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EXECUTIVE SUMMARY

- 219

The Fernald Environmental Management Project (FEMP) is a 1,050-acre facility located approxim%ely
18 miles northwest of Cincinnati, Ohio. The FEMP is owned by the U.S. Department of Energy (DOE)
and was operated as a uranium proce_:ssing facility from 1951 to 1989. Since 1989, the FEMP has been’
undergoing environmental remediation in accordance with the ComprehensiVe Environmental Response,
Compensation, and Liability Act (CERCLA). As part of the cleanup remedy, an on-site disposal facility
(OSDF) is being constructed to permanently dispose of 2.5 million cubic yards of contaminated soil and
debris from the FEMP. The OSDF will consist of eight individual areas of waste placement; these areas

“are called cells.

The engineering design of the OSDF, including the leachate conveyance system, went through a formal

review process at the 30 percent, 60 percent, 90 percent, and final stages of the design development. Each
stage consisted of a review by F luor Daniel Fernald (FDF), DOE, U.S. Environmental Protection Agency
(EPA), and Ohio Environmental Protection Agency (OEPA). All comments were formally addressed and

resolved before the OSDF design drawings were issued for construction.

The OSDF includes a leachate collection and conveyance system which collects water that comes into
contact with the waste (this water is called leachate) and then transports the water via underground pipes
to the Advanced Wastewater Treatment facility for treatment. This leachate conveyance system consists
of a gravity pipeline that extends from each OSDF cell to a manhole (one manhole per cell) and then
continues to a central pump station (called the Permanent Lift Station) which pumps the leachate to the
treatment facility. The pipeline from the Manhole No. 1 to the Permanent Lift Station is approximately
3,600 feet in length, 800 feet of which is permanent and 2,800 feet of which is temporary. In accordance
with regulations, the pipe used to convey leachate is a double-walled pipe. A double-walled pipe is
actually a pipe within a pipe: a smaller 6-inch inside pipe carries the leachate (this is called the carrier
pipe) and a lafger 10-inch outside pipe (called the contéinment pipe) provides secoﬁdary cdntainment iAn :

case there is a leak in the smaller pipe.

The double-walled High-Density Polyethylene (HDPE) plastic pipe was4delivered té the job site in 40-
foot sections. This pipe was first joined into 200- to 400-foot long sections using several different HDPE
Jjoining methods (butt fusion joints, electrofusion couplings, and extrusion welds). These sections were
then lowered into a trench and joined to each other to form the complete gravity pipeline of the OSDF

leachate conveyance system. Following construction, the pipe was subjected to hydrostatic pressure

Page ES-1
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testing. Leaks were detected during this testing and were repaired prior to operation. After successful

completion of final hydrostatic testing, the leachate conveyance system became operational in December

1997. 2 1 9 3

In January 1999, water accumulation was found in Manhole No. 3 during a routine inspection of the
gravity pipeline. In order to determine the source of the accumulated water, numerous tests were
performed including dye tests and video camera inspection of the inside of the pipes. Four leaks in the

gravity pipeline were discovered as a result of these tests (see Figure 1 in Section 3.0 of this report).

Leak #1 was located in Excavation #2 which was northwest of the West Impacted Stockpile; the

leak was at a 10-inch electrofusion coupling on the containment pipe.

e Leak #2 was located in Excavation #3 which was west of OSDF Cell 3; the leak was at a 6-inch

electrofusion coupling on the carrier pipe.

o Leak #3 was located in Excavation #4 which was southeast of the FEMP shipping and receiving

building; the 10-inch containment pipe had a tear in the pipe wall:

e Leak #4 was also located in Excavation #3 (south of Leak #2); the leak was at a 6-inch

electrofusion coupling on the carrier pipe.

As leaks were discovered, the sections of pipe containing the leaks were removed so that they could be
evaluated as to the cause of the leaks. Iﬁitial findings indicated that three of the four leaks were located at
electrofusion couplings (one of the three HDPE joining methods). In addition, the carrier pipe was found
to have an oval shape instead of a round shape as it had at installation. Leak investigation activities in the
field took place from February to March 18, 1999; at that time field work was put on hold until a more

detailed investigation of the causes of the leaks could be performed.

-~ -Aninvestigatiofi téam was formed in March 1999 at the request ¢ othheiFDiFieeIielrshlip Team. The scope
of the investigation team was to evaluate and examine the gravity pipeline and to determine the probable
causes of the leaks. Based on the research of the investigation team, additional information was requested
from GeoSyntec, the engineering contractor for the design and construction of the OSDF. GeoSyntec

provided the following information to the investigation team:

. Page ES-2
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¢ as-built documents associated with the leak investigation including a drawing showing the
location of electrofusion couplings, butt fusion joints, and low points within the pipeline and

records illustrating the results of the hydrostatic testing, including lengths of each pipe tested and
the date of testing _ 4 2 1 9 3

e draft revised hydrostatic testing procedures on March 15 elld March 16, 1999 for the 6-inch

carrier pipe and the 10-inch containment pipe

e analysis of 6-inch carrier pipe deformation (ovality) including a determination of the existing

condition of the pipe and a recommendation of suitability for future use
o analysis of electrofusion coupling failures and recommendations for replacement and/or repair

Following a review of construction records, visual inspection of the removed sections of pipeline,
interviews with personnel involved in the construction and leak investigation activities, and review of the
additional information provided by GeoSyntec, the investigation team reports the following findings and

conclusions:

o The original design specified a pipe with a certain wall thickness (called Standard Dimension
Ratio [SDR] 11). Through formal change procedures, the pipe to be used was changed to one
with a thinner wall (called SDR 26).

‘ ¢ . Hydrostatic testing of the 10-inch containment pipe was performed while the 6-inch carrier pipe
! was empty (i.e., not pressurized). This caused the oval condition in the SDR 26 carrier pipe.
Based on the review of GeoSyntec’s analysis, the investigation team determined that the oval

carrier pipe is still functional for gravity pipeline operation.

e One electrofus:on couplmg that was removed from the grav1ty plpe]me mdlcated minimal

"p'repara'tlon of the p1pe surface prlor to joining, Wthh resulted in poor bonding in the fusnon

zones. Proper preparation of the HDPE pipe surfaces is important for adequate fusion.

* A different method for joining the double-walled pipe, called the fixed end method, was used on

some of the electrofusion couplings. The fixed end method made joining pipe sections difficult.

Page ES-3
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e The electrofusion couplings were welded using a machine that was preprogrammed by the

manufacturer. The default melt time was not correct for the thickness of HDPE pipe being used

2193

e One leak (Leak #3) was found in'an area where the side of the pipe was damaged by construction

and resulted in the joints being overmelted.
equipment. The tear and resulting leak were most likely caused by construction equipment
coming into contact with the pipe during original installation.

Based on these findings, the investigation team presented the following lessons learned:

o Procedures for hydrostatic testing need to be specific to the configuration of the pipe assembly

being used.
* Due to increased installation difficulty, minimize the use of electrofusion couplings.

¢ Establish construction “hold points” for electrofusion coupling installation so that a quality check

can be performed.
o Use a documented approval process for revising methods of installation.

e Maximize the installation of HDPE pipe in only one direction. When HDPE pipe is installed in

one direction, there is always a free end and the butt fusion joining method can be used.
The determination and evaluation of repair options for the gravity pipeline of the OSDF Leachate

Conveyance System was not included in the scope of the investigation team. These issues are being

evaluated separately by a team comprised of personnel from DOE, FDF, and GeoSyntec.

Page ES-4
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1.0 INTRODUCTION

This repbxt presénfs a summary of the initial construction and testing of the OSDF leachate conveyance
system, the discovery of leaks, and documents the findings and conclusions of the investigation team. A
separate report, entitled Evaluation of Leachate Transmission Sys;em, On-Site Disposal Facility, has been
prepared by GeoSyntec and presents detailed technical information on the construction of the leachate
conveyance system and the evaluation of the leaks. The GeoSyntec document is being issued
simultaneously with this report. Appropriate references to-the GeoSyntec document are included in this

report.
Numerous technical terms are used throughout this report to explain the construction of the leachate

conveyance system. The following definitions are provided to assist the reader in understanding the

detailed information presented in this and the GeoSyntec report:

General Engineering Terms:

Construction Quality Assurance Final Report
A Construction Quality Assurance Final Report is prepared at the completion of a project, or at
the completion of a component of a large project. The report generally includes inspection
reports, quality control data, laboratory test results, as-built drawings, and design changes. The
report is prepared and certified to be correct by the Engineer of Record.

