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Abstract

Distressed secondary riser pipes were discoverachazardous waste disposal facility
during routine sampling. The riser pipes extenigech a secondary sump, up a 10-foot
high (vertical) intracell berm, turn 45 degreesotlgh the primary clay and 80 mil
geomembrane liner, and extend vertically througbrexmately 120 feet of hazardous
waste to the surface. Video inspection of the@tito 12-inch diameter riser pipes
revealed that at four riser locations, the fieldrfeated elbows had partially buckled.
At one riser location, the vertical portion of th@pe buckled at two points.
Investigation of the distressed riser pipes ledatainique and challenging repair
approach.

Introduction

Wayne Disposal, Inc., a subsidiary of EQ The Enwinental Quality Company, owns
and operates the Site No.2 disposal facility in®dlle, Michigan. The site comprises
approximately 400 acres and has landfilled munlap#d waste, industrial hazardous
waste, and commingled waste. Current operatioriade disposal of hazardous waste
and waste regulated by the Toxic Substances CoAtto{TSCA). The balance of the
disposal areas is closed. The facility is curseiitlensed to landfill 11 million cubic
yards of hazardous/TSCA waste.

Master Cell VI is the current active disposal arekhe 34-acre cell consists of five
subcells designated as A-North, A-South, B, C andThese cells were constructed
during the late 1980’s and early 1990’s with a ¢gbidouble composite liner system
that includes from the bottom up: a 60 mil secopnddDPE geomembrane liner, one to
three layers of secondary drainage net, geotedilfoot compacted clay liner, an 80
mil primary HDPE geomembrane liner, 12-inch peastdeachate storage layer,
geotextile, 12-inch granular drainage layer aneé@@xtile separation layer.

A network of perforated 6-inch diameter DR 7.3 HDPige comprises the primary
leachate collection system.

The secondary leak detection system for subcetidudes a sump and a DR 17 HDPE

riser pipe that extends along, and is fully supgubrby, the sideslope of the cell to
ground surface. Each of the remaining subcellsrpmrates a secondary sump and a
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DR 17 HDPE riser pipe (Fig.1) that extends apprataty 10 vertical feet along a 2

vertical to 1 horizontal slope, then turns withie tprimary compacted clay layer and
extends vertically through approximately 120 fefetvaste.
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Figure 1. - Typical secondary sump and riser

The vertical portion of the riser pipe is sleeveithwa second pipe at a point
approximately 10-feet above the primary liner (R2). The sleeve was designed to
reduce downdrag forces imposed upon the risergspgaste settlement occurred.
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Figure 2. - Protective outer sleeve for riser pipe

In 2002, a vertical expansion of Master Cell VI wesnstructed. The vertical

expansion, designated as subcell E, overfills thistiag subcells and extends to the
north over the adjacent closed Master Cell V.
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The problem

The operating permit for the facility requires liquin the secondary sump to be
sampled and pumped dry on a quarterly basis. Watenmulating in the sump is
primarily consolidation water from the compactedycliner and has historically been
free of contaminants that may indicate a leak & phimary liner system. Early in
2003, during routine sampling of the secondary simgubcell B, the pump became
stuck during extraction. The pump was eventualyieved, however the outer pump
shield remained inside the riser pipe. In additifficulty was encountered extracting
the pump from the A-North riser pipe.

Camera inspection of the riser at subcell B wasaiieid to locate and determine means
of retrieving the outer pump shield. A 4-inch d&er pan-and-tilt camera was
lowered into the riser pipe and revealed significde@formation of the pipe wall in the
field-fabricated elbow within the primary compactdy liner (Fig. 3). The magnitude
of the deformations prevented camera inspectionthaslbow.
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; Figure 3. - Distressed elbow in Subcell B riser

was encountered during extraction of the pump ftheriser at A-North, this pipe was
also inspected using the 4-inch camera. At a dep#pproximately 57 feet below the
waste surface, the vertical portion of the risguepivas severely buckled (Fig. 4).
Again, this condition prevented camera inspectielolw the buckled section.

