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fl 1. INTRODUCTION 

1.1 Purpose 

The purpose of this report is to present the results of an evaluation by the design 
engineer-of-record of the current condition of the leachate transmission system (LTS) at 
the Department of Energy (DOE) On-Site Disposal Facility (OSDF) in Fernald, Ohio. 
The LTS included in this evaluation extends from OSDF manhole MH-1 to the 
permanent lift station (PLS). The need for this evaluation arose from the detection by 
site personnel of the buildup of liquid in the containment pipe of the LTS dual- 
containment piping system. Investigation of the condition of the LTS by site personnel 
revealed several locations of isolated damage and deficient electrofusion welding of 
carrier pipe and containment pipe. 

The purpose of this report is also to present an evaluation of the suitability of the 
LTS for continued use for conveyance of leachate from the OSDF to the PLS. The 
evaluation is based on a variety of pre-existing and newly-developed data on the 
condition of the LTS pipes, and repair activities that were recently performed on the 
system. Based on the evaluation, this report presents conclusions and recommendations 
that can form the basis for decisions concerning continued use of the LTS for leachate 
conveyance from the OSDF to the permanent lift station. The report also addresses 
replacement or rehabilitation measures for components of the system for which 
problems are identified. 

This report was prepared at the request of Fluor Daniel Fernald (FDF) based on the 
results of a site project meeting attended by representatives of FDF, GeoSyntec, and 
DOE. 

1.2 Components of LTS 

For the purpose of this report, the LTS is assumed to consist of certain components 
of the site leachate conveyance system which is designed to convey leachate generated 
by the OSDF from the OSDF to the biosurge lagoon. The LTS specifically includes 
components up to the discharge point into the PLS. Components of the LTS are 

GQ0409-3.21F9930006.CDB 1 99.04.15 
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presented on the design plans and specifications described in Section 2.2 of this report. 
There components include: 

leachate collection system (LCS) manholes MH-1, MH-2, and MH-3; 

couplings, valves, and fittings within the manholes; 

0 dual-containment &e., 6-in. carrier and 10-in. containment) HDPE piping 
system, including couplings, valves, and fittings; from manhole MH-1 to 
manhole MH-3, this system has a total length of about 800 ft and slopes from 
MH-1 southward to manhole MH-3 at 0.75 percent average grade; from 
manhole MH-3 to the PLS, this system has a total length of about 2830 ft and 
slopes from manhole MH-3 southward to the PLS at 0.56 percent average 
grade; 

cleanout risers along the dual-containment piping system between MH-1 and 
the PLS; and 

In the context of this report, the LTS will be understood to also include the dual- 
containment HDPE piping system between the LCS and leak detection system (LDS) 
manholes and the OSDF cells. This portion of the LTS includes stub-outs for the LCS, 
LCS redundant, and LDS pipes installed by the construction contractor for the leachate 
conveyance system and connection piping between the stub-outs and the cells installed 
(or to be installed) by the construction contractor for cell construction. 

discharge point from the dual containment system into the PLS. 

Final design of the LTS was completed in October 1996. Construction of the LTS 
occurred between August and December 1997. Pressure testing of the LTS was 
completed on 21 December 1997. The LTS was approved for use in late December 
1997 and went into operation on 23 December 1997. The system was operated until 
late January 1999 when a buildup of liquid was observed in LCS manhole MH-3. On 1 
February 1999, operation of the system ceased and liquids in the system began being 
transferred via tanker truck from MH-3 to the PLS in accordance with the OSDF 
contingency plan. An investigation commenced at that time into the sources and causes 
of the observed liquids in the system. 

GQ0409-3.2lF9930006.CDB 2 99.04.15 
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1.3 Organization of Document 

The remainder of this report is organized as described below: 

0 a discussion of the design basis for the LTS, the design plans and specifications 
issued for construction, and the design changes implemented during 
construction is presented in Section 2; 

0 a summary of the records of construction, including construction reports, 
construction quality control (CQC)/construction quality assurance (CQA) 
documentation, and results of the original construction-phase LTS pipe pressure 
tests, is provided in Section 3; 

0 a review of the operational performance of the LTS is presented in Section 4; 
this section describes system operations records, observed problems, results of 
closed-circuit television (CCT) surveys, field investigation and repair actions, 
and results of post-repair pipe pressure tests; 

0 calculations performed to evaluate the LTS are presented in Section5; these 
calculations were prepared in support of the original design, design changes 
during construction, and evaluations of the current condition of the LTS; 

a discussion of the effect of the original pipe pressure test procedures on carrier 
pipe integrity is presented in Section 6; 

a discussion of electrofusion coupling installation procedures and issues is 
presented in Section 7 along with an evaluation of the suitability of continued 
use of the installed couplings for both the permanent and temporary gravity 
lines; 

0 findings drawn from the evaluations described in this report are given in 
Section 8; and 

recommendations for future design, construction, CQC/CQA, and operation of 
the LTS are presented in Section 9. 

GQ0409-3 .Z/F9930006.CDB 3 99.04.15 
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2. DESIGN BASIS 

2.1 Desim Criteria Packape 

2.1.1 Overview 

This section presents LTS design criteria as described in Section 2.5.3 of Rev. 0 of 
the Final Design Criteria Package (DCP) (GeoSyntec, October 1996). LTS design 
criteria were developed to satisfy applicable or relevant and appropriate requirements 
(ARARs);  functional requirements developed by Fluor Daniel Femald (FDF) and 
Department of Energy (DOE) and described in Appendix D of the DCP; and design 
considerations based on the standard of practice for the use of polyethylene pipe in 
leachate conveyance applications. The LTS was designed to convey leachate (and 
liquids in the leak detection system (LDS)) from the OSDF to the PLS. The ARARs 
and the design criteria for the leachate collection system (LCS) manholes, permanent 
gravity flow portion of the LTS, and temporary gravity line (TGL) portion of the LTS 
are summarized in the following paragraphs. 

2.1.2 ARARs 

AR4Rs relevant to the LTS were derived from OAC 3745-27-08(C)(5) which 
states that leachate conveyance and storage structures located outside of the limits of 
disposal shall be no less protective of the environment than the disposal facility, and 
shall: 

0 be monitored, as required by EPA and OEPA ((C)(5)(a)); 

for storage tanks, be provided with secondary containment ((C)(5)(b)); 

0 for leachate lines, be provided with double containment ((C)(~)(C)); and 

for storage structures, have a minimum of one week of storage capacity as 
established by design using assumptions simulating final closure of the facility 
((C)(5)(d)). 

4 99.04.15 
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Additional Ohio EPA ARARS for the LTS are as follows: 

At least one lift station back-up pump shall be kept at the disposal facility at all 
times (OAC 3745-27-190()(2)). 

0 If authorized, leachate may be temporarily stored within the limits of disposal 
until the leachate can be treated and disposed (OAC 3745-27-19(K)(4)). 

2.1.3 Design Criteria 

The LTS design criteria presented below were developed to satisfy these ARARs as 
well as the functional requirements contained in Appendix D of the DCP and design 
considerations based on the standard of practice for use of high-grade polyethylene pipe 
in leachate conveyance systems. 

0 Liquid in the LDS of an OSDF cell should flow by gravity through a double- 
wall HDPE pipe (which penetrates the liner system) to a LDS manhole located 
on the west side of the OSDF (outside the limit of impacted material disposal). 

0 Each OSDF cell should have its own LDS manhole. The manhole should allow 
for direct discharge of flow from the LDS carrier pipe (i.e., the inner pipe 
component of the double-wall pipe) into a primary containment vessel located 
inside the manhole. The manhole should serve as a secondary containment 
structure for the primary containment vessel within the manhole. The leak 
detection manhole should allow for monitoring of liquid collected by the LDS 
and conveyed by the LDS carrier pipe into the primary containment vessel 
component of the manhole. The LDS containment pipe @e., the outer pipe 
component of the double-wall pipe) should have a monitoring port and fixed 
end seal within the LDS manhole. 

0 The design should isolate the LDS manhole from the LCS manhole during the 
period of active facility maintenance (i.e., during the initial post-closure period 
and some or all of the intermediate period described in Section 2.3 of the DCP). 
The design should allow for accumulated liquids in the primary containment 
vessel to be pumped (during this period of isolation) from a suction line in the 
vessel into a gravity flow drain connected to the LTS gravity line. The design 

GQ0409-3.2ff 9930006.CDB 5 99.04.15 
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should m e r  allow for the activation of a gravity flow drain fiom the primary 
containment vessel to the LTS gravity line should such a line be called for at 
some future time after final closure of the facility. Each leak detection manhole 
should have a cleanout (internal or external to the manhole) for maintaining the 
LDS carrier pipe and a high level alarm for the primary containment vessel of 
the manhole. The design should also provide access to install a sump pump in 
the vessel to allow pumping of construction water that drains from the LDS 
prior to the start of OSDF cell operation. 

0 Liquid in the LCS of an OSDF cell'should flow by gravity through a double- 
wall HDPE pipe (which penetrates the liner system) to a LCS manhole located 
on the west side of the OSDF (outside the limit of impacted material disposal). 
In the manhole, the leachate should discharge directly into the LTS gravity line. 

0 Each OSDF cell should have its own LCS manhole. Each manhole should have 
cleanouts (internal or external to the manhole) for maintaining the LTS gravity 
line, the LCS carrier pipe, and the redundant LCS carrier pipe. The LCS carrier 
pipe in each manhole should have a sampling port for obtaining leachate 
samples for environmental analyses. This sampling port should also allow for 
the monitoring of LCS flows from a cell after its closure. The LCS carrier pipe 
should have temporary valves for regulating leachate flow into the gravity line 
during construction and periods of gravity line maintenance, extension, repair, 
etc. The design should require that the temporary valves be removed from each 
cell prior to final closure of the OSDF (so that, in the long term, there are no 
obstructions in the pipe). Each manhole should have an inlet for the redundant 
LCS carrier pipe. The redundant carrier pipe should have a valve (secured in a 
closed position) and sampling port (for periodically confirming the absence of 
liquid in the pipe). The carrier pipe valve should be configured so that it can be 
opened to allow flow to the leachate transmission gravity line at a future date in 
the event of a failure of the primary LCS pipe. Both the primary and redundant 
LCS containment pipes should have monitoring ports and fixed end seals within 
the LCS manholes. 

. 

The LTS gravity line should consist of double-wall HDPE pipe having a 
minimum nominal diameter for the carrier pipe of 6 in. (150 mm). The 

GQ0409-3.2ff 9930006.CDB - 6  99.04.15 
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maximum pipe SDR should be 11. The factors of safety for flow in the LTS 
gravity line under the various design flow conditions are as follows: 

baseline design flow rate during OSDF operations (Le., baseline leachate 
flow rate obtained from leachate generation analysis; this baseline excludes 
temporary flows from stormwater runoff that is contained in the cell and 
allowed to percolate directly into the cell LCS; the baseline flow rates was 
calculated to be 15.8 gpm): the minimum acceptable factor of safety for this 
condition is 3.0; 

0 storm design-basis flow rate during OSDF operations (Le., baseline leachate 
flow plus temporary flows from stormwater runoff that is contained in the 
cell and allowed to percolate directly into the cell LCS); the storm design- 
basis flow rate should be mechanically controlled during active OSDF 
operations to satisfy following competing criteria: (i) rapid drainage of cell 
stormwater runoff; (ii) PLS operational requirements; and (iii) maximum 
acceptable discharge rate to the biosurge lagoon; the minimum acceptable 
factor of safety for temporary pressure flow in the LTS gravity line for this 
condition is 1.0, using as a basis the manufacturer’s pressure rating for the 
carrier pipe; the storm design-basis flow rate was set at 200 gpm based on 
the maximum acceptable discharge rate to the biosurge lagoon; and 

baseline design flow after OSDF closure @e., baseline leachate flow 
obtained from leachate generation analysis; this flow rate was calculated to 
be 9.7 x lo4 gpm); the minimum acceptable factor of safety for this 
condition is 10.0. 

0 The inner carrier pipe of the LTS gravity line should be continuous over its 
entire length (i.e.’ from its upgradient end to its discharge point). The outer 
containment pipe should be continuous between LCS manholes, and open to the 
manholes. The LCS manholes should be periodically inspected for the 
presence of liquid which could be indicative of a possible leak in the LTS 
carrier pipe or the LCS pipe, valves, or fittings. The LCS manholes should be 
equipped with liquid level alarms. 

The LTS gravity line should be located on the west side of the OSDF (outside 
of the limit of impacted ,material disposal). Once the OSDF is fully developed, 

GQ0409-3.2ff9930006.CDB 7 99.04.15 
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the gravity line should run the length of the OSDF, from the first cell near the 
north end of the facility to the last cell near the south end. From the last cell, 
the gravity line should run to the PLS. To promote gravity flow, the gravity 
line should be constructed with a minimum slope of 0.25 percent. The gravity 
line should be buried in a trench at a sufficient depth below ground to prevent 
freezing of liquids in the line and damage due to traffic loads and other stresses. 
The gravity line should. be adequately bedded in the trench. 

0 The LTS gravity line and LCS and LDS manholes should be installed in stages, 
progressively advancing from north to south in conjunction with the 
progressive development of the OSDF. Each stage may involve the installation 
of manholes and leachate transmission gravity line for one or several cells. At a 
given stage, the leachate transmission gravity line should run through all of the 
LCS manholes previously installed and those installed for a given stage to the 
southernmost manhole installed in that stage. This southernmost manhole will 
serve as a connection point to a TGL. The LTS line should discharge directly 
into the TGL. 

0 Liquids discharged into the TGL should flow to the PLS at a minimum slope of 
0.25 percent. The TGL should consist of double-wall HDPE pipe having a 
minimum nominal diameter for the carrier pipe of 6 in. (150 mm). The 
maximum TGL to monitor the rate and volume of liquid sent to the PLS. The 
TGL should be equipped with cleanout devices spaced along the pipe such that 
it can be maintained along its entire length. The PLS should be located in 
proximity to the southwest comer of the OSDF. The PLS should be installed 
concurrent with construction of the first OSDF cell. 

0 The pumps for the PLS should be sized to pump liquid through a double-wall 
forcemain to the biosurge lagoon. The TGL should be designed to carry flow at 
the storm design-basis flow rate, which will be established as previcusly 
discussed in this section of the DCP. (Note: The pumps for the PLS and the 
forcemain that will convey leachate from the PLS to the biosurge lagoon will be 
designed as part of a separate design package.) 

Unneeded portions of the TGL should be taken out of service as part of each 
subsequent stage of construction. At that time, the LTS gravity line should be 
extended to the next connection to the TGL or to the PLS, as appropriate. 

GQ0409-3.2/F9930006.CDB 8 99.04.15 
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0 The PLS shall be protected from adverse effects due to leachate and differential 
settlement. The PLS shall be equipped with an automatic high level alarm 
located no greater than 6 ft  (2.0m) above the invert of the gravity line PLS 
inlet. PLS pumps shall be of adequate capacity and shall automatically 
commence pumping before the accumulated leachate activates the high level 
alarm (OAC 3745-27-08(C)(4)(e)). The PLS should also have a valve on the 
transmission line and a system for automatically closing the valve in the event 
of a power failure or if liquid levels in the PLS rise to an unacceptably high 
level (below the rim of the PLS or any level that would cause an electrical short 
or damage to equipment in the PLS). A valve should be installed to provide a 
manual means for preventing flow into the PLS. The PLS should be provided 
with secondary containment. The secondary containment system should be 
designed so that it can be monitored for the presence of leakage and should be 
equipped with a liquid level alarm. 

0 All manholes and the PLS should be designed to withstand (with a factor of 
safety of 1.4) hydrostatic uplift due to perched ground water. The design-basis 
perched ground-water contour map should be used for the uplift evaluation. 

Manholes should be designed to have a factor of safety of 2.0 against failure 
resulting from axial and radial wall stresses. The manholes should be evaluated 
for their adequacy with respect to radial crushing, radial buckling, axial 
crushing, and axial buckling (design considerations). To satisfy these design 
criteria, an analysis should be performed to evaluate the effects of lateral earth 
pressure and potential hydrostatic forces on the manholes. The analysis should 
consider the type of backfill material to be used around the manholes and the 
design-basis perched ground-water levels along the alignment of the LTS. 

The TGL between the LTS gravity line and PLS should be installed in a trench 
at a depth that does not interfere with the existing utilities. The pipe should be 
adequately bedded in the trench. Alternatively, the gravity line may be placed 
on or above existing ground and covered with a soil berm or insulation of 
sufficient thickness to protect the pipe from traffic loads, freeze-thaw, and other 
stresses. Layout of the gravity line to avoid interference with the utility 
corridor should be coordinated with FEMP site-wide planning activities. The 
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TGL should have adequate strength to resist internal stresses caused by the 
pressure of the liquid flowing through the line. 

The PLS shall be capable of storing the quantity of leachate generated during an 
one-week period using design assumptions simulating final closure of the 
OSDF (OAC 3745-27-08(C)(S)(d)). Potential storm surge flows from an OSDF 
cell into the LTS gravity line due to heavy precipitation into a newly opened 
cell should be regulated using throttling valves so that the storm design-basis 
flow rate upon which the PLS pump design is based is not exceeded. 

The PLS should have sufficient pump capacity to prevent the buildup of liquid 
in the manhole for the storm design-basis flow rate for the LTS gravity line. 
The PLS should have redundant pump capacity and automatic controls (with 
manual overrides) for operating the pumps. 

The PLS pumps should be designed to be conveniently removed from the PLS 
for periodic maintenance. Extra pumps for the PLS should be maintained on 
the Fernald Environmental Management Project (FEMP) property for use 
during periods of pump servicing. 

The PLS should contain pump controls, valves, and mechanical and electrical 
equipment to achieve the operational objectives described above. 

The Systems Plan for the OSDF should describe the operational and 
maintenance activities necessary to achieve the operational objectives described 
above. 

Design Plans and Specifications 

Overview 

As a part of the final design package, plans and specifications were provided to 
communicate details necessary to provide assurance that the facility would satisfy 
requirements of the DCP when completed by a qualified contractor using techniques 
and procedures meeting standards of the industry. The LTS (including TGL) plans and 

J 
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specifications were provided as a part of the leachate conveyance system construction 
documents. 

2.2.2 Plans 

Leachate Conveyance System drawings related to the LTS gravity line and TGL 
(Rev. 0, GeoSyntec, October 1996) consist of the following sheets: 

X-2A 
G-8A 
G-8B 
G-8C 
E-4A 
E-7A 
M-2A 
M-4A 
M-5A 
M-6A 
M-6B 
M-9A 
S1A 
S3A 
S5B 

Legend and Symbols 
LTS Plan Profile Data I 
LTS Plan Profile Data I1 
LTS Plan Profile Data I11 
Electrical Details I 
Electrical Details IV 
LTS Piping and Instrumentation Design 
LTS Gravity Line and Manhole Details I 
LTS Gravity Line and Manhole Details I1 
LTS Gravity Line and Manhole Details I11 
LTS Gravity Line and Manhole Details IV 
LTS Lift Station Mechanical Details I11 
Structural Details I 
Structural Details I11 
Structural Fence Details 

OSDF Phase I and Phase I1 drawings related to the piping system between LCS and 
LDS manholes and the OSDF cells (Rev. 0, GeoSyntec, October 1996 and November 
1999, respectively) consist of the following sheets: 

G-9A 
G-9B 

Cell Outlet Grading Plan (Phase I) 
Cell Outlet Grading Plan (Phase 11) 

Plan sheets X-2AY G-8A, G-8BY G-SC, E-4AY E-7A, and M-2A through M-9A from 
the Leachate Conveyance System drawings and G-9A and G-9B from the Phase I and 
Phase 11 drawings are presented in Appendix A of this report. 
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2.2.3 Specifications 

Leachate Conveyance System Technical Specifications (Rev. 0, GeoSyntec, 
October 1996) consisted of the following: 

DIVISION 2: SITE WORK 
Section 02 100 - Surveying 
Section 02 1 10 - Clearing, Grubbing, and Stripping 
Section 02200 - Earthwork 
Section 022 15 - Trenching and Backfilling 
Section 02270 - Erosion and Sediment Control 
Section 02300 - Boring and Jacking 
Section 02605 - High Density Polyethylene (HDPE) Manholes, 

Pipes, and Fittings 
Section 0283 1 - Chain-Link Fences and Gates 
Section 02930 - Vegetation 

DIVISION 3: CONCRETE 
Section 03 100 - Concrete 

DIVISION 13: SPECIAL CONSTRUCTION 
Section 13400 - Instruments and Equipment 
Section 13401 - Programmable Logic Controller 

DIVISION 15: MECHANICAL 

. I  Section 15160 - Lift-Station Pumps 
Section 15000 - Mechanical 

DIVISION 16: ELECTRICAL 
I Section 16050 - Basic Electrical Materials and Methods 

Section 16121 - Medium Voltage Cable 
Section 161 70 - Grounding and Bonding 
Section 16370 - Overhead Power Distribution 
Section 16462 - Dry Type TransformerPanelboards 
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Sections 02215 and 02605 of the Leachate Conveyance System package are 
included in Appendix A of this report. The portions of these specification sections 
related to piping were also used for Phase I and Phase I1 construction. 

2.3 Field Design Changes 
< 

Following final design and during construction of the LTS, a number of requests 
for clarification of information (RCIs) and design change notices (DCNs) were issued in 
compliance with both FDF and GeoSyntec procedures and the approved OSDF CQA 
Plan. Table 2-1 provides a summary of RCIs and DCNs applicable to the LTS. 

Complete copies of the DCNs and RCIs referenced above are presented in 
Appendix B of this report. 
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TABLE 2-1 
Design Change Notices and Request for Clarification of Information 

Type 
DCN 

DCN 

RCI 

DCN 

RCI 

DCN 

Number 

007 
1700- 

1700- 
02 1 

1700- 
015R 

1700- 
033 

1700- 
022R 

1700- 
04 1 

~ 

Description 
Changes SDR of carrier and containment piping for 
gravity lines “from SDR 11 to SDR 26”. DCN indicates 
that FDF shall obtain all necessary DOE and regulatory 
agency approvals as required for modification of Final 
Design Package and DCP. 
Changes spacing for support centralizers between the 
SDR 26 carrier pipe and containment pipe from a 
“maximum allowable spacing of 4 feet to a maximum 
nominal spacing of 4.5 feet”. This DCN responds to 
written request of pipe supplier, ISCO Industries, Inc., in 
a letter dated 28 April 1997. 
Clarified that SDR 11 shop-fabricated fittings, including 
stub-outs, are acceptable for joining with SDR 17 and 
SDR 26 piping based on manufacturer’s technical 
bulletins. 
Changed Technical Specifications to allow testing of 
piping after backfilling on a case by case basis when 
specifically approved in writing by the FDF 
Construction Manager. Also changed internal testing 
pressures for gravity line “from 120 psi to 50 psi” and 
internal testing pressure for force main “from 130 psi to 
95 psi” to be consistent with change from SDR 11 to 
SDR 26 for gravity line and from SDR 11 to SDR 17 for 
forcemain. 
Additional clarification added to RCI 1700-01 5R, to 
allow counter boring of SDR 11 stub-outs at the ends to 
match the inside diameter of the connecting pipe. 
Fabrication, and inspection to be completed at 
manufacturer’s shop as part of shop fabrication. 
Changed Technical Specifications to add 
procedureslrequirements for placing and compacting 
pipe bedding sand from the LCS pipe to the cleanout (list 
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Date 

07/07/97 

012 319 7 

07/29/97 

09/02/97 

09/04/97 

1010 1/97 

10129197 

02/25/99 

Type 

RCI 

DCN 

DCN 

DCN 

DCN 

RCI 

RCI 

RCI 

Number 

1700- 
029R 

045 

047 

057 

1700- 

1700- 

1700- 

1700- 
058 

1700- 
034R 

1700- 
036R 

1700- 
039R 

~ ~ 

Description 
of cleanouts included) for the gravity line and TGL. 
DCN provides more detailed requirements for cleanouts. 
Clarified that cleanouts must be pressure tested at 15 psi, 
as per Technical Specifications. 
Change to alignment of the temporary LTS gravity line 
(TGL) to match existing site conditions. 
Change to alignment of the temporary LTS gravity line 
(TGL) to avoid existing fenced enclosure. 
Changed Technical Specifications from two trial welds 
to a single passing trial weld at each location at the 
beginning of each day for dual containment piping. This 
DCN allows successful production-welding by a pipe 
crew to be used as a basis for reducing number of trial 
welds. Construction quality control personnel may 
require additional trial welds based on observations. 
Provided procedures to allow compaction of granular 
pipe embedment fill by flooding or by combination of 
flooding and vibratory plate compaction when 
specifically approved in writing by the FDF 
Construction Manager (for safety reasons). 
Clarification of Technical Specification to confirm that 
pipe embedment fill meets the requirements for granular 
filter material. 
Clarification of a method to seal and test containment 
piping after installation to manholes. This RCI was 
implemented to provide testing method where FDF 
Construction Manager allowed construction 
subcontractor to install piping and manholes prior to 
testing. 
Clarification of hydrostatic testing method for piping in a 
dual containmentlcarrier pipe system. 
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3. CONSTRUCTION 

3.1 Overview 

The LTS was constructed as a part of the construction contract for a leachate 
conveyance system in 1997. Construction activities for the installation of the leachate 
conveyance system for the OSDF are generally described in the “Construction Quality 
Assurance Final Report, On-Site Disposal Facility, Phase I and Leachate Conveyance 
System”, Rev. 0, January 1998, prepared by GeoSyntec. The leachate conveyance 
system includes the leachate collection and leak detection manholes, LTS (including 
TGL), PLS, and a leachate force main and cleanout manholes from the PLS to the BSL. 
This report section will focus on the construction of the LTS pipeline. 

The prime construction contractor for the leachate conveyance system was Village 
Building Services, Inc. (VBS), with assistance from Wise Construction Company 
(Wise), both of Cincinnati, Ohio. FDF served as the construction manager for all LTS 
work. Work associated with the leachate conveyance system project began on 28 April 
1997 and all work necessary to operate OSDF Cell 1 was completed on 22 December 
1997. Work on the LTS portion of the system occurred between August and December 
1997. 

The major components of construction of the leachate conveyance system included 
the following: 

LTS gravity pipeline (including TGL) from LCS manhole MH-1 to the PLS 
consisting of a 6-in. ,diameter HDPE SDR-26 solid-wall gravity carrier pipe 
inside a 1 0-in. diarqeter HDPE SDR-26 solid-wall containment pipe; 

0 84-in. diameter HDPE leachate collection and leak detection manholes (MH-1, 
MH-2, and MH-3) inclusive of fittings, valves, and controls; 

84-in. diameter HDPE PLS inclusive of fittings, valves, controls, and two 200 
gpm pumps; 

LTS force main from the PLS to the BioSurge Lagoon (BSL) consisting of a 4- 
in. diameter HDPE SDR-17 solid-wall pressure line inside a 8-in. diameter 
HDPE SDR-26 solid-wall containment pipe; 
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0 four 54-in. diameter HDPE cleanout manholes along the force main; 

0 manhole stub-outs back toward the cells consisting of approximately 25 ft 
lengths of SDR-26 HDPE dual-containment pipe; 

0 piping to connect the aforementioned stub-outs to the OSDF cells consisting of 
approximately 50 ft lengths of SDR- 1 I HDPE dual-containment pipe; and 

0 excavation, backfilling and compaction of the leachate conveyance system 
trench and manhole excavations. 

Available construction contractor quality control documentation related to the LTS 
that was prepared by VBS is presented in Appendix C of this report. 

(Note: Pipe SDR refers to the “standard dimension ratio” which is the ratio of the 
pipe outside diameter to the minimum pipe wall thickness. SDR 26 pipe has an outside 
diameter which is 26 times the wall thickness. The SDR rating is an indicator of the 
strength of the pipe in carrying external structural loads or internal pressure (or vacuum) 
loads.) 

3.2 Construction Quality Control/Quality Assurance 

GeoSyntec provided on-site construction-related services during the installation of 
the various components of the leachate conveyance system. GeoS yntec personnel 
mobilized to site in March 1997. These activities included resident engineering and 
CQCKQA. FDF provided on-site QA and construction management during the 
installation of the leachate conveyance system. The documentation of the CQC 
monitoring and testing activities for the installation of the leachate conveyance system 
are presented in the CQA Final Report [GeoSyntec, 19981. 

The CQCKQA activities included the following: 

0 review of changes to drawings and specifications through the RCI and DCN 
process; 
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0 pipe conformance testing and documentation including review of pipe and 
manhole manufacturing certificates and quality control data for compliance 
with the project specifications; 

0 periodic field monitoring activities of pipe installation to include: 

delivery, storage, installation, and testing activities associated with the LTS 
and other components of the leachate conveyance system; 

HDPE pipe butt-fusion welding and electrofusion welding procedures, as 
well as periodic monitoring of the construction of connection sleeves and 
mechanical flanged connection procedures; 

0 trenching and excavation for the leachate conveyance system, including 
piping, manholes, and permanent lift station; 

0 placement and compaction of embedment fill for pipes and manholes; 

hydrostatic final pressure testing of the leachate conveyance system, 
including HDPE piping, manholes, and PLS; 

0 placement and compaction of granular material over and around piping 
systems, manholes, and PLS; and 

0 backfilling and grading of the construction area. 

