reports shall 

include: 
1. The results of beginning and end-of-day leak detection sensitivity tests 
2. A sketch of the area surveyed that day, showing grid lines and surveying limits 
3. A summary of leaks detected and repair/resurvey status 

 
B. Interim written reports with supporting data shall be submitted to Company within one week of completion of 

leak location surveying within each phase area. 
 
C. A final report shall be submitted within two weeks of completion of the final phase of surveying.  The final 

report shall compile the information from the interim reports and shall contain a description of the leak 
location methods and procedures, the survey methodology, the liner components and configuration, and cover 
and subgrade soil types and conditions. 

 
D. Interim and final reports shall contain the following items: 

1. A discussion of the results of leak location sensitivity tests and actions taken in response to the tests. 
2. A map of the phase area showing the limits of the leak location survey, the layout of the surveying grid, 

the location of the current source electrode, and other pertinent layout information. 
3. A complete description of all leaks found, including location, size, configuration, and photographs of each 

leak.  The report shall clearly distinguish between Company-placed holes and installation/construction-
related holes.  Company will furnish a tabulation of Company-placed holes for Contractor’s use in 
preparing the report. 

4. A discussion of Contractor’s success or failure to consistently detect Company-placed holes. 
 

E. The final report shall include as an appendix electronic data files containing plots of leak signals from 
sensitivity testing, Company-placed holes, and construction-related holes along with maps, grids, and other 
information necessary to locate each data set within the project limits. 

 
END OF SECTION 02775 
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