All of the risers were subsequently video inspeatsthg a 1-inch diameter push
camera to depths of at least 120 feet. At A-Nodhsecond buckled section was
observed approximately five feet below the fir@eformation of the elbow was also
noted. At subcells A-South, B and C, deformatiothimi the elbows was noted but no
buckling of the vertical riser pipe was observédthe riser pipe for subcell D, which is
the only riser fully supported on the cell sideglpwas undamaged. In addition to the
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four distressed secondary risers, a primary cleamser, critical to the leachate
collection system, was damaged.

The impact to the facility operations of potentiatal failure of the secondary risers
could be enormous. Without the ability to sampid test the liquids in the secondary
su
mp
the
fac
ilit
y
wo
uld
loo
se
the

abi
lity to demonstrate that the liner system has rakde Compliance and regulatory
constraints could force the facility to severeiyilior cease operations.

Evaluation of Distressed Pipe

Evaluation of the secondary leak detection rispepiin Master Cell VI was initiated.
The evaluation included a detailed survey of thenalged risers, collection of record
photographs, survey notes, inspection reports ahdr adata, as well as structural
analysis of the pipe to determine the cause afirkil

The survey included measurements of the depthadb deformation and comparison
to record survey data. Original construction réqpophotographs and surveys were
reviewed and collated with measured data and @igiesign calculations. In most
cases historic survey data indicated that the boté location of the riser pipe at the
current waste surface varied from the location bé tinitial dike penetration
significantly, in some cases as much as 50 horideet through the entire 120 foot
depth. An observation of the inspection videotapesfirmed sweeps and angular
offsets from vertical throughout the lengths ofgspparticularly at welded joints.
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Historical

structural
sequence

Figure 6
sections.

around on

photographs from the project recordsesdgd a construction sequence that

included fabrication of the HDPE riser pipe frone teloped section of the intra-cell
berm, through the elbow, and the first verticaltisecof pipe, before the compacted
clay layer had been constructed. This sequencee nzatbquate backfilling and

support below the elbow very difficuttnot impossible. Figure 5 shows this
at the tie-in between subcell A-Northsartell D.

Figure5. — A-North riser at subcell D tie-in

Figure 5. — A-North riser at tie-in to sub-cell D
shows the loose condition of the bedding at the reducer and elbow

Other data evaluated included soil boring informratand shallow test pits excavated

e of the risers. The original design i§ipelcthe placement of sand bedding

around the vertical portions of the outer protecthleeves, extending around the pipe
diameter for 5 feet. The sand bedding was interidedssist in limiting downdrag
forces as well as to provide a buffer against wpkieement in direct contact with the
outer protective pipe. Boring information revealdadt the sand bedding was not in
place throughout the entire length of the risen abdition, test pits excavations
revealed buried drums in direct contact with thetgxctive sleeve.
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Figure 6. - Condition of bedding soil around elbow
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nalysis of the HDPE riser pipes and outer sleevagdist the forces imposed by lateral
and vertical pressures was completed based on AFINB9 — Design of HDPE
Manholes for Subsurface Applications. Historidleetent data from settlement plates
installed in late 2000 and estimates of settlenbasted on standard penetration test of
the waste were used in the analysis. Settlemealysia suggest that the total waste
settlement could be highly differential, varyingysificantly from place to place and
could be as high as 10 to 15 percent under filB0&f feet or more.

Results of the analysis indicated that the longatstrain in the waste fill could exceed
the critical buckling strain of the outer proteetigleeves and that the outer sleeves
were likely to buckle from waste down drag forcé&ma at depths of about 50 feet or
greater. Load transfer to the inner pipe can obagcause the outer sleeve deforms
downward from down drag forces and come in contattt the inner pipe at points of
angular offset from vertical.

Axial buckling of the inner riser pipe was evalwhter the condition where down drag

forces are transferred to the inner pipe instadiedn angular offset of 30 degrees from
vertical. This condition imposed both an axialdoeomponent and a bending load
component on the inner pipe. The axial load corapbmvas evaluated using ASTM

F1759 and the bending component was analyzed w@sisgjution for a beam on an

elastic foundation (Hetenyi, 1946). The resultsveéd that the inner riser pipes could
fail in axial buckling if down drag forces werenisderred to them.