A summary of CQC monitoring reports for the LTS is also presented in Appendix 
.I C of this document. 

1 3.3 Technical SDecifications 

3.3.1 General 

Technical specifications for the Leachate Conveyance System, Rev. 0 were 
prepared by GeoSyntec in October 1996 and provided as part of the Certified for 
Construction Design Package. A complete list of the technical specifications for the 
leachate conveyance system is provided in Section 2.3 of this report. An important part 

18 99.04.15 

3 



2894 -- 

FEMP OSDF - LTS EVAL. - REV. B 

of each specification section includes a requirement for contractor submittals. More 
detailed information regarding the contractor submittal process is covered in Section 3.4 
of this report. The remainder of this section provides a summary of specific 
information from technical specification Section 022 15, Trenching and Backfilling, and 
Section 02605, HDPE Manholes, Pipes and Fittings. These standards are included in 
Appendix C. 

3.3.2 Trenching and Backfilling 

Specification Section 022 15 provides requirements for embedment fill material, 
trench backfill material, bentonite powder or granules, underground warning tape, 
pipeline marker signs, and equipment necessary to perform LTS trench work. Part 3 of 
the specification requires that embedment fill be placed in 7-in. *l-in. thick loose lifts, 
with each lift compacted with a minimum of four passes of a vibratory plate compactor. 
Once the pipe is placed on the compacted embedment fill, additional pipe embedment 
fill is placed on the sides of the pipe and hand tamped to ensure intimate contact 
between the pipe and embedment fill is maintained below the spring line of the pipe. 
Embedment fill is then placed until it is even with the top of the pipe and compacted 
with a minimum of four passes of a vibratory plate compactor. Specifications prohibit 
compaction on top of the pipe unless a minimum of 12 inches of trench backfill separate 
the compactor from the top of the pipe. 

DCN 1700-058, dated 4 September 1997, provided procedures to allow compaction 
of granular embedment fill by flooding or by a combination of flooding and vibratory 
plate compactor when specifically approved in writing by the construckion manager. 
This DCN was intended for implementation for safety reasons only. Refer to Section 
3.5 for specific pipe sections that were compacted by use of the flooding method. 

3.3.3 HDPE Manholes, Pipes, and Fittings 

Specification Section 02605 Part 2 provides product requirements for HDPE 
Manholes, Pipes, and Fittings. Products supplied and installed for the LTS were 
generally in compliance with the technical specifications with the following exceptions: 

DCN 1700-007 dated 21 January 1997 changed the SDR of carrier and 
containment piping for gravity lines from SDR 11 to SDR 26. This DCN 
responded to a value engineering study performed by FDF. 
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0 DCN 1700-021, dated 7 May 1997, changes spacing for support stabilizers 
between the carrier pipe and containment pipe from a maximum allowable 
spacing of 4 ft to a maximum nominal spacing of 4.5 fi. This DCN responded 
to a written request (letter dated 28 April 1997) of the pipe supplier, ISCO 
Industries, Inc. 

Specification Section 02605 Part 3 provided execution requirements for HDPE 
Manholes, Pipes, and Fittings. The excavation procedures were generally in 
compliance with the technical specifications with the following exceptions: 

0 DCN 1700-033, dated 28 May 1997, changed technical specifications to allow 
testing of piping after backfilling on a case by case basis when specifically 
approved by the construction manager. This DCN also changed testing 
pressures for the gravity line to be consistent with the change in pipe SDR. 

0 DCN 1700-057, dated 2 September 1997, changed technical specifications fiom 
two trial welds to a single passing trial weld at each location at the beginning of 
each day for dual containment piping. This DCN allowed successful 
production welding by a pipe crew to be used as a basis for reducing number of 
trial welds. CQC personnel retained authority to require additional trial welds 
based on observations. 

It should be noted that the specifications require fabrication and installation of 
joints in compliance with ASTM D 2657, ASTM F 1055, and the manufacturer’s 
recommendations. It should also be noted that hydrostatic testing is to be conducted in 
accordance with ASME B 31.9 $937.1 to $937.3. These standards are included in 
Appendix G. Also contained in Appendix G is ASTM F 1290 “Standard Practice for 
Electrohsion Joining Polyolefin Pipe and Fittings”. This latter standard was not 
included in the technical specification. 

3.4 Contractor Submittals 

The technical specifications provided a performance specification for the LTS 
gravity flow system. This specification defined the features and related reference 
standards and requirements for the materials and workmanship required for the 
installation and testing of the system. These performance specifications required the 
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construction contractor to submit shop drawing, material specifications, technical data 
and certification for the leachate piping material, and procedures for the installation and 
testing of the leachate system piping and other components. The general procedure for 
approval of the submittals was as follows: 

0 the construction contractor provided construction submittal to FDF; 

0 submittals were tracked by submittal number, document number, and item 
description and controlled by Construction Document Control (CDC) and FDF 
Construction Contracts Manager (CCM); 

0 submittals were reviewed concurrently by FDF and GeoSyntec; 

FDF and GeoSyntec comments were collected and FDF prepared final 
comments for CDC to transmit back to the contractor; and 

0 upon resolution of comments to the satisfaction of the construction manager, 
FDF approved the submittal. 

Contractor submittals approved by the construction manager comprise these 
general categories: 

a 
0 shop drawings for the LTS pipes, support centralizers, fittings, appurtenances, 

clean outs and manholes; 

hydrostatic testing procedures for manholes, pipes, and fittings; 

manufacturer’s data on polyethylene resin used in the manufacture of the high 
density polyethylene (HDPE) piping and manholes, including quality control 
data and material certifications; 

documentation of training and certification of personnel performing HDPE pipe 
joining; 

an Earthwork Work Plan which included methods and equipment used for 
trenching and backfilling of the LTS piping; 
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0 specifications and test results for fill materials used for the embedment of the 
LTS piping; and 

0 hydrostatic and pneumatic test records (shop and field). 

Table 3- 1, Leachate Conveyance System Contract Submittal Requirements, lists the 
required submittals for the LTS piping, the corresponding contractor submittals by 
number, and submittal and approval dates for each document. 

3.5 LTS Installation 

3.5.1 Overview 

The installation of the LTS gravity pipeline began in July 1997. The dual- 
containment LTS pipe was fabricated by ISCO Industries, Inc., Louisville, Kentucky in 
40-ft long sections. The 6-in. diameter carrier pipe was centered within the 10-in. 
diameter containment pipe using centralized extrusion-welded plates spaced at 4.5 ft 
intervals (see DCN 1700-021). The pipe was manufactured by Phillips Driscopipe, 
Wellford, South Carolina. Pipe shipments received on 10 July 1997 and 16 July 1997 
were noted in the CQC daily reports to be poorly packaged with some pipe being out of 
round and damaged. Subsequent difficulty welding out of round sections was noted in 
the CQC daily reports. 

VBS performed installation of the dual containment LTS gravity pipeline, both 
temporary and permanent. As many as three crews simultaneously installed the LTS 
gravity line. One crew began just north of the PLS and worked north. Another crew 
began near manholes MH-1 to MH-3 and worked south. A third crew began work 
around stations l6+00 to 18+00. Due to the use of multiple pipe installation crews 
working at different locations, only 60 to 70 percent of LTS pipe installation was 
directly observed by CQC personnel. 

3.5.2 Butt Fusion Welds 

The butt-fusion welding technique was used to connect the LTS gravity line in 200- 
f t  to 4 0 0 4  long sections in a designated work area. The pipe was dragged to its 
designated location and then lowered into the trench. CQC daily reports noted some 
difficulty in welding the long sections of pipe. The crew working at the middle of the '* 
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LTS generally pre-assembled the pipe in 400-foot lengths with the cleanout sections 
butt-fused at the end. Once the 400-ft sections were moved and lowered into the trench, 
an electrofusion coupling was used to join the carrier pipe. An electrofusion coupling 
or pipe sleeve was used to join the containment pipe to adjoining pre-assembled 
sections. 

3.5.3 Electrofusion Couplings 

Electrofusion couplings were installed in general conformance with procedures 
given by Central Plastics Company, manufacturer of the couplings. Construction 
contractor personnel were trained in the installation of electrofusion couplings by the 
pipe fabricator, ISCO Industries, Inc. The Central Plastics Company procedure is given 
in the document “Electrofusion Systems Operating and Training Manual”, a copy of 
which is provided in Appendix C. 

As noted in the manual, an electrofusion control box is used by the installer to 
supply electrical current to energize the heating elements in the coupling. The heating 
element melts a controlled amount of polyethylene in a “fusion zone”. The heat also 
creates pressure in the fusion zone. The combination of pressure and heat causes the 
coupling and pipe to fuse together. During installation, the installer monitors the 
control box for diagnostic messages of inadequate control conditions (e.g., input 
voltage, output voltage, electrical current, lead contact, fitting short) monitors the 
process as the coupling is heated. Page 8 of the manual provides a list of diagnostic 
fault messages programmed in the control box along with remedial and probable causes. 
If a diagnostic message occurred during an electrofusion weld, the construction 
contractor undertook corrective actions. 

The manual also calls for pipe ends (i.e., the portion of the circumference of the 
pipe in the fusion zone) to be scraped clean prior to electrofusion coupling installation. 
In lieu of scraping, the construction contractor used emery cloth andor surface grinding 
machine with grit paper to clean the pipe ends. This cleaning method was taught to 
VBS pipefitters by the ISCO representative during on-site training sessions monitored 
by FDF QA personnel. A formal submittal of the procedures for electrofusion coupling 
installation was not required. However, copies of the procedure document published by 
Central Plastics Company was obtained by CQC personnel and made available to 
installers. 
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A sketch illustrating the actual procedures used for electrofusion coupling of fixed 
sections of carrier and containment pipe is presented in Figure 3-1. The “fixed 
procedure” was used for couplings where relative movement between the carrier and 
containment pipe was not possible. Where relative movement between the carrier and 
containment pipes was possible, a “movable procedure” was used. The basic steps of 
the electrofusion “fixed procedure” consist of: 

e 

e 

trim carrier and containment pipe lengths to proper dimension; 

drill holes in aligned containment pipe at planned locations of electrode 
connections on coupling for carrier pipe; 

clean carrier and containment pipe ends and slide the 6-in. and 10-in. couplings 
onto the upstream pipe ends (break the lugs in the 10-in. coupling and slide past 
the containment pipe end and drilled holes); 

align the upstream and downstream carrier and containment pipe ends including 
fitting and aligning carrier pipe into 6-in. coupling; 

recheck for proper alignment over joint; 

pass the control box electrodes through the containment pipe holes and fuse the 
carrier coupling; 

after completion of carrier pipe cool down, remove the electrodes and close the 
holes in the containment pipe by extrusion welding a bead into the holes and 
grind the area to be flush with the outer containment pipe; it is noted that some 
(number unknown) of the containment pipe holes used for electrodes were not 
welded closed prior to the electrofusion coupling being positioned; 

slide the containment coupling over the joint and center the coupling on the 
joint; 

connect the control box electrodes and fuse the containment coupling; and 

monitor the control box during the fusion process for diagnostic messages 
indicating a problem and take corrective action as appropriate; as a result of 
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diagnostic messages, several (number unknown) couplings were cut out and 
replaced. 

The steps used in the assembly of electrofusion coupling on carrier and 
containment pipe where the carrier pipe on one side of the joint was free to move 
relative to the containment pipe is shown on Figure 3-1 as the “moveable procedure”. 
These steps are similar to those above except that the 1-in. holes need not be drilled and 
the containment coupling need not be slid farther than the lugs allow onto the pipe. 

The procedures described above were used by the construction contractor for 
installation of the electrofusion couplings. The technical specifications (Section 02605) 
did not require that the construction contractor provide the construction manager with a 
written procedural submittal for this work. 

3.5.4 Sleeve Installation 

An alternate procedure for joining sections of the 1 0-in. diameter containment pipe 
involved the use of a 12-in. sleeve, typically SDR 15.5 or 17, as approved in submittal 
No. 24 R3. Sleeves were often used to join the 8-in. diameter containment pipe in the 
leachate conveyance system pressure line due to the availability on-site of 10-in. pipe 
and to the convenience of using sleeves over couplings. Because 12-in. diameter pipe 
was not generally readily available on site, the use of sleeves was not as common for 
the LTS gravity line. However, sleeves were generally used where a single sleeve could 
be used in lieu of more than one coupling. A sketch illustrating the sleeve procedure 
used is presented in Figure 3-2. The sleeve was extrusion welded to the 10-in 
containment pipe. Sleeves were not used for joining carrier pipes. 

3.5.5 Backfilling 

After the pipes were connected in the trench, they were then backfilled with 
embedment fill to approximately one foot over the pipe crown. The embedment fill was 
covered with trench backfill to the ground surface. Compaction of granular embedment 
fill and trench backfill was in accordance with Technical Specifications except as noted 
(see DCN 1700-058). A flooding compaction procedure was used from approximately 
station 24+75 to 25+55 and 31+00 to 32+50. Refer to nonconformance reports 1700- 
003 and 1700-005 for details of the compaction. LTS pipe was not pressure tested prior 
to backfilling (per DCN 1700-033). 
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3.6 E 

The contract technical specifications require that the LTS be hydrostatically tested 
prior to acceptance to ensure the system does not contain leaks. The contract technical 
specifications were amended by DCN-033 for SDR 26 pipe and required the carrier 
pipe to hold pressure for three hours if buried. Prior to the start of pressure testing, the 
construction contractor submitted a pipe testing procedure as required by Section 02605 
of the technical specifications. This procedure was approved by the GeoSyntec resident 
engineer, FDF project engineer, and FDF construction manager. A copy of the 
procedure is presented in Appendix C. The approved procedure addressed the testing of 
dual containment pipe, but did not provide any requirement to maintain pressure in the 
carrier pipe while testing the containment pipe. 

Pressure testing to evaluate the LTS for potential leaks began in late October 1997 
after the entire line was installed and covered with backfill. Preliminary testing was 
performed by the construction contractor to evaluate the line prior to formal pressure 
testing. These tests were not observed or documented by the CQC personnel or FDF 
QA personnel. The pressures used in the pre-tests are not known. 

According to construction documentation by VBS, preliminary pressure testing of 
the LTS gravity line was conducted in three sections: (i) LCS manhole MH-1 to LCS 
manhole MH-2; (ii) LCS manhole MH-2 to LCS manhole MH-3; and (iii) LCS manhole 
MH-3 to the PLS. A leak was suspected between LCS manhole MH-3 and the PLS in 
the carrier pipe. The contractor was unsuccessful in locating the leak by testing the pipe 
in relatively short sections. On 7 November 1997, the construction contractor filled the 
carrier pipe from the PLS back to manhole MH-3 with green colored water. Green 
colored water flowed through the containment pipe into the PLS indicating a leak in the 
carrier pipe. The construction contractor again tried to locate the source of the leak by 
pressure testing small sections of the pipe using inflatable plugs. During preliminary 
pressure testing on 17 November 1997, an inflatable plug was “blown out” or blown 
down the line around approximate station 31+55. An excavation was performed on 18 
November 1997 to try to remove the plug. After the excavation and cutting of the pipe, 
the construction contractor and FDF personnel noted the carrier pipe at this location was 
out of round for a length of approximately 4 ft on both sides of the cut. Non- 
conformance report was written by FDF (NCR 97-0429) to describe the ovality of the 

’ 

=e GQ0409-3.2F9930006.CDB 26 99.04.15 



FEMP OSDF - LTS EVAL. - REV. B 

--e 

carrier pipe. The pipe ends were reformed and the pipe repaired using an electrofusion 
coupling. 

In an effort to locate the suspected leaks in the carrier pipe, the construction 
contractor filled the containment pipe with water under low pressure while concurrently 
running a closed circuit television (CCT) video camera through the carrier pipe, starting 
at LCS manhole MH-3. The pressure in the containment pipe during video did not 
exceed 5 psi. The video tape, belonging to the construction contractor, is unavailable. 

The construction contractor located two leaks were located in the carrier pipe. The 
first leak was found approximately 24 ft south of the clean out at station 12+00. The 
leak was due to burn through of an extrusion weld of the pipe centralizer. A second 
leak was located in the carrier pipe just south of the wye to the OSDF Equipment Wash 
Facility sump located at approximately station 13+20. The leak was attributed to a butt- 
fusion joint with a slight misalignment and inadequate fusion. Both leaks were repaired 
by cutting and fitting a new section of pipe, which was joined at both ends using 
electrofusion couplings. Wise Services, Inc performed the repair at station 12+24. 
VBS repaired the leak south of the OSDF Equipment Wash Facility. 

3.7 Final Hydrostatic Pressure Testing 

VBS began formal hydrostatic testing of the LTS gravity line on 2 December 1997. 
The testing was monitored by CQC personnel. The hydrostatic testing procedure 
generally consisted of filling the pipe of interest from the upstream end with water, 
bleeding out air at both the cleanouts and upstream valve, followed by applying the 
specified pressure. The pressure was measured for all tests at the upstream end. 

During pressure testing of the dual-containment (4-in. and 8-in diameter) leachate 
conveyance system forcemain (i.e., prior to the start of LTS work) CQC personnel 
verbally informed the VBS quality control inspector that when testing dual containment 
piping systems, pressure should be maintained in the interior pipe. It is noted however, 
that no analysis was performed to evaluate the hydrostatic buckling pressure of the 
carrier pipe to support this recommendation. The recommendation was provided by 
CQC personnel “to be safe”. This recommended procedure appeared to be used 
consistently by VBS during initial forcemain construction. Forcemain containment pipe 
testing was performed on sections of pipe between manholes prior to connection of the 
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dual-containment pipe to adjoining sections in' the manhole. This facilitated dual pipe 
pressurization during the containment pipe pressure tests. Pressure testing of the 
forcemain was initially performed as each section between manholes was constructed. 
As work progressed, schedule issues began to affect work sequence, and pressure 
testing lagged significantly behind construction (see DCN 1700-033). At the time of 
pressure testing of the LTS in December 1997, VBS followed the approved procedure, 
but as previously mentioned, the procedure did not include the step requiring 
pressurization of the carrier pipe with the containment pipe. The considerations (or lack 
thereof) that went into the construction contractor's decision not to pressurize the LTS 
carrier pipe in December 1997 (as he had previously done in testing the forcemain) have 
not been identified by the investigation described in this report. FDF and GeoSyntec 
personnel were not aware that the missing step had the potential to induce 
unconstrained buckling of the SDR 26 carrier pipe. 

The first test was performed on the carrier pipe from LCS manhole MH-3 to the 
PLS. This length of the carrier pipe was tested at 53.3 psi for approximately 28.5 hours. 
The test pressure was monitored with a gauge affixed near the upstream end of the pipe 
being tested. Test pressure at the downstream end of the pipe was thus higher than at 
the gauge location by an amount proportional to the elevation drop along the tested 
section. As such, the maximum pressure in the pipe has been calculated to be 60.4 psi, 
which is less than the 64 psi rated operating pressure of the pipe. Over the duration of 
the test period, the pressure decreased at a rate of 0.1 psihour which was considered 
acceptable and approved by CQC and FDF for 2800 ft of pipe. 

e . 

On 6 December 1997, the remaining length of the LTS carrier pipe, from LCS 
manhole MH-1 to LCS manhole MH-3, was pressure tested. The carrier pipe from LCS 
manhole MH-1 to LCS manhole MH-3 was tested at an initial pressure of 53.2 psi. The 
pressure was applied to the carrier pipe for a period of 22.4 hours. The gauge location 
was at the upstream location of the pipe. As such, the maximum pressure in the pipe 
has been calculated to be 55.8 psi which is less than the 64 psi rated operating pressure 
of the pipe. The average pressure loss with time of 0.1 psihour was considered 
acceptable and approved by CQC and FDF. 

On 1 1  December 1997, VBS began hydrostatic testing of the IO-in. diameter 
containment pipe of the LTS gravity line. The containment pipe from LCS manhole 
MH-2 to LCS manhole MH-3 was tested at a pressure of 22 psi for a period of three 
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hours. No pressure loss was noted, and hence this section of the containment pipe was 
accepted and approved. 

The LTS containment pipe from LCS manhole MH-3 to the PLS was also tested on 
11 December 1997. This section of the LTS was initially pressurized to 20 psi. For this 
2800-ft long section of pipe, the test pressure at the downstream end was about 7 psi 
higher than at the upstream end. Over the first hour of the test, no drop in'pressure was 
observed. When checked 30 minutes later, a 1 psi drop in test pressure was indicated by 
the pressure gauge. At that time a small leak was observed in the fixed-end seal which 
was used for the test gauge. After 2 hours of testing, the pressure had dropped an 
additional 0.7 psi, and after 3 hours, an additional 0.7 psi. Due to the minor leakage 
observed at the fixed-end seal used for the gauge, a small pressure drop was observed. 
CQC and FDF considered these results acceptable and approved the pipe for use. 

The containment pipe from LCS manhole MH-1 to LCS manhole MH-2 was 
pressure tested on 15 December 1997 by VBS and Wise. The test pressure was 17.5 psi 
for a period of three hours. No pressure loss was noted, and the section of pipe was 
subsequently approved. 

The reports of final pressure testing are presented in Appendix D. 

3.8 LTS Nonconformance ReDorts 

Table 3-2 provides a summary of GeoSyntec and FDF nonconformance reports 
(NCRs) applicable to the LTS. Copies of the NCRs are provided in Appendix C. 

3.9 

3.9.1 Overview 

LTS Gravitv Piping to OSDF Cells 

The LTS gravity pipeline has another dual containment pipeline component 1 iat 
conveys leachate from the OSDF Cells 1, 2, and 3 to the leachate collection and leak 
detection manholes (MH-1, MH-2, and MH-3). Cells 1 and 2 have been constructed 
and Cell 3 has not. The leachate conveyance system construction contractor, VBS, 
initially installed piping (SDR 26) to a tie-in point located approximately 25 ft east of 

GQ0409-3.2E9930006.CDB 29 99.04.15 



2194 -. 

FEMP OSDF - LTS EVAL. - REV. B 

manholes MH-1, MH-2, and MH-3. East of the tie-in point, the OSDF Phase 1 
construction contractor, Petro Environmental Technologies (Petro), installed piping 
(SDR 11) to the liner penetration boxes located at the Cells 1 and 2 and to a point near 
the future location of the liner penetration boxes for Cell 3. Electrofusion couplings 
were used by both construction contractors to complete their portion of the pipelines. 
The locations of couplings or sleeves along these portions of pipe are presented on 
Figure 3-3. A description of the pipeline installation and final pressure testing is 
discussed in this section. 

3.9.2 Installation 

VBS installed the SDR 26 piping between manholes and the location of the tie-in to 
SDR 11 piping. Central Plastics Company electrofbsion couplings, and pipe sleeves 
fabricated on-site, were used to join cleanouts and sections of pipe at these locations. 
The electrofusion couplings were installed using the same procedures as those used for 
the mainline. During initial installation, repairs had to be made due to leaks found in 
several couplings at all three manhole locations. Photographs of the Cell 1 
constructions are available which show which couplings were replaced and which were 
repaired by backwelding. The carrier and containment piping between LCSLDS 
manhole MH-1 and OSDF Cell 1 were tested and placed into service in December 
1997. The liner system of Cell 2 was scheduled for construction in Summer/Fall 1998 
and Cell 3 was scheduled for SummerFall 1999. Given this schedule, final testing and 
repair of the pipe sections installed by VBS between LCSkDS manholes and Cells 2 
and 3 were scheduled for replacemendrepair during Spring 1998. When 
repairheplacement activities were undertaken in Spring 1998, VBS cut out two pairs of 
leaking couplings (6 in. and 10 in.) near manholes MH-2 and sent the couplings to 
Central Plastics Company for evaluation. The Central Plastics Company evaluation is 
discussed below. 

s 

I 

In Spring 1998, ISCO was retained by FDF to tie SDR 26 pipe previously installed 
by VBS to the SDR 11 piping previously installed by Petro between manholes MH-2 
and Cell 2. ISCO used electrofusion couplings to make the connection to the LDS 
piping and LCS redundant piping. Petro used an electrofbsion coupling to make the 
connection to the LCS piping at MH-2. Couplings and sleeves used to tie-in the SDR 
26 pipe at manholes MH-3 with Cell 3 piping were installed in 1998 by Petro. 
Procedures used by ISCO and Petro in 1998, were in general conformance with 
manufacturers recommendations including pipe cleaning, scraping or grinding, pipe and 

' .  
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joint alignment and fusion using Central Plastics Company or Friamat Inc. h i o n  
processors. However, it is believed that no special adjustments were made for fusion 
welding of the SDR 26 pipe to the SDR 1 1 pipe at the tie-in point. 

Couplings in Cell 1 and 2 located behind the liner penetration boxes beneath the 
secondary HDPE cell liner were installed by Petro on SDR 11 pipe. Procedures were in 
general accordance with manufacturers requirements. However, one 10 in. coupling 
installed in 1997 at Cell 1 (on redundant LCS pipe) did leak during a pressure test and 
was repaired by backwelding. Backwelding, in the context of this report, means 
welding the two ends of the coupling to the pipe (around the entire circumference of the 
pipe) using extrusion welding procedures. Backwelding was used rather than cutting 
out and replacing the coupling to preserve the integrity of the carrier pipe and to avoid 
introducing additional couplings on the containment pipe. The connections in the 
carrier pipe behind the liner penetration boxes beneath the secondary liner consisted of 
only butt-fusion joints. Both the carrier and containment piping from the manholes into 
the cell passed air pressure testing at the specified test pressure of 15 psi. The 15 psi 
pressure was used for both carrier and containment piping attached to the liner 
penetration boxes because the liner penetration boxes had been designed for and tested 
at the 15 psi pressure. Testing was performed through the boxes after final installation. 
The SDR 11 carrier piping for all cells had been tested above ground at a minimum 
hydrostatic pressure of 120 psi prior to installation. 

3.9.3 Electrofusion Coupling Failure Analysis 

As noted above, VBS installed short sections of dual containment SDR 26 HDPE 
pipe between the LDS and LCS manholes and from the manholes approximately 25 ft 
toward the landfill cells. In the Spring of 1998, during the completion of piping around 
manhole MH-2, two sets of suspect 10 in. and 6 in. electrofusion couplings previously 
installed by VBS were removed and sent to Central Plastics Company for laboratory 
review. The couplings had failed initial pressure tests in the field. Central Plastics 
Company used both pressure and destructive tests to try to determine the cause of the 
leaks in the couplings. Central Plastics Company concluded that the failure of the 
couplings resulted from improper pipe preparation and introduction of holes in the ten- 
inch containment pipe. The Central Plastics Company report is included in 
Appendix C. 
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3.9.4 Pressure Testing 

The final pressure testing between the manholes and cells consisted of performing 
air pressure tests at minimum 15 psig for both 6-in. carrier pipe and 1 0-in. containment 
pipe. The 6-in. and 10-in. SDR 11 carrier and containment pipes, respectively were 
butt-fused by Petro and had already been hydrostatically tested at minimum 120 psig 
and 15 psig, respectively. Copies of the approved final tests to include Petro’s above 
ground tests are provided in Appendix D. 

Final pressure tests between manhole MH-1 and Cell 1 were performed by Petro 
and Wise for the 6-in. carrier and 10-in. containment pipes between 06 December 1997 
and 14 December 1997. Petro performed final pressure tests between manholes MH-2 
and Cell 2 between 5 September 1998 and 18 September 1998. Final pressure tests 
between MH-3 and Cell 3 are not completed because Cell 3 has not yet been 
constructed. 

3.10 Record Drawinm 

Record drawings (Le., “as-builts”) of the LTS have been prepared based on survey 
information provided by FDF and results of CCT videos analyzed by GeoSyntec. The 
record drawings are presented as Figures 3-4a, 3-4b, and 3-4c in this report and are 
contained in Appendix C. Survey information for the as-built LTS gravity line was 
prepared by B. L. Payne Surveyors. GeoSyntec was provided the survey data for the 
LTS gravity line on 10 March 1999. The survey data consists of horizontal coordinates 
and elevations along the top of the containment pipe at the containment pipe joints. 
Figures 3-3a, 3-3b, and 3-3c show the plan and profile data for the top of the as-built 
containment pipe prior to backfilling. The slope between surveyed points along the 
LTS is also provided in these figures. 