Design Change Notice (DCN) '

" A document used to identify, formalize a request for, or provide changes to an approved design
drawing, specification, or other document. When approved, a DCN has the same authority as a
revision to the affected document.

Engineer of Record (EOR)

_ . Alicensed Professional Engineer registered-in the-state in-whichthe work is being performed.
For the construction of the OSDF leachate conveyance system, GeoSyntec was the Engineer of
Record.

Request for Clarification of Information (RCI)

A document used to request a clarification or interpretation of design documents.

Page 1 of 16
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Leachate Conveyance Terms: ' ‘ - 2 E_ g 3
double-walled pipe (also called dual-containment pipe)
A smaller pipe seated inside of a larger pipe.
leachate ‘ _
Liquid that has come into contact with or been released from waste material.
Permanent Lift Station
An underground tank located at the lowest point of the gravity pipeline in which liquids are
pumped to a higher elevation (lifted) and forced through the remainder of the pipeline using

mechanical pumps.

Pipeline Terms:

gravity pipeline
A pipeline in which liquids are transported by the force of gravity without the use of mechanical
pumps.

high-density polyethylene (HDPE)
Plastic that is produced under high temperature and extremely high pressure; HDPE is usually
black in color and is available in varying thicknesses.

hydrostatic testing ‘
Test of strength and leak resistance of a pipe by internal pressurization with a liquid.

Standard Dimension Ratio (SDR)
SDR= pipediameter

minimumwall thickness

An SDR 11 pipe has a wall thickness of 0.6 inches and an SDR 26 pipe has a wall thickness of
0.25 inches :

Methods of Pipe Joining:

butt fuszon jomt

The joining of two plastic pipes by heatmg the ends untll they are molten and then plessmg them

- —— -—togetherto forma homogenous bond ™
electrofusion coupling
A method of joining plastic pipes in which a coupling is placed over the ends of the pipes and
electric current is applied which melts and joins the components.
extrusion weld (or “backwelding”)
A ribbon of molten plastic is placed over the edge of the seam; when it solidifies it joins and seals
the two pieces of plastic.

Page 2 of 16
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2.0 SCOPE OF INVESTIGATION -~ 21983

Following the discovery of leaks in the gravity pipeline of the leachate conveyance system, an
investigation team of engineers was formed on March 12, 1999 at the request of the FDF Leadership
Team. The scope of the investigation team was to evaluate and examine the gravity pipeline and to

determine the probable causes of the leaks. The gravity line is defined in three different sections:

e Sectionl The permanent gravity pipeline from penetration boxes located in OSDF cells 1,
2, and 3 to Manhole No. 1, Manhole No. 2, and Manhole No. 3

e Section2 . The permanent gravity pipeline from Manhole No. 1 to Manhole No. 2 and to
Manhole No. 3

e Section3 The temporary gravity pipeline from Manhole No. 3 to the Permanent Lift
Station
The results of the investigation for Section 2 (permanent) and Section 3 (temporary) are presented in this

report. The evaluation of Section 1, the permanent gravity pipeline, from the OSDF cells to the

~manholes, will be issued as an addendum to this report.

Through daily meetings, individual discussions with appropriate persénnel, and examination of
construction, engineering, and quality assurance records, the investigation team géthered information on
the initial installation and testing of the leachate coﬁveyance system, the discovery and field investigation
of the leaks (including examining the leaking sections of pipe that were removed), and the procedures and
processes used during construction. In addition to the members of the investigation team, parties
involved in the daily meetings and individual discussions included FDF construction personnel from both
the OSDF and leachate conveyance system pI'O_]eCtS OSDF pl‘O_)eCt team members, FDF quality assurance

personnel FDF management, and representatlves flom GeoSyntec, DOE EPA, and OEPA. The

‘discussions focused on the history of the project and involved those people most closely associated with

~each pamcular portion of the project.

Following the daily meetings and individual discussions, the investigation team directed its attention to
the methods and procedures for installing electrofusion couplings and conducting hydrostatic testing of
the gravity pipeline. These issues were identified as the possible causes of the leaks based on problems
encountered during installation. Detailed data was collected and evaluated on the installation of
electrofusion couplings and performance of hydrostatic testing.

: Page 3 of 16
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Based on the research of the investigation team, additional information was requested from GeoSyntec,
the Engineer of Record for the design and construction of the OSDF. GeoSyntec performed the following

activities and provided the following information to the investigation team:

Attended meetings at the FEMP and participated in conference calls with the members of the

investigation team.

e Gathered information concerning submittals that were approved by GeoSyntec field
representatives regarding construction of the gravity pipeline, initial hydrostatic testing

procedure, and videos taken of the pipeline during the leak investigation.

o Developed as-built documents associated with the leak inve'stigat'ion including a drawing
showing the location of electrofusion couplings, butt fusion joints, and low points within the
pipeline and records illustrating the results of the hydrostatic testing, including lengths of

each pipe tested and the date of testing.

o Drafted revised hydrostatic testing procedures on March 15 and March 16, 1999 for the 6-

inch carrier pipe and the 10-inch containment pipe. -
e Confirmed calculations based on using a pipe with a Standard Dimension Ratio of 26 (SDR
~ 26); calculations addressed loading conditions, hydrostatic testing pressures, and pipe

-buckling pressures.

e Performed an analysis of 6-inch carrier pipe deformation (ovality) including a determination

of the existing condition of the pipe and a recommendation of suitability for future use.

e Analyzed electrofusion coupling failures and made recommendations for replacement and/or

repair,
e Evaluated the need for increased monitoring of the leachate conveyance system.

* Analyzed previous methods used for leachate detection within the leachate conveyance

system; recommended improvements for earlier detection

Page 4 of 16 :
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e Summarized all the above activities in a report entitled Evaluation of Leachate Transmission

System, On-Site Disposal Facility, hereinafter referred to as the GeoSyntec Report).

As stated earlier, the GeoSyntec report discussed in the last bullet item is being issued concurrently with
this report. Prior to issue, the investigation team performed a peer review of GeoSyntec’s report and

“provided comments for incorporation into the final document.

The lessons learned identified in Section 5.0 of this report may be expanded and issued as a separate
document in the future. In addition, this investigation report will be submitted to the FDF Occurrence

Reporting Department for development of a Root Cause Analysis document.

Determining and evaluating options for the future use of the leachate gravity line was not included in the
scope of the investigation team. A brief description of the options is presented in Section 9.0 of the
GeoSyntec report. These options are being evaluated separately by a project team consisting of personnel
from DOE, FDF, GeoSyntec, OEPA, and a consultant to EPA. .

Page 5 of 16
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3.0 HISTORY “ 2 l 9 3

3.1 CCNTRACTOR ROLES AND RESPONSIBILITIES

There are a number of different companies that were involved in the oversight and construction of the
leachate conveyance system. They are GeoSyntec, Village Building Services, Inc., and Wise Service,
Inc. Each of these companies were under contract with FDF. The purpose of this section is to clarify the
roles and responsibilities of each of these companies as they relate to the design, construcfion, testing, and

operation of the leachate conveyance system.

Fluor Daniel Fernald

FDF was responsible for project management, review of the OSDF and leachate conveyance system

designs, quality assurance oversight, health and safety oversight, and construction oversight.

GeoSyntec Consultants, Inc.

The major roles of GeoSyntec included developing the engineering design, performing as the Engineer of

Record, reviewing and approving design change notices, and performing as the Construction Quality

Assurance (CQA) consultant. Specifically, GeoSyntec’s roles and responsibilities included: A

1. Provide all engineering design services, professional consulting, reports, calculations, drawings,
and specifications necessary to obtain FDF, DOE, EPA, and OEPA approval for construction and

maintenance of the OSDF

2. Certify design drawings by a professional engineer registered in Ohio

3. Provide written input on Construction Quality Assurance Plan that summarizes the quality control
tests required within the various specifications required for design, construction, waste placement,
and closure of the OSDF |

4. Review all sl{op drawings and calculations submitted by the construction contractor

5. : Ilispect construction Workmaﬁship, méterials, and equipment and reporting 6n their conformity 6r

' nonconformity to the approved drawings and Speciﬁcafions '
6. _Assist in-the-interpretation-of Certified for Construction-documents; and revision of these ~ ~~ ~—

documents to address actual field conditions

7. Evaluate design change notices and/of nonconformances

8. Oversight, review, and evaluation of construction testiné/certiﬁcation

9. Technical assistance with change orders and claims

10. Attend weekly construction progress meetings

11. Assist with start-up

. Page 6 of 16
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12. Final site certification at the end of each construction phase, including testing, records, and final
documents (including “as-built” drawings and specifications)
13. Field testing and laboratory services during construction of the OSDF
14. Establish and maintain a formal quality assurance program acceptable to FDF.