In general, the results of the evaluation conclutted possible poor backfilling below
the elbow, lack of sand bedding around the pipeaarmilar offsets from vertical likely
contributed to transfer of down drag forces to itieer pipe causing buckling failure.
Other installation defects, such as equipment itngamage or poor waste placement
techniques, may have caused or contributed tolibereed distress in the pipe.

Evaluation of Repair Methods

How do you repair a distressed pipe that terminigtes sump over 120 feet below the
surface of a hazardous waste landfill”? To answé, thumerous methods were
thoroughly evaluated, including:

Open excavation;

Sliplining with a smaller pipe and use of micro fsn

Pipe bursting technologies;

Braced excavations;

Micro-tunneling;

Directional drilling;

Conventional tunneling below the landfill

Internal re-rounding of the pipe followed by stuet polymer reinforcing; and
Drilled access shafts to the sump with completr rigplacement.
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The evaluation of the repair methods consideredra¢design challenges. Regulatory
oversight by the Michigan Department of Environna¢@uality (MDEQ) and the US
Environmental Protection Agency (EPA) would requiregulatory approval.
Environmental impacts also needed to be considefad; repair undertaken must be
environmentally protective and could not impact thavironmentally sensitive
secondary leak detection system. Any contaminatiothe secondary leak detection
system could potentially be construed as a leakarandfill liner system.

The most straightforward solution, and potenti#iily least costly, was open excavation
to the distressed elbows and a direct repair ofrider pipes. This method was not
considered desirable because it would require agilrc of over 500,000 cubic yards of
hazardous waste. Not only was there insufficiertrptted area to relocate the waste
to, but also would potentially expose the environtm® airborne contaminants and
undesirable odors. Further, this method would Ipeaympletely disrupt regular site
operations.

Cost and risk analysis was completed for most ef aptions. Three options were
considered viable; insertion of a smaller diamé&dépline” pipe with reinforcement of
the damaged sections, internal re-rounding witlcstiral reinforcement, and drilling of
access shatfts for a direct replacement of the dadhsgctions.

Preliminary evaluation of the slipline option deténed that the configuration of the
damaged elbow sections combined with length, diamahd capacity of available
pumps, prevented this option. Further, the damagetical section of the riser at
subcell A-North eventually closed completely, pmtireg even a l1l-inch diameter

camera to pass. Internal rerounding technology exkr been attempted in this
application and would require redesign of converdlorerounding equipment and
modifications to normal procedures. Drilled acce$mfts would allow complete
replacement of the damaged risers, but requiredchieg the primary synthetic and
clay liners. The owner elected to proceed withellgyment of the rerounding option to
occur concurrently with the design of drilled accebafts.

Internal pipe re-rounding is a technology typicalfyplied to horizontal PVC pipe with
two-way access. That is, the equipment is insenteda manhole and is pulled through
a length of pipe from a second manhole. To afipf/technology to rerounding of the
HDPE riser pipes in a vertical orientation with yohe-way access limited use of this
technology. A contractor was located who had sssfodly applied rerounding
techniques to vertically oriented HDPE pipes.

After several months of research, bench scalestaatl equipment modifications, field
trials were begun in early 2004 (Fig.7). Fieldsisuccessfully rerounded one of the
upper deformations of the riser pipe at sub-ceMNdéyth, but failed to make the turn
through the deformed elbow section. After numerausuccessful attempts at
rerounding, the technology was ultimately abandoned
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The shaft accessed repair method became the fotiis repair design effort.

Figure 7. - Field trials of rerounder

Shaft Accessed Repair Design

A shaft-accessed repair involved numerous desigiletiges. The concept would
requires:

Drilling through over 120 feet of hazardous waste;

Accurately excavating to the end of the secondagyr pipes that terminate within a
3-foot by 5-foot sump;

Put personnel in the shaft to hand excavate thrabghast 5-feet of hazardous
waste;

Breach the primary 80 mil HDPE geomembrane liner;

Hand excavate through 5-feet of compacted clay;line

Complete the above work at the lowest point incilé

Control leachate and secondary consolidation water;

Prevent contamination of the secondary leak detecystem.