The location and descriptions of the joints for the containment pipe were taken 
from survey information, construction photos, and field notes. Joints shown on the 
carrier pipe were taken from CCT video (performed during the periods of 16 to 19 
February 1999 and 2 to 4 March 1999) and construction field notes for repaired sections 
after the videos. The locations of joints shown in the figures are approximate and 
provided for information only. 
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Tables 3-3 and 3-4 provide detailed information related to the electrofusion 
couplings and sleeves used during the 1997 installation of the LTS gravity line from 
LCS manhole MH-1 to the PLS. Station information is approximate and provided for 
information only. Central Plastics Company manufactured the electrofusion couplings 
used in 1997. Most couplings used were PE3408 with some being PE2406 (PE 2406 
was accepted by NCR-0006.) Sleeves consisted of 12-in. diameter HDPE pipe having a 
SDR of either 15.5 or 17. The alignment and installation procedure column refers to the 
information available in the construction documentation. In many cases, only partial 
observation of the sleeve or coupling installation was feasible. In these cases, only the 
observed activities are listed in the alignment/installation procedure column. 
Information relating to the plugging of 1-in. holes in the containment pipe, length of 
sleeves used, and welding procedures is also provided. 

The as-built slope of the LTS gravity line between LCS manholes MH-1 and MH- 
3, prior to backfilling, is generally in conformance with the specifications. However, 
between manhole MH-3 and the PLS, several sections have “sags” or grade reversals. 
According to Section 02605 of the technical specifications, the gravity line is to always 
maintain a positive slope. According to the survey information provided by B. L. Payne 
Surveyors, the LTS gravity line at the stations listed below in Table 3-5 do not meet the 
positive slope requirement of the technical specifications. These minor grade reversals 
will not measurably impact the flow capacity of the LTS gravity line. Flow capacity is 
primarily controlled by the overall pipe grade and minor grade variations in the run will 
tend to be self-compensating. 
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Submittal Requirement 
Shop Drawings: Manholes, Pipes, Support Centralizers, 
Fittings, Supports, Gussets and Appurtenances 

Materials List 
Names of Suppliers and Proposed Delivery Dates to the 
Site. 
Hydrostatic Testing Procedures for Manholes, Pipes and 
Fittings 

HDPE Manufacturer’s List of Completed Facilities 
HDPE Manhole Manufacturer’s Quality Control 
ProceduresProgram 
Origin and Identification of Polyethylene Resin Used in 
Manhole HDPE Manhole Manufacturer’s Certifiable 
Values and Corresponding Test Procedures for HDPE 
Material Properties 
Quality Control Certificates for Resin/ 
Quality Test Results for Resin 

le: 
-3 

TABLE 3-1 
LEACHATE CONVEYANCE SYSTEM CONTRACTOR SUBMITTAL REQUIREMENTS 

Contractor 
Submittal No. 

1700-589-024 R1 
1700-589-024, R3 
1700-589-025, R1 
Not determined 
Not determined 

1700-589-090, R l  
1700-589-090, R2 
1700-589-091, R1 
1700-589-060, RO 
1700/589/060, RO 
1700/589/077, R1 
1700-589-060, RO 

1700-589-077, R4 
1700-589-077, R6 
1700-589-077, R7 
1700-589-077, R8 
1700-589-077, R9 

Date Submitted 
by Contractor 

05/22/97 
08/06/97 
04/22/97 

Not determined 
Not determined 

0 610219 7 
0611 2/97 
08/27/97 
03/20/97 
03/20/97 
0411 6/97 
03/20/97 

05/08/97 
06/23/97 
07/29/97 
0810 1 197 
08/05/97 

Engineer Review 
Date/Status(’) 

To be completed 
8- 14-97/A 
4-24-97lA 

* 
* 

6-5-97IA 
6- 1 8-97/* 
8-29-97/A 
4-9-97m 
4-9-97m 

4-1 7-97/C, B 
4-9-97m 

* 
6-26-97/A 
7-30-97/A 
8-5-97IA 
8-7-97lA 

Date Approved 
by FDF 
0611 9/97 
08/14/97 
04/24/97 

Not determined 
Not determined 

0611 6/97 
06/05/97 
08/20/97 
0511 3/97 
0511 3/97 
04/24/97 
0511 3/97 

05/09/97 
06/26/97 
0713 1 197 
08/15/97 
0811 5/97 
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Submittal Requirement 
Certification that No Reclaimed Polymer is Added to 
Resin During Manufacturing of HDPE Products 
Certification of Compliance for HDPE Manholes 

I 

Certification of Compliance for HDPE Pipes, Fittings 
and Appurtenances 

Documentation of Training and Certification of 
Personnel Performing HDPE Pipe Joining 

Earthwork Work Plan 
List of Equipment for Trenching and Backfilling 
1 .  Legend: 

Status A - Reviewed 
Status B - Reviewed, proceed with work incorporating comments 
Status C - Change submittal as noted and resubmit - 2 Status IO - Information Only a *-Nostatus 

Contractor 
Submittal No. 

1700-589-060, RO 
1700-589-077, R1 
1700-589-060, R1 
1700-589-060, R2 
1700-589-060, R3 
1700-589-060, R4 
1700-589-060, R5 
1700-589-060, R6 
1700-589-077, R4 
1700-589-077, R5 
1700-589-077, R6 
1700-589-077, R7 
1700-589-077, R8 
1700-589-077, R9 
1700-589-077, R10 
1700-589-079, RO 
1700-589-079, R1 
1700-589-079, R2 
1700-589-079, R3 
1700-589-086, R2 
1700-589-086, R2 

Date Submitted 
by Contractor 

0 3 I2 019 7 
041 1 6/97 
0611 2/97 
0611 6/97 
07/24/97 
07/28/97 
0810 1 I97 
081 1 4/97 
05/08/97 
0611 2/97 
0611 9/97 
0 712919 7 
0810 1/97 
08/05/97 
08/25/97 
04/30/97 
0 510 819 7 
06/30/97 
010 1 I97 
08/14/97 
08/14/97 

Engineer Review 
Date/S tat us(') 

4-9-97IB 
4- 17-97/C, B 

6- 13-97lA 
6- 18-971A 
7-3 1 -97lA 
7-3 1 -97lA 
8-5-971A 

8- 15-971A 
* 

6- 13-97/A 
6-26-97lA 
7-30-971A 
8-5-971A 
8-7-971A 
8-25-971A 
5- 1 -97lA 

5-1 5-971A 
* 
* 

8- 1 5-97IA 
8-1 5-971A 

Date Approved 
by FDF 
0511 3/97 
04/24/97 
0611 6/97 
0611 9/97 
0810 1 I97 
0810 1 I97 
0811 2/97 
0811 8/97 
05/09/97 
0611 9/97 
06/26/97 
0711 9197 
0811 5/97 
0811 5/97 
08/29/97 
0511 4/97 
0511 4/97' 
11/23/98 
11/23/98 
0811 8/97 
0811 8/97 
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DATE 
10-Jul-97 

7-Sep-97 

7-Sep-97 

16-Sep-97 

28-Sep-97 

24 Nov 97 

I. 
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TABLE 3-2 
NON-CONFORMANCE REPORTS 

NUMBER 
1700-002 

1700-003 

1700-004 

1700-005 

1700-006 . 

FDF 1700- 
0429 

ASSESSMENT 
ACTIVITY 

Construction Quality 
Control 

Construction Quality 
Control 

Construction Quality 
Control 

Construction Quality 
Control 

Construction Quality 
Control 

Inspection 

NONCONFORMANCE 
Compaction of materials 
over dual containment 
pipe prior to testing 
without written 
construction manager 
approval (not in 
accordance with DCN 

Lifts of pipe embedment 
not compacted by 
flooding per DCN 1700- 
058. 

1700-033 .) 

Temporary cleanout was 
placed with the cleanout 
lateral facing in the 
opposite direction of the 
design flow. 
Pipe embedment fill 
compaction 
unsatisfactory and not 
per DCN 1700-058. 
The specified couplings 
were not used for 
electrofusion. 
Out-of-round carrier 
pipe. 

34 

RESOLUTION 
Letter NCR 
approved by FDF. 

Approved by FDF 
since pipeline 
temporary and 
intent of 
specification met. 
Since pipeline 
temporary, 
accepted. 

Approved by FDF 
since intent of 
specification met. 

Accept PE2406 
couplings. 

Accept after 
pressure test. 
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TABLE3-3 
SUMMARY OF ELECTROFUSION COUPLING INFORMATION CARRIER PIPE 

Alignment/ 

Procedure Procedure 
Install. Welding Connection Cleaning 

Installer Procedure 

VBS 

Manuf. Comments 

6-in. 
Electrofusion 
Coupling 

Noted in CQC daily 
report 

Central 
Plastics 
Company 

Central 
Plastics 
Company 

Inside 
containment pipe 

6-in. 
Electrofusion 
Coupling 

Observed by CQC VBS 

VBS 

Alignment 
OK 

Central 
Plastics 
Company 

Observed by CQC Alignment 
OK 

6-in. 
Electrofusion 
Coupling 

6-in. 
Electrofusion 
Coupling 

6-in. 
Electrofusion 
Coupling 

6411. 
Electrofusion 
Coupling 

Central 
Plastics 
Company 

VBS Process not observed. 
'Original placement. 

Not 
Observed 

I 31+87 I Central 
Plastics 
Company 

Central 
Plastics 
Company 

Central 
Plastics 
Company 

Observed by CQC C69 23+87 18 Sep 97 

c610 20+20 27 Sep 97 

VBS Not 
Observed 

VBS Not 
Observed 

Alignment 
OK 

Alignment T 6-in. 
Electrofusion 
Coupling 

Observed by CQC 

I 
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Designa tion 

0612 13+59 

0 6 1 8  11+86 

0619 I 1+7.7 

I 

\ 

TABLE 3-3 
SUMMARY OF ELECTROFUSION COUPLING INFORMATION CARRIER PIPE 

(CONTINUED) 

Alignment/ 
Installation Cleaning Install. Welding 

Date Manuf. Installer Procedure Procedure Procedure 

30Sep97 Central VBS Not Alignment 
Plastics Observed OK 
Company 

Central 
Plastics 
Company 

Central 
Plastics 
Company 

Central 
Plastics 
Company 

25Sep97 Central VBS 
Plastics 
Company 

Central 
Plastics 
Company 

Central 
Plastics 
Company 

25Sep97 Central VBS 
Plastics 
Company 

Central 
Plastics 
Company 

Plastics 
Company 

OK 27Sep97 Central VBS - 

I Connection 
TY Pe Comments 

6-in. 
Electrofusion 
Coupling 

6-in. 
Electrofusion 
Coupling 

6-in. 
Electrofusion 
Coupling 

6-in. 
Electrofusion 
Coupling 

6-in. 
Electrofision 
Coupling 

~~ ~~ ~ ~ 

Observed by CQC 

Observed by CQC 

6-in. 
Electrofusion 
Coupiing 

6-in. 
Electrofusion 
Coupling 

Observed by CQC - 
e, 
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Connection' 
Type 

6-in. 
Electrofusion 
Coupling 

6-in. 
Electrofbsion 
Coupling 

Comments 

Observed by CQC 

Not witnessed 

c623 4+10 

- OK 

C625 

C626 

c627 

C628 

3+73 

0+16 

0+8 

36+ 15 

FEMP OSDF - LTS EVAL. -REV. B 

TABLE3-3 
SUMMARY OF ELECTROFUSION COUPLING INFORMATION CARRIER PIPE 

(CONTINUED) 

I 
Installation 

Date 
Designation Cleaning Install. Welding 

Procedure Manuf. Installer 
~ 

26 Sep 97 

23 Sep 97 

~~ 

Central 
Plastics 
Company 

Central 
Plastics 
Company 

~ 

VBS 

VBS 

24 Sep 91 VBS 6-in. 
Electrofusion 
Coupling 

6411. 
Electrofbion 
Coupling 

Observed by CQC 

Observed by CQC 

Central 
Plastics 
Company 

Central 
Plastics 
Company I 

22 Sep 91 Central 
Plastics 
Company 

VBS 6-in. 
Electrofusion 
Coupling 

6-in. 
Electrofbsion 
Coupling 

20 Sep 97 VBS Observed by CQC Central 
Plastics 
Company 

NOTES: 
1. See Figure 3-4 (a, b, c) for locations of repairs. 
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Station 

36+14 

36+08 

36+04 

32+07 

Repair 
Desigdation 

(Note 1) 
Installation 

Date Manuf. Installer 

22 Sep 97 Central VBS 
Plastics 
Company 

22 Sep 97 Central 
Plastics 
Company 

22 Sep 97 Central 
Plastics 
Company 

12 Sep 97 Driscopipe VBS 

SIOS 

3 1 +90 

TABLE3-4 
SUMMARY OF ELECTROFUSION COUPLING INFORMATION AND EXTRUSION HDPE SLEEVE DATA: 

CONTAINMENT PIPE 

Central 
Plastics 
Company 

31+98 I I Driscopipe 1 

Comments 
~~ ~ 

Observed by CQC 

Observed by CQC 

Observed by CQC 

Observed by CQC. 
Sleeve covered 6" 
coupling #4 @ original 
placement 
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Repair 
Designation 

(Note 1) 

s109 

TABLE 3-4 
SUMMARY OF ELECTROFUSION COUPLING INFORMATION AND EXTRUSION HDPE SLEEVE DATA: 

CONTAINMENT PIPE 
(CONTINUED) 

Installation 
Station Date Manuf. 

28+10 7Sep97 Driscopipe 

Cleaning 
Procedure 

QA an 

Alignment/ 

Procedure Procedure 
Install. Welding Connection 

Type Comments 

lo” HDPE 12-in. HDPE Observed by CQC. Gun 
Sleeve Extr. Sleeve #443 120 1 welded 270°F 

surfaces grinded 

23+85 

20+0 1 

15+77 

Alignment 
OK 

Alignment 
OK 

18 Sep 97 

27 Sep 97 

30 Sep 97 

10-in. 
Electrofusion 
Coupling 

IO-in. 
Electrohsion 
Coupling 

IO-in. 
Electro fusion 
Coupling 

Central 
Plastics 
Company 

Central 
Plastics 
Company 

Central 
Plastics 
Company 

12+80 

1 1+78 

Central 
Plastics 
Company 

Central 
Plastics 
Company 

Installer 

VBS 

VBS 

VBS 

VBS 

Observed by CQC 

Observed by CQC 

Observed by CQC 

1 0-in. 
Electrofusion 
Coupling 

1 0-in. 
Electrofusion 
Coupling 

IO-in. 
Electrofusion 
Coupling 

IO-in. 
Electrofusion 
Coupling 
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C l d  I 

Cl22  

Cld3  

7+65 

4+19 

4+00 13 

Central 
Plastics 
Company 

Central 
Plastics 
Company 

Central 
Plastics 
Company 

VBS 

VBS 

VBS 

Central 
Plastics 
Company 

Central 
Plastics 
Company 

VBS 

VBS 

IO-in. 
Electrofusion 
Coupling 

IO-in. 
Electrohsion 
Coupling 

Observed by CQC 

Observed by CQC 

FEMP OSDF - LTS EVAL. - REV. B - 

TABLE34 
SUMMARY OF ELECTROFUSION COUPLING INFORMATION AND EXTRUSION HDPE SLEEVE DATA: 

CONTAINMENT PIPE 
(CONTINUED) 

I Alignment/ 
Install. 

Procedure 
Installation 

Date 
Cleaning 

Procedure 
Welding 

Procedure 
Connection 

Type 

IO-in. 
Electrofusion 
Coupling 

Comments Manuf. Installer 

Central 
Plastics 
Company 

25 Sep 97 OK Observed by CQC 

Central 
Plastics 
Company 

IO-in. 
Electrofusion 
Coupling 

IO-in. 
Electrohsion 
Coupling 

OK 27 Sep 97 

26 Sep 97 

26 Sep 97 

Observed by CQC 

OK 10” Coupling IO-in. 
Electrofusion 
Coupling 

Observed by CQC 

OK Y’ Long HDPE 
Sleeve 

IO-in. 
Electrohsion 
Coupling 

Observed by CQC 

26 Sep 97 OK IO” Coupling 

23 Sep 97 

k? 
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Connection 
Type , 

1 0-in. 
Electrofusion 
Coupling 

1 0-in. 
Electrofusion 
Coupling 

10-in. 
Electrofusion 
Coupling 

10-in. 
Electrohsion 
Coupling 

IO-in. 
Electrofusion 
Coupling 

TABLE3-4 
SUMMARY OF ELECTROFUSION COUPLING INFORMATION AND EXTRUSION HDPE SLEEVE DATA: 

CONTAINMENT PIPE 
(CONTINUED) 

Comments 

. 

Observed by CQC 

Repair 
Desigdation 

(Note 1) 

GO26 

Alignment/ 
Install. 

Procedure Station 
Welding 

Procedure 

3+82 

Installation 
Date 

24 Sep 97 3+74 

Manuf. 

Central 
Plastics 
Company 

Central 
Plastics 
Company 

O+lO 

0+05 

36+15 

Central 
Plastics 
Company 

20 Sep 97 

Central 
Plastics 
Company 

~~ 

Central 
Plastics 
Company 

NOTES: 
1. See Figure 3-4 (a, b, c) for locations of repairs. 

Cleaning 
Installer Procedure t 

VBS 

VBS 

' GQ0409-3.2F9930006.CDB 41 99.04. I5 



FEMP OSDF - LTS EVAL. - REV. B 

TABLE 3-5 
LTS SAG LOCATIONS 

Note: Water in the bottom of the carrier pipe at these locations is not an 
indication of a leak. 
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PROJECT NO. GQ0573-3.2 
'DOCUMENT NO. F9930006 

FIGURE NO. 3-1 
FILE NO. F99-Al72.DWG 

MOVEABLE METHOD'&- i 2894 FIXED METHOD 
UPSTREAM PIPE DOWNSTREAM PIPE UPSTREAM PIPE DOWNSTREAM PIPE 

10-IN. 
CONTAINMENT PIPE 

STEP 1: Trim, clean and 
prepare both pipes to  
proper dimensions 

STEP 1: Trim, clean, an'd 
prepare both pipes to 
proper dimensions. Drill 1" 
holes in containment pipe 
for electrode connections 
on carrier pipe. 

46 
10-IN. 
CONTAINMENT PIPE 

6-IN. 
CARRIER PIPE 

10-IN. ELECTROFUSION COUPLING 

6-IN. ELECTROFUSION COUPLING 10-IN. ELECTROFUSION 
COUPLING 

r 6 - I N .  ELECTROFUSION / COUPLING ..- - STEP 2: Slide 6-in. 
coupling into the upstream 
pipe end. Slide 10-in. 
coupling into !he 
downstream pipe end. Do 
not break lugs. 

STEP 2: Slide 6-in. and 
10-in. couplings onto the 
upstream pipe ends. 
Break lugs on 10-in. and 
slide pass 1" holes. COIL IN COUPLING (TYP) 

LCOIL IN COUPLING 
(TYP) 

STEP 3: Align the 
upstream and downstream 
pipe ends of the carrier 
pipe. Move the downstream 
carrier pipe into the 
coupling and 
center on the joint. Fuse 
the carrier pipe. 

ELECTRODE (TYP) 
STEP 3: Align the 
upstream and downstream 
pipe ends of both carrier 
and containment pipes. 
Move the downstream 
carrier coupling and center 
on the joint. Pass the 
electrodes through the 1" 
holes and fuse coupling to 
the carrier pipe. 

STEP 4: Align the 
upstream and downstream 
pipe ends of the 
containment pipe. Move the 
downstream containment 
pipe an,d coupling and 
center ton the joint. Fuse 
the containment coupling 
to the pipe. 

1 IN. HOLE 
FILLED WITH 
EX TRU DI TE 

/ 
STEP 4: Extrusion weld the 
1" holes in the 
containment pipe and 
grind the area flush. 
Center the containment 
coupling on the joint and 
fuse the containment 
coupling to the pipe. 

I - 
' 1.- I: - GEOSYNTEC CONSULTANTS 

ATLANTA, GA I 
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UPSTREAM PIPE DOWNSTREAM PIPE 

STEP 1: Trim, clean and 
prepare both pipes to  
proper dimensions 

STEP 2: Slide 6-in. 
coupling and 12-in. sleeve 
onto the upstream pipe 
end. 

STEP 3: Align the 
upstream and downstream 
pipe ends of the carrier 
pipe. Center the carrier 
coupling on the joint and 
fuse the carrier pipe. 

STEP 4: Align the 
upstream and downstream 
pipe ends of the 
containment pipe. Center 
the containment sleeve on 
the joint. Extrusion weld 
around pipe on both ends 
of sleeve. 

6-IN. 
CARRIER 
PIPE 1 

12-IN. HDPE SLEEVE 

6- IN. ELECTROFUSION 

r ELECTRODE (TYP) 



SDR 26 PIPE TIE-IN 
POINT 

- SDR 11 PIPE BOXES _ -  L 

q' C LDS TO CELL 1 

c ' c  C 

APPROX. 25' (TYP) 
MANHOLE r- 

c' s C LCS REDUNDAN 

c C TO CELL 1 MH-1 

e' F* LCS TO CELL 1 

c 

APPROX. 50' (TYP) 

c S c LDS TO CELL 2 

c c C 

- 
I- - GEOSYNTEC CONSULTANTS 

~ 

ATLANTA, GEORGIA 

MH-2 

~~ 

FIGURE NO. 3-3 
PROJECT NO. GQ0573-03.1 
DOCUMENT NO. F9930006 

0573F004 FILE NO. 

c c/s LDS TO CELL 3 (NOTE 2) 

c c 

c/s LCS REDUNDANT 

C TO CELL 3 

c c(s LCS TO CELL 3 

c C 

LEGEND 

NOTES: 

1. SOME 10-INCH COUPLINGS SHOWN HAVE BEEN 
BACKWELDED OR REPLACED WITH PIPE SLEEVES 
DURING ORIGINAL REPAIRS. 

2. CELL 3 HAS NOT BEEN CONSTRUCTED. 

REFERS TO CONTAINMENT PIPE & 
C REFERS TO CARRIER PIPE 

C COUPLING 

C' COUPLING WITH BACKWELD 

S SLEEVE 
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4. FIELD PERFORMANCE OF LTS 

4.1 InsDection and Maintenance Activities 

4.1.1 Summary of OSDF Systems Plan 

The OSDF Systems Plan (FDF, Rev. 0, May 1997) describes the operations, 
inspection, and maintenance activities that will be performed at the OSDF. Section 3.0 
of the Systems Plan describes the activities that apply to the leachate management 
system components (Le., LCS, LDS, and LTS) up to the LTS gravity line or temporary 
gravity line (TGL) discharge point into the permanent lift station (PLS). The inspection 
and maintenance (IM) requirements for the LCS and LDS are presented in Section 3.4 
of the OSDF Systems Plan. For the LTS, the IM requirements are presented in Section 
3.6 of the System Plan. The record keeping requirements for these IM activities are 
presented in Section 3.8 of the Systems Plan. The requirements of these sections of the 
Systems Plan are summarized below. 

4.1.2 LTS Inspection and Maintenance Activities 

The OSDF Systems Plan requires that the leachate management system be 
inspected and maintained by the construction contractor. The inspection and 
maintenance activities are to be performed in accordance with the schedule and activity 
requirements for each of the leachate management system components (LCS, LDS, and 
LTS) presented in the following tables of the OSDF Systems Plan: 

Table 3- 1 : Leachate Collection and Leak Detection Systems Inspection and 
Maintenance Activities; 

8 Table 3-2: LDS/LCS Manholes and LTS Gravity Line Inspection and 
Maintenance Activities; and 

Table 3-3: LTS Gravity Line Inspection and Maintenance Activities, 

These IM requirements continue until leachate is no longer generated and an alternate 
activity schedule has been approved by EPA and OEPA. Copies of Tables 3-1,3-2, and 
3-3 are included in Appendix E of this document. Conditions to be inspected include: 
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liquid in the LDS containment pipe (weekly during active period); 

liquid in the LCS containment pipe (weekly during active period); 

liquid in the redundant LCS containment pipe (weekly during active period); 

video inspection of the LDS and LCS pipes for crushing and clogging (prior to 
the start of active operations, then annually); 

liquid in the LTS gravity line containment pipe (weekly during active period); 

LTS gravity line clogging or crushing (annually); 

confirm LCSLDS manhole signage, manhole cover structural integrity, 
manhole cover seal integrity, and general structural condition of manholes 
(weekly during active period); and 

liquid in the TGL containment pipe (weekly during active period). 

is noted that Table 3-3 contains specific requirements for monitoring of 
accumulating flow meters and liquid level transmitters that are not relevant to the 
leachate management system final design. These requirements were developed as part 
of the OSDF pre-final design package, when the design included a temporary lift station 
at the location of LCS manhole MH-3. The design of the temporary lift station included 
centrifugal pumps, an accumulating flow meter, and a liquid level transmitter. The 
temporary lift station was removed from the design as part of the preparation of the 
final design package. The requirements in the Systems Plan (FDF, Rev. 0, May 1997) 
for the temporary lift station components are thus not relevant. 

In addition to the above conditions, Section 3.6 of the Systems Plan requires that 
manholes, pipes, valves, connections, sampling ports, monitoring ports, pumps, etc. be 
routinely inspected and maintained to provide for proper OSDF operation. The plan 
also requires that mechanical and electrical equipment be calibrated, operated, 
maintained, and serviced in accordance with manufacturer's instructions for the 
equipment. 
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4.1.4 Recordkeeping 

The OSDF Systems Plan requires that the construction contractor maintain written 
records of all monitoring activities, inspections, and maintenance repairs in accordance 
with the detailed requirements of the Systems Plan. Specifically, the Systems Plan 
requires that after each IM activity, a draft report that includes an executive summary, 
copies of field logs, photographs, checklist forms, and other pertinent data be submitted 
to FDF for review, approval, and forwarding to DOE. Following review and approval, 
final copies of the inspection report and associated documents are to be submitted to 
EPA and OEPA. 

4.2 LTS Inspection and Maintenance Records 

For the active period of operation, the construction contractor responsible for the 
operation, inspection, and maintenance of the leachate management system is Petro. 
The following records of leachate management system IM activities prepared by Petro 
have been received and reviewed, and are presented in Appendix E of this document. 

0 A weekly inspection record for LDS manhole MH-1 for inspection dates from 
23 December 1997 through 27 August 1998. 

Daily Petro Quality Control Reports (DQCRs) numbered as follows: 

121, 122, 123, 127, 128, 129, 130, 132, 134, 136, 137, 138, 142, 144, 145, 
146, 147, 148, 149, 150, 151, 152, 158, 159, and 162. These reports include 
the results of inspections performed for select days between 20 November 
1998 and 5 February 1999. 

Weekly Petro Inspection Checklists for the LDSLCS manholes MH-1 and 
MH-2 dated as follows: 

0 17 November 1998, 23 November 1998, 4 December 1998, 14 December 
1998, 21 December 1998, 28 December 1998, 18 January 1999, and 5 
February 1999. 
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A review of these records is presented below. 

0 The Weekly Inspection Record for LDS manhole MH-1 indicates that liquid 
quantities greater than 165 gallons and less than 465 gallons (except for 1,765 
gallons reported for 27 July 1998) were noted in the primary containment 
vessel and secondary containment vessel of LDS manhole MH-1 and were 
removed weekly by pumping to the LCS 2-in. diameter riser pipe. 

0 The DQCRs indicate that liquid quantities generally exceeding 200 gallons 
were commonly removed from LCS manholes MH-1, MH-2, and MH-3, and 
from the primary containment vessel in LDS manhole MH-2, by pumping. 

0 The Weekly Inspection Checklists (WICs) for LDSLCS manholes MH-1 and 
MH-2 indicate that: 

0 the manhole covers and seals are intact; 
.i’ 

the positions of the butterfly valves in the manholes had been acceptable 
until the week of 5 February 1999 when the positions of the valves were 
adjusted for repair work on the leachate management system; 

0 odorhacterial growth in the LDS primary containment vessels has not 
occurred; and 

the condition of the submersible level transmitters and appurtenances was 
acceptable unless liquid was being pumped from a manhole. 

.I Review the WICs, it is not clear: 

if the liquids in the LDS primary containment vessels were from the LDS 
carrier pipe or another source since the description of the “condition to 
check” on the WICs states “Leakage from Primary Containment Vessel”; 

if the LDS, LCS, redundant LCS, LTS, and TGL containment pipes were 
monitored for liquids; and 
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On 27 January 1999, an initial dye test was performed on the LTS between LCS 
manhole MH-1 and the PLS. The initial test involved pouring five gallons of yellow 
dye into the vent line at LCS manhole MH-1 and allowing the dye to flow through the 
carrier pipe of the LTS to the PLS. The test was performed with valve V910 in the 
carrier pipe in the open position. Approximately 1.5 hours after initiating this initial 
dye test, dye was observed in the PLS and no dye was observed in LCS manholes MH- 
1, MH-2, or MH-3, nor at the OSDF Equipment Wash Facility (EWF) sump. A 
subsequent dye test was performed with the same conditions as the initial test, except 
valve V910 was placed in the closed position. This subsequent test created hydrostatic 
pressure (approximately 9.5 psi) in the LTS carrier pipe due to the elevation difference 
(approximately 22 feet) between LCS manhole MH-1 and valve V910. Approximately 
two hours after the initiation of this subsequent dye test, dye was observed in LCS 
manhole MH-3 entering the manhole through the fixed end seal weep holes in the 
annular space between the LTS carrier pipe and LTS containment pipe on the 
down-gradient side of the manhole. The observance of dye in LCS manhole MH-3 
indicated that dye had moved from the LTS carrier pipe to the LTS containment pipe 

--e 
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where the liquids in the manholes originated (e.g., storm water, surface 
inflow, leakage from the LDS, LCS, redundant LCS, LTS or TGL carrier or 
containment pipes, etc.). 