Village Building Services; Inc.

Village Building Services was the construction contractor for the leachate conveyance system. They were
responsible for furnishing labor, supervision, administration, tools, equipment, and materials to construct
the leachate conveyance system. The work included the installation of underground HDPE piping,
associated manholes, lift station, submersible lift pumps, instrumentation, electrical components, and
overhead power line. Village Building Services subcontracted ISCO Industries to fabricate and supply
pipe and conduct training. ISCO Industries, in turn, subcontracted Central Plastics Company to supply

couplings and melting machines.

Wise Services, Inc.

Wise Services has a standing contract with FDF and is responsible for providing labor resources at the
request of and under the supervision of FDF. Wise Services was utilized in December 1997 to assist.in
the repair of leaks that were discovered after initial hydrostatic testing, but before the leachate conveyance

system was operational.

3.2 DESIGN CHANGE PROCESS

Because field conditions may changé during the course of a project, changes to the original, engineered
design based on field conditions are not uncommon. Field changes need to be reviewed and evaluated to
ensure that the original intent of the design is not compromised. Since design changes occurred during
the installation of the leachate gravity pipeline, the following description of how design ¢hanges are
documented. is provided.‘ | | | | |

_ . As questions arise concerning the-design,-a Request for Clarification of Information (RCI) or a Design

Change Notice (DCN) is.generated. An RCI requests only information or definition.of a given portion of
the design and may lead to the generation of a DCN. A DCN proposes changes to the original design.

The RCIs and DCNs are subject to a review and comment process before final approval. Construction

cannot proceed with design changes until a DCN is approved.

Page 7 of 16
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*The FEMP uses a formal system for tracking RCIs and DCNs. All are given a unique identification
number and copies of all documents are kept on file on site with Engineering/Construction Document
Control for reference. For a list of the RCIs and DCNs and complete copies of the documents, refer to

Section 2.3 of the GeoSyntec report.

3.3 SUMMARY OF LEACHATE GRAVITY LINE INSTALLATION

The installation of the leachate gravity line began in late July 1997 and was completed in December 1997.
To facilitate the 1999 investigation activities, the investigation team requested a description of the
installation activities from FDF Construction personnel. The following is a brief summary of the
installation activities. Refer to the GeoSyntec report for further information and details of the installation

of the gravity pipeline.

The 6-inch/10-inch double-containment leachate pipe was fabricated in 40-feet sections by ISCO -
Industries in Louisville, Kentucky. The pipe was delivered to the site with the 6-inch carrier pipe seated
within the 10-inch containment pipe. ISCO Industries also provided training and equipment for joining
the sections of pipe. The 40-foot sections were fused in the field in 200- to 400-foot lengths on the bank
of the trench excavation using butt fusién techniques. After the sections were fused together, they Were
placed into the t:rench. Pipe was installed simultaneously in different locations by multiple crews. The

crews proceeded in-different directions until the pipelines met.

After the pipe was placed in the trench, the longer sections of pipe were joined using an electrofusion
coupling joint. An electrofusion coupling was used to connect the 6-inch pipe as well as the 10-inch pipe

at the same location along the pipeline (referred to as a double electrofusion coupling configuration).

After joining the longer sections of pipe, the pipe was leveled, aligned, and backfilled. The pipe was then
subjected to hydrostatic testing, which was monitored by GeoSyntec, to ensure the pipes were not leaking.

- When the pipe passed the final hydrostatic testing, the trench was completely backfilled to specified

3.4 CONSTRUCTION QUALITY ASSURANCE FINAL REPORT

The construction activities necessary to install the leachate conveyance system gravity pipeline were
monitored by GeoSyntec for conformance with the design re'quirements. GeoSyntec performed

Construction Quality Control (CQC) and Construction Quality Assurance (CQA) activities to confirm

Page 8 of 16
G:\Engineering\I-Team\LCS Leak Report.doc 04/19/99 9:42 AM I




OSDF LCS Leak Report 20110-RP-0003

. 2193 '

April 1999
that the construction materials and methods were in compliance with the certified for construction

drawings, technical specifications, CQA Plan, and approved changes.

A final report, dated January 1998 (ECDC #10724), was submitted by GeoSyntec to FDF. The

~ “Construction Quality Assurance, Final Report, On-Site Disposal Facility, Phase I and Leachate
Conveyance Sysfem” states, “The results of CQA activities undertaken by GeoSyntec as described in this
report indicate that Phase I and the Leachate Conveyance System of FEMP OSDF were constructed in
accordance with the specifications and Construction Drawings, which were prepared by GeoSyntec
consultants, Atlanta, Georgia, as approved by FDF, DOE, OEPA, and USEPA”. The final CQA Repon is

signed and sealed by a GeoSyntec professional engineer registered in the State of Ohio.

3.5 IDENTIFIED PROBLEMS

The following is a brief summary of the events involved in identifying the leakage problems occurring in
the gravity pipeline in early 1999. For detailed information and chronological events associated with the

investigative effort, refer to Section 4.3 of the GeoSyntec report.

During a routine inspection of the gl'avity line, water accumulation was found in Manhole No. 3, which
was north of the Equipment Wash Facility. The source of the accumulated water was not immediately
evident. FDF performed dye testing, excavation, and video camera taping of the gravity pipeline to
investigate the pipeline. These tests identified four leaks in the gravity pipeline. Details and sequence of

the investigative effoit are given in Section 4.3 of the GeoSyntec report.

As legks were located, sections of the pipeline were removed and replaced to repair the leak. In addition,
one removed coupling was subjected to x-ray analysis to evaluate the pipe surface preparation. Various
repairs and lme modlﬁcatlons were made in February and March of 1999. For a detalled discussion of
repairs and hydlostatlc testing durmg this tlme frame refer to Sectlon 4.3 of the GeoSyntec report. Leak

investigation activities in the field took place until March 18, 1999; at that time field work was put on

- wan-—-hold-until-a more-detailed-investigation-of'the-causes-of the leaks could be performed.
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4.0 FINDINGS AND CONCLUSIONS

The following text presents the conclusions and findings of the investigation team. The conclusions and
findings were based on review of field information (DCNs, RCls, daily logs, etc.), meetings with different
parties involved in the design.and construction of the leachate gravity line, discussions with
manufacturers and suppliers, and inspections of pipe that had been removed from the system. For a plan

view of area see Figure 1. For a location of joints see Figures 2, 3, and 4.

4.1 HYDROSTATIC TESTING PROCEDURES/OVALITY

Findings

. The 6-inch Acarrier pipe had deformed to an oval shape from Manhole No. 1 to the permanent lift
station, except at points of the electrofusion coupling. There was no documentation available stating
the condition of the carrier pipe during hydrostatic testing of the 10-inch containment pipe, however,
the carrier pipe was assumed to be empty. With the 6-inch carrier pipe empty, the annular space
between the 6-inch and 10-inch pipe exerted a pressure on the 6-inch pipe and exceeded the pipe’s
buckling capacity (see Calculation A in Appendix B to this report). Hence, the 6-ilnch pipe deformed
to an oval shape. The field samples‘ of pipes removed were measured showing a 9 to 16 percent range
in ovality (see Calculation B in Appendix B). GeoSyntec’s report presents a detailed review and

analysis of the ovality and its effect on the continued use of the 6-inch line.

Conclusions

The ovality of the 6-inch carrier pipe resulted when the buckling pressure of the SDR 26 pipe was

exceeded durin_g hydrostatic testing of the 10-inch containment pipe. The ovality does not affect the
. ability of the constructed system to meet the design intent, including the hydraulic capacity. The

long-term implications of exceeding the buckling capacity on the carrier pipe in the permanent

section of the leachate conveyance plpelme may require follow-up analysis. Section 6 of

~~GeoSyntec’s report presents a detailed review and analysns of the effect of con contamment pxpe plessure

on carrier pipe integrity.
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4.2 ELECTROFUSION COUPLINGS

Electrofusion coupling leaks due to various contributing causes were observed. A summary of all
electrofusion couplings and 12-inch sleeves (See Figure 5 for use of sleeve) installed as of March 29,
1999 is presented in Table 1. Also refer to Figures 2, 3, and 4 of this report for physical locations of all

Jjoints. .Contributing causes for Leaks #1, #2, and #4 are présented below.