Additional challenges with logistics also neededéoaddressed. Regulatory approval
was needed to cut a 7-foot diameter hole in thmgny containment liner near the low
points of the subcells. Drilling a shaft would@algquire a crane with over 120 feet of
boom to be in place on top of the landfill. Beauws the proximity to an adjacent
major airport, the crane would infringe on FAA aaitport management airspace,
thereby requiring FAA approvals. And finally, weeded to identify an appropriate
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contractor to implement the work.

After several meetings with the Environmental Pebten Agency, the Michigan
Department of Environmental Quality and airport agement staff, the draft work
plan and conceptual design was approved. Withlaémy approval in place, the
project team moved forward with addressing the reimg@ challenges.

Due to the construction complexities and speciatyp-contractor needs of the
conceptual repairs, the contractor was solicitetlyeéa the final design phase of the
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provide input as the final design was developecdrRivig as a single team, the Owner,
designer and contractor provided valuable inpytreparation of the final design. Of
primary concern to all parties was the safe exenutif work. To this end, the
contractor developed a comprehensive Health anetySBfan to guide each step of the
work.

The final repair design was packaged in such a wWet a drawing, detailed

construction sequence, Quality Assurance requirésneand Health and Safety
requirements for each of the anticipated 17 majskg was presented on it's own sheet
relating specifically to that task. This systemulballow the team to have easy
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reference to all pertinent information based ugmndurrent task in progress.

Repair Implementation
Construction of the first access shaft was begumeipair of the primary cleanout riser

in March of 2006 (Fig 9). This location did nogtere a breach of the primary liner
and would serve as a “dry run” for subsequent shaft

Figure 9. — Shaft excavation at Cleanout D-14

The shaft was successfully extended through 120 deevaste and intercepted the
leachate collection pipe on the primary geomenbiguee, where a new cleanout riser
was installed to the top of the waste (Fig. 10).

Figure 10. — Leachate collection pipe within shait D-14
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During the shaft design process and even througtstirt of construction, the design
team, including the contractor, had continued tpl@e options that would avoid the
need for penetration of the primary synthetic alag tners with a shaft. The team had
worked extensively with several pump manufactuterdevelop or modify a pump that
could fit within a small diameter “slipline” pipend was short enough to extend past
the deformed elbows and capable of lifting liquien 130 feet (air lift pumps could
not be used since sampling of the liquid for védatiwvas required). As the shaft at
cleanout D-14 was being excavated, the persevenaaideoff; a pump manufacturer
was able modify a newly developed pump that mentess of the project.

A piston driven pump with an outside diameter of-ib#hes, flexible enough to pass
through the deformed elbows and capable of liftimg secondary liquid over 130 feet
made the “slipline” a viable option again for thecendary risers at sub-cells A-South,
B and C. *“Sliplining” the distressed secondaryensswould avoid the need for
breaching the primary liner. With an expeditedutatpry approval, the team went
forward with an appropriate design. The collapkthe vertical portion of the riser at
sub-cell A-North initially was thought to requireet use of a shaft accessed repair.

The “slipline” repair methodology included instalij 1-inch to 4-inch diameter pipe
(the lower 5-feet perforated) inside of the exigtBrinch to 12-inch secondary riser
pipes. The annual space was then filled withrféi@nd to an elevation approximately 5
feet below the damaged elbow sections. A thin kefidayer of fine sand was placed
on the filter sand. High strength, low shrinkageuy was then placed as internal
reinforcement through the elbow and to a point apipnately 10-feet above the elbow.
Because of the limited annular space and the reeadsure complete filling of the pipe,
as much as 17 cubic feet of filter and choke saedevadded one cup at a time through
a tremie pipe, washed into place by adding watigy. (F).
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Water Figure 11. —Filter sand placement in Riser B added

during the filter
sand placement operation was pumped out from tkterbhdo assist settlement of the
sand through the elbow and into the storage pipssnathe sump.