4.3 Field Investigation, Identified Problems, and ReDairs 

4.3.1 Field Investigation 

4.3.1.1 Introduction 

On 23 and 24 January 1999, heavy rainfall occurred in the area of the OSDF. In 
response to the heavy rainfall, valve V910 (located approximately at station 36i-12 just 
upgradient of the PLS) in the LTS was placed in the closed position to prevent liquids 
from entering the PLS. The initial indication of a problem with the LTS began as part 
of a routine inspection by FDF personnel on 25 January 1999. Liquid accumulation 
was observed during this inspection in LCS manhole MH-3 to the approximate height 
of the manhole. FDF thereafter began an investigation of the source of the observed 
liquid. 
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and flowed under hydrostatic pressure to LCS manhole MH-3. 
existed in the LTS carrier pipe between LCS manhole MH-3 and valve V910. 

Therefore, a leak 

Subsequent field investigations were performed to locate the source of the leak in 
the carrier pipe. The field investigations included performing air-pressure tests, 
hydrostatic-pressure tests, and CCT video surveys of sections of the carrier pipe 
between LCS manhole MH-3 and the PLS. The results of the CCT video surveys are 
presented in Appendix F. 

Problems with the LTS carrier and containment pipes were identified during the 
field investigations. The problems include electrohsion coupling deficiencies, 
construction-induced damage, and out-of-roundness (i.e., ovality) of the carrier pipe. 
The identified problems with the various sections of the LTS are described in detail in 
Section 4.3.2. The on-going repair activities associated with the identified problems are 
presented in Section 4.3.3. The results of post-repair testing of the LTS are presented in 
Section 4.3.3. Figure 4-1 presents the locations of the LTS, manholes, PLS, field 
investigation excavations, and identified problems. 

The remainder of this section presents a summary of the subsequent field 
investigations through 18 March 1999. Further, field investigation was postponed on 19 
March 1999. 

4.3.1.2 LCS Manhole MH-3 to Excavation No. I 

In response to the results of the dye tests, CCT video surveys were performed. The 
first CCT video survey, performed on 29 January 1999, occurred in the EWF sump 
carrier pipe going south towards the wye connection to the LTS. This survey detected 
water turbulence approximately 48 fi south of the EWF sump. The second CCT video 
survey performed on 29 January 1999 began at the cleanout at approximately station 
12+00 and proceeded north along the carrier pipe a distance of approximately 106 ft. 
This survey identified a suspect joint in the LTS carrier pipe approximately 11.5 ft 
towards LCS manhole MH-3. The final CCT video survey performed on 29 January 
1999 occurred in the EWF sump carrier pipe going south toward the wye connection to 
the LTS (note: second survey of this pipe). This final survey identified a section of the 
carrier pipe filled with liquid after approximately 57.5 ft. 
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Subsequent CCT video surveys were performed on 30 January 1999. The camera 
was first inserted into the cleanout near station 12+00 going north approximately 113 ft. 
The camera was then inserted into the EWF sump carrier pipe going south towards the 
wye connection to the LTS (note: third survey of this pipe). This third survey identified 
the same problem as the first survey performed on 29 January 1999. A suspected leak 
(i.e., water turbulence) was identified approximately 47 ft south of the EWF sump near 
the wye to the LTS. The final CCT video survey performed on 30 January 1999 went 
south from LCS manhole MH-3 approximately 260 ft. No problems were identified in 
this final survey of 30 January 1999. 

Based on the results of the CCT video surveys, an excavation (Excavation No. 1) 
was performed by Petro from 6 to 9 February 1999 in the area of the wye connecting 
the LTS to the EWF sump at approximately station 13+20. After exposing the wye and 
the connecting pipes, Wise began an investigation of the LTS between LCS manhole 
MH-3 and Excavation No. 1. 

Wise drilled drain holes in the containment pipe on 11 February 1999 to allow the 
remnant liquid fiom the dye tests to drain from the pipes. The wye was then removed 
from the LTS. The removed wye and the replacement wye were both subjected to low- 
head hydrostatic pressure tests to identify potential leaks. No leaks were detected in 
either the removed or replacement wyes. 

An air pressure test was performed on the containment pipe between Excavation 
No. 1 and LCS manhole MH-3 on 11 February 1999. The containment pipe did not 
pass this test as air pressure was not maintained overnight. The test was repeated on 12 
February 1999 with plugs installed in the carrier pipe. The results of this subsequent 
test indicated no loss in pressure. This indication suggested that a leak existed in the 
carrier pipe. 

Hydrostatic pressure tests were performed on the containment pipe between LCS 
manhole MH-3 and Excavation No. 1 on 12 February 1999. These tests were 
performed concurrently with a CCT video survey of the carrier pipe. The CCT video 
survey proceeded north from Excavation No. 1 approximately 105 ft where liquid was 
encountered entering the carrier pipe. This leak was located near station 12+05 
downgradient of a cleanout. 
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An excavation (Excavation No. 3) was performed by Petro at the cleanout location 
near station 12+00 on 13 February 1999. 

On 16 February 1999, a subsequent hydrostatic pressure test was performed on the 
containment pipe fiom Excavation No. 1 to LCS manhole MH-3. Concurrent with this 
test, a CCT video survey was performed beginning at Excavation No. 1 and proceeding 
north. After approximately 108 ft (Le., approximately station 12+05), a leak was 
confirmed at an electrofusion coupling in the carrier pipe (the same location identified 
by CCT video survey on 12 February 1999). 

On 25 February 1999, a hydrostatic pressure test of the carrier pipe between 
Excavation No. 2 (see Section 4.3.1.3 for description of events leading to construction 
of Excavation No. 2) and LCS manhole MH-3 was performed. Weep holes were drilled 
into the containment pipe north and south of the wye in Excavation No. 1. A steady 
stream of liquid flowed fiom the north weep hole, this indicating a leak in the carrier 
pipe between Excavation No. 2 and LCS manhole MH-3. 

On 26 February 1999, a hydrostatic pressure test was performed on the containment 
pipe between Excavation No. 2 and LCS manhole MH-3. Leaks were found at the LCS 
manhole MH-3 fixed end seal and at the 12-in. containment pipe sleeve on the 
northwest leg of the wye in Excavation No. 1 .  These leaks were repaired by Wise on 27 
February 1999. 

0 

On 3 March 1999, a hydrostatic pressure test was performed on the containment 
pipe from Excavation No. 2 to LCS manhole MH-3. At test initiation, the pressure in 
the containment pipe was 5.0 psi at the low point in this section of pipe. During the 
hydrostatic pressure test, CCT video surveys were performed on the LTS carrier pipe 
between Excavation No. 2 and LCS manhole MH-3. During the first CCT video 
survey, the camera was pulled from LCS manhole MH-3 to Excavation No. 2, a 
distance of approximately 752 ft. The camera was pulled too quickly through the 
carrier pipe to identify potential problems, so a second CCT video survey was 
performed while pulling the camera at a reduced speed. The second CCT video survey 
initiated at Excavation No. 2 and proceeded to LCS manhole MH-3. A suspected leak 
was detected approximately 275 fi north of Excavation No. 2 (Le., approximately 5 ft 
north of the wye in Excavation No. 1). 
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On 4 March 1999, a CCT video survey was performed on the EWF sump carrier 
pipe. This survey initiated at the EWF sump and extended approximately 23 ft south 
towards the wye connection to the LTS. 

On 12 March 1999, Excavation No. 1 was expanded to the northwest and two 
electrofusion couplings upgradient of the replaced wye were exposed. A 1 0 4  section 
of the LTS containing both of these electrofusion couplings was removed. The stub 
ends created by the removal of the 10-ft section of the LTS were prepared for pressure 
testing. An air pressure test of the carrier pipe from Excavation No. 1 to LCS manhole 
MH-3 was performed at 50 psi, but only 21.5 psi pressure was achieved. Air was felt 
exiting a weep hole in the containment pipe at the northwest stub in Excavation No. 1 .  
This result suggested that the carrier pipe from Excavation 1 to LCS manhole MH-3 
contained a leak. 

On 13 March 1999, the northwest stub at Excavation No. 1 was shortened by 3.5 ft 
and a new air pressure test flange was attached. An air pressure test was then 
performed on the carrier pipe between Excavation No. 1 and LCS manhole MH-3. The 
pressure in the carrier pipe at test initiation was 22 psi. After three minutes the pressure 
had dropped to 20 psi. 

On 14 March 1999, Excavation No. 3 was expanded to the southeast to expose the 
electrofusion couplings observed on the CCT video survey performed on 3 March 1999. 
Three electrofusion couplings in the containment pipe were exposed from 
approximately station 12+10 to approximately station 12+25. 

On 15 March 1999, the approximate 15-ft section of LTS containing the three 
electrofusion couplings was removed. Examination of this removed section of 
containment pipe identified three 6-in. electrofusion couplings on the carrier pipe. The 
middle electrofusion coupling was observed to be yellow and vertically misaligned with 
the adjoined carrier pipe to the southeast. A 1.5-in. deep dent was observed in this 
removed section of the LTS containment pipe. Masonry bricks were found stacked 
beneath the containment pipe in the location of the dent. 

On 16 March 1999, a hydrostatic pressure test was performed on the carrier pipe 
between Excavation No. 3 and LCS manhole MH-3. The pressure in the LTS carrier 
pipe at test initiation was 55 psi. After one hour, the pressure had dropped to 52 psi. 
The test was stopped and a leak at a relief valve was fixed and the hydrostatic pressure 
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test was repeated. The carrier pipe was repressurized to 5 1 psi. After one hour and 15 
minutes, the pressure in the carrier pipe remained at 5 1 psi. 

On 18 March 1999, a hydrostatic pressure test was performed on the carrier and the 
containment pipes between Excavation No. 3 and LCS manhole MH-3. The carrier and 
containment pipes were pressurized to 18 psi and 14.5 psi, respectively. Leaks were 
observed at the fixed end seal on the containment pipe stub at the northwest end of 
Excavation No. 3 and at the 12-in. sleeve used on the repair southeast of the clekout. 
Extrusion welds were made to these leaks by Wise, and the hydrostatic pressure test 
was repeated. The carrier and containment pipes were pressurized to 18 psi and 15 psi, 
respectively. After two hours both pipes had maintained the initial test pressures. 

The apparent cause of the problems identified from the field investigation between 
LCS manhole MH-3 and Excavation No. 1 are presented in Section 4.3.2.1. 

4.3.1.3 Excavation No. 1 to Permanent Lift Station 

Wise performed an air pressure test on the containment pipe between Excavation 
No. 1 and the PLS on 12 February 1999. The air pressure test did not pass. 
Consequently, an inspection of the cleanouts south of Excavation No. 1 was performed. 
Liquid ponded in the cleanout protective valve cover at approximately station 16+00 
was observed to be bubbling. Air was also heard at the cleanout near station 20+00. 
No problems were identified at the remaining cleanouts (i.e., near stations 23+60, 
28+00, and 32+00) along this section of the LTS. 

As a result of the aforementioned inspection of the cleanouts, the upper 2 to 3 ft of 
the cleanout near station 16+00 was exposed and a water and soap solution was applied 
to the cleanout. No leaks (i.e., bubbles) were identified. An excavation (Excavation 
No. 2) to further expose this cleanout and the adjoining pipes was performed by Petro 
on 12 February 1999. 

. I  

I 

On 16 February 1999, air pressure was applied to the containment pipe between 
Excavation No. 1 and the PLS. While the pressure was applied, a water and soap 
solution was applied to the joints and welds on the north side of the cleanout near 
station 16+00. No leaks were identified. Two attempts were made to blow a tag line 
with a parachute from the cleanout near station 32+00 to Excavation No. 1 to prepare 
for a CCT video survey of this section of the LTS. Both attempts to install the tag line 
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were unsuccessll. The CCT video survey operators believed that the parachutes 
encountered an obstruction in the carrier pipe. Consequently, an attempt was made to 
blow a tag line with a plastic dart through same section of the LTS. The plastic dart 
appeared to stop at the same location as the parachutes, which was approximately 
1650 ft north of the cleanout near station 32+00. This distance was subsequently wheel 
taped along the LTS to locate the dart (i.e., suspected obstruction). The location where 
the parachutes and dart stopped was in the immediate vicinity of the cleanout near 
station 16+00. Excavation No. 2 then was expanded to the south of the cleanout. The 
tag line and dart were freed and blown to Excavation No. 1. The containment pipe 
between Excavation No. 1 and the PLS was pressurized and a water and soap solution 
was applied to the 1 0-in. electrofusion coupling south of the cleanout in Excavation No. 
2. The IO-in. 
electrofusion coupling on the containment pipe and 6-in. electrofusion coupling on the 
carrier pipe were removed. 

This test identified a leak at the IO-in. electrofusion coupling. 

Additional CCT video surveys of this section of the LTS were performed on 17 
February 1999. The first survey was performed from Excavation No. 1 to Excavation 
No. 2. This first CCT video survey could not be completed since the large diameter 
camera could not be pulled through the carrier pipe due to the identified ovality of the 
pipe. Consequently, a second CCT video survey was performed using a smaller 
camera. The results of the second CCT video survey confirmed the ovality of the 
carrier pipe but did not identify any other problems (i.e., leaks) in this section of the 
carrier pipe. A third CCT video survey was performed. This survey originated at the 
cleanout near station 32+00 and proceeded north in the carrier pipe. The camera (i.e., 
the small camera) came off its skid and became wedged in the carrier pipe 
approximately 150 ft north of the cleanout (i.e., near station 30+50) and could not be 
pulled back to the cleanout using the tag line. 

a 

On 18 February 1999, Petro performed an excavation (Excavation No. 4) 
approximately 135 ft north of the cleanout near station 32+00 to retrieve the wedged 
camera. The exposed containment pipe in Excavation No. 4 appeared dkaged.  Very 
little pipe embedment fill (i.e., between 0 to 12 in. thick) was also observed over the top 
of the containment pipe. Excavation No. 4 was expanded to the north and hand 
excavation of the pipe was performed, a 1-in. long tear in the containment pipe was 
identified. This tear appeared to be construction-induced damage. 
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On 27 February 1999, the carrier pipe and containment pipe between Excavation 
No. 2 and Excavation No. 4 were air pressure tested. No leaks were detected during 
this test. 

On 1 March 1999, an air pressure test was performed on the carrier pipe between 
Excavation No. 4 and the PLS. The carrier pipe was pressurized to 15.5 psi, and the 
containment pipe was pressurized to 15 psi. After three hours, the pressures in the 
carrier pipe and containment pipe were 15.5 psi and 15 psi, respectively. 

On 2 March 1999, a hydrostatic pressure test was performed on the containment 
pipe between Excavation No. 4 and the PLS. The pressure in the containment pipe was 
2.8 psi at the test initiation. During the hydrostatic pressure test, three CCT video 
surveys were performed inside the carrier pipe. In the first CCT video survey, the 
camera was pulled approximately 340 ft south from Excavation No. 4. In the second 
CCT video survey, the camera was pulled from Excavation No. 4 south to valve V910, 
a distance of approximately 537 ft. Out-of round pipe sections and ponded water were 
observed in some locations of the pipe during these first two CCT video surveys. The 
third CCT video survey initiated at the PLS and proceeded north towards valve V910. 
The camera became stuck approximately 5 ft north of the PLS due to carrier pipe. 0 

On 3 March 1999, a hydrostatic pressure test was performed on the containment 
pipe between Excavation No. 2 and Excavation No. 4. The pressure in the containment 
pipe was 5.0 psi near station 30650 believed to be the low point of this section of pipe. 
During the hydrostatic pressure test, two CCT video surveys of the carrier pipe were 
performed. The first CCT video survey initiated at Excavation No. 2 and proceeded to 
Excavation No. 4. The second CCT video survey initiated at Excavation No. 2 and 
proceeded to Excavation No. 4. The camera was submerged during the majority of 
these two surveys. Thus, identification of any potential problems in the carrier pipe 
difficult. 

On 4 March 1999, a hydrostatic pressure test was performed on the LTS 
containment pipe between Excavation No. 2 and Excavation No. 4. The pressure in the 
containment pipe was 4.0 psi near station 30+50 believed to be the low point of this 
section of pipe. During the hydrostatic pressure test, two CCT video surveys of the 
carrier pipe were performed. The first CCT video survey initiated at Excavation No. 2 
and proceeded to Excavation No. 4. The second CCT video survey initiated at 
Excavation No. 4 and proceeded to Excavation No. 2. 
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On the afternoon of 4 March 1999, the fixed end seal in the containment pipes and 
the plugged ends of the carrier pipes in Excavation No. 4 were removed by Wise in 
preparation for repair of the LTS. 

On 13 March 1999, an air pressure test was performed on the carrier pipe between 
Excavation No. 2 and the PLS. The carrier pipe was pressurized to 25 psi at test 
initiation. After three minutes the pressure had dropped to 20 psi. 

On 14 March 1999, a hydrostatic pressure test of the carrier pipe between 
Excavation No. 2 and the PLS was performed. The pressure in the carrier pipe at the 
test initiation was 57 psi. After 11 minutes the pressure had dropped to 54 psi. The test 
was consequently terminated. 

On 15 March 1999, a hydrostatic pressure test of the carrier pipe between 
Excavation No. 2 and the PLS was performed. The pressure in the carrier pipe at test 
initiation was 55 psi. After three hours the pressure in the carrier pipe was 42 psi. The 
carrier pipe was subsequently repressurized to 54 psi. After one hour and 40 minutes 
the pressure in the carrier pipe had dropped to 44.5 psi. A hole was drilled into the 
containment pipe at Excavation No. 4 to check for liquid, but no liquid was observed. 
The liquid in the carrier pipe was allowed to remain pressurized overnight. e 

On the morning of 16 March 1999, the pressure in the carrier pipe between 
Excavation No. 2 and the PLS had dropped to 21 psi. During the afternoon of 16 March 
1999, the hydrostatic pressure test of the carrier pipe between Excavation No. 2 and the 
PLS was repeated. The pressure in the carrier pipe at test initiation was 55 psi. After 
two hours the pressure in the carrier pipe had dropped to 4 1.5 psi. 

On 17 March 1999, an excavation (Excavation No. 5) was begun by Petro near 
station 3 1+65. This excavation was performed to expose an electrohsion coupling near 
the cleanout in this area. When the LTS was exposed, a deep dent was observed in the 
containment pipe. The dent did not appear to pierce the containment pipe. 

The probable cause of the problems identified from the field investigation between 
Excavation No. 1 and the PLS are presented in Section 4.3.2.2. 
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4.3.1.4 LCS Manhole MH-1 to LCS Manhole MH-3 

On 13 March 1999, a hydrostatic pressure test of the carrier pipe between LCS 
manhole MH-1 and LCS manhole MH-3 was performed. The pressure in the carrier 
pipe at test initiation was 56 psi. After two hours and 30 minutes, the pressure had 
dropped to 46 psi. The carrier pipe was allowed to remain pressurized overnight. 

On the morning of 14 March 1999, the pressure in the carrier pipe from LCS 
manhole MH-1 to LCS manhole MH-3 was observed to be 24 psi. The carrier pipe was 
subsequently repressurized to 54 psi. After 50 minutes the pressure in the carrier pipe 
had dropped to 48 psi. Liquid was observed to be discharging from the containment at 
the north side of LCS manhole MH-2. The test was terminated and green dye was 
added to the liquid inside the carrier pipe. The carrier pipe was subsequently 
repressurized to 53 psi. Liquid again discharged from the containment pipe on the north 
side of LCS manhole MH-2, but no green dye was observed. After three hours the 
pressure in the carrier pipe had dropped to 42 psi and the containment pipe was 
observed to continue to discharge liquid. Green dye was not visible in the liquid 
discharge from the containment pipe. 

On 18 March 1999, a hydrostatic pressure test was performed on the containment 
pipe between LCS manhole MH-1 to LCS manhole MH-3. Yellow-green dye was 
added to the liquid in the containment pipe. The pressure in the containment pipe was 
3.0 psi at test initiation. During this test, CCT video surveys of the carrier pipe were 
performed. The first survey initiated at LCS manhole MH-1 and proceeded to LCS 
manhole MH-3. The second survey initiated at LCS manhole MH-3 and terminated at 
LCS manhole MH-2. The carrier pipe appeared to have limited ovality but other 
problems were not identified. The third survey initiated at LCS manhole MH-2 and 
terminated at LCS manhole MH-3. The fourth survey initiated at LCS manhole MH-2 
and terminated at LCS manhole MH-1. During this fourth survey the pressure in the 
containment pipe was increased to 5 psi. 

The probable cause of the problems identified from the field investigation between 
LCS manhole MH-1 and LCS manhole MH-3 are presented in Section 4.3.2.3. 
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4.3.2 Identified Problems 

Problems with the LTS were identified from the results of the field investigations 
discussed above. The problems consisted of electrofusion coupling deficiencies, 
construction-induced damage, and ovality of the carrier pipe. The remainder of this 
section presents a description of the identified problems. 

4.3.2.1 LCS Manhole MH-3 to Excavation No. 1 

During the field investigations of this section of the LTS, a leak was identified at an 
electrofusion coupling in the carrier pipe near station 12+05 in Excavation No. 3. Upon 
initial examination, it appeared that this leak resulted from inadequate engagement of 
the carrier pipe and electrofusion coupling during installation. A small gap (estimated 
to be 1/16 in.) existed between the end of the carrier pipe and the electrofusion 
coupling. Subsequent examination of the removed joint confirmed that the end of the 
carrier pipe had separated from the electrofusion coupling. Further examination 
revealed a single fusion bead on the end of the carrier pipe. This observation indicated 
that the carrier pipe was minimally engaged into the electrofusion coupling to produce a 
very narrow area of fusion. 

Also evident from examination of the aforementioned pipe joint was a lack of 
adequate pipe surface preparation prior to installation of the electrofusion coupling. 
There were only minor scratches observed on the pipe surface and no removal of the 
surface sheen or gloss as required by the manufacturer’s procedure for electrofusion 
coupling installation. 

Results of a CCT video survey performed on 3 March 1999 identified a potential 
leak located approximately 5 ft north of the wye in Excavation No. 1. The potential 
leak was believed to originate from an electrofusion coupling on the carrier pipe. A 
section of the LTS containing the suspect electrofusion coupling was removed from 
near station 13+10 to station 13+20. As of the date of this document, this section of the 
LTS has not been repaired. However, it has been concluded that a leak did not exist in 
the station of the LTS removed. The actual leak was located further upgradient and is 
discussed below. 

Results of air pressure tests an the carrier pipe on 12 and 13 March 1999 indicated 
a leak in the carrier pipe between Excavation No. 3 and LCS manhole MH-3. The leak 
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was believed to be at an coupling located south of the cleanout near station 12+00. A 
section of the LTS from approximately station 12+10 to 12+25 was removed from 
Excavation No. 3. This section of the LTS contained six electrofusion couplings; three 
on the carrier pipe and three on the containment pipe. The middle carrier pipe 
electrofusion coupling was observed to be yellow and vertically misaligned with the 
adjoining pipe segments. The containment pipe electrofusion located at the same 
location (Le., station) was also vertically misaligned. As of the date of this document, 
this section of the LTS in Excavation No. 3 has not been repaired. 

During review of the CCT video survey performed at this section of LTS, the 
carrier pipe was observed to be out-of-round. Calculations of the percent ring 
deflection of the carrier pipe were prepared by GeoSyntec based on the results of the 
CCT video surveys. These calculations are presented in Appendix E next to the 
photographs from the CCT video survey used to prepare the calculations. The results of 
the percent ring deflection calculations at corresponding LTS stations are presented in 
Figure 4-2. 

4.3.2.2 Excavation No. 1 to Permanent Lift Station 

During the field investigation of this section of the LTS, a leak was identified at 
' a  

electrofusion coupling on the LTS containment pipe near station 16+05 in Excavation 
No. 2. The electrofusion coupling and short lengths of the containment pipe on either 
side of the electrofusion coupling were removed and subjected to x-ray examination. 
Results of the x-ray examination indicated a small area of incomplete fusion between 
the electrofusion coupling and containment pipe. This area of incomplete fusion 
appeared to be the result of inadequate surface preparation as indicated by light-colored 
spots observed in the x-ray. This joint (Le., electrofusion coupling to containment pipe) 
also exhibited a lack of shallow bumps on the inside area of the containment pipe where 
the light-colored spots showed on the x-rays. These shallow bumps were observed in 
other SDR 26 pipe joints that incorporated electrofusion couplings that were removed as 
part of leak repair activities. 

.I 

l 

During construction of Excavation No. 4, a leak was identified in the containment 
pipe adjacent to a carrier pipe centralizer near station 30+50. The source of this leak 
was an approximate 1-in. long tear oriented perpendicular to the containment pipe axis. 
The exterior of the pipe also had longitudinal scratches and denting extending 
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approximately 3 ft on both sides of the tear. It appears that the tear was caused by 
construction equipment (i.e., construction-induced). 

Construction-induced damage to the LTS was found near the station 31+65 in 
Excavation No. 5. A dent was observed in the containment pipe in this excavation. It 
appears that the dent was caused by construction equipment (Le., construction induced). 
As of the date of this document, no leaks have been attributed to this observed damage. 

CCT video surveys of the LTS carrier pipe from Excavation No. 1 to the PLS 
revealed that the carrier pipe was out-of-round. The average percent ring deflection of 
the carrier pipe in this section of the LTS is presented in Figure 4-2 and Appendix E. 
Review of Figure 4-2 indicates that the percent ring deflection of the carrier pipe 
increases from Excavation No. 1 to the PLS @e., with distance along the length of the 
pipe). This increase in placement ring deflection with distance along the length of the 
pipe is likely the result of the hydrostatic pressure increase which occurs along the 
length of the pipe due to the elevation difference between stations. 

Based on the air pressure tests and hydrostatic pressure tests performed from 13 to 
17 March 1999, a leak is suspected in the carrier pipe between Excavation No. 2 and the 
PLS. Due to the postponement of the field investigation on 19 March 1999, as of the 
date of this document, no additional leaks have been identified between Excavation No. 
1 and the PLS. 

4.3.2.3 LCS Manhole MH-1 to LCS Manhole MH-3 

Based on the results of hydrostatic pressure tests performed on the carrier pipe 
between LCS manhole MH-1 and LCS manhole MH-3, a leak is suspected to exist in 
the carrier pipe between LCS manhole MH-1 and LCS manhole MH-2. CCT video 
surveys performed in this section of the carrier pipe have not confirmed the existence of 
this suspected leak. As of the date of this document, no leaks have been confirmed in 
this section of the LTS due to the postponement of the field investigation on 19 March 
1999. 

CCT surveys of the CTS carrier pipe from LCS manhole MH-1 to LCS manhole 
MH-3 revealed that the carrier pipe was out-of-round, albeit less so than for the TGL. 
Calculated ring deflection, in this section of the LTS are presented in Figure 4-2 and 
Appendix E. 
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4.3.2.4 Containment Pipe Deflections 

The containment pipe was observed to not be deflected beyond an amount typical 
for this type of construction activity. Measurement in the field on exposed sections of 
pipe, obtained during 1999 repair operations, indicated pipe deflections in the range of 
1.2 to 3.9 percent. These deflection values are well within the acceptable limit of 6.5 
percent for buried SDR 26 pipe reported by the pipe manufacturer, Driscopipe. 

4.3.3 Repairs 

Descriptions of the procedures used to join pipe and the repairs performed as of 18 
March 1999 are presented in this section. The descriptions were prepared based on 
conversations with CQC personnel and a review of CQC personnel Daily Field Reports 
for 26 January 1999 through 18 March 1999. 

4.3.3.1 Procedures Used for Joining Pipe 

Repairs to the LTS carrier and containment pipes were performed using three 
different procedures for joining pipe. These procedures included butt-fusion welding, 
electrofusion couplings, and extrusion welded sleeves. The procedure used for 
butt-fusion welding is presented in Section 02605 of the technical specifications. The 
procedures used to join pipe with electrofusion couplings or extrusion welded sleeves 
are described below. 

a 

Procedures Used to Join Pipe with Electrofusion Couplings 

The general procedure used to join pipe with electrofusion couplings is described 
below. 

The ends of the in-place and replacement pipes were squared. 

Burrs or shavings from the squaring or cutting of the pipe ends were removed. 