TABLE 1
SUMMARY OF ELECTROFUSION COUPLINGS AND SLEEVES
As 0f 3/29/99
Number of - - Number of
Length of  Electrofusion Couplings Sleeves
General Location Pipeline 6 Inch 10 Inch © 12 Inch
Manhole No. 1 to Manhole No. 2 400 feet 4 4 1
Manhole No. 2 to Manhole No. 3 - 400 feet 3 4 - 1
Manhole No. 3 to Permanent Lift Station 2,800 feet 24 15 8

TOTAL . 3,600 feet 31 ' 23 10

Leak #1

Leak #1 was identified at a 10-inch electrofusion coupling in Excavation #2

Findings

During hydrostatic testing to determ.ine the location of a leak in the 10-inch containment pipe, there
was evidence that the pipe was leaking near a cleanout. The leak was located on the south side of the
cleanout. The leaking coupling was removed and subjected to x-ray examination along with a non-
leaking coupling. The x-ray of the non-leaking coupling indicated proper fusion over the entire
surface. The x-ray of the leaking coupling showed a small area of incomplete fusion at the bottom of

the coupling (the side that faced the bottom of the trench).

Conclusions S

The x-ray of the leaking coupling indicated the presence of debris in the area of incomplete fusion.

This was most likely the cause of the leak.
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Leak #2

Leak #2 was identified at a 6-inch electrofusion coupling in Excavation #3.

Findings

* This leak occurred in the 6-inch carrier pipe located at a cleanout west of OSDF Cell 3, and was
identified by video. There was also a small gap (estimated to be 1/16-inch) between the end of the

pipe and the coupling. Minimal fusion over a narrow contact area on the pipe was observed.

Conclusions

The minimal fusion was adequate to pass the 1997 hydrostatic leak test. Subsequent pipe movement,
due to either thermal expansion and contraction and/or ground movement, most likely caused the pipe
end to pull away from the coupling, thus promoting a failure in the joint. The visual inspection

showed a glossy surface which indicates inadequate pipe surface preparation.

Leak #3 ,
Refer to Section 4.3 of this report “Equipment Damage” for a discussion of the fmdingé and conclusions

associated with Leak #3.

Leak #4

Leak #4 was identified at a 6-inch electrofusion coupling in Excavation #3.

Findings

An air pressure test was used to discover Leak #4 at a 6-inch electrofusion coupling located south of
the cleanout and Leak #2. A 15-foot section of dual containment pipe was removed. This section of
pipe contained three sets of couplings (three 6-inch electrofusion couplings and three 10-inch

electrofusion couplings). The middle 6-inch pipe and 10-inch pipe couplings were both vertically

e e misaligned.~The-coupling-arrangement used-was the “fixed end méthod” "(§€é Figure 6). In addition,

inadequate surface preparation in this area was also noted.

Conclusions

The leak at the carrier pipe was most likely caused by the vertical misalignment of the 6-inch

electrofusion coupling. The inadequate surface preparation may have also contributed to the leak.
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Fixed End Method for Electrofusion Couplings

Findings

During the course of the installation, a different method for joining the dual containment pipe, called
“the fixed end method, was used without being formally submitted, reviewed and approved. This
method was observed in the field by GeoSyntec and FDF construction personnel and no objections to
the method were raised, which indicates that approval of the method would have most likely been
granted had it been submitted for formal approval. A more thorough description of the fixed end

method is provided in Section 3.5.3 of the GeoSyntec report.

A number of fixed end method joints were made with 6-inch and 10-inch electrofusion couplings (see
Figure 6). In a correspondence dated August 25, 1998 (attached in Appendix A), Central Plastics
Company, the electrofusion couplings supplier, raised concerns about the installation and techniques

used to make fixed end method joints.

Conclusions

The assembly of double-wall containment piping by the fixed end method made joining pipe sections
difficult because visual verification of engagement could not be performed effectively on the 6-inch

piﬁe (see Figure 6). Joints presented in Figure 5, the sleeve detail per ISCO SK-0197-006 R1, is the
approved submittal for this type of joint. This sleeve detail was used éatisfactorily at ten locations in

the gravity pipeline.
Long Melt Time

Findings

‘Every*‘coupling=samp‘]eﬁfrom‘the’ﬁ‘eld’disp‘l'aye’d‘a*‘déform‘atib‘ﬂ’iJT’tlTe’TnTe]t*’z“c')'nTé*“o“ﬁ*tlTé”iﬁt’é’f”ib‘rﬁdf thie
pipe. This condition indicated that the pipe melt temperature was too high or that the fusion time was
too long. A manufacturer’s program set the fusion time and temperature for the welding. Each
electrofusion coupling had a barcode which would provide information to the melting machine so that
the correct program was used. The machine used during repairs was the Friamat Machine

manufactured by Friatec Co.

: ' Page 13 of 16
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The fusion machine used in the initial installation of the leachate conveyance system was
programmed to detect proper pipe alignment, melt time, and engagement. The machine will report an
“error code if the pipes are misaligned, overmelted, or not engaged. There are no available records

that document the presence of error codes during installation of electrofusion couplings.

Conclusions

During a discussion with the Friamat machine manufacturer’s representative, he indicated that the
standard setting of the machines are typically for SDR 9 to SDR 17 pipe. The manufacturer also
indicated that the use of SDR 26 pipe required the machine to have fusion time manually input. No
field documentation existed indicating manual programming of the machine used to install the
electrofusion couplings on the pipeline in 1997. Thus, melt times and machine settings during
original installation were unknown. Following examination of the removed joints, while visible
deformation exists on the interior of the pipe in the coupling fusion zone, the degree of deformation is
not believed to have contributed to the failed couplings. The long-term implications of the increased

melt time will require additional research by a polymer scientist.

4.2 EOUIPMENT DAMAGE
Leak #3

* Leak #3 was identified at a 10-inch containment pipe in Excavation #4.

Findings

In an effort to retrieve the video calﬁera lodged in the 6-inch pipe, Leak #3 was discovered. The
exterior surface of the pipe had scratches and scrapes for approximately three feet on either side of the
leak. The leak originated from a tear in the p-ipe which was approximately 1-inch long. A centralizer
was located adjacent to the leak, which acted as a hinge point causing the pipe to weaken.
Discussions with personnel énd areview of the photo'graphs taken during excavation of the pipe for

__leak investigations indicate that a backhoe ‘was used to remove f ﬁll to within apploxunately 1 foot of

the top and along the sides of the pipe. The last foot of fill was then 1emoved manually.

Conclusions

The tear and resulting leak were most likely caused by construction equipment coming into contact

with the outer surface of the pipe during the original installation.
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S.OlLESSONS LEARNED - 2 1 9 3

A brief summary of lessons learned are covered in this section. Lessons learned are presented as a
checklist of items to assist in future work concerning the design and installation of the HDPE dual

containment pipe.

5.1 HYDROSTATIC TESTING PROCEDURE

The lesson learned is that the procedures submitted for approval need to be specific to the configuration
of the pipe assembly being used. The pressure used and the sequence of application of pressures should

match the pipe configuration being installed. S
5.2 ELECTROFUSION COUPLINGS
The lessons learned iﬁ ;the use of electrofusion couplings are as follows:

e Due to increased installation difficulty, minimize the use of electrofusion couplings; use butt

fusion welds where possible.

» Establish a process for construction “hold points” for electrofusion coupling installation. At each
hold point, installation must stop and a quality check be performed to ensure proper surface
preparation, alignment, melt times, etc. Installation cannot proceed without approval from the

Engineer of Record.

e Precautions must be taken to eliminate misalignment and seating problems of the carrier and

containment pipes.

e Confirm that the correct fusion time for the pipe being used is programmed into the fusion

e Use a documented approval process for revising methods of installation.

A ' Page 15 of 16
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5.3 DESIGN CHANGES IN SELECTION OF MATERIALS

The lesson learned in design changes for the selection of materials and new sizes of pipes is to make sure
the Engineer of Record evaluates the effect of all changes. FDF should ensure that a more thorough

review of substantive DCN is performed by the Engineer of Record.