With cleanout ability restored at cleanout D-14 gmunping capability restored from
secondary risers at sub-cells A-South, B and &znattn was turned to the last
remaining secondary riser at sub-cell A-North. AANorth a complete collapse of the
vertical riser pipe at a depth of 57 feet below t@asurface prevented insertion of a
“slipline” pipe. The collapse had also preventedpection of the deformed lower
elbows for over one year, so the condition belogttital collapse was unknown.

The decision was made to combine the two successfdir approaches previously
used. Install an access shaft to the 57-foot depthove the damaged section of pipe,
extend the remaining pipe back to waste surfa@ thstall a “slipline” pipe and the
piston pump. The first challenge was accuratetgeiing the shaft location. An
inclinometer was used to determine the exact hotaoand vertical location of the
collapsed section of pipe. Because the pipe wasvikrto be at roughly a 30 degree
angle from vertical, a 9-foot diameter access shaf$ selected to provide working
room to complete the repair, including butt-fuswelding of a new DR 17 riser pipe to
the existing riser, and sweep the new sectioné pack to vertical (Fig. 12).
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The 9-foot Figure 12 —Access shaft plan at sub-cell A-North diamete

r shaft was extende

d to the collapsed section of the existing riség.(E3), the damaged pipe was removed,
and the new vertical riser pipe was installed tste/aurface.

Figure 13 —Hand excavation around sub-cell A-Nortollapsed riser pipe
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Once access was restored, video inspection of derl eloow was completed and
revealed that additional deformation of the elboseti®n had occurred. In fact,
difficulty was encountered extending the 1-inchnuéer push camera through the
elbow. Insertion of several pipes, ranging in déen from 3-inch down to 1-inch, was
attempted. Only the 1-inch diameter pipe coulditgerted full depth into the
secondary sump. Since the piston pump casing wasndiyzdiameter without a
“slipline” pipe, a further redesign of the pumpisigstem was needed.

The pump manufacturer fitted the pump foot valvéhvai %2-inch diameter suction tube
and tested the modified pumping system. Trialsvgubthat the liquid could be lifted
through the suction tube the expected 26 vertieal fo the pump foot valve where it
was ultimately pumped to the waste surface.

To “slipline” the secondary riser at A-North, ar&h diameter DR11 pipe was used.
The lower 50 feet was reduced to a 1-inch diame&t1 pipe with the lower 5-feet
perforated section. This allowed the 3-inch diameipe to be supported above the
deformed elbow and the 1-inch diameter pipe torektell depth into the sump. The
1%-inch diameter piston pump with 49 feet of suctiobe was then threaded into the
“slipline” assembly. As with the other sliplinepars, the annular space between the
existing 8-inch diameter secondary pipe and thach-idiameter “slipline” pipe was
filled with filter sand. The deformed elbow wasithreinforced with high strength
grout. The assemblies as constructed are showrigure 14. Upon completion,
pumping capability was restored at the secondamypsat a rate of approximately one
gallon per minute. This rate is sufficient to puthp secondary sump dry in a single
shift and restored sampling capability at sub-AeNorth.
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Figure 14 — “Slipline” at sub-cell A-North secondarriser pipe

onclusion

Failure of riser pipes extending vertically froncerdary leak detection sumps could
be disastrous to a landfill owner/operator. Thapgr has presented a case study of a
project that restored pumping and sampling capghbiti a hazardous waste landfill
with four distressed secondary risers and oneediséd leachate collection system
cleanout riser under over 120 feet of hazardoudeva$he authors have presented a
condensed progression of events that lead to a redrapsive repair design that
included excavation through the primary geomembramé primary clay liners of a
hazardous waste landfill.

Diligence on the part of the owner to continue xplere and develop all available
options, even as construction began, lead to aimtamsive repair solution that was
preferable to all parties, including the regulataggncies involved.
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