The inside and outside of the pipe ends were cleaned with a cloth to remove dirt 
or contaminants. 
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The exterior surface of the pipe ends was scraped to remove any oxidation, 
surface contamination, or surface sheen. The scraping was performed using a 
tool approved by the pipe supplier and electrofusion coupling manufacturer. 
The area which was scraped included the segment of pipe to be joined to the 
electrofusion coupling and any segment of pipe that the coupling may have 
been temporarily slid over. 

0 In the event that a pipe to be welded was out-of-round (i.e. oval), a C-clamp 
was placed on the end of the pipe to return the pipe end to a circular shape. 

The exterior surface of each pipe to be joined with the electrofusion coupling 
was marked at a distance fiom the pipe end equal to half the length of the 
coupling. 

0 The electrofusion coupling was then slid onto one of the pipe ends up to the 
measurement marks. 

0 The pipe end and electrofusion coupling were then covered with plastic. The 
plastic was taped to the pipe and covered the electrofusion coupling to prevent 
possible contamination of the pipe or electrofusion coupling surfaces. 

0 Alignment clamps were then installed to maintain the stab depth of the pipe into 
the electrofusion coupling during the fusion cycle. 

0 The ends of the replacement and in-place pipes were then aligned vertically and 
horizontally. 

0 The sequence processor was programmed for the coupling type by scanning in 
the UPC @e., bar) code on the electrofusion coupling into the sequence 
processor. 

The diagnostic check programmed in the sequence processor was then 
performed. 

If the diagnostic check passed, then the leads from the sequence processor were 
attached to the electrofusion coupling nodes. 
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0 The fusion cycle was then initiated by pressing the start button on the sequence 
processor. 

When the fusion cycle was complete, the leads from the sequence processor 
were disconnected from the electrofusion coupling. 

0 The device used to align the pipes and electrofusion coupling was allowed to 
remain in place to secure the pipes and coupling during the sequence processor 
recommended cooling time. 

After the cooling time had elapsed, the ends of the electrofusion coupling and 
the in-place and replacement pipes were prepared for backwelding (i.e., 
extrusion welding) of the electrofusion coupling to the pipes. This preparation 
included: (i) grinding the exterior surface of the pipe with a hand-held grinder 
to remove oxidation and surface sheen; (ii) beveling the ends of the 
electrofusion couplings using the hand-held grinder; (iii) and wiping the 
surfaces of the pipe and electrofusion coupling to be welded with a cloth to 
remove dirt, contamination, burrs, or shavings. 

The ends of the electrofusion coupling were then backwelded to the in-place 
and replacement pipes. 

Procedures Used to Join PiDe with Extrusion Welded Sleeves 

The general procedure used to join pipe between two fixed ends of containment 
pipe using an extrusion weld HDPE pipe sleeve is described below. 

0 An excavation under the repair location was made to allow access for extrusion 
welding. The excavation was approximately 3-ft deep. 

0 Prior to joining the inner carrier pipe with either the butt-fusion or electrofusion 
coupling procedures described above, the distance between the outer 
containment pipe ends (i.e., the length between the ends of the two pipes to be 
joined) was measured. A 12-in. diameter SDR-15.5 or 17 HDPE pipe was then 
cut to a distance equal to this measured length plus 12 in. (i.e., gap length plus 
12 in.) to allow for a minimum 6-in. overlap at each pipe end. 
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0 The ends of the sleeve were then squared. 

0 A bevel was then made around the circumference of the inside edge of both 
ends of the sleeve. 

0 Burrs or shavings from the squaring or cutting of the sleeve ends were 
removed. 

0 The sleeve was then placed on the containment pipe and slide along the pipe to 
allow clearance for joining the carrier pipe. 

0 The carrier was then joined using either the butt-fusion or electrofusion 
coupling procedures described above. 

0 The inside and outside of the sleeve ends and the exterior surface of the 
containment pipe were cleaned with a cloth to remove dirt or contaminants. 
The surfaces to be welded (i.e., sleeve ends and outer containment pipe surface) 
were then ground using a hand-held grinder to remove any oxidation or surface 
sheen. 

The surfaces to be welded were then wiped with a cloth to remove any grit, 
burrs, or shavings. 

The sleeve was then slid and centered over the gap in the containment pipe. 

The outer containment pipe and sleeve were then vertically and horizontally 
aligned. 

The beveled ends of the sleeve were then extrusion welded to the in-place 
containment pipe. 

0 The repair was then allowed a minimum of 30 minutes to cool down prior to 
moving the pipe. 
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4.3.3.2 Repairs Performed 

The repairs to the problems identified with LTS carrier and containment pipes 
included installation of replacement pipes between fixed ends of in-place pipe. The 
replacement pipes were joined to the in-place pipes using the pipe joining procedures 
described in Section 4.3.3.1. The as-built plan and profile locations and the type of pipe 
joining procedures used to repair an identified problem are presented on Figures 3-4a, 
3-4b, and 3-4c in Appendix C. These figures were prepared by CQC personnel to 
document the repairs performed. A summary of the repairs, including the repair 
designation location, installation date, manufacturer, installer, and CQC personnel 
comments, to the LTS canier and containinent pipes are presented in Tables 4-1 and 
4-2, respectively. 
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Repair 
Dksignation 
(Note 1,2,3) 

c’66 

TABLE 4-1 
SUMMARY OF REPAIRS TO IDENTIFIED PROBLEMS: 

Installation 
Station Date Manufacturer 

30+55 I 1  Mar 99 Friatec 

Installer 

Wise 

Passed Welding 
Post- Procedure 

Repair Followed? 
Connection Type Testing (Note 4) 

6” electrofusion coupling No Yes 

c’617 1 12+04 1 19 Feb99 1 Friatec 

Wise 

Wise 

6” electrofusion coupling No Yes 

6“ electrofusion coupling No Yes 

Field Comments 

Wise 

Wise 

Noted in CQC daily 
report 

6” electrofusion coupling No Yes 

6” electrofusion coupling No Yes 

C’6 15 

c.616 

Noted in CQC daily 

Noted in CQC daily 
report 

13+ 15 20 Feb 99 Friatec 

12+07 19 Feb 99 Friatec 

Wise 

Noted in CQC daily 
report 

Noted in CQC daily 
report 

I No I Yes 
6” electrofusion coupling 

Wise 
~~ 

I No I yes 
6” electrofusion coupling 

Noted in CQC daily 
report 

Noted in CQC daily 
report 

Wise 6” electrofusion coupling 1 NO 1 Yes 

NOTES: 
I .  
2. 
3. 
4. 

See Figure 3-4 (a, b, c) for locations of repairs. 
See Section 4.3.3 for welding procedures. 
“C”’ denotes an electrofusion coupling which has been backwelded. 
“S” denotes an extrusion-welded HDPE sleeve. 
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Repair 
Dbignation Installation 

(Note 1) Station Date 

s’107 30+55 1 1  Mar 99 

C’l08 30+37 1 1  Mar99 

si01 3 13+35 22 Feb 99 

Si014 13+25 22 Feb 99 

Si015 13+15 22 Feb 99 

Si016 12+07 20 Feb 99 

TABLE4-2 
SUMMARY OF REPAIRS TO IDENTIFIED PROBLEMS: 

10” LTS CONTAINMENT PIPE 

Manufacturer Installer Connection Type 

Driscopipe Wise 12” HDPE sleeve 

Fusamatic Wise I O ”  electrohsion 
coupling 

Driscopipe Wise 12” HDPE sleeve 

Driscopipe Wise 12” HDPE sleeve 

Driscopipe Wise 12” HDPE sleeve 

Driscopipe Wise 12” HDPE sleeve 

NOTES: 
I : 
2. 
3. 
4. 

See Figure 3-4 (a, b, c) for locations of repairs. 
See Section 4.3.3 for welding procedures. 
“C”’ denotes an electrofusion coupling which has been backwelded. 
“S’ denotes an extrusion-welded HDPE sleeve. 
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Passed Welding 
Post- Procedure 

Repair Followed? 
Testing (Note 2) 

No Yes 

No Yes 

NO I Yes 

Field Comments 

1 Noted in CQC daily 
report 

Noted in CQC daily 
report 

Noted in CQC daily 
reDort 

Noted in CQC daily 
report 

~ ~ ~~~ 

Noted in CQC daily 
report 

Noted in CQC daily 
report 
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5. RESULTS OF DESIGN CALCULATIONS 

5.1 OriPinal Design Calculations 

5.1.1 Overview 

The purpose of this section is to provide a summary of calculations performed to 
evaluate the performance of the LTS permanent gravity line and TGL. These 
calculations are presented in Sections 10.1 of the Final Design OSDF Calculation 
Package, Rev. 0 (GeoSyntec, May 1997). During early stages of OSDF development, 
the permanent gravity line will transfer leachate and liquids collected from the OSDF 
cells to the TGL which in turn flows to the PLS. During later stages of the OSDF 
development and after closure, the permanent gravity line will transfer flows directly to 
the PLS. Calculations for both the permanent and temporary gravity lines were 
performed to evaluate: (i) flow capacity; (ii) structural stability; and (iii) frost 
protection. The original calculations assume the use of SDR 11 HDPE pipe. Detailed 
calculations and results are presented in Appendix G. e 
5.1.2 Flow Capacity 

The carrier pipe flow capacity was estimated to verify it could handle design flow 
rates with adequate factors of safety. Manning’s and Darcy-Weisbach equations were 
used to calculate the flow capacities of the line under gravity and pressure flow 
conditions, respectively. These capacities were compared to baseline design flow rates 
for active-operations and post-closure conditions and to the storm design-basis flow rate 
tie., 15.8 gpm, 9 . 7 ~ 1 0 ~  gpm, and 200 gpm, respectively). Additionally, the factor of 
safety against hydraulic rupture of the carrier pipe (under pressure flow conditions) was 
calculated. 

The results of the design calculations indicate the permanent carrier pipe can 
convey the design flows with acceptable factors of safety. The gravity flow capacity 
was calculated to be 140 gpm and 97.5 gpm for the permanent and temporary gravity 
lines, respectively. These capacities exceed the design basis flow rates for both active 
operations and post-closure conditions. The pressure flow capacity was calculated to be 
334 gpm and to occur when Cell 6 is active (identified during design as the critical 
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design condition for stormwater flow). The pressure flow capacity of the system during 
the period of TGL operation was calculated to be 273 gpm and to occur when Cell 1 is 
active. These capacities exceed the storm design flow rate. The factor of safety against 
hydraulic rupture of the carrier pipe was calculated to be 19.7. 

5.1.3 Structural Capacity 

Structural stability @e., resistance to wall crushing, wall buckling, and excessive 
ring deflection) of the containment pipe was evaluated using standard methods for 
flexible buried pipe. The calculations utilized the conservative assumptions that soil 
arching did not occur due to the trench configuration above the pipe. The calculations 
assumed an external containment pipe stress due to a truck with a wheel load of 20,000 
lb and 8 ft of overburden material. This wheel load corresponds to a heavy, 35 ton 
truck with a load approximately split between front and rear axles. The results of the 
design calculations indicate the containment pipe has factors of safety for wall crushing, 
wall buckling, and ring deflection of 3 7 , 3  1, and 10, respectively. These factor of safety 
are more than adequate. 

5.1.4 Frost Protection 

Soil minimum cover thickness required to protect the LTS gravity line from frost 
was also evaluated using modified Berggren Method. The results indicate that a 
minimum of 2 ft of soil or 3 ft of granular material (i.e., pipe bedding) is required for 
frost protection. 

5.2 Calculations in Support of Field Design Changes 

The purpose of section is to provide a summary of calculations performed in 
support of DCN 1700-007 which allowed an increase in the SDR of pipe used for LTS 
construction. Calculations were performed to evaluate the structural stability of the 
pipe. Flow capacity was not evaluated because design lines and grades were the same 
as for the original design. SDR rated pipe has a fixed outside diameter and a varying 
inside diameter. Thus, flow capacity increases with increasing SDR number for a 
constant slope. Frost calculations were not performed because the pipe was evaluated 
under a minimum of 3 ft of overburden. The calculations assumed an external stress 
due to a truck with a wheel load of 20,000 lb and 3 ft of overburden material, the results 
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of the design calculations indicated the containment pipe has adequate factors of safety 
for wall crushing, wall buckling, and ring deflection of 8.2,2.4, and 6.9, respectively for 
SDR-32.5 pipe. These factors of safety are above the minimum acceptable value for 
design of 2.0. Based on these results, a HDPE pipe with a SDR number of 32.5 or less 
meets structural design requirements. A pipe with SDR 26 was ultimately selected for 
construction. Design calculations and results are presented in Appendix G. 

5.3 Calculations for Existinp PiDe 

5.3.1 Overview 

The purpose of this section is to provide a summary of calculations performed for 
the as-built LTS pipe. These calculations were performed as part of the March 1999 

, investigation described in this report. Calculation procedures followed were 
substantially similar to the calculations for the original design except that SDR-26 was 
used to estimate pipe properties. Calculations were performed to evaluate flow capacity 
of the carrier pipe based on the pipe’s actual deformed shape. Calculations were also 
performed to evaluate the structural stability of the pipe based on the deflected shape of 
the containment pipe observed in excavations. Frost protection is independent of pipe 
SDR and was therefore not recalculated. Detailed calculations and results are presented 
in Appendix G.  

0 

5.3.2 Flow Capacity 

The carrier flow capacity was estimated to verify that the deflected pipe could 
handle design flow rates with adequate factors of safety. Manning’s and Darcy- 
Weisbach equations were used to calculate the flow capacities of the line under gravity 
and pressure flow conditions, respectively. These capacities were compared to baseline 
design flow rates for active-operations and post-closure conditions and to the storm 
design-basis flow rate (i.e., 15.8 gpm, 9 . 7 ~ 1 0 ~  gpm, and 200 gpm, respectively). 
Additionally, the factor of safety against hydraulic rupture (under pressure flow 
conditions) was calculated. 

The post-repair calculations were performed using data for the as-built lines and 
grades. The average slope of the as-built TGL is calculated to be 0.58 percent. This 
slope is less than the slope between the cells which averages approximately 0.75 
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percent. Therefore, the TGL slope was used for gravity flow capacity calculations. 
SDR rated pipe has fixed outside diameter and a varying inside diameter. Thus, flow 
capacity increases with increasing SDR for a constant slope. 

The results indicate that the TGL can convey the design flows with acceptable 
factors of safety. The gravity flow capacity was calculated to be 201.6 gpm and 179.6 
gpm for the round and 20 percent deflected pipe, respectively. Flow capacities for other 
levels of deflection are presented in the detailed calculations in Appendix G. These 
flow capacities exceed the design basis flow rates for both active-operations and post- 
closure conditions. The pressure flow capacity was calculated to be 366 gpm and 294 
gpm for the round pipe and 20 percent deflected pipe respectively, both of which 
exceed the storm design flow rate of 200 gpm. The factor of safety against hydraulic 
rupture due to static head and surge pressure was calculated to be 8.2 and 3.7, 
respectively. The slope of the pipe generally decreases in the direction of the PLS, 
therefore surginglvacuum pressures should not develop in the pipe. 

5.3.3 Structural Capacity 

For the existing pipe operating conditions, a 40,000 lb wheel load was assumed 
along with various overburden depth ranging from 3 ft to 25 ft. This wheel load was 
calculated to an upper bound for the list of equipment provided by FDF as possibly 
operational in this area of the site. The list of equipment provided by FDF is given in 
Table 5-1. Based on deflection data for the containment pipe obtained from 
measurements of the pipe in repair excavations (see Appendix G), a pipe deflection of 
3.9 percent was used to reduce the allowable wall buckling pressure. This is the 
maximum deflection of the range of deflections (1.2 to 3.9 percent) obtained in the field 
using calipers. The results of the existing pipe calculation indicated the containment 
pipe line has adequate factors of safety for wall crushing of 5.8 and 13.8, wall buckling 
of 2.6 and 7.1, and ring deflection of 9.4 and 22.5 for 3 fi and 10 ft of overburden, 
respectively. The calculations also indicate that the pipe can support a maximum of 25 
ft of soil overburden (at an average unit weight of 125 pcf) while satisfying minimum 
structural stability factor of safety criteria. 
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5.3.4 Discussion 

Based on these calculation results, the as-built, post-repair HDPE SDR 26 carrier 
pipe has adequate design flow capacity. The as-built, post-repair HDPE SDR 26 
containment pipe has adequate structural capacity with respect to wall crushing, wall 
buckling, and ring deflection. 
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Gross Vehicle Front Back Maximum 
Weight Axle Axle Wheel Load 

(Ib) (Ib) (W Ob) 

Table 5 - 1 
CONSTRUCTION EQUIPMENT 

CONSIDERED FOR 
CALCUIATION OF LTS 

PIPE STRUCTURAL STABILITY 

CAT D8 DOZER 
CAT 350 TRACKHOE (330L) 
CAT 8266 COMPACTOR ’ 
CAT D25 OR 030 ARTICULATING TRUCK 
CAT 637 SCRAPER 
5000 GALLON WATER WAGON (D20D) 
VOLVO 990 FRONT END LOADER ’ 
35 TON (D350D) 

84,026 
73,877 
69,733 
108,278 
112,090 

112,754 
45,500 
124.221 

41,840 
47,642 
58,915 
75,545 

27,300 
69.564 

27,893 
66,050 
57,166 
37,209 
18,200 
27,329 

5,436 
2,607 
20,920 
33,025 
28,583 
37,773 
13,650 
34.782 

’ 826C COMPACTOR was used 
D30 was used 
GWV = 72,754 Ib (CAT D20D) plus 20 tons water was used 
22% GWV for Center same as Back Axle 
Maximum Wheel Load equivalent for 2 0  x 1 8  area 
60140 weight distribution between axles was assumed 
CAT 966F Loader was used 

4 

7 
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6. EFFECT OF CONTAINMENT PIPE PRESSURE ON CARRIER PIPE 
INTEGRITY 

6.1 Safe Differential PiDe Pressure 

As previously discussed, pressure testing of the containment piping of the LTS was 
apparently conducted without first applying a pressure equal to the test pressure within 
the carrier pipe. These conditions led to the application of an external hydrostatic 
pressure on the exterior of the carrier pipe (which is equivalent to the creation of a 
vacuum within the carrier pipe). Based on manufacturer's literature, any external 
pressurehnternal vacuum in excess of the pipe's safe maximum differential pressure 
will produce unconstrained buckling of the pipe. 

The amount of pipe deflection induced by this pressure is a function of multiple 
variables including the magnitude of the differential pressure, the duration of pressure 
application, and temperature. Table 6-1 presents maximum safe pressures reported by 
Driscopipe. It is noted that the safe differential pressure would be about 8 percent 
higher for a temperature of 60°F compared to 73.4"F. A temperature of 60°F is likely 
closer to the actual in-situ temperature of the pipe. Also, a shorter three hour load 
duration produces a maximum safe pressure approximately 50 percent higher than the 
24 hour value. With these adjustments, the maximum safe differential pressure for SDR 
26 pipe is about 13 psi for a three hour load duration, 9 psi for a one day load duration, 
and 4.5 psi for a one week or longer load duration. For comparison, the maximum safe 
differential pressure of SDR 11 pipe is about one order of magnitude (10 times) larger 
than SDR 26 pipe. 

6.2 Summarv of Observed Carrier PiDe Deflections 

6.2.1 CCT Video Surveys 

As a result of liquid observed in late January 1999 in LCS manhole MH-3, the LTS 
was taken out of service and an investigation was conducted to ascertain the condition 
of the system. As a part of the investigation, the LTS was examined throughout its 
length using a closed circuit television (CCT) camera. Leaking sections were identified 
in several areas, these areas were repaired and the pipe was subjected to additional 
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pressure testing. Evidence recorded during the CCT video examination and obtained 
when leaking sections of pipe were removed for replacement indicate that the LTS 
carrier pipe has been deflected to various degrees. The principal cause of this deflection 
is external hydrostatic pressure (i.e., hydrostatic pressure in the containment pipe) 
during both short-term pressure tests and longer-term conditions when the LTS 
containment pipe was not maintained in a drained condition. Measurements made from 
CCT video recordings have been summarized previously in Figure 4-2 and are 
discussed in more detail below. It is noted that deflection measurements obtained from 
analysis of CCT video survey images may be slightly inflated due to distortion of the 
video image. The principal axes of the deflection varies along the pipe length as a 
results of the orientation of any initial out-of-roundness of the pipe, other pipe 
variability that would create an initiation point for the unconstrained buckling of the 
carrier pipe. 

6.2.2 Permanent Gravity Line 

CCT video examination of the permanent gravity line canier pipe revealed pipe 
deflections ranging from 0 to 26 percent as previously summarized on Figure 4-2. Pipe 
deflections were typically less adjacent to manholes, where the pipe was jointed to SDR 
11 pipe, and at the locations of electrofusion couplings. The test pressure used to test 
the containment pipe was 17.5 psi between LCS manholes MH-1 and MH-2, and was 
22 psi between LCS manholes MH-2 and MH-3 as indicated in test reports presented in 
Appendix D. The containment pipe was also filled with water which exerted an 
additional hydrostatic pressure of approximately 1.2 psi on the pipe at the lower 
elevation manhole. Thus, the total pressure exerted on the permanent gravity line 
varied from 17.5 psi at LCS manhole MH-1 to 18.7 psi at LCS manhole MH-2 during 
the 15 December 1997 test; and varied from 22 psi at LCS manhole MH-2 to 23 psi at 
LCS manhole MH-3 during the 11 December 1997 test. No variation in deflection due 
to the additional hydrostatic pressure was noted for either test. The estimated maximum 
safe differential pressure during these tests is estimated to be 9 psi (approximate 22 hour 
test durations). Thus, the safe differential pressures were exceeded by an approximate 
factor of two. Observed deflections varied from 0 to 15 percent between LCS manholes 
MH-1 and MH-2 and 0 to 7 percent between LCS manholes MH-2 and MH-3 as shown 
in Figure 4-2. 
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6.2.3 Temporary Gravity Line 

CCT video examination of the TGL carrier pipe revealed deflections ranging from 
0 to 44 percent as shown in Figure 4-2. Average pipe deflections were generally larger 
in the TGL than permanent gravity line. Pipe deflections were typically less adjacent to 
manholes, electrofusion couplings, and cleanouts. The test pressure used to test the 
containment pipe was 20 psi measured at LCS manhole MH-3 as indicated in test 
reports presented in Appendix D. The pipe annulus was also filled with water which 
exerted an additional hydrostatic pressure of 0 to 7 psi from LCS manhole MH-3 to the 
PLS. Thus, the total test pressure exerted on the TGL varied from 20 psi at LCS 
manhole MH-3 to 27 psi at the PLS. This pressure trend correlates to the gradually 
increasing deflection observed along the pipe alignment towards the PLS. The 
estimated maximum safe differential pressure for this test is estimated to be 13 psi (1.5 
hour test). Thus, the safe differential pressure during test was exceeded by an 
approximate factor of two. 

6.3 Deflected Carrier Pipe Performance 

6.3.1 Technical Literature Review e 
There is considerable evidence to suggest that extreme deformation of an HDPE 

pipe is not of significant concern for an application such as a wastewater gravity flow 
line as long as the deflection happened slowly and flow capacity of the carrier pipe has 
not been diminished below the required value. The primary body of this evidence 
comes from several ASTM standard guides and specifications, which refer to extreme 
deformation of plastic pipe. Among the applicable standards are: 

ASTM F 1041: Standard Guide for Squeeze-Off of Polyolefin Gas Pressure 
Pipe and Tubing. This standard guide indicates that: 

squeeze-off is defined as a technique to control flow through a pipe by the 
compressing action of a mechanical or hydraulic device; 

applicable pipe includes 6-in. diameter SDR 26 HDPE of the cell 
classification used for the LTS; and 
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0 notes that over-squeeze protection should be provided and the safe limit is 
defined as seventy percent of two pipe wall thickness' (or in other words, 
the pipe can be squeezed completely shut); 

0 ASTM D 2513: Standard Specification for Thermoplastic Gas Pressure Pipe, 
Tubing, and Fittings. This standard specification indicates that: 

applicable polyethylene material designation codes include PE2406 and 
PE3408; 

0 applicable pipe sizes include 6-in. diameter and SDR 26; and 

0 pipe must show no evidence of leakage or visible damage after 1000 hours 
of sustained pressure category testing subsequent to being squeezed-off and 
then rounded by squeezing in a perpendicular plane. 

0 ASTM F 1533: Standard Specification for Deformed Polyethylene (PE) Liner. 
This standard specification indicates that: 

applicable polyethylene material designation codes include PE2406 and 
PE3408; 

0 applicable pipe sizes include 6-in. diameter and SDR 26; and 

a deformed liner is defined as PE manufactured in a deformed shape that 
reduces the cross-sectional area for insertion into other conduits. 

.I The above standards give a measure of confidence that the LTS carrier pipe has not 
been rendered unusable by the external pressure applied during previous pipe testing. 
The standards are applicable to the size, dimension ratio, and polyethylene material 
designation codes that are used in the LTS carrier pipe. The standards describe a 
deformation condition more extreme than is thought to have existed in the LTS carrier 
pipe. The standards are included in Appendix G for reference. 

I 

, 

6.3.2 Rate of Deflection 

The critical factor to evaluate potential damage to HDPE pipe due to deflection is 
Guidelines by pipe and squeeze off tool the rate at which the deflecting occurs. 
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f 5 min [Plexco, 19931 to 15 min 

Squeeze off time is defined as the time compression of the pipe begins until the 
pipe is compressed to 70 percent of two pipe wall thicknesses. During pressure testing, 
compression of the carrier pipe would occur as the pressure in the containment pipe was 
increased and water was added to the pipe annulus. Conservatively assuming that the 
carrier pipe is completely flattened, the entire volume of the carrier pipe would need to 
be introduced to the annulus. For the TGL, the volume between manholes is 
approximately 4,275 gallons. Operational records indicate the annulus was filled with a 
1-in. diameter hose. Assuming a maximum flow rate of 15 gpm (typical for a 1-in. 
diameter hose) the pipe would progressively deflect over a period of approximately 5 
hours, considerably longer than the suggested minimum squeeze off time of 15 min. 

Relaxation of the compressed pipe has been shown to be the most important factor 
to prevent excessive strain and tearing of the inside pipe wall [Plexco, 1993, p. 601. 
This relaxation should occur over a time period not shorter than the release time. If the 
pipe is pressurized and forced to re-round too fast, the pipe could be damaged due to 
brittle cracking. Relaxation at a rate slower than the release time avoids brittle 
cracking. For the LTS, after pressure testing, the containment pipe was gravity drained 
through a 5/8-in. diameter valve at a rate of approximately 5 to 10 gpm. Thus, 7 to 14 
hours would be required to drain the annulus and release the pressure on the carrier 
pipe. This time exceeds the minimum recommended release time. 

6.3.3 Vacuum Analogy 

Polyethylene pipe is commonly used for vacuum applications. Under excessive 
vacuum, the mode of buckling where the safe differential pressure is exceeded is not 
immediate closure or collapse but rather progressive deflection of the pipe into an oval 
shape. Failure of a vacuum pipeline is considered to occur when the maximum pipe 
diameter in a deflected pipe is 120% of the original pipe diameter, @e., D,, = 1.2 x Do) 
[Driscopipe,, 19981. This failure condition is based on a system operated continuously 
under a vacuum and is approximately the point that progressive collapse could be 
expected if the vacuum were to be maintained over the long term. A gravity pipeline is 
not subjected to continuous vacuum conditions and could be expected to remain 
operable beyond the above stated 20 percent deflection provided the flow capacity is 
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not restricted. The calculated flow capacity of the existing deflected pipe was described 
in Section 5.3.2 of this report. 

6.3.4 Residual Stresses 

When a polyethylene pipe is deflected into an oval shape and then allowed to relax 
(as is the case in the LTS carrier pipe) residual stresses still remain in the deflected 
portions of pipe. The stresses are highest in that portion of the circumference of the 
pipe having the smallest radius of curvature. These residual stresses are less than the 
stress that would cause failure of the pipeline. However, GeoSyntec is uncertain 
whether the stresses could be of sufficient magnitude to induce long-term brittle stress 
cracking of the pipe. HDPE materials are prone to long-term brittle cracking if the 
stresses to which they are subjected are too high. GeoSyntec does not have a concern 
regarding long-term brittle cracking of the TGL due to the relatively short service lift of 
this component of the system. For the permanent gravity line, measured deflections are 
relatively small (15 percent or less) and, thus, residual stresses in this section of pipe 
should be low. GeoSyntec recommends, however, that an analysis of residual stresses 
in the permanent gravity line carrier pipe be performed if this pipe is to be relied upon 
to serve the intended design lift of the LTS (200 years or more). Alternatively, 
consideration can be given to relieving stresses by heating the pipe under low pressure. 