5.4 PIPE INSTALLATION

The lesson learned for HDPE pipe installation is to maximize the installation of pipe in only one
direction. When HDPE pipe is installed in one direction there is always a free end and the butt fusion

joining method can be used.

Develop a back-up system such as visual inspection to eliminate over-reliance on the fusion machine to

ensure the pipes are properly joined.
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| ‘ 'NOTE: 6" EF COUPLING IS

_ ALIGNED BY MANUVEURING
THROUGH (SLIDING) IN
THESE HOLES

10" ELECTROFUSION

| COUPLING EF COUPLING ELECTRODES (TYP.)
| HOLE DRILLED IN 10" PIPE, ALIGNED
| 6" ELECTROFUSION TO ELECTRODES ON 6"
COUPUNG EXTRUSION WELD (AFTER 6"
| MPEIS COMPLETED)

——

/ « e 0 o s \
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/ - .
\\\j\-s“ SDR 26 HDPE

10" SDR 26 HDPE

—
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GRAVITY LEACHATE LINE 2
EXISTING FIXED END METHOD -

| ; NOTE: o

| : THE ABOVE DETAIL IS HISTORICAL
‘ : : EVIDENCE OF JOINT. IT IS NOT THE
APPROVED (OR SUBMITTED) PROCEDURE.

L | - FIGURE 6
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Mr. Rick McGuire

Fluor Daniel Femald

P.O. Box 538704
Cincinnati, OH 45253-8704

Reference: Village Building Services
Leachate Conveyance System
" Femald, OH
Subcontract No.: FSC 589
VBS Job No.: 0197

Dear Mr. McGuire:

Attached please find a copy of our failure analysis report conceming the failures experienced by Village
.Building Services on a dual containment system at the above referenced job site.
A , , ‘
Two sets of failed joints (a set consisting of one 6" coupler on the carrier pipe and one 10" coupler on
the containment pipe) were subjected to numerous tests in our Engineering Lab. Our resulting
conclusion is that the joints failed due to improper installation techniques, consisting of insufficient pipe
preparation and the introduction of holes in the 10" pipe located directly under the fusion zone resultmg
o in msuff cient interfacial pressure. _

It is our understanding that Village Building Services experienced only 12 failures of the 10" couplers’
during their instaliation, and subsequently repaired those by extrusion welding the couplers 1o the pipe.
Apparently, there were no failures of the 6" couplers. Based on the results of our analysis, we believe
- that all joints created using these installation techniques are suspect and could potentially fail due to
any number of factors including (but not limited to) pipe expansion/contraction and ground movement.

Both the contractor anlage Bulldlng Services and our dlstnbutor ISCO Industries have been notlf ed of
_these findings.

If you have any questions or comments concerning this report or it's content please let me know. '

Sincerely, : - B } e

~

57

Rick E. Springer, P.E.
Product Engineering Manager

Copy: Phill Pourchot Terry Stiles
Bob Sehom ~ Rick Hart
Rocky Wade Clay Hamilton
Dane Johnson

_Terry Stiles ~Jimmy Kirchdorfer, Jr. - ISCO

3y
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CENTRAL PLASTICS COMPANY
CENTRY ENGINEERING TEST REPORT

Evaluation of 10"IPS and 6"IPS Electrofusion Couplings Returned By Village Bunld-
ing Services, [nc. Due to Leaks

Prepared By:  {Clay Hamilton - Technical Services Manager
Date: June 10, 1998
File Number: |FA-98-010

-

L Introduction

The scope of this project was to evaluate two 10"IPS electrofusion couplings used on a dual containment
line that were leaking and determine the cause of the leaks. Also included in this study were two 6"IPS
electrofusion couplings that were joining the carrier pipe situated inside the 10" containment pipe. The
fittings were installed on a leachate conveyance system at the US Department of Energy Fernald Environ-
mental Management Pro;ect at Fernald, Ohio.. :

IL Background :

The 10"IPS containment pipe for the leachate conveyance system was pressunzed to 15 psig. During this
pressure test, leaks were detected in the 10" electrofusion coupling joints. Repairs were made to some of
the 10" couplings via extrusion welding around the ends of the couplings. Two samples were returned to
Central Plastxcs for evaluation as to the cause-of the leaks.: C 1

IIL Procedure : :

The couplings were labeled in two sets: Set A consisted of 1- lO“IPS electrofusxon coupling (A-IO) and
1-6"IPS electrofusion coupling (A-6). Set B consisted of 1-10"IPS electrofusion coupling (B-10) and
1-6"IPS electrofusion coupling (B-6). The part numbers and lot numbers of each fitting were recorded as ,

well as the coil resistance and |dent1ﬁcat|on resxstance of each couplmg (1f able to measure) were also
recorded o S : '

 Pressure Testing: . ' '
A pressure test was conducted on one of the 10" couplings (A-10). The other couplings did not -have
enough exposed pipe to butt fuse end caps onto for the pressure test. Caps were fused to the exposed l
sections of 10" pipe. The assembly was pressurized to 30 psig and leak detection fluid was used to iso-
late any leaks. At 30 psig, a sectional area of the couplmg was leakmg The leakmg area was marked

Destructive Testing:

The destructive testing that was performed on couplings consisted of both bend/strip testing and joint
crush testing. |
* For a bend/strip test, thin sections are cut from the dissected coupling/pipe joint. One half of the thin
section is secured and the other is bent from 90° to 180° around. This allows a good visual view of the
overall joint area. It also shows how well the fitting is bonded to the pxpe and the strength of the joint
itself: '
* The crush test (see Appendix 2) was performed according to ASTM F1055 Sec. 9.4.1 Joint Crush
Test. The pipe sections were situated in the jaws of a hydraulic press and crushed to reveal the strength

of the electrofusion joint. 4 3 S
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Iv. Results / Discussion
Coupling A-10: -
Pressure Test: The A-10 couplngomt was visually inspected and found to have holes drilled in through
the 10"IPS polyethylene pipe (see Appendix A-3a). The holes in the pipe were approximately 1.08" in di-
ameter and located directly under the fusion zones of the 10"IPS electrofusion coupling. The ends of the
pipe were capped off and air pressure was applied through a transition fitting that was inserted into one
of the 10"IPS butt fusion caps (see Appendix A-3b). Leak detection fluid was applied to the areas.
around the coupling. Air pressure was increased and a leak was detected.

Destructive Tests: The coupling was cut in half along the area where the holes were cut into the 10"IPS
polyethylene pipe (see Appendix A-3c and A-3d). As a result of the holes being drilled in the 10"[PS
pipe, molten polyethylene material from the coupling was able to flow into the openings resulting in an
overall decrease of interfacial joining pressure. Portions of the dissected coupling were subjected to a

' joiht crush test and failed the test when the coupling totally disengaged from the pipe. Additional sec-

tions were cut from the joint area and subjected to broad width and thin width bend tests. In all bend
tests the coupling separated from the pipe with no bonded areas detected. This was due to no scrapmg of
the pipe surface (see Appendxx A-3e)

Coupling A-6: ,
Pressure Test: No pressure test was performed on coupling A-6 as the plpe length on one sxde of the

coupling was not long enough to ﬁxse another section of pxpe ora butt fusxon cap.

Destructive Tests: The couplmg was cut in half. One half of the Jomt was sub)ected to a crush test. The
fitting failed the joint crush test with the fitting totally separating from the pipe with no bonded areas de-

‘tected. The other half of the coupling joint, was subjected to a broad width and a thin width bend test. In

all bend tests the couplmg separated ﬁ'om the plpe with no bonded areas detected The ﬁttmg failed the
bend test. . _ .

Coupling B-10: .
Pressure Test: No pressure test was performed on coupling B 10 as the plpe length on one side of the

‘coupling was not long enough to fuse another section of pipe or a butt fusion cap.

Destructive Tests: Coupling B-10 also had holes drilled into the 10"IPS pipe ditectly under the fusion ar-
eas of the coupling (see Appendix A-3f).  The coupling was cut in half and subjected to both joint crush
and bend tests. Portions of the dissected coupling were subjected to a joint crush test and failed the test

‘when the coupling totally disengaged from the pipe. Additional sections were cut from the joint area and

subjected to broad width and thin width bend tests. In all bend tests the coupling separated from the

pipe with no bonded areas detected.  This was due to no scraping of the pipe surface.

Coupling B-6:
Pressure Test: No pressure test was performed on couphng B-6 as the pipe length on one side of the

coupling was not long enough to fuse another section of pipe or a butt fusion cap

Destructive Tests: The couphng was cut in half. One half of the joint was subjected to a crush test. The
fitting failed the joint crush test with the fitting totally separating from the pipe with no bonded areas de-

_tected.” The other half of the coupling joint was subjected to.a broad width.and a thin width bend test._ In. {fi”
all bend tests the coupling separated from the pipe with no bonded areas detected. The fitting failed the

bend test. , 3 b
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V. Conclusion 2 ]l 9 3

10"IPS Electrofusion Couplings: .

On the basis of our findings, the cause for the leaking 10"[PS electrofusion couplings was due to two fac-
tors. One factor was that holes were drilled in the 10"IPS PE pipe directly under the fusion zones on the
10" couplings resulting in a drastic loss of interfacial fusion pressure. This fusion pressure is critical in
order to form a good, sound electrofusion joint. There are three elements in making a polyethylene j joint,
Heat, Pressure, and Time. From our analysis of the 10" couplings, one of the key elements (pressure)
was substantially reduced and in isolated areas was basically eliminated.

- -

The second factor was that there was no preparation of the PE pipe. One of the most important steps in
electrofusion joining is to properly prepare the polyethylene pipe by scraping off the outer surface. The
outer surface / skin of polyethylene pipe acts like a barrier preventing the materials in the coupling and
pipe from fusing properly, thus forming the joint. The outer surface of polyethylene pipe contains oxida-
tion as well as die lubricants which are used in the extrusion process. Any foreign matter on the pipe's
surface acts as contaminants preventing the joining of the two polyethylene components (pipe and fitting).

6"IPS Electrofusion Couglmgs '

The 6" couplings were not originally part of the analysis, however since they were mcluded in the re-
turned sets of couplings they were evaluated by destructive testing. The 6" couplings (A-6 and B-6)
were destructively tested in the same manner as the 10" couplings. The evaluations of the crush and
bend/stnp tests on the 6" couplings revealed that the 6"IPS polyethylene pipe was not prepared at all.
Only minor surface scratches were noticeable, probably due to the pipe being dragged. The outer surface
.of the 6"IPS pipe had not been scraped. The main concern for these joints is the long term quality of the .
joints since the pipe was not scraped. - Since the pipe was not scraped, there was no joining of polyethyi-
ene materials between the couplings and the pipe. Basically only a compression joint, not a fusion joint,
exists between the pipe and fittings. Even though the joints passed an initial pressure test, the long term
performance of the joints is questionable. Over time, with seasonal changes and changes in the ground
temperature, the pipe will expand and contract. This expansion and contraction of the polyethylene pipe
will cause the joints to weaken and probably leak.

Qverall Conclusion: :
The overall conclusion as to why the 10"IPS electroﬁxsmn couplings leaked was due to no preparation of

the pipe surface and a substantial loss of joining pressure due to the holes being cut into the 10"1PS pipe
directly under the fusion zones of the 10"IPS couplmgs :

Appendices:  A-1.
A-2.
A-3.

Coupling Information Chart -

Referenced standards and procedures.

Photographs
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Fitting Number

Coil Resistance

Appendix A-1

Couplin Inforrha‘tion Chart

ID Resistance

Work Order

- (ohms) . "(ohms) Number
A-10 . 0816 118 MO047830 9/97
A6 0.650 - 4542 M026280 6/97
B-10 0.820 - 118 M047830° 9/97
B-6 . 0.652° 454.8 M026280 797

32
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A-2a-1 to A-22-2:
ASTM F1055:_Standard Sgecxﬁcatlon for Electrofusion Tme Polyethylene Fnttmgs for Outsxde Diameter

Controlled Polyethylene Pipe and Tubing, Section 9.4.1 Joint Crush Test

- . . - -

A-2b-1 to A-2b-3: .
ASTM F1290: Standard Practlce for Electrofusxon Joxmng Polyoleﬁn Pipe and Flttmg

A-2c-1 to A-2¢-3: :
Central Plastics Electrofusion Operation And Tralmng Manual Standard Jommg Procedures )
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unning as 1in 8.1.1, may be made on unpressured pipe

specimens.

9. Test Methods
9.1 Minimum Hydraulic Burst Pressure Test:

9.1.1 Select four fittings at random and prepare specimens

in accordance with Section 8. From the four specimens,
condition two specimens each in accordance with 8.1.1 and
$.1.2.

9.1.2 Test the specimens in accordancc with Test Method
D 1599.

9.1.3 Failure of the fitting or JOlnt shall constitute spec-
imen failure.

9.1.4 Failure of any one of the _four specimens shall
coastitute failure of the test. Failure of one of the four
specimens tested is cause for retest of four additional
specimens, joined at the failed specimens joining tempera-
ture. Failure of any of these four addmonal specimens
constitutes a failure of the test.

9.2 Sustained Pressure Test:

9.2.1 Select four fittings at random and prepare specimens
in accordance with Section 8 of this specification. From the
four specimens, condmon two specxmens each in accordance
with 8.1.1 and 8.1.2.

9.2.2 Test the specimens in accordance with Test Method
D 1598. All tests shall be conducted at 80 + 2°C. The
assemblies are to be subjected to pipe fiber stresses of 580 psi
(4.0 mPa) for 1000 h or 670 psi (4.6 mPa) for 170 h. Joint
specimens shall not fail within these time periods. Any

failures within these time periods must be of the pipe,

independent of the fitting or joint and must be of a “brittle”

tvpe pipe failure, not “ductile.” If ductile pipe failures occur,

. reduce the pressure of the test and repeat until 170- or
1000-h resulits or pipe brittle failures are achieved.

9.2.3 Failure of the ﬁmng or joint shall constitute spec-
imen failure.

9.2.4 Failure of any one of the four specrmens shall
constitute failure of the test. Failure of one of the four
specimens tested is cause for retest of four additional

specimens, joined at the failed-specimens-joining tempera- .

ture. Failure of any of these four addmonal specrmcns
constitutes a failure of the test.

9.3 Tensile Strength Test: :

9.3.1 Select four fittings at random and prepare spccrmens
in accordance with Section 8 with the exception that it is
permissible, on pipe sizes above 4 in. (102 mm) IPS, if limits
of tensile machine will not allow 25 % elongation with pipe

-l B I S Al
Tomms 1100y

i It ety =) = o
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FIG. 1

Preparation of Coupling Specimen v(or_ Crush.Test

constitutes a failure of the test. _

9.4 Joint Integrity Tests—Socket type joints and saddles
illustrations of joint crush tests are offered imr9.4.1"and 9.4.2
as test methods which are useful as an evaluation of bonding
strength between the pipe and fitting. Similar test evaluations

as agreed upon between purchaser and seller are of equal

value in performing such evaluauons and may be substituted
with such agreements.

9.4.1 Joint Crush Test:

9.4.1.1 Select four fittings at random and prepare speci-
mens in accordance with Section 8. From the four speci-
mens, condition two specimens each in accordance with

.811and817(Note3)

NoOTE 3—It is permissible to utilize in joint inicgrity testing, speci-
mens from the quick-burst tests conducted in 9.1 after visually deter--

- mining that aeither the joint area nor the pipe segment to be crushed

was a part of the failure mode in the quick-burst test.

9.4.1.2°Slit socket joints longitudinally as illustrated -in

.COUPLING

PE. PIPE SECTION

—=—I==

P LY 70070 AT77777777777777
VLI 1a17770070777777777777777 R0

-

|_— VIRE COILS

lengths of 20 in. (304-mm) minimum. From the four

specimens, condition two specimens each in accordance with

8.1.1 and 8.1.2. .

9.3.2 Test the specimens using the apparatus of Test
Method D 638. Test at a pull rate of 0.20 in. (5.0 mm) per
min, £25 %.

9.3.3 Failure of the fitting or joint as defined in 5.3, shall
constitute specimen failure.

9.3.4 Failure of any one of the four specimens shall
constitute failure of the test.

pecimens, joined at the failed specimens joining temperu-
ture. Failure of any of these lour additional specimens

10|

7 Failure -of one of the four
,,,~pc.umcns tested_.is._ cause _ for retest. of - four._additional -
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FIG. 2 Coubling Crush Test Arrangement
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qﬁ”’ Designation: F 1290 - 43

Standard Practice for

reqge &

4ncan Natonal Stanc

2193

Electrofusion Joining Polyolefin Pipe and Fittings’

This standard is 1ssued under the fixed designation F 1290: the number immediately, following the designation indicates the year of
original adoption or. io the case of revision. the year of last revistoo. A number 1n parentheses iadicates the vear of last mpprovaj A
superxript epsiloa (¢) mdxmla an editonal change since the last revision or reapproval.

1. Scope

1.1 This practice degcribes general procedures for making
joints with polyolefin pipe and fittings by means of
electrofusion joining techniques. These should be regarded as
general procedures and not as a substitute for the installation

procedures specified by the manufacturers. Manufacturers -
- should be requested to supply specific recommendauons for )

Jjoining their products.

NoTe 1—Reference to the manufacrurcr in uns pmcuoc is dcﬁncd as
the clectrofusion fitting manufacturer.: - oo

- 1.2 The tcchmques covered are apphcable only to joining
-polyolefin pipe and fittings of related polymer chemistry, for -
example, polyethylenes to polyethylenes using a polyeth-
ylene electrofusion fitting. Consuit the manufacturer’s rec-

ommendations for compatibility of the electrofusion fittiog .

with the specific pipe or fitting material to be joined. . .

" 1.3 The electrofusion joining techuique described cani ’

produce souad joints between polyoleﬁn prpe and fittings, -

provided that all products involved (that is, pipe and fi mngs) =

meet the appropriate ASTM specifications.

1.4 This :tandard does not purport to address all of lhe -
safety ‘problems, if any, associated with its use. It is the -

responsibility of the user of this standard to establish appro-
priate safety and health practices and dezermme the appltca-
bility of regulatory I:muarzon.r prior to use.’

2. Referenced Documents 4

2.1 ASTM Standards: : e L

D 1600 'I‘ermmologv for Abbrevrated Terms Relaung to
Plastics? -

F 412 Tcnmnology Relating to Plastic Prpmg Svstems’

F 1055 Specification for Electrofusion Type Polyethylene

Fittings for Qutside Diameter Controlled Polyethvlene _ '

Pipe and Tubing?

3. Terminology
3.1 Defi nitions—Definitions are in accordance with Ter-

~——minology F 412, and abbreviations are in accordance with

Terminology D 1600. unless otherwise specified.

3.2 Description of Term Specific to This Standard:

3.2.1 control box—the apparatus placed between the
power source and the electrofusion f'mmg 1o regulate energy
input to the fitting,

' This practice is under the junsdicuon of ASTM Committee F-17 on Plastic
Piping Svstems and is the direct responsthihity of Subcommurtee 117 20 an Jaming

Current editon approved Muarch 18, 1993, Published July 194t Ongiaatly
published as F 1290 - 90. Last previous editon F 1290 - 90,

 qanual Rook of ASTA Staadards Vol 08 (1) '

Y dnnual Book Uf ASTM Stundurds, v ol Ux (4

AN

4. Significance and Use
‘4.1 Using the procedures in Sections 8 and 9, the mant

" facturer’s instructions and equipment, pressure-tight join:
- can be made-between manufacturer-recommended combinz

tions of pipc that are as strong as the pipe jtseif.

5. Operator Expenence ‘
5.1 Skill and knowledge on the part of the operator ar:

- required to obtain a good quality J_omt Each operator shal

be qualified in accordance with recommended procedure:

- and any regulatory agency or industry organization that ha:

Junsdrcnon over these pracuces ,
5.2 These procedures require the use of electrical anc
mechanical  equipment. The person responsible for the

. joining of polyolefin pipe and fittings should ensure that

recommended procedures developed for the electrofusior
fittings involved, including the safety precaution to be
" followed, are issued before joining operations commence. It
'is especially important that the operator be.aware of specific

: instructions regarding the use of electrical equipment in the
. presence of a potentially explosive environment.

6. Electrofusion Joining Processes * -~ .

" 6.1 Electrofusion is a heat-fusion joining process where a

heat source is an integral part of the fitting. When electric

" current is applied, heat is produced, melting and joining the
"¢components. Fusion occurs when the joint cools below the
. melt temperature of the material. The specified fusion cycle
- used requires consideration of the properties of the matenals

being joined, the design of the fitting being used, and the
environmental conditions. See Specification F 1055 for per-

- formance requirements of polyethylene electrofusion fittings.

6.2 Adequate joint strength for field testing is attained
when the fitting is not disturbed or moved until the joint
material cools (Note 2). Bond strength can be affected if the
jomt is not allowed to cool sufﬁcendy

~ NoTe 2—Polybutylcne undergoes a crystallme tr'ansformauon for
several days after cooling below its meit temperature. Although this
phenomenon has an effect on the ultimate physical properties of the
material, its effect on testing of joints has not beecn found to be
significant. If there is any question concerning the effects of crystalliza-
lion, tests should be conducted on joints that have been conditioned for
different periods of time in order to establish the conditioning-time
relationship.

7. Qlassification
7.1 Technique-1: Coupling Type—The electrofusion cou-

pling technique involves heat fusion of pipes with a tubular

fiing with pipe sections inserted in each end of the fitting.

Y2
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The coupling contains an internal heat source. The hewt
source can be: (/) a resistance wire col located on the inner
surface ol the fitting, or (2) the fitting itself can be made vl'an
clectrically conductive matenial. When electnic current s
applied. heat is produced in the fitting melting the inside of
the titting and the outside of the pipe. The melted material

from the two components flow together and fuse as the joint |

cools. A device should be used to secure the joint and hold it
in axial alignment during the joining process. The device
may be either an extemal clamp or one whlch is mlegral 10
the coupling.

1.2 Technique 2: Saddle Type—The electrofusxon saddle
technique involves heat fusion.of a saddle fitting to the outer
surface of a pipe. The heat source is located on the fusion

surface of the concave base of the saddle fitting and can be

either: (/) a resistance wire coil, 6r (2) a conductive polymer.

" When electric current is applied, heat is produced at the

" and power output (KW) required for proper. fusion of =
fittings. A transformer may be required if the source voltage - mended procedure and tools. Avoid gouging or removing

differs from the voltage recommended by the manufacturer. .

interface of the pipe and fitting, melting the surfage of the .
two componeénts. The fusion bond occurs when the melted
materials of the two components flow together and cool
below the melting temperature of the material. During the
fusion process, a clamping device should be used to hold the
fitting in place on the pipe. This device may be either an

external clamp or one that is mtegral to the saddle ﬁmng

itself.

8. Apparatus

8.1 General Recommendations:

8.1.1 Power Source—An adequate source of elcctncuv 1s
required. Consult the manufacturer’s recommendations for
the type of power (ac or dc), input voltage, frequency (Hertz)

8.1.2 Extension Cord—If the power source is remote from
the installation site, an extension cord may be required.
Select an extension cord of sufficient conductor size to
deliver the required voltage to the control box. - :

8.1.3 Control Box—A control box is required to dehver .

the appropnate amount of energy to the electrofusion fitting. -
Semi-automatic and fully automatic control boxes may

incorporate either timers or sensmg circuits which monitor -

‘temperatures, current, or pressures in the fittings during the
fusion process. Not all control boxes are compatible with all
electrofusion fittings. Consult the manufacturer to determine
the compatibility of control boxes not made by the same .
manufacturer as the fitting.

8.1.4 Alignment Devices— Various tvpes of ahgnmem de-
vices are available and may be required for a particular
fitting—The “alignment-device should prevent movement “of ~=
the components being )omed dunng the fusion and coolmg
cycles.

8.1.5 Surface Prepamnon Eqmpmen!—The purpose of
surface preparation is to remove surface contamination and
oxidation from pipe or fitting spigot (Note 3).

NoTE }—Surface preparation is very impornant to assure total
fusion.

8.1.5.1 Tools—A surface cleaning tool is required for
certain fitting designs to remove the outer layer or skin of
material on the pipe or humg spigot surface prior to fusion.
Tools used for that purpose are commonl\ called scrapers.

Onlv qualiticd procedures and ;u\%mw:d lu§ should he
used: Emery cloth or sandpaper s not recommended.

N0 Mocelluneous—The following cquipment may he
uselul to assist in the clectrofusion joining procedure:

R.1.0.1 Tuhine Cutter—Used o obtain square end cuts on
pipe. ' '

8.1.6.2 Muarking Pen—Used 1o mark the fitting location
on the pipe. surface for certain fiuing designs.. [1 may be
useful to mark the pipe to define the boundanes before
scraping or abrading the pipe surface.

8.1.6.3 Wiping Cloth—A clean, dry, non-synthetic. lint-
free cloth or paper towel should be used for removing surface
preparation residue from the joining surfaces. Considerations

‘of the hazards of static electricity should be applied in

selection of a wiping cloth matenal.

9. Joining Procedure
9.1 Precaution—Fusion quality can be affected if extreme

" weather conditions exist. Therefore, the ambient tempera-

ture limits should be considered when making field joints.

- Observe normal precautions in the use of electrical equip-

ment, especially in wet environments.
. 9.2 Technique.1: Coupling Procedure:. .

NOTE 4—When fittings are 1o be used to repair pipe under condi-
tions -where line pressure buildup is anticipated, pressure should be
blocked off or vented to prevent excessive pressurc bunldup during lhe
joining and coolmg cycle .

.9.2.1 Cut the pxpe ends squarely and remove burrs or

sha»mgs Clean and dry the. pipe by wxpmg wuh a clean '

paper towel or cloth.
' 9.2:2 Remove the outer surface of thc pxpe using recom-

excessive material from the pipe surface. Care should be

‘taken 1o maintain the specified minimum wall for the pipe.

Note 5—For cerain non-pressure applications, removal of the pipe

“outer surface matenial may not be requnred Consult the manufacturer
: for recommendauons

- 9.2.3 If pipe msens are supphed thh the electrofusion

ﬁmng,» install these inserts into the pipe ends. .

NOTE 6—Care should be taken to ensure that fitting and pipe joint
surfaces are properly handled and maintained free of contamination,

..such as dint, debris, or other sources of contamination such as oil from

the operator's hands which could have a delelenous eﬂ'ect on joint
quality.

9.24 Cemer the ﬁmng on the pipe ends. The gap between

the pipe ends should not exceed the recommended value.
©9.2.5 Secure the fitting and pipe.in place to prevent

_..movement_during_the._fusion_and. cooling_cycles.. usmg the

“recommended alignment tool.

9.2.6 Attach leads from the control box to the fitting.
Follow recommended procedures to ensure leads are con-
nected and working properly.

9.2.7 Activate the fusion cycle in accordance with the
installation instructions. When the cycle is complete. follow
the recommended procedures for disconnecting the leads
from the fitting.

9.2.8 Allow the assembly to cool before removing the
alignment tool. Consult instrucuons , I'or rccommendcd
couling procedures:”

9.2.9 Jonr Aceeptunce—Assure the fusion cycle was com-

3
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pleted without interruption for the prescnbed time for fiting
tvpe and size being joined.

9.3 Technigue 2: Saddle Procedure:

9.3.1 Clean and dry the joining surtacc of the pipe by
wiping with a clean paper towel or cloth.

9.3.2 Remove the outer surface of the pipe using recom-
mended procedure-and tools. Surface preparation is only
required in the area where the fitting is 10 be installed. Avoid

-gouging or removing excessive matenial from the pipe
surface. Be careful not to alter the contour of the pipe during
this procedure. -

9.3.3 Position the saddle fitting on the prepared surfacc of
the pipe. Secure the fitting in place to prevent movement
during the fusion and cooling cycles. Handle the fitting

carefully to avoid contamination ol the tusion surlaces (Note

6).

9.1.4 Attach lecads from the control box to the fitting.
Follow recommended procedures to ensure that the leads are
connected and working properly.

9.3.5 Activate the fusion cycle in accordance with the
installation instructions. When the cvcle is complete. follow
the recommended procedures for dlsconnccnng 1he leads
“from the fitting. :

9.3.6 Allow the assembly to stand until it is cool before
removing pipe from the alignment or clamping device.

. Consult instructions for recommended ooolmg procedures.

9.3.7 Joint Acceptance—Assure the fusion cycle was com-
pleted without interruption for lhe prescnbed time for fitting

type and size being )omed

The Amorlcan Society for Testing and Materials takes no pasition respecting the validity of any patent rights assened in connection -
with any #em mentioned in this standard. Users of this standard are expressly advised that determination of the validity of my such -

patent rights, and the risk of mlrmgemem of such rights, are entirely their own responsibility.

This standard is subject to ravision ‘at any -time by the respons/ble technical committee and must be reviewed every live ysars and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and shouid be addressed to ASTM Headquarters. Your comments will receive careful consideration at a mesting of the responsible .

technical committee, which you may attend. if you lesl that your comments have not received 8 fair haanng you should make your
viaws known to the ASTM Commmoe on Slandards 1916 Race St Philadelphia, PA 19103. . .
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_ting :areas and affect
- performance.

A-2c-2

6. Continue scraping until only a

virgin surface remains.

Caution: Avoid all possible recon-
tamination of the prepared sur-
tace. Do not touch nside of fitting
or scraped pipe surfaces with
your hands as perspiration and
body oils could contaminate join-
joint

7. To determine stab depth, meas- -
.-ure half the length of the coupling - -

and mark the pipe ends an equiv-

8. Slide fitting onto pipe Until pipe

ends meet with the stops in the
1.D. of

Electrofusion .

9.
. to the proper clamping tool to
- secure the pipe from movement

Maintaining stab depth. place in-

during the fusion cycle. For best
results, alignment clamps should

- be placed as close to the flmng

“alent length. For ease of installa- ==
- tion, a stab depth indicator and . .
~internal fitting stops are a molded

- ‘part’ of Central-
- couplings and reducers.

* tional

as possible.

. The sequence processor should’

be connected to an adequate AC

' power source (110 volt). .

* Note: If uuhzmgagenerator the
. generator should be engaged
" “betore plugging the sequence
.. processorin. . . o
the Electncal Data
~ shown on page 12 for the precise
..electrical requirements of the
. size and type of Central Elec- .
« trofusion fitting being joined.. -

Refer to

11.-The sequence processor will
.-~ automatically
" -‘diagnostic check of its opera-
functions (voltage .in-
- put/output, etc.). When diagnos-

run: a quick

tic check is complete *‘Attach Fit-

ting” will appear on the visual

. display..

the fitting. Check
measurement mark for proper
‘stab depth. ' S

—15—




ads from fitting.
ce should remain
Jre pipe and fitting
immended cooling
loving clamp, ad-
g time should be

e subjecling the

wding, burying.
3. or similar hand|-
‘It stress.

12 for the recom-
1g times for the
of Central Elec-
g being joined.

“event of out-of-'

is important to
:quate and even

eved around the -

rence of the pipe.

stopper can be
:nd of the pipe to
3 the area to be

(
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Appendix A-3

_graphs:

g A-10 showing holes cut into 10"IPS polyethylene pipe and extruded material flow

lling A-10 showing leak detection foaming due to leak.

-

g A-lO showing the cross sectxonal view of the extruded matenal through the holes
ylene plpe :

of the holes with extruded rinate.rial.‘

- ibvying no pipe preparation on the 10" pipe as well as no bonding between the fitting

| fg'B-IIO Sho“ring the holes cut into the 10" pipe as well as the extruded material flow -

(4
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APPENDIX B
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CALCULATIONS
B-1 f 3
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2. Hydro test
Per test records P test = 15 psi

3. Total pressure .
P total = P static + P test="7.2 +15 =22.2 psi

4. Pipe Buékling Capacity of 6-inch cérrier.
Per Driscopipe Systems Design p. 37

P critical = (2.32E)/(SDR)"3

where;

E is the modulus of elasticity of HDPE = 130,000 psi for 1000 series pipe
SDR = 26 for the 6-inch carrier

and ,
P critical = (2.32E)/(SDR)"3 = (2.32 x 130000)/(26)*3 = 17.2 psi -

6. Coniparison of total P to critical buckling.
P total = 22.2 psi > 17.2 psi = P critical

Hence, the hydrostatic pressure exceeds the pipe’s buckling capacity and the pipe will start to
buckle to an oval shape. '




B. Leachate Investigation-Pipe Ovality Determination
By: EIK Date: 3/12/99

Measurement of HDPE pipe samples from field removed pipe.

2193

Do=6.625
D min
D max

6-inch SDR 26 CARRIER PIPE
Sta./leak - Dmax " Dmin %Ovality (Dmax/Do)
16+00 7.375" -5.75" 111.3%
Leak #4 7.5" 5.5" 113.2%
Leak#1 7.375" 5.75" 111.3%
Leak #4 7.625" 5.375" 115.1%
12+23 - 7.25" 6" 109.4%
% ovality is per p.25 of Driscopipe Systems Design manual.
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