6.3.5 Carrier Pipe Findings 

In summary, based on evaluation of testing procedures and the historical use of 
pipe squeeze-off by the natural gas industry, it is concluded that the carrier pipe is not 
significantly affected by the deflection imposed by hydrostatic testing and can continue 
in-service. A check should be made of the acceptability of residual stress levels in the 
pipe for any portion of the pipe intended to provide service for the full design lift of the 
OSDF (200 years or more). Should GeoSyntec be requested to further evaluate residual 
stresses in the permanent gravity line carrier pipe, the firm would retain the services of 
an expert in this field. A potential expert has been identified during preparation of this 
report: Dr. Andre Sommer, Department of Chemistry, Miami (Ohio) University. 
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TABLE 6-1 
Safe Maximum Differential Pressure 

(VacuurdExternal Pressure) 
(Psi) 

I Pipe SDR , I 
Service 

Life 

1 month 

1 year I 100 

50years 1 88 

11 

87 

64 

48 

42 

17 19 21 26 32.5 

Source: Driscopipe, Polyethylene Piping Systems Manual, 1998. These values are for 
a service temperature of 73.4"F. 
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7. EVALUATION OF ELECTROFUSION COUPLING 

7.1 Overview 

Repair activities associated with the LTS have been focused mainly on areas where 
the piping has been joined using electrofusion couplings. Many of the questions 
regarding long-term survivability and performance of the LTS relate directly to the 
installed electrofusion couplings. In this section of the report, an evaluation of issues 
regarding the electrofusion couplings, which surfaced during the initial construction of 
the LTS and later during repair operations, will be discussed. 

7.2 Construction-Phase Installation Issues 

During the initial construction of the LTS, the primary technique for joining HDPE 
was butt-fusion welding. However, at multiple locations along the LTS, electrofusion 
couplings were used to join the pipe. The electrofusion couplings were used primarily 
near locations where the piping connected to appurtenances such as clean-out risers, 
manholes, or where runs of previously buried butt-fused pipe had to be joined. 

The number of electrofusion couplings used in the construction of the LTS is 
relatively large, Ideally, these couplings should be used only one time in the installation 
of a single-pipe system between fixed appurtenances such as manholes. If the pipe 
laying proceeds from one direction, all joints can be butt-fused except the last joint. 
The last joint must be electrofused or joined with some form of slip coupling because 
there is no room for the heat disc required for butt-fusion at the last joint. For a double- 
containment piping system, a continuous containment pipe prevents access to the carrier 
pipe since at the last containment pipe the ends are fixed. This lack of access was the 
rationale used by the LTS construction contractor for cutting holes through the 
containment pipe in order to gain access to the carrier pipe coupling. An alternative to 
the cutting of holes through the containment pipe was the use of a sleeve which could 
be slid away from the gap in the containment pipe to allow access to the carrier pipe 
coupling. 

For reasons of scheduling, work force utilization, availability of work areas, or 
contractor preference, the construction contractor on the LTS used numerous 
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electrofusion couplings on the carrier pipe and electrofusion couplings or sleeves on the 
containment pipe during initial construction. Since the electrofusion technique is a 
more complicated procedure requiring more manual tool manipulation than the butt- 
fusion technique, the potential for field problems increase. 

During the initial construction phase, several problems arose with the use of the 
electrofusion couplings. Those problems were primarily associated with coupling 
failure either during the electrofusion process or later during the pressure testing 
process. Manifestations of problems during the fusion process included error message 
codes received fiom the electrofusion control box furnished by Central Plastics 
Company, the manufacturer of the couplings. Usually these failure codes indicated that 
the coupling must be cut out and replaced. Couplings were replaced during the 
construction phase due to control box error codes. The coupling repair procedure, 
either generated additional electrofusion couplings or alternate repair techniques were 
employed. These alternative techniques involved the use of a sleeve which was 
extrusion welded to the pipe. Sleeves were used only for the containment pipe 

7.3 Repair-Phase Installation Issues 

During the repair phase of the LTS, the primary technique for joining HDPE pipe 
was electrofusion couplings because this phase involved fitting repaired sections 
between fixed ends of previously installed pipe. Three of the four newly discovered 
leaks on the LTS were associated with electrofusion couplings. At the leak near Station 
16+00, an electrofusion coupling on the containment pipe was found to be leaking due 
to insufficient bonding as revealed by x-ray examination. At the leak near Station 
12+05, an electrofusion coupling on the carrier pipe was found to be leaking due to 
insufficient bonding caused by a lack of stabbing depth. At the leak near Station 12+23, 
an electrofusion coupling on the carrier pipe was found to be leaking due to a vertical 
misalignment of the upstream and downstream pipes. These leak occurrences in pipe 
previously passing pressure testing has prompted a re-examination of the procedure by 
which the electrofusion couplings were originally installed and a review of 
manufacturer’s installation recommendations. 

The installation procedure used during the construction phase had specific 
requirements for preparation to include: (i) pipe cleaning prior to electrofusing; (ii) 
pipe end alignment; and (iii) pipe stabbing into the coupling for correct distance. In 
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trying to understand the repair-phase discovery of leaking joints, these installation 
procedures were more closely examined. In the 25 August 1998 report by Central 
Plastics Company, a concern was raised about two 1-in. diameter holes cut into the 
containment pipe within the electrofusion zone for gaining access to the carrier pipe 
coupling electrodes. As described subsequently, these holes may have adversely 
affected fusion quality for the 1 0-in. electrofusion couplings. Additionally, on 12 
March 1999 concern was raised by Friatec Incorporated about the use of electrofusion 
coupling melt times established for SDR 17, or thicker wall pipe, for joining SDR 26 
pipe instead of the shorter melt time normally specified for the thinner wall pipe. A 
final potential issue related to the presence of moisture within the coupling during the 
melt. If moisture was present, it would reduce weld integrity. 

7.4 Electrofusion Coupling Installation Issues 

7.4.1 Pipe Cleaning 

Strict adherence to the manufacturer’s recommended installation procedures is 
critical to the successful joining of plastic pipes using the electrofusion coupling 
technique. The first procedural step is cleaning. The proper cleaning of the pipe ends 
wherever the coupling will come into contact is essential to fusing the plastic of the pipe 
with the plastic of the coupling. When a pipe comes to a jobsite, it may have a variety 
of substances on its exterior, such as die lubricants. On the jobsite, the pipe will pick up 
additional substances such as dust and soil. Exposure of the pipe to the environment 
causes the exterior surfaces to begin the process of oxidation. In order for the 
molecules of plastic in the pipe to fuse with the molecules of plastic in the coupling 
there must be no intervening film of foreign substance or oxidized plastic. This film of 
foreign matter and oxidized molecules of plastic are removed from the pipe through a 
process of cleaning by scraping the surface of the pipe end. If the pipe end is not 
properly cleaned by scraping, the fusion process will be inhibited from fully taking 
place. 

0 

It has been confirmed by field CQC and QA personnel that during initial 
construction, the pipe ends, were cleaned by a procedure of sanding with emery cloth or 
grinding with grit paper. While this procedure can be effective, if properly executed, 
the process of grinding could lead to flat spots on the pipe which may or may not be 
sufficient to impact the fusion process. While sufficient fusion occurred to withstand 
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handling, installation, and pressure testing stresses, the fusion was not sufficient to in all 
cases withstand long-term pipe stresses due to temperature fluctuations or ground 
movement. The report of Central Plastics Company states that the tested couplings 
failed due to inadequate cleaning of pipe. For the containment pipe, another 
contributing factor was the holes which had been cut in the pipe. In a 23 March 1999 
telephone conversation with Central Plastics Company, a company representative 
confirmed his previous conclusion that inadequate cleaning and the holes in the 
containment pipe were the primary factors leading to the failure of electrofusion 
couplings he tested in his laboratory. 

7.4.2 Alignment and Stab Depth 

The second critical aspect of the manufacturer's recommended installation 
procedure entails proper alignment of the pipe axis both upstream and downstream of 
the pipe joint and inserting the pipe to the proper stab depth. Proper fusing of plastics in 
the electrofusion process involves both heat and pressure. The heat makes the 
molecules of plastic sufficiently active to promote Brownian motion across the interface 
and a fusion of the plastic. The heat also causes the materials to expand and come into 
intimate contact along the entire boundary to be fused. If the pipes are not properly 
aligned, this pressure is misdirected or released and not useful in providing the intimate 
contact on all areas where required. If the pipes are not properly stabbed, the width of 
the fusion zone will be insufficient and again pressure will be uncontained and therefore 
ineffective in promoting the proper fusion. Pipes which had holes cut in the area of 
fusion may also be susceptible to this lack of intimate contact because the holes may 
have provided a pressure relief for the expanded materials. An example of a coupling in 
which short-stabbing was a problem occurred on the carrier pipe at station 12+05. An 
example of poor coupling alignment is the yellow carrier pipe coupling removed from 
between stations 12+ 10 and 12t-25. 

Short-stabbing or inadequate coupling alignment could occur during initial 
installation or due to thermal expansiodcontraction between the time of installation and 
fusion. For example, if a coupling was correctly stabbed (but not fused on the day it 
was stabbed) and then fused the following morning, a contraction of the pipe due to 
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temperature fluctuations might cause the pipe to be pulled out (or nearly out) of the 
coupling. CQC personnel have indicated several probable instances when couplings 
were installed one day, but not fused until the next day. 

7.4.3 Melt Time 

The third issue to be addressed relating to the electrofusion couplings is the heat 
time applied to the SDR 26 pipe. The actual heat time used was appropriate for pipe 
having SDR between 9 and 17. As constructed, the electrofusion coupling control box 
probably supplied more heat energy to the coupling coils than required by the SDR 26 
pipe to which the couplings were intended to join. As a result, the pipe was probably 
softened more than it should have been. The implications of a too soft pipe are a 
possible reduction in required fusion pressures and a physical displacement of plastic 
due to viscous flow. Indications of viscous flow were not noted in any of the couplings 
which have been removed to date. In-pipe CCT videos were examined for signs of 
viscous flow. While some rippling of the inside pipe surface was observed (as 
previously described in Section 4.3.2.2), no evidence of viscous flow was noted. The 
potential for a lowering of the fusion pressure due to excessive softening is not 
considered a probable source of concern because the softening would have been 
progressive radially away from the fusion area and the initial build-up of pressure 
should have been sufficient to cause fusion. In a 26 March 1999 telephone conversation 
with a representative of, Friatec, Inc. the representative indicated that, SDR-26 pipe 
should have a shorter melt time than lower SDR pipe and that too much melt may cause 
the pipe material to thin-out and lead to failure when put under pressure. As noted 
above, however, no evidence of viscous flow from the fusion zone was observed. 

7.4.4 Moisture 

Water or condensation in the coupling during the melt would reduce the integrity of 
the electrofusion weld. While there is not direct indication that water was a problem, 
this possibility cannot be ruled out based on the following observations: 

0 electrofusion couplings were installed with the pipe at the bottom of the pipe 
trench; notwithstanding the fact that trenches were pumped out and significant 
effort was expended to keep work area dry, working conditions at the bottom of 
the trench were sometimes wet and work space was limited; 
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0 there were at least several instances when electrofusion couplings were installed 
in misting or light rain conditions; during these times, temporary cover was 
used to protect the work area; and 

0 a few electrofusion couplings were left to sit overnight before fusing which 
could have led to condensate getting into the coupling. 

In a 26 March 1999 telephone conversation with a representative of Friatec Inc., the 
representative indicated that moisture in the fusion zone of electrofusion couplings 
could cause rippling in the pipe wall (which was observed) and problems with respect to 
the integrity of the weld. 

7.5 Electrofusion Coupling Findings 

Based on the available information, GeoSyntec has arrived at the following 
findings with respect to the electrofusion couplings. , 

In GeoSyntec’s experience, most landfill related polyethylene pipe welds are 
made using the butt-fusion technique and electrofusion couplings are typically 
only used when making fixed connections. The number of electrofusion 
couplings used for construction of the OSDF LTS is relatively large. The 
identified reasons for the large number of couplings on the LTS project are: (i) 
multiple construction contractor crews worked at the same time on different 
portions of the line (in many landfill installations, one crew works the line from 
one end to the other); (ii) construction contractor preference; and (iii) initial 
leakage (discussed below) of electrofusion couplings that typically resulted in 
the installation of two new couplings in the repair of a coupling leak location. 

0 Manufacturer’s (Central Plastics Company) procedures for installing 
electrofusion couplings are contained in the document “Electrofusion Systems 
Operating and Training Manual”. The manufacturer’s installation procedure 
calls for “scraping pipe ends to remove any oxidation or surface 
contamination.. .Avoid all possible recontamination of the prepared surface”. 
The construction contractor utilized grinding and sanding pipe ends in lieu of 
the scraping procedure recommended by the coupling manufacturer. The 
construction contractor utilized grinding and grit paper based on the on-site 
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training provided by the pipe supplier (ISCO). It is unknown whether the 
grinding and grit paper procedure taught by ISCO was reviewed or approved by 
the electrofusion coupling manufacturer (Central Plastics Company). (Note: 
with respect to preparing polyethylene pipe for electrofusion coupling, ASTM 
D 1290 states: “Remove the outer surface of the pipe using recommended 
procedures and tools. Avoid gouging or removing excessive material from the 
pipe surface. Care should be taken to maintain the specified minimum wall for 
the pipe. Note 5 - For certain non-pressure applications, removal of the pipe 
outer surface may not be required. Consult the manufacturer for 
recommendations.”) 

0 During original construction, several of the in-line electrofusion pipe joints 
were formed in the configuration shown in Figure 3-1. Installation of the 
couplings in this configuration is difficult and may produce recontamination of 
previously cleaned surfaces. Also, the fixed-end installation procedure in this 
figure required the drilling of two 1-in. diameter holes in the containment pipe 
(at the location of the coupling) for purposes of final alignment of the carrier 
pipe coupling and attaching the fusion machine electrodes. These holes are 
located directly under the fusion zones for the containment pipe coupling. 
After fusion of the carrier pipe coupling, the holes were to be filled with 
extrudate and the entire surface prepared for coupling. Evidence indicates that 
some (number unknown) of these holes were not filled prior to fusion. 

0 In April or May 1998, two sets (carrier pipe and containment pipe) of 
electrohsion couplings that exhibited initial leakage of the containment pipe 
were removed from a location near manhole MH-2 and sent by the construction 
contractor to the electrofusion coupling manufacturer for evaluation (Central 
Plastics Company). These couplings apparently had poor surface preparation 
and the 1-in. diameter holes were not filled with extrudate. The results of the 
manufacturer’s evaluation are presented in Section 3 and the manufacturer’s 
report is contained in Appendix C. The conclusion of the report is that all 
electrofusion couplings using the installation techniques described above (i.e., 
1-in. diameter holes in containment pipe and preparing the pipe as described) 
“are suspect and could fail due to any number of factors including (but not 
limited to) pipe expansiodcontraction and ground movement.” The report 
indicates “no bonded areas” for the tested samples and “no scraping of the pipe 

2 1 9 4  

GQ0409-3.2/F9930006.CDB 86 99.04.15 



I 2194 

FEMP OSDF - LTS EVAL. - REV. B 

surface” was evident. These results suggest that for at least the tested samples, 
the grindindgrit papering preparation procedure used in the field was 
inadequate. It should be noted that the tested samples were from pipe sections 
that never passed pressure tests and were known to be leaking and suspect. The 
report does provide a rationale as to why other sections of pipe initially passed 
pressure tests and have subsequently leaked. “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 polyethylene 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.” 

0 The electrofusion couplings for original construction were heated using fusion 
equipment supplied to the construction contractor by the pipe supplier (ISCO). 
The equipment was apparently programmed to a standard setting for melt time. 
Central Plastics Company apparently makes no adjustment to the melt time for 
pipe SDR and uses only the standard setting. For SDR 26 pipe, the melt time 
used results in polyethylene softening through the entire pipe wall thickness. 
This may create a waviness to the inside of the pipe in the fusion zone. Field 
personnel have reported seeing a waviness or rippling in this zone. The 
potential impacts of this overheating, if any, on the long-term integrity of the 
electrofusion welds have not been definitively established. Potential impacts 
could include reduced pressure during fusing, pipe wall thinning, or increased 
residual pipe stress. While these potential impacts may not influence the 
ongoing operation of the LTS, their potential impact on the ultimate design life 
of the LTS is unquantified. Conclusions and recommendations at the end of 
this report address this uncertainty. 

0 Based on conversation with representatives from Central Plastics Company and 
Friatec, the impact of using a melt time longer than prescribed appears to be 
minimal. The representative of Central Plastics Company stated that there was 
not apparent evidence of over heating in the coupling which he examined. The 
representative of Friatec Inc. stated that the probable effect of overheating is a 
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flow of plastic and thinning of the pipe which has not been observed in the 
joints which have been removed. 
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8. FINDINGS AND CONCLUSIONS 

8.1 Carrier Pipe (Butt-Fusion Joints) 

The following findings and conclusions are provided with respect to the 6-in 
diameter SDR 26 HDPE carrier pipe component of the OSDF LTS between manhole 
MH-1 and the PLS. These conclusions apply to the pipe and butt-fusion joints, but not 
electrofusion couplings. Electrofusion couplings are addressed in Section 8.3. 

The original design called for use of SDR 11 pipe. DCN 1700-007 resulted in a 
change to SDR 26 pipe. Calculations presented in Section 5 of this report 
demonstrate adequate flow capacity for both the original SDR 11 pipe and the 
SDR 26 pipe. 

Construction of the carrier pipe occurred between August and December 1997. 
A discussion of construction activities is presented in Section 3 of this report. 
The carrier pipe was pressure tested in accordance with the technical 
specifications and the construction contractor’s approved procedures. Testing 
was performed at a nominal carrier pipe internal pressure of 50 psi for a 
minimum time period of three hours since the pipe was backfilled, pursuant to 
DCN 1700-033. Pressure testing occurred in December 1997 and the LTS was 
placed into service in December 1997. 

The investigation of the LTS carried out between January and March 1999 has 
not revealed any leakage of the carrier pipe and associated butt-fusion joints. 
Leakage has been found at several electrofusion couplings along the carrier 
pipe. 

The results of the CCT video survey performed in February and March 1999 
shows that the SDR 26 pipe has significant deflection (out of roundness) along 
much of its length. This deflection is primarily attributed to unconstrained 
buckling resulting from the procedure used by the construction contractor to 
pressure test the LTS containment pipe. The procedure used for the pressure 
test resulted in an essentially empty, unpressurized carrier pipe while the 
containment pipe was pressure tested. This procedure resulted in a filling of the 
annulus between the carrier pipe and the containment pipe with water while the 
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carrier pipe was empty. 
hydrostatic pressure on the carrier pipe. 

The water in the annulus exerted a differential 

0 As a result of unconstrained buckling due to differential hydrostatic pressure, 
the carrier pipe deflected into an oval shape. The principal axes of the 
deflection varies along the pipe length as a result of the location of any initial 
out-of-roundness of the pipe or other pipe variability that would create an 
initiation point for the unconstrained buckling. 

0 The results of the CCT video survey are described in Section 3 of this report 
and detailed results are presented in Appendix F. Figure 4-2 presents a 
graphical summary of the results. Based on this figure, the carrier pipe has 
deflection resulting from the differential hydrostatic pressure conditions 
described above. Pipe deflections between the PLS and MH-3 at the time of the 
survey ranged from zero to a maximum of 44 percent. The zero deflection 
locations generally correspond to the locations of electrofusion couplings. 
Most deflections are less than 30 percent, with the approximate average 
deflection ranging from about 7 percent at manhole MH-3 to 20 percent at the 
PLS. The increase in average deflection moving south from MH-3 to the PLS 
is thought to be due to the incremental increase in containment pipe hydrostatic 
pressure during the pressure test resulting from the 16.4 ft drop in pipe 
elevation between these two locations. It is noted that deflection measurements 
obtained from analysis of CCT video survey images may be slightly inflated 
due to distortion of the video image. Measured deflections of carrier pipe from 
pipe repair locations (typically close to electrofusion couplings) ranged from 9 
to 16 percent. 

0 Carrier pipe deflections between manholes MH-1 and MH-2, and between 
manholes MH-2 and MH-3, are presented in Figure 4-2. These pipe deflections 
were based on analysis of CCT video images. Based on the figure, pipe 
deflections between manholes MH-1 and MH-2 range from zero to 15 percent. 
Pipe deflections between manholes MH-2 and MH-3 also range from zero to 7 
percent. 

0 The calculations described in Section 5 of this report demonstrate that the range 
of observed deflections of the carrier pipe will not significantly diminish the 
flow capacity of the pipe. 
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An evaluation of the impact of the measured carrier pipe deflections on the 
continued performance of the pipe is presented in Section 6 of this report. The 
information presented in Section 6 includes a general comparison to relevant 
ASTM standards and guides, and an analysis of the deflection mechanism. 
Based on this information, the deflection should have no adverse impact on the 
continued performance of the carrier pipe. 

0 Based on the foregoing information, GeoSyntec concludes that the carrier pipe 
(including butt-fusion joints but exclusive of electrofusion couplings) is suitable 
for continued use in the LTS. GeoSyntec recommends, however, that if the 
carrier pipe for the existing gravity line is to be relied upon for the full OSDF 
design life (200 years or more), that a polymer expert be retained to perform an 
evaluation as to whether residual pipe stresses resulting from the pipe 
deflections increases the potential for long-term brittle stress cracking of the 
pipe. GeoSyntec has tentatively identified one such expert, Professor Andre 
Sommer, Department of Chemistry, Miami University (Ohio). 

8.2 Containment Pipe (Butt-Fusion Joints) 

The following findings and conclusions are provided with respect to the 10-in. 
diameter SDR 26 HDPE containment pipe component of the LTS between manhole 
MH-1 and the PLS. The conclusions apply to the carrier pipe and butt-fusion joints, but 
not electrofusion couplings. Electrofusion couplings are addressed in Section 8.3. 

The original design called for use of SDR 11 pipe. DCN 1700-007 resulted in a 
change to SDR-26 pipe. Calculations summarized in Section 5 of this report 
demonstrate adequate structural capacity for both the original SDR 11 pipe and 
the SDR 26 pipe. Structural calculations include wall crushing, wall buckling, 
and ring reflection. The calculations for the SDR 26 pipe conservatively 
account for the minor amount of deflection in the containment pipe estimated at 
the locations of repair excavations. 

The containment pipe was constructed between August and December 1997, in 
conjunction with construction of the carrier pipe and other components of the 
LTS. The containment pipe was pressure tested as described in Section 3 of 
this report and as summarized in Section 8.1 above. 
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0 The containment pipe was monitored and operated as described in Section 4 of 
this report. Of particular note, the portion of the LTS between manholes MH-3 
and the PLS was apparently periodically operated between initial start-up (late 
December 1997) and late January 1999 with the drain port from the 
containment pipe into the PLS closed. Leakage into the pipe ultimately filled 
the pipe from the PLS up to a depth of about 9 ft in manhole MH-3. The OSDF 
Systems Plan requires that the containment pipe remain drained. 

' 

0 Investigations of the LTS revealed one leak in the containment pipe not 
associated with an electrofusion coupling. This leak occurred at Excavation 
No. 4 shown on Figure 4-1. The leak was discovered during excavation to 
retrieve a CCT video camera that had previously become stuck in the carrier 
pipe. The uncovered containment pipe showed a 6-ft long longitudinal 
indentation in the pipe caused by a backhoe bucket or other construction 
equipment. The indentation produced a 1-in. long tear where it intersected an 
internal pipe centralizer. It is apparent that the tear was caused by construction 
equipment. It is not clear whether the tear occurred during original construction 
or during the repair procedure. 

0 Where exposed in repair excavations, the containment pipe showed little 
ovality. Measurements of pipe deflection in the field were made using calipers. 
Measured pipe deflections ranged from 1.2 to 3.9 percent. These values are less 
than the allowable buried-pipe ring deflection of 6.5 percent specified by the 
pipe manufacturer. 

0 An evaluation of as-built pipe grades, presented in Figures 3-4a, 3-4b, and 3-4c, 
indicate that the containment pipe as initially constructed contains small sags at 
various stations as indicated in Table 3-5. Sags observed in the CCT video 
survey of the carrier pipe correspond at most locations to the containment pipe 
sag locations in Table 3-5. These sags will not measurably affect the flow 
capacity of the carrier pipe. 

0 Based on the information provided in this report, the containment pipe 
(including butt-fusion joints, but excluding electrofusion couplings) meets 
applicable design criteria, including wall crushing, wall buckling, and ring 
deflection. The pipe exhibits little ovality in-situ. Pipe alignment is within 
acceptable tolerances except for several sags in the TGL noted above. 
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GeoSyntec concludes that the SDR 26 HDPE containment pipe is suitable for 
continued use in both the TGL and permanent gravity line. 

- 

8.3 Electrofusion Couplinm 

Electrofusion couplings used in LTS construction have been a major focus of the 
LTS investigations described in this report since three of the four LTS leakage problems 
revealed by the investigations are associated with the use of these couplings. The 
following findings and conclusions are provided with respect to the use of this 
component of the LTS. It should be noted that the findings and conclusions are 
applicable to all SDR 26 pipe used in construction, to include the SDR 26 piping 
installed between the manholes and the cells, to the extent that the same procedures as 
used in LTS were used on that portion of SDR 26 pipe. 

0 Electrofusion couplings are an acceptable joining method for HDPE pipe based 
on Section 02605 of the technical specifications. Section 02605 identifies butt- 
fusion welding as the other acceptable method for joining HDPE carrier and 
containment pipe. Section 02605 requires that electrofusion couplings satisfy 
ASTM F 1055 “Standard Specification for Electrofusion Type Fittings for 
Outside Diameter Controlled Polyethylene Pipe and Tubing.” Section 02605 
requires that electrofusion couplings be installed in accordance with 
manufacturer’s recommendations. Section 02605 does not reference ASTM F 
1290 “Standard Practice for Electrofusion Joining Polyolefin Pipe and 
Fittings.” 

During original construction, 20 electrofusion couplings were used to join 
carrier pipe and 21 electrofusion couplings were used to join containment pipe. 
Additional couplings were installed during pipe repair activities. The known 
locations of electrofusion couplings as they currently exist in the LTS pipeline 
are shown on Figures 3-4a, 3-4b, and 3-4c in Appendix C. A summary of 
known information for each coupling as they currently exist in the LTS pipeline 
is presented in Tables 3-3,3-4,4-1, and 4-2. 

In GeoSyntec’s experience, the number of electrofusion couplings used in a 
landfill-related polyethylene pipe installation is typically relatively small. Most 
pipe welds are made using the butt-fusion technique and electrofusion 
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couplings are typically only used when making fixed connections. The number 
of electrofusion couplings used for construction of the OSDF LTS is relatively 
large. The identified reasons for the large number of couplings on the LTS 
project are: (i) multiple construction contractor crews worked at the same time 
on different portions of the line (in many landfill installations, one crew works 
the line from one end to the other); (ii) construction contractor preference; and 
(iii) initial leakage (discussed below) of electrofusion couplings that typically 
resulted in the installation of two new couplings in the repair of a single 
coupling leak location. 

0 Manufacturer’s (Central Plastics Company) procedures for installing 
electrofusion couplings are contained in the document “Electrofusion Systems 
Operating and Training Manual”. The manufacturer’s installation procedure 
calls for “scraping pipe ends to remove any oxidation or surface 
contamination.. .Avoid all possible recontamination of the prepared surface”. 
The construction contractor utilized grinding and grit paper in lieu of the 
scraping procedure recommended by the coupling manufacturer. The 
construction contractor utilized grinding and grit paper based on the on-site 
training provided by the pipe supplier (ISCO). It is unknown whether the 
grinding and sanding procedure taught by ISCO was reviewed or approved by 
the electrofusion coupling manufacturer (Central Plastics Company). (Note: 
with respect to preparing polyethylene pipe for electrofusion coupling, ASTM 
D 1290 states: “Remove the outer surface of the pipe using recommended 
procedures and tools. Avoid gouging or removing excessive material from the 
pipe surface. Care should be taken to maintain the specified minimum wall for 
the pipe. Note 5 - For certain non-pressure applications, removal of the pipe 
outer surface may not be required. Consult the manufacturer for 
recommendations.”) 

0 During original construction, several of the in-line electrofusion pipe joints 
1 .  were made using the “fixed procedure” illustrated on Figure 3-1. Installation of 

the couplings in this configuration is difficult and may produce recontamination 
of previously cleaned surfaces. Several of the electrofusion couplings retrieved 
from the 1999 repair activities exhibited short-stabbing or alignment problems. 
Also, this installation procedure resulted in the drilling of two 1-in. diameter 
holes in the containment pipe (at the location of the coupling) for purposes of 
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aligning the carrier pipe coupling. These holes are located directly under the 
fusion zones for the containment pipe coupling. 

0 During original construction (August to late December 1997) several installed 
electrofusion coupling were replaced or repaired due to problems with the 
installation. 

0 In April or May 1998, two sets (carrier pipe and containment pipe) of 
electrofusion coupling that exhibited initial leakage of the containment pipe 
were removed from a location near manhole MH-2 and sent by the construction 
contractor to the electrofusion coupling manufacturer for evaluation (Central 
Plastics Company). The couplings were tested and a manufacturer’s report was 
issued in August 1998. The results of the manufacturer’s evaluation are 
presented in Section 3 and the manufacturer’s report is contained in Appendix 
C. The conclusion of the report is that all electrofusion couplings using the 
installation techniques described above (Le., 1 -in. diameter holes in 
containment pipe and preparing the pipe as described) “are suspect and could 
fail due to any number of factors including (but not limited to) pipe 
expansiodcontraction and ground movement.” The report indicates “no 
bonded areas” for the tested samples and “no scraping of the pipe surface.” 
These results suggest that for at least the tested samples, the grinding/grit paper 
preparation procedure used in the field was inadequate. The report also 
provides a rationale as to why the pipe initially passed pressure tests and 
subsequently leaked. “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 polyethylene 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.” 

0 The electrofusion couplings for original construction were heated using 
equipment supplied by the coupling supplier, Central Plastics Company. The 
equipment was apparently programmed to a standard setting for melt time. 

GQ0409-3.2E9930006.CDB 
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Central Plastics Company apparently makes no adjustment to the melt time for 
pipe SDR. For SDR 26 pipe, the melt time used may result in polyethylene 
softening through the entire pipe wall thickness. This may create a waviness to 
the inside of the pipe in the fusion zone. The potential impacts of this 
overheating, if any, have not been definitively established. Potential impacts 
could include reduced pressure during fusing, pipe wall thinning, or increased 
residual pipe stress. GeoSyntec does not believe these potential impacts will by 
themselves adversely affect pipe performance. . 

Based on conversations with representatives from Central Plastics Company 
and Friatec, Inc., the impact of using a melt time longer than prescribed appears 
to be minimal. The representative of Central Plastics Company stated that there 
was no apparent evidence of overheating in the couplings he examined. The 
representative of Friatec Inc. stated that the probable effect of overheating is a 
flow of plastic and thinning of the pipe which has not been observed in the 
joints removed as part of repair activities. 

Initial electrofusion coupling installation procedures relied on the electrofusion 
control box to provide a diagnostic message alerting the operator of a problem 
with the fusion conditions. These diagnostic messages were primarily related 
to conditions indicated by voltage and amperage in the coupling heating 
elements. Several (number unknown) couplings were replaced or repaired by 
the construction contractor during the initial installation as a result of diagnostic 
messages indicating a problem in the fusion process. However, based on the 
findings of this investigation, the control box diagnostics are not sufficiently 
sensitive to indicate all fusion problems. For hture construction, additional 
installation and CQCICQA procedures should be implemented to address this 
limitation of the control box diagnostics. The additional procedures are given 
in Section 9 of this report. 

Recent (i.e., January to March 1999) investigations of the LTS have revealed 
three areas where pipe electrohsion couplings leaked. These areas are labeled 
on Figure 4-1. 

0 A leak occurred at an electrohsion coupling on the carrier pipe south of a 
clean-out at approximately Sta. 12+00 The leak was found in February 
1999 by CCT video survey of carrier pipe with the containment pipe full of 
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water. A small gap (less than 0.1 in.) was observed between the end of the 
pipe and coupling. Observation of the pipe after removal indicated that the 
pipe had not been fully seated in the coupling (short stabbing) and only a 
narrow area had been fused. Apparently, there was just enough fusion 
between the pipe and coupling to pass pressure testing. Subsequent thermal 
expansiodcontraction and/or external physical stress caused the bond to 
fail. Visual observations also revealed a distinct lack of adequate pipe 
surface preparation at this location. The amount of grindindgrit papering at 
this location appeared inadequate to have removed surface contamination 
and oxidized surface material. 

A leak occurred at an electrofusion coupling on the carrier pipe at 
approximate Sta. 12+10. The leak was found in February 1999. The 
coupling appeared to be vertically misaligned. 

A leak occurred at an electrofusion coupling on the containment pipe at the 
south side of a cleanout near Sta. 16+00. The leak was located in February 
1999 by filling the containment pipe with water. The coupling was cut out 
and subject to x-ray examination. The x-ray clearly indicated an area of 
incomplete fusion. It appears that this. coupling failed due to a combination 
of the issues related to pipe preparation and weld pressure described in 
Section 7. 

Based on the information in this report, it is GeoSyntec’s opinion that the 
electrofusion couplings installed on the LTS (except couplings installed as a 
part of current repair activities) may be of substandard installation quality due 
to a combination of one or more of the following factors: (i) inadequate pipe 
surface preparation; (ii) short-stabbing or inadequate alignment of pipe in the 
coupling; (iii) insufficient fusion pressure for containment pipe with 1 -in. 
diameter alignment holes; (iv) excessive fusion heating time; and (v) moisture 
within the fusion zone at the time of heating. 

Due to the foregoing conclusion, installed electrofusion couplings may not 
achieve the design service life of the LTS system. The potential exists for 
future leaks at the couplings. 
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8.4 LTS Current Status 

Post-repair pressure testing of the containment and carrier pipes is incomplete as of 
the date of this report. It should be noted that there are currently five excavations along 
the LTS as shown in Figure 4-1. The status of pressure test activities as of 18 March 
1999 (i.e., the date upon which field investigation and repair activities were suspended 
pending the findings of this report, findings of the FDF internal investigation report, and 
additional planning activities by FDF and DOE) is as follows: 

0 Carrier pipe (MH-1 to MH-3): a hydrostatic pressure test was performed on 
14 March 1999. During the test, the pressure in the pipe dropped from 54 to 
42 psi in 1.5 hours. A CCT video survey of the carrier pipe with the 
containment pipe filled with yellow-dyed water was not conclusive, but 
evidence suggests a small leak located near the cleanout north of manhole 
MH-2. This leak should be hrther investigated prior to placing the existing 
permanent gravity line back into service. 

Containment pipe (MH-1 to MH-3): post-repair pressure testing of this 
section of pipe has not yet been performed. 

Carrier pipe (MH-3 to Excavation No. 1): 

(MH-3 to Excavation No. 3): a hydrostatic pressure test was performed 
on 18 March 1999. Test results showed no loss of pressure during the 
test. 
(Excavation No. 3 to Excavation No. 1): post repair testing of this 
section of pipe has not yet been performed because identified leaks in 
Excavation No. 3 and Excavation No. 1 have not been repaired. 

0 Containment pipe (MH-3 to Excavation No. 1): 

(MH-3 to Excavation No. 3): a hydrostatic pressure test was performed 
on 18 March 1999. Test results showed no loss of pressure during the 
test. 
(Excavation No. 3 to Excavation No. 1): post repair testing of this 
section of pipe has not yet been perfonned because identified leaks in 
Excavation No. 3 and Excavation No. 1 have not been repaired. 
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0 Carrier pipe (Excavation No. 1 to PLS): a hydrostatic pressure test was 
performed on 16 March 1999. During the test the pressure in the pipe 
dropped from 55 psi to 41.5 psi in two hours. 

0 Containment pipe (Excavation No. 1 to PLS): post-repair testing of this 
section of pipe has not yet been performed because the carrier pipe has not 
yet passed post repair testing. 

8.5 CouDling Adiacent to Cells 

An electrofusion coupling exists where the containment pipe component of LCS 
and LDS pipes joins up to the liner penetration boxes beneath the western edge of Cell 
No. 1 and Cell No. 2. The locations of these electrofusion couplings are shown on 
Figure 3-3. In all, six electrofusion couplings were installed on the containment pipes 
between a stub-out pipe section on the factory-fabricated boxes and the main section of 
pipe that slopes westward to the LTS manhole structures. Only butt-fusion joints exist 
on the carrier pipe; electrofusion couplings were not needed to install the carrier pipe. 
These couplings were made on SDR 11 HDPE pipe and by a different construction 
contractor than the construction contractor that installed the SDR 26 pipe: These 
couplings were installed using the moveable installation procedure (as opposed to the 
fixed procedure) without any holes drilled in to the containment pipe. Other attributes 
of this component of the system are described in Section 3.9 of the report. Recent 
monitoring of the drainage ports for all six of these containment pipes has not revealed 
any indication of leakage. Based on all of the available information, GeoSyntec 
believes these electrofusion couplings are more reliable than those used on SDR 26 
pipe. GeoSyntec can recommend these couplings for continued use in their current 
application. 
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9. RECOMMENDATIONS 

9.1 Continued Use of LTS 

One of the main objectives of this report was to evaluate the suitability of the LTS 
With respect to this objective, GeoSyntec offers the following for continued use. 

recommendations: 

If the remaining suspect conditions in the containment pipe and carrier pipe are 
successfully repaired and the pipes pass post-repair pressure tests, both the TGL 
and permanent line can be placed back into operation and operated for the 
upcoming construction season. While some probability exists of additional 
coupling leakage this year, GeoSyntec believes the probability is low and that 
response actions (e.g., tanker trucking to the PLS) are available should the 
leakage occur. 

When placed back into service, the LTS should be operated in strict accordance 
with the OSDF Systems Plan and with the additional leak detection monitoring 
activities described in Section 9.2 of this report. In the case of a leak, the LTS 
will need to be taken out of service, repaired, and pressure tested. During this 
period, alternate provisions (e.g., tanker trucking to the PLS) will be needed. 

All electrohsion couplings existing on the SDR 26 permanent gravity line 
between LCS manholes MH-1 and MH-3 and between the LDSLCS manholes 
and the SDR 11 pipe leading to the OSDF cells that were installed using the 
procedures identified as potentially substandard in this report should be 
replaced or rehabilitated to provide a permanent gravity line system with the 
desired design service life. This recommendation does not preclude continued 
use of the existing permanent gravity line for the upcoming construction season 
(or for longer, if necessary). Future extension of the permanent gravity line 
should be performed in accordance with recommendations provided 
subsequently in this section of the report. GeoSyntec has identified the 
following rehabilitation or replacement options for the permanent gravity line: 

slip line SDR 26 carrier pipe and backweld all suspect electrofusion 
couplings on SDR 26 containment pipe; 
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0 replace all suspect electrofusion couplings on SDR 26 carrier and 
containment pipe; or 

0 replace all SDR 26 pipe with new, lower SDR pipe and new joints prepared 
in accordance with the recommendations and guidance given subsequently. 

0 It may be possible to continue to operate the TGL for its remaining service life 
with only a small probability for additional leakage during that time period (i.e., 
several years). One advantage of continuing to operate the TGL through 1999 
is that it allows data to be obtained to better assess the probability of future 
leakage from the TGL electrofusion couplings. 

0 If a very high level of confidence is needed that the TGL will not leak during its 
remaining service life, then it will be necessary to rehabilitate or replace the 
pipe. GeoSyntec has identified the following rehabilitation options for the 
TGL: 

0 Slip line the TGL carrier pipe with polyethylene pipe; 

install new spool-fed SDR 17 pipe through the existing carrier pipe; a 3-in. 
diameter SDR-17 pipe can fit within the deflected TGL carrier pipe; 

0 replace all electrofusion couplings on the SDR 26 containment and carrier 
pipe (or at least replace all coupling at areas where a concentration of 
several couplings exist as reflected in the as-built drawings); or 

0 replace current TGL with new above-ground TGL starting at LCS manhole 
MH-3 and terminating at the PLS. 

Each of the TGL rehabilitation options identified above has advantages and 
disadvantages. GeoSyntec understands that FDF is undertaking an evaluation of TGL 
rehabilitation options on a parallel track with GeoSyntec’s preparation of this report. 
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9.2 Operations and Monitorinp of ExistinP Svstem 

The LTS should be operated in strict accordance with the OSDF System Plan, 
Rev. 0, dated May 1997, as updated by the specific recommendations in this section. 
The following specific operating requirements are highlighted as essential to the proper 
operation of the system. 

Monitor the LTS containment pipe (and the LCS and LDS containment pipes 
from landfill cells) for any indications of leakage at least weekly and after 
storm events resulting in more than 0.25 in. of precipitation in a 24-hour period. 
The source of any observed leakage from the containment pipe should be 
immediately identified and corrective actions taken. 

Keep the LTS containment pipe (and the LCS and LDS containment pipes from 
landfill cells) drained. Drain ports at the PLS and the manholes should remain 
open except during maintenance activities. 

All containment pipe drain ports should be retrofitted with containment pipe 
leakage detection devises that can be monitored without the need for confined 
space entry. Any accumulated liquids in containment pipe leakage collection 
devices should be promptly drained as necessary for the devices to continue to 
be useful in revealing ongoing leakage. 

Any accumulated liquid in LDS manhole secondary containment vessels should 
be removed prior to overflow from the primary containment vessel into the 
secondary containment manhole. Overflow has apparently occurred on 
occasion in LDS manhole MH-1. 

LCS and LDS manhole containment structures should be maintained in a 
drained condition so that any leakage (or flow into the manhole from a source 
other than leakage) can be .quickly identified and corrective measures taken. 
The manholes are designed to function as dry wells. Operational records seem 
to indicate the periodic accumulation of liquids in some structures. 
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If liquid is observed in any LTS manhole, establish the elevation of the liquid 
and compare it to the trigger elevation for the alarm. If the measured elevation 
exceeds the trigger elevation, implement a complete system check. 

Possible modifications for the manholes and PLS to facilitate monitoring of the 
LTS containment pipes are presented in Figures 9-1 through 9-3. 

9.3 Desim Loads 

The allowable dead and live (traffic) loads that can be applied to the LTS are 
dependent on the pipe SDR utilized. For SDR 26 pipe, the allowable design loads are 
obtained from the calculation package contained in Appendix F and summarized in 
Section 5 of this document. Based on the calculation results, the following dead and 
live load restrictions are applied: 

Dead Loads: overburden stresses on the LTS containment pipe should not 
exceed 3,100 psf; for a soil unit weight conservatively estimated at 125 pcf this 
equates to a soil thickness of 25 ft over the crown of the containment pipe. 

Live Loads: the minimum depth overburden to support a 40,000 lb wheel load 
is 3 ft. This wheel load is conservative based on the list of equipment provided 
by FDF and shown in Table 5-1. If the construction contractor uses any 
equipment with a potentially heavier wheel load than that due to the equipment 
identified in Table 5-1, the required depth of cover should be increased based 
on recommendations from the design engineer. 

9.4 Pipe Materials for Future Construction 

Experience observing installation and welding of SDR 26 HDPE pipe suggests that 
pipe of greater wall thickness will better maintain roundness during installation and will 
be easier to join, using butt-fusion methods, electrofusion couplings, or extrusion 
welded sleeves. Thicker pipe is also less affected by construction impact, extended 
melt time during electrofusion joining, and inadvertent pressure application. For these 
reasons, GeoSyntec recommends that future LTS construction utilize HDPE pipe with a 
maximum 17 for both the containment pipe and carrier pipe. 
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9.5 Procedures for Joininp PiDe 

The preferred method of joining pipe is the butt fusion method. The method 
requires that the pipe end be capable of being physically brought together using a butt 
fusion welding machine (Le., the two sections of pipe are not fixed). In the situation 
when containment pipe ends cannot be brought together an alternate joining procedure 
is required. The recommended alternate joining procedure for the carrier pipe is by 
installing an electrofusion coupling. The recommended alternative joining procedure 
for the containment pipe is an extrusion welded sleeve for fixed conditions as defined in 
Section 3 of this report. For moveable conditions, electrofusion couplings may be 
preferred. 

Recommended procedures for joining pipe using electrofusion coupling methods 
and extrusion-welded sleeves are presented in Appendix I of this report. These 
procedures are more detailed than those called out in Section 02605 of the technical 
specifications and reflect lessons learned as described in this report. As noted above, 
the butt fusion method is the preferred procedure and work should be sequenced to 
minimize the number of electrofusion couplings used to the extent possible. 

9.6 Procedures for Pressure Testing 

Recommended procedures for pressure testing LTS containment pipe and carrier 
pipe are presented in Appendix J of this report. These procedures are more detailed 
than those called out in Section 02605 of the technical specifications and reflect lessons 
learned as described in this report. 

9.7 Procedures for Construction Oualitv ControUOualitv Assurance 

Recommended procedures for CQCKQA of LTS pipe pressure testing, installation, 
and joining are contained in Appendix K of this report. These procedures are more 
detailed than those contained in the OSDF CQA Plan and reflect lessons learned as 
described in this report. 
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FIGURE NO. 9-1 
PROJECT NO. GQ0573-03.1 
DOCUMENT NO. 
FILE NO. 

F9930006 
0573F001 

MONITORING LCS CONTAINMENT PIPE AT MANHOLE 

MOUNTING BRACKET f 
G 

4'x4' FRAME AND Lcs 
ACCESS COVER 
WITH LOCK (NOTE 2) EXPANSION JOINT 

FILLER (YYP) 1 

SUBGRADE 

NOTES: 

7- 

6' BUTTERFLY VALVE 
AND CHECK VALVE 

SAMPLING AND 
MONITORING PORTS 

UCTlON CONTROL POINT 

-NOTE 1 
MANHOLE ANTIFLOTATION ANCHOR (TYP) 

PIPE SUPPORT 

1. ATTACH TYGON TUBING TO MONITORING PORT OF LCS AND REDUNDANT LCS CONTAINMENT PIPE. INSTALL A SUFFICIENT 
LENGTH OF TYGON TUBING SO THAT THE FREE ENDS CAN BERAISED TO-2 -6ET A B O M  THE-TOP OF-THE-ACCESS C<%R. 
INSTALL A MOUNTING BRACKET JUST BELOW THE ACCESS COVER. A l l A C H  A LIGHTWEIGHT CHAIN TO THE FREE END OF 
THE lYGON TUBING. INSTALL A SUFFICIENT LENGTH OF CHAIN SUCH THAT I T  CAN REACH THE MOUNTING BRACKET. 

2. HANG EACH TYGON TUBING SUCH THAT THE FREE ENDS ARE AT AN ELEVATION ABOVE THE TRIGGER ELEVATION FOR THE 
ALARM AND BELOW THE ELEVATION OF THE LCS CONTAINMENT PIPE AND LCS REDUNDANT PIPE. I F  LIQUID IS OBSERVED 
I N  THE MANHOLE. RAISE EACH LENGTH OF TUBING SEPARATELY AND EVACUATE WITH A PERISTALTIC PUMP TO DETERMINE 
WHICH LINE I S  THE SOURCE OF LEAKAGE. 
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FIGURE NO. 9-2 
PROJECT NO. 
DOCUMENT NO. F9930006 

0573F002 FILE NO. 

GQ0573-03.1 

4'x4' FRAME AND ACCESS COVER 
WITH LOCK (NOTE 2) 

EXPANSION JOINT FILLER (TYP) 

MANHOLE AND HOR 
MONITORING WELL 

6" B u l l  90' ELL 
TO REDUNDANT 

6" MOLDED BUTT 
TEE TO LCS PIPE 

6'x6"x3' SADDLE REDUCING 
TEE TO IDS MANHOLE 

C-H / 6' MOLDED BUTT TEE 

NOTES: 

1. ATTACH TYGON TUBING TO FITTING ON LTS CONTAINMENT PIPE. INSTALL A SUFFICIENT LENGTH OF MGON TUBING SO 

AlTACH A LIGHTWEIGHT CHAIN TO THE FREE END OF THE N G O N  TUBING. INSTALL 
THAT ITS FREE END CAN BE RAISED TO 2 FEET ABOVE THE TOP OF THE ACCESS COVER. INSTALL A MOUNTING BRACKET 
JUST BELOW THE ACCESS COMR. 
A SUFFICIENT LENGTH OF CHAIN SUCH THAT I T  CAN REACH THE MOUNTING BRACKET. 

2. HANG THE TYGON TUBING SUCH THAT THE FREE END IS AT AN ELEVATION ABOVE THE TRIGGER ELEVATION FOR THE 
ALARM AND BELOW THE ELEVATION OF THE LTS CONTAINMENT PIPE. 
THE TUBING AND EVACUATE WITH A PERISTALTIC PUMP TO DETERMINE THE AMOUNT OF LEAKAGE. 

I F  LIQUID I S  OBSERVED I N  THE MANHOLE. RAISE 
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FIGURE NO. 9-3 
PROJECT NO. GQ0573-03.1 
DOCUMENT NO. F9930006 
FILE NO. 0573F003 

NOTES: 

1 .  ATTACH TYGON TUBING TO FITTING ON LTS CONTAINMENT PIPE. INSTALL A SUFFICIENT LENGTH OF 
TYGON TUBING SO THAT ITS FREE END CAN BE RAISED TO 2 FEET ABOVE THE TOP OF THE ACCESS 
COVER. INSTALL A MOUNTING BRACKET JUST BELOW THE ACCESS COVER. ATTACH A LIGHTWEIGHT CHAIN 
TO THE FREE END OF THE TYGON TUBING. 
REACH THE MOUNTING BRACKET. 

HANG THE TYGON TUBING SUCH THAT THE FREE END IS AT AN ELEVATION ABOVE THE TRIGGER 
ELEVATION FOR THE HIGH 2 ALARM AND BELOW THE ELEVATION OF THE LTS CONTAINMENT PIPE. 
THE TUBING AND EVACUATE WITH A PERISTALTIC PUMP TO DETERMINE I F  LIQUID IS PRESENT I N  THE LTS 
CONTAINMENT PIPE. 

INSTALL A SUFFICIENT LENGTH OF CHAIN SUCH THAT I T  CAN 

2. 
RAISE 
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Section 02215: Trenching and Backfilling 

SECTION 02215 

TRENCHING AND BACKFILLING 

PART 1 GENERAL 

1.01 SCOPE 
, .  

A. This Section includes trenching, bedding, and backfilling materials and placement. 

1.02 RELATED SECTIONS AND PLANS 

A. Section 02100 - Surveying 

B. Section 02110 - Clearing, Grubbing, and Stripping 

C. Section 02200 - Earthwork 

D. Section 02270 - Erosion and Sediment Control 

E. Section 02300 - Boring and Jacking 

F. Section 02605 - High Density Polyethylene (HDPE) Manholes, Pipes, and Fittings 

G. Section 02930 - Vegetation 

H. Construction Quality Assurance (CQA) Plan 

1.03 REFERENCES 

A. Latest version of American Society for Testing and Materials (ASTM) Standards: 
1 .  ASTM C 136. 

2. ASTM D 698. 

Standard Test Method for Sieve Analysis of Fine and Coarse 
Aggregates. 
Standard Test Method for Moisture-Density Relations of Soils 
and Soil-Aggregate Mixture using a 5.5 Pound Rammer and 
a 12-inch Drop. 

3. ASTM D 2487. Standard Test Method for Classification of Soils for 
Engineering Purposes. 

02215-1 96.10.05 
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4. ASTM E 946. Standard Test Meth-bd for Water Absorption of Bentonite by 
the Porous Plate Method. 

B. Latest version of Ohio Department of Transportation Construction and Material 
Specifications (Ohio DOT Specifications). 

C. Latest version of Occupational Safety and Health Administration (OSHA) Construction 
Standards. 

D. Reference Reports addressing OSDF site subsurface conditions: 
1. 

2. 

Geotechnical Investigation Report, On-Site Disposal Facility" [Parsons, 19951. 
This report contains geotechnical data for the subsurface soils in the OSDF area. 
"Disposal Facility Pre-Design Geotechnical Investigation, Soil Investigation Data 
Report, CERCLA/RCRA Unit 2" [Science Applications International, 19951. This 
report presents geotechnical data for the subsurface soils in the OSDF area. 
"Geotechnical Data and Evaluaion Reporr for East and South Field Borrow 
Areas" [Parsons, 1996al. This report contains geotechnical data for the 
subsurface soils in the East Field borrow area. 
'I m-Site Borrow Materials Evaluation " [Parsons, 1996bl. This report presents 
geotechnical data for potential off-site borrow sources for OSDF construction 
materials, including fine and coarse concrete aggregates, pea gravel, and riprap. 

3. 

4. 

1.04 SUBMITTALS 

A. Submit the following to the Construction Manager for review within 45 calendar days 
from Notice to Proceed: 
1. 
2. 

a list of equipment for trenching and backfilling; 
for each source of manhole and embedment fill material, submit: 
a. 
b. 

the source of the embedment fill; 
the results of tests conducted on each of three embedment fill samples (taken 
from three different locations within the material stockpile such that the 
material is fully represented) in accordance with ASTM C 136 and ASTM 
D 2481. 

c. a 50-pound representative sample of the embedment fill; 
d. written certification that the embedment fill meets the material requirements 

of this section; and 
a specification sheet for the proposed bentonite powder or granules and a 5-pound 
representative sample of the material. 

3. 
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A. 

B. 

C. 

D. 
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EXISTING CONDITIONS 

Existing site surface and subsurface conditions, based on available site data, are 
indicated on the Construction Drawings and in the Reference Reports identified in the 
"References" Article of this Part. 

In advance of trenching in an area, verify the accuracy of existing conditions shown 
on the Construction Drawings. Immediately notify the Construction Manager in 
writing of deviations from the existing conditions indicated on the Construction 
Drawings. 

The approximate locations of all known underground and above ground utilities and 
structures are shown on the Construction Drawings and/or Reference Drawings. 
Immediately stop work and notify the Construction Manager if other utility lines or 
structures, not shown on the Construction Drawings and/or Reference Drawings, are 
encountered during the verification of existing conditions and execution of work. 

Ground-water levels in the brown and gray till layers at the site vary during the year 
and may be higher than those shown on the Reference Drawings. Levels may 
approach ground surface during extended periods of heavy precipitation. 

PART 2 PRODUCTS 

2.01 

A. 

B. 

C. 

MATERIALS 

Furnish embedment fill material consisting of homogeneous crushed or angular soil, 
relatively free of metal, roots, trees, stumps, concrete, construction debris, organic 
matter, or other deleterious material. 

Furnish manhole embedment fill material classifying as GW, GP, SW, or SP in 
accordance with the Unified Soil Classification System (per ASTM D 2487), not gap 
graded, and having a gradation (per ASTM C 136) meeting the requirements for 
AASHTO No. 89 coarse aggregate presented in Section 703 of the Ohio DOT 
Specifications. 

Furnish pipe embedment fill material for HDPE pipes meeting the requirements of 
Section 703.06 of the Ohio DOT Specifications. 
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D. 

E. 

F. 

G .  

H. 

2.02 

A. 

Furnish granular filter material at the locations shown on the Construction Drawings 
meeting the requirements of Section 703.06 of the Ohio DOT Specifications. 

Furnish trench backfill material for HDPE pipes and manholes that meets the material 
requirements for compacted fill as specified in Section 02200. 

Furnish bentonite powder or granules consisting. of -Wyoming-grade bentonite 
containing at least 85 percent sodium montmorillonite, and a water adsorption of at 
least 500 percent when tested in accordance with ASTM E 946. 

Furnish a minimum 4-inch wide plastic underground warning tape with suitable 
warning legend and with integral magnetic locator wire to mark all HDPE and PVC 
pipes, electrical conduits, control cables, and any other underground utilities as shown 
on the Construction Drawings. 

Furnish pipe line marker signs at the intervals shown on the Construction Drawings. 

EQUIPMENT 

Furnish, operate, and maintain all equipment necessary to perform the work of this 
Section. 

PART 3 EXECUTION 

3.01 

. I  A. 

I B. 

C. 

D. 

E. 

2194 

FWlP LCS-SPEC-REV 0 
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GENERAL 

Review Existing Site Jtility Drawings and identify and stake existing utilities to locate 
existing utilities in vicinity of trench lines. 

In areas of trenching and backfilling, maintain and protect existing above and below 
ground utilities. 

Do not damage or disturb survey benchmarks, finished construction, and existing 
structures. 

Do not damage or disturb above and below grade utilities that are to remain. 

Dust control measures for all trenching and backfilling shall be in accordance with 
Part 6 ,  Statement of Work, of the Subcontract Documents. 

GE3900-22. IlF9630220.SPE 02215-4 96.10.05 



FEMP LCS-SPEC-REV 0 
Section 02215: Trenchina and Backfilling 

3.02 TRENCHING 

A. Trench subsoils for placement of pipes and HDPE manholes to the depths and 
minimum dimensions shown on the Construction Drawings. Manage excavated 
material in accordance with Section 02200. 

B. Use sheeting and bracing where necessary to maintain the safety and stability of all 
slopes and trenches and to protect adjacent structures. Satisfy all applicable local, 
state, and federal requirements for slope and trench sheeting and bracing, including 
requirements of the Occupational Safety and Health Administration (OSHA) 
Construction Standards. Provide sheeting and bracing materials on site prior to the 
start of trenching. Adjust spacing and arrangement of sheeting and bracing as required 
by conditions encountered. Remove sheeting and bracing as bacWi11 progresses. Fill 
any voids left from sheeting or bracing withdrawal with compacted fill or other 
approved material. 

C. Protect and maintain the trench bottom. Remove rock fragments or raveled materials 
that collect on the trench bottom. Backfill any overexcavation with pipe embedment 
fill. Excavate any soft subgrade encountered at the trench bottom and backfill to 
subgrade elevation with embedment fill or compacted fill. 

D. In fill areas, perform trenching only after compacted fill has reached an elevation of 
at least 2 feet above the elevation of the top of the pipe. 

E. Limit the maximum length of open trench to 200 feet in advance and 200 feet behind 
pipe installation. 

F. Dewater trenches and HDPE manhole excavations. Perform dewatering in accordance 
with Section 02200. 

G. Stockpile excess material from trenching in accordance with Section 02200. 

3.03 BACKFILLING 

A. General 
1. 
2. 

Do not backfill with frozen or saturated material. 
Do not backfill over frozen, wet, or soft subgrade. 
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3. 

4. 

Do not disturb or damage pipes or HDPE manholes in trenches and excavations 
during backfilling. 
Do not use heavy compaction equipment which exerts greater than 5 pounds per 
square inch ground pressure over piping that is covered by less than 12 inches of 
backfill material. 

B. Manhole Excavations 
1. For HDPE manholes, place and compact manhole embedment fill as follows. 

a. 

b. 

c. 

d. 

Place manhole embedment fill material in lifts to the elevation of the bottom 
of the HDPE manhole. Place material in 7-inch fl-inch thick loose lifts. 
Compact the manhole embedment fill with a minimum of 4 passes of a 
vibratory plate compactor prior to placing manhole. 
Place HDPE manholes and manhole flotation anchor on the compacted 
manhole embedment fill. 
Place manhole embedment fill in the annulus between the HDPE manhole 
and the excavation, the minimum annulus width shall be 3.5 feet horizontally 
and 6 inches beneath the manholes, in 7-inch fl-inch thick loose lifts. 
Compact with a minimum of 4 passes with a vibratory plate compactor to 
3.5 feet below the manhole cover slab. 
Place granular filter material above the manhole embedment fill to a 
thickness of 6 inches. 
Compact granular filter material with a minimum of 4 passes of a vibratory 
plate compactor. 
Place compacted fill above the granular filter material to the bottom of the 
manhole cover slab in accordance with Section 02200. 

e. 

f .  

g. 

h. 

C Pipe Trenches 
1. 

2. 

3. 
4. 

Place pipe embedment fill in 7-inch f 1-inch thick loose lifts to the elevation of 
the bottom of the pipe, except for electrical conduits (Section 16110). 
Compact pipe embedment fill with a minimum of 4 passes of a vibratory plate 
compactor prior to placing pipe. 
Place pipe on top of the compacted pipe embedment fill. 
Place additional pipe embedment fill on the sides of the pipe and gently hand 
tamp the fill around the sides of the pipe as needed to insure that intimate contact 
between the pipe and the pipe embedment fill is maintained below the spring line 
of the pipe. Continue placing pipe embedment fill until it is even with the top of 
the pipe. Compact the pipe embedment fill with a minimum of 4 passes of a 
vibratory plate compactor. Do not compact on top of the pipe unless a minimum 
of 12 inches of trench backfill separates the compactor from the top of the pipe. 
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3.04 

A. 

B. 

2694 
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5. For HDPE pipe trenches between HDPE manholes, construct a soil-bentonite plug 
in the trench to the limits shown in the Construction Drawings. Prepare soil- 
bentonite mixture consisting of pipe embedment fill at its natural moisture content 
mixed with minimum 10 percent (by dry weight basis) bentonite powder or 
granules by thoroughly mixing with a portable cement mixer or other suitable 
method. Place and compact the soil-bentonite mixture in the same manner as the 
pipe embedment fill. 
After placement and compaction of pipe embedment fill and soil-bentonite plugs, 
place the first lift of trench backfill material in a 12-inch loose lift. Place 
subsequent lifts of trench backfill material in 8-inch fl-inch loose lifts. 
Compact each lift to 95 percent of the maximum standard Proctor dry unit weight 
and at a moisture content with f 3  percent of the standard proctor optimum 
moisture content as determined by ASTM D 698. 

6 .  

7. 

Place underground warning tape in trench backfill 12 inches below finished grade and 
directly above all HDPE and PVC pipes, electrical conduits, control cables, and 
underground utilities. 

CONSTRUCTION QUALITY RJIQUiREMENTS 

The CQC Consultant will perform conformance testing on the pipe embedment fill, 
manhole embedment fill, and trench backfill materials to establish compliance with this 
Section and Section 02200, as applicable. The conformance testing to be performed 
and the testing frequencies are given in the CQA Plan. 

The CQC Consultant will perform performance testing on compacted fill trench 
backfill materials to establish compliance with this Section and Section 02200, as 
applicable. The performance testing to be performed and the testing frequencies are 
given in the CQA Plan. 

[END OF SECTION] 
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SECTION 02605 

HIGH DENSITY POLYETHYLENE (HDW MANHOISS, 
PIPES, AND r("lTINGS 

PART 1 GENERAL 

1.01 SCOPE 

A. This Section includes high density polyethylene (HDPE) manholes, pipes, fittings, 
supports, gussets, and appurtenances. 

1.02 RELATED SECTIONS AND PLANS 

A. Section 02100 - Surveying 

B. Section 02200 - Earthwork 

C. Section 02215 - Trenching and Backfilling 

D. Section 03100 - Concrete 

E. Section 15000 - Mechanical 

F. Construction Qualiry Assurance (CQA) Plan 

1.03 REFERENCES 

A. Latest version of the American Society for Testing and Materials (ASTM) standards: 
1. ASTM D 638. Test Method for Tensile Properties of Plastics. 
2. ASTM D 790. Test Methods for Flexural Properties of Unreinforced and 

Reinforced Plastics-and Electrical Insulating Materials. 
3. ASTM D 1238. Test Method for Flow Rates of Thermoplastics by Extrusion 

Plastometer . 
4. ASTM D 1248. Standard Specification for Polyethylene Plastics Molding and 

Extrusion Materials. 
5. ASTM D 1505. Test Method for Density of Plastics by the Density-Gradient 

Technique. 
6. ASTM D 1603. Standard Test Method for Carbon Black in Olefin Plastics. 
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7. ASTMD 1693. 

8. ASTM D 2122. 

9. ASTM D 2657. 

10. ASTM D 2837. 

11. ASTM D 3350. 

12. ASTM F714. 

13. ASTM F 1055. 

2194. 
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Standard Test Method for Environmental Stress-Cracking of 
Ethylene Plastics. 
Method for Determining Dimensions of Thermoplastic Pipes 
and Fittings. 
Standard Practice for Heat Joining Polyolefin Pipe and 
Fittings. 
Standard Method for Obtaining Hydrostatic Design Basis for 
Thermoplastic Pipe Materials. 
Standard Specification for Polyethylene Plastics Pipe and 
Fittings Materials 
Standard Specification for Polyethylene (PE) Plastic Pipe 
(SDR-PR) Based on Outside Diameter. 
Standard Specification for Electrofusion Type Polyethylene 
Fittings for Outside Diameter Controlled Polyethylene Pipe 
and Tubing. 

B. Latest version of the American National Standards Institute (ANSI) standards: 
1. ANSI B16.1. Standard Specifications for Cast-Iron Pipe Flanges and Flange 

Fittings. 

C. Latest version of the American Society of Mechanical Engineers (ASME) standard: 
1. ASME B31.9 5937.1 through 937.3 Building Services Piping. 

1.04 SUBMITTALS 

A. Submit the following to the Construction Manager for review within 30 calendar days 
from Notice to Proceed: 
1. detailed shop drawings of all HDPE manholes, pipes, support centralizers, 

fittings, supports, gussets, and appurtenances; 
2. a list of materials to be fumshed; 
3. the names of the suppliers and the proposed dates of delivery of the materials to 

4. . detailed procedures to be used for hydrostatic testing of the manholes, pipes, and 

5 .  a list of completed facilities for which the Manufacturer has manufactured 7-ft 
diameter or larger HDPE manholes. Provide the following information for each 
facility: 
a. 
b. 
c. 

I 

I 

the site; - + ,  - 

fittings; 
.& 

L - _ .  ..- _ _  --.-.- -.. -"-  . 

name, location, purpose of facility, and date of installation; 
names of owner, project manager, design engineer, and installer; and 
diameter and height of the manholes provided; 
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6. documentation demonsmthg that the Manufacturer has adequate quality control 
procedures to ensure that fabrication of the HDPE manholes complies with the 
requirements of this Section; 
origin (resin supplier’s name, resin production plant) and identification (brand 
name, number) of the polyethylene resin used; 
minimum Manufacturer certifiable values and the corresponding test procedures 
for HDPE material properties listed in TablesO2605-1 and 02605-2; submit 
values that are specific to the resin used in manufacture. 

7. 

8. 

B. Submit to the Construction Manager for review at least 30 calendar days prior to 
shipment, the following documentation on the resin used to manufacture the HDPE 
manholes, pipes, fittings, supports, and gussets. 
1. Copies of quality control certificates issued by the resin supplier including the 

production dates and origin of the resin used to manufacture the HDPE products 
for this Subcontract. 
Results of tests conducted by the Manufacturer to verify the quality of the resin 
used to manufacture the HDPE products assigned to the project. 
Certification that no reclaimed polymer is added to the resin during the 
manufacturing of the HDPE products to be used for this project. 

2. 

3. 

C. Submit at least 30 calendar days prior to installation of any material covered by this 
Section, Manufacturer’s written certification of compliance with these Specifications 
for that material. Include in this Certification of compliance a final inspection and a 
written record of this inspection. The inspection shall include the following: 
1. HDPE manholes, including attached pipes, fittings, supports, gussets, and 

appurtenances ; 
a. dimensional check; 
b. material quality check; 
c. weld quality; and 
d. leak check; 
HDPE pipes, fittings. and appurtenances: 
a. dimensional check; and 
b. material quality check 

2. 

D. Submit at least 14 calendar days prior to installation documentation of training and 
certification of personnel qualified for performing HDPE manhole installation and 
HDPE pipe joining operations. 
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PART 2 PRODUCTS 

2.01 

A. 

B. 

C. 

2.02 

A. 

B. 

2.03 

A. 

B. 

C. 

GENERAL 

Design and proportion all parts to have adequate strength and stiffness and to be 
adapted for the purposes shown on the Construction Drawings. 

Furnish each HDPE manhole completely assembled with all pipes, valves, fittings, 
supports, gussets, and appurtenances such that field work involves only installation and 
connection of external products. 

Furnish each HDPE manhole with watertight construction of welds and pipe 
peIletratiOnS. 

HDPE COMPOUND 

Furnish HDPE manholes and flat stock manufactured from new, high performance, 
high molecular weight, HDPE resin conforming to ASTM D 1248 (Type III, Class C 
Category 5 ,  Grade P34), ASTM D 3350 (minimum cell classification as shown in 
Table 02605-1). and having a Plastic Pipe Institute (PPI) Rating of PE 3408. Furnish 
material having minimum certifiable property values listed in Table 02605-1. 

Furnish HDPE pipe and fittings manufactured from new, high performance, high 
molecular weight, HDPE resin conforming to ASTM D 1248 (Type 111, Class C 
Category 5 ,  Grade P34), ASTM D 3350 (minimum cell classification as shown in 
Table 02605-2). and having a Plastic Pipe Institute (PPI) Rating of PE 3408. Furnish 
material having minimum certifiable property values listed in Table 02605-2. 

HDPE MANHOLE 

Furnish manholes of the types. and to the dimensions, shown on the Construction 
Drawings. 

Furnish manholes having exterior and interior surfaces that are smooth with no sharp 
projections, homogeneous throughout with respect to resin compound, and free of 
foreign inclusions and surface defects. Furnish HDPE manholes that are as uniform 
as commercially achievable in color, opacity, density, and other physical properties. 

Shop fabricate manhole from HDPE pipe meeting the requirements of this Section. 
Shop fabricate 7-foot diameter manholes using HDPE Class 100 material confomhg 
to ASTM F 894. Shop fabricate 54-inch diameter manholes using an HDPE Standard 
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D. 

E. 

F. 

G. 

H. 

I .  

J. 
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Dimension Ratio (SDR) of 32.5 conforming to ASTM F 714. The primary 
containment of the permanent lift station shall be shop fabricated using Class 160 
material and the secondary containment shall be shop fabricated using Class 250 
material conforming to ASTM F 894. 

Shop fabricate manhole pipe stub-outs with' the .same pipe SDR .as the HDPE pipe 
specified in the Article "HDPE Pipes, Fittings, and Appurtenances" of t h i s  Section. 
Fabricate with a minimum stub-out length of 12 inches, or more if necessary for 
thermal butt fusion of external pipes. 

Shop fabricate cover, base, gussets, and supports from minimum 1-inch thick HDPE 
flat stock. 

Shop weld components of the HDPE manhole. Weld pipes and fittings to each other 
by thermal butt fusion. Weld other components, including gussets and supports, to the 
manhole by extrusion welding. Hot air welding is not acceptable. Do not join the 
pipe supports with the pipes unless specifically called for on.the Construction 
Drawings. 

Extrusion weld manhole cover and base at both inside and outside intersections with 
the riser section. 

Extrusion weld stiffener rings to the permanent lift station primary containment. 
Perforate stiffener rings to provide 1 square inch of open area at bottom to allow flow 
of liquid to the annular space liquid level transmitter. 

Provide manholes and the permanent lift station with adequate lugs for lifting and 
placement. 

Permit the CQC Consultant and/or Construction Manager to visit the manufacturing 
plant for project specific visits. If possible. such visits will be prior to, or during, the 
manufacturing of the manholes for this project. 

HDPE PIPS,  FI'ITINGS, AND APPURTENANCES 

Unless otherwise shown on the Construction Drawings, furnish HDPE pipe and fittings 
that have a SDR of 11 and conform to ASTM F 714. 

Furnish HDPE pipes in standard laying lengths not exceeding 50 feet. 
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Furnish HDPE pipes and fittings that are homogeneous throughout and free of visible 
cracks, holes (other than intentional manufactured perforations), foreign inclusions, or 
other deleterious effects, and are uniform in color, density, melt index, and other 
physical properties. 

Furnish HDPE end caps at the end of pipes as shown on the Construction Drawings. 

Furnish electrofusion couplings meting the requirements of ASTM F 1055 and as 
recommended by the electrofusion coupling manufacturer. 

Furnish HDPE pipe supports which cradle the pipe for a length of at least 1 pipe 
diameter and encircle the pipe 180 degrees of the pipe diameter. Furnish pipe supports 
conforming to the Construction Drawings. 

Perforate pipe by factory drilling at locations shown on the Construction Drawings. 

HDPE DUAL CONTAINMENT PIPING SYSTEM 

Furnish dual containment piping system consisting of field or factory fabricated carrier 
and containment pipes and pre-fabricated fittings. 

Furnish components of the dual containment piping system, including carrier piping, 
containment piping, fittings, and appurtenances meeting the requirements for HDPE 
pipes, fittings, and appurtenances given in this Section. 

Furnish pipe and fittings with the carrier pipe/fitting ends extending 6 inches beyond 
the containment pipe/fitting ends. Provide pipe in nominal lengths of 20 to 50 feet, 
and allow for field adjustment of pipe length. 

Furnish pre-fabricated dual containment fittings with the carrier fitting factory installed 
within the containment fitting, with all necessary support centralizers installed. 

Fabricate all carrier to carrier containment to containment joints using thermal fusion 
procedures recommended by the Manufacturer and as required by this Section. 
Fabricate carrier to carrier joints and containment to containment joints independently 
of each other. Inspect carrier to carrier joints before final closure of the containment. 

Furnish support centralizers to provide a continuous annular space between the carrier 
and the containment pipes in conformance with the recommendations of the 
Manufacturer or with a maximum allowable spacing of 4 feet, whichever is less. 

GE3900-22.1 IF9630222.SPE 02605-6 167 96.10.4 

, 



2.06 

A. 

B. 

C. 

2.07 

A. 

2.08 

A. 

2.09 

A. 

B. 
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Centralizers shall not inhibit flow of carrier pipe leakage in the containment pipe. 
Material for centralizers shall be as recommended by HDPE pipe manufacturer. 

IDENTIFICATION 

Identify each HDPE manhole using a manhole number, as indicated on the 
Construction Drawings. Mark the number on the interior and exterior of the manhole. 

Mark the HDPE manhole with the Manufacturer’s name, production code, date, and 
place of manufacture on the interior of the manhole. 

Continuously indent print on the HDPE pipe, or space at intervals not exceeding 5 feet 
the following: 
1. 
2. nominal HDPE pipe size; 
3. 
4. 

5. 
6. 

name and/or trademark of the HDPE pipe manufacturer; 

standard dimension ratio (e.g., SDR-11); 
the letters PE followed by the polyethylene grade per ASTM D 1248, followed 
by the Hydrostatic Design Stress in 100’s of psi (e.g., PE 3408); 
manufacturing Standard Reference (e.g., ASTM F 714); and 
a production code from which the date and place of manufacture can be 
determined. 

MANHOLE FRAME AND COVER 

Furnish manhole frame and access cover meeting the requirements of Section 15000. 

MANUFACTURER TECHNICAL SUPPORT 

Furnish on-site services of Manufacturer’s technical representative as required for the 
installation of HDPE manholes. 

EMBEDMENT FILL AND BACKFILL MATERIALS 

Furnish pipe and manhole embedment fill materials in accordance with Section 02215. 

Furnish trench backfill and compacted fill materials in accordance with Sections 02215 
and 02200, respectively. 
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PART 3 EXECUTION 

3.01 

A. Perfom HDPE manhole installation and pipe joining operations with trained and 
certified personnel. 

3.02 HDPE MANHOLE HANDLING 

A. Drain all  entrapped water and prevent the entrance of water during shipment, storage, 
and handling. 

B. Exercise care when transporting, handlq, and placing the manhole, such that the 
HDPE manhole is not damaged. Handle manhole only by the lifting lugs specifically 
designed and installed by the Manufacturer for lifting. Protect finished surfaces. ! 

C. Store HDPE manhole as recommended by Manufacturer. 

3.03 HDPE MANHOLE INSTALLATION 

A. Carefully examine HDPE manholes, fittings, supports, gussets, and appurtenances for 
cracks, damage or defects before installation. Remove defective materials from the 
site. 

B. Install HDPE manholes, fittings, supports, gussets, and appurtenances in accordance 
.I with the Manufacturer's recommendations. 

C. Inspect the HDPE manhole interior and HDPE pipe, fittings, supports, gussets, and 

position. 
I appurtenances and remove any foreign material present before installation into the final 

D. Perform excavation and backfilling for each manhole in accordance with 
Section 022 15. 

1 E. Perform a hydrostatic test of each installed manhole in accordance with this Section. 

~ 3.04 HDPE PIPE, Fll'TINGS AND APPURTENANCES 

A. Deliver HDPE pipe, fittings, and appurtenances to the site at least 10 calendar days 
prior to the planned installation date. 
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Provide proper handling and storage of the HDPE pipe, fittings, and appurtenances at 
the site. Protect materials from excessive heat or cold, dirt, moisture, cutting, or 
other damaging or deleterious conditions. Provide any additional storage procedures 
required by the Manufacmr. 

Exercise care when transporting, handling, ind placing HDPE pipe and fittings. Use 
rope, fabric, or nylon slings and straps when handling HDPE pipe. Do not position 
slings, straps, etc., at butt-fusion joints or at fittings. 

The maximum allowable depth of cuts,'gouges or scratches on the exterior surface of 
HDPE pipe or fittings is 10 percent of the wall thickness. The interior of the pipe and 
fittings shall be free of cuts, gouges and scratches. Replace any HDPE pipe and 
fittings that become gouged, twisted, or crimped. Remove from the work area 
damaged pipes and fittings. 

Whenever pipe laying is not actively in progress, close the open ends of all installed 
pipes using watertight plugs. 

Perform trenching and backfilling of all installed pipe, fittings, and appurtenances in 
accordance with Section 022 15. 

Perform testing of all installed pipe, fittings, and appurtenances in accordance with this 
Section. 

HDPE PIPE AND FITTINGS INSTALLATION 

General: 
1. 

2. 

3. 

4. 

5 .  

6. 

Carefully examine HDPE pipe and fittings for cracks, damage or defects before 
installation. Do not use cracked, damaged, or defective material. 
Inspect the interior of all pipe and fittings and remove any foreign material from 
the pipe interior before the pipe is moved into final position. 
Perform field-cutting of pipes. where required, with a machine specifically 
designed for cuning pipe. Make cuts carefully without damage to pipe, so as to 
leave a smooth end at right angles to the axis of pipe. Taper cut ends and smooth 
sharp edges. Flame cuning is not allowed. 
Do not lay pipe until the Construction Manager has verified the bedding 
conditions. 
Install HDPE pipe and fittings in accordance with the Manufacturer's 
recommendations and the requirements of this Section. 
Install pipe and fittings to the lines and grades shown on the Construction 
Drawings. 
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B. 

3.06 

A. 

B. 

C. 

D. 

E. 

F. 

7. Place and compact pipe embedment NI and trench backfrll material as shown on 

8. *Prtjfi&-d~~~a&pte$ - a&-'fiitings when co&thg different 
types and s&s of pi* or when connecting pipe made by different manufacturers. 

the Construction D~mqpgs i n  accordance:~&hS@oq-O2215. _ - _  ,..*-. 

'K- _ _ _ _ _ -  -- -- 

Install pipe marker in accordance with Section 02215. 

HDPE PIPE JOINTS, FTITINGS, AND APPURTENANCES CONNECTIONS 

Qualify all personnel performing joining operations as specified in this Section. 

Weather Conditions for Joining: 
1. Do not join HDPE pipes and fittings at ambient temperatures below 40°F or 

above 104"F, unless authorized in Writing by the Construction Manager. For 
cold (C40"F) or hot (> 104°F) weather joining, use the additional procedures 
authorized in writing by the Construction Manager. 
Measure ambient temperatures at fusion machine. 
Do not join HDPE pipe and fittings during any precipitation, in the presence of 
heavy fog or dew, or in areas of ponded water. 

2. 
3. 

Prior to joining, clean the joint area to be free of moisture, dust, dirt, debris of any 
kind, and foreign material. 

Joining equipment shall be approved for the applicable field joining processes which 
are thermal butt fusion and eletrofusion. Fusion-welding apparatus shall be automated 
devices equipped with gauges giving the applicable temperatures and pressures. 

Make-trial bui-fusion joints on spool pieces of HDPE pipe to verify that joining 
conditions are adequate. Conduct trial joints on the same material to be installed and 
under similar field conditions as production joints. Conduct trial joining at the 
beginning of each day for each fusion apparatus used that day. Also, each joiner shall 
make at least one trial joint each day. Conduct trial joining under the same conditions 
as the actual joining. Prepare trial joints that are at least 2 feet long (after seaming) 
with the joint at the midpoint. 

t 

Weld -HDPE -carrier and containment pipe with thermal butt-fusion joints or 
elemofusion adapters. Fabricate joints in compliance with ASTM D 2657, ASTM F 
1055. the Manufacturer's recommendations, and the requirements of this Section. 
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H. 

3.07 

A. 

B. 

FEMP LCS-SPEC-REV 0 
Section 02605: Hi& Dmsirv Polvethvlme (HDPE) Manholes. Pipes. and Fittings 

Install flanged connections of HDPE pipe and fittings as shown on the Construction 
Drawings and as follows: 
1. Thermal butt-fuse HDPE flange connection (flauge adapter) to HDPE pipe. 
2. Use Type 316 stainless steel lap joint flange. Outside diameter and drillings shall 

comply with American National Standards Institute (ANSI) B16.1. 
3. Use Type 316 stainless steel flange bolts,. nuts and washers that meets the 

requirements of ANSI B16.1. Lubricate bolt threads prior to attaching nuts. 
Tighten bolts to a torque of 100 f5 foot-pounds. 

Bolt HDPE flange adapter and stainless steel lap joint flanges at the ambient 
temperature of the surrounding soil to prevent relaxation of the flange bolts and 
loosening of the joint due to thermal contraction of the polyethylene. Draw bolts up 
evenly and in h e .  Retighten bolts 1 and 4 hours after initial tightening. 

FIELD TESTING AND INSPECTION 
- .--. __----'-.-~--.---- .C .-" ._.__ --..- ---- _ ,  ,,. , 

Notify the CQC Consultant a minimum of 24 hours in advance of any manhole or'pipe 
testing or pipe inspection. 

HDPE Manhole Hydrostatic Testing: 
1. Provide testing apparatus, including pumps, hoses, gauges, taps, plugs, drains, 

temporary connections, and fittings to perform testing in accordance with this 
Section. .~ - -  - 
Hydrostatically test each HDPE manhole and primary con&inment after final pipe 
connections have been completed and after backfilling. Hydrostatically test each 
HDPE manhole, each primary containment vessel of each LDS manhole, and the 
primary containment of the permanent lift station using the following method. 
a. Perform each test in the presence of the CQC Consultant and in accordance 

with the detailed procedure approved under this Section. 
b. Temporarily seal any holes or gaps. 
c. Fill the HDPE manhole to 6 inches below its top with clean water. 
d. Monitor the level of water for a 4-hour period. 
e. Identify any leaks, remove the water, and make repairs to the HDPE 

manhole or primary containment. A leak is defined as any water level drop 
over the test period except for an anticipated drop due to material relaxation 
and expansion. The anticipated drop must be demonstrated in the approved 
test procedure submined by the Subcontractor in accordance with this 
Section. 
Retest the HDPE manhole or primary containment until a passing test is 
achieved. 

2. 

f. 
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Section -2 

2.9 4 

FEMP LCS-SPEC-REV 0 
5: High Lknsirv Palvethvlm CHDPn Manholes. Pim. and Fittings 

g. After completion of the tes't, remove temporary seals, pump the HDPE 
manhole or primary containment dry, and dispose of test water. 

r?h, . -. - . __.___ -.- ---- 
C. * r b P E  Pipe and Fittings Hydro&= - -_  I 

1. Provide testing apparatus, including' pump;, hoses, gauges, taps, plugs, drains, 
temporary connections, and fittings to perfom testing in accordance with this 

a. 

b. 

Section. 
2. HDPE pipe hydrostatic testing: 

Pkssure test all installed HDPE-Glid'&;-carrier, and containment pipe 
prior to placing fa over 
Perform tests in the oresence of the CQC Consultant and in accordance with 

pipes. C s t 4 ) r ) ~  PUA L DCM ~ 0 - 0 3 3 7  

e. 

f. 
g. 

h. 

i. 

the detailed test prockure submitted bythc - -  Subcontractor in accordance with 

Test HDPE solid wall and 'er pipe a t w  psi internal pressure for 
si internal pressure for force main system. 

this Section. 

gravity pipe systems and at 
Test pipes in accordance with-ASME B31.9 9937.1 through 9937.3.' 
Test HDPE containment pipe at 15 psi inte!mal pkssure. . Test containment 
pipe in accordance with ASME B31.9 9937.1 &o@h-$937.3r ., - * 

- -  - 

Test pipes at the required internal pressure for a mhhuin-of one hour after 
the pressure in the pipe has stabilized. The test duration does not include the 
initial expansion phase after the pipe is first pressurized. The duration of the 
expansion phase shall be as recommended by the Manufacturer. 
Identify any leaks, remove the water, and make repairs to the pipe. 
Retest the pipe until acceptance criteria are achieved in accordance with the 
approved procedures for testing prior to placing backfill over the pipe. 
Test gauges shall be calibrated within one year of date of test. Calibration 
shall be traceable to national or industry standards where possible. 
Acceptance criteria for hydrostatic testing is zero leakage for the stabilized 
pressure for the minlmum duration of the test. 

F7 

.- -. -..._ 
k?- 

D. Subcontractor may substitute air testing in lieu of hydrostatic testing if authorized in 
writing by the Construction Manager. Submit detailed work plan for review and 
approval by the Construction Manager. 

E. HDPE Pipe Inspection 
1. Inspect fusion joints for evidence of excess or insufficient bead size, 

contamination, offset, or any other evidence of inadequate joining. The surface 
of the HDPE pipe shall be clean at the time of inspection. Wipe or wash the 
HDPE pipe surface if surface contamination inhibits inspection. 
Repair any pipe sections where greater than 4 percent pipe diameter deflection 
from vertical is observed. ~ b" ; 1 , 

2. 
I ,  
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3.10 

A. 
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C. 
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FEMP LCS-SPEC-REV 0 
-ion 02605: High Dcnsii Polvethvlme (HDPE) Manholes. Piucs. a d  Fiinns 

Defects and Repairs: 
1. Repair procedures: 

a. Repair any portion of the HDPE pipe exhibiting a flaw, or poor quality 
fusion joint by removing bad joint or pipe Section and replacing with a new 
pipe section. 
When making repairs, satisfy the following: 
(1) clean and dry all pipe surfaces immediately prior to repair; 
(2) only use approved fusion equipment; and 
(3) extend repairs at least 12 inches in all direction beyond the extent of the 

defect. 

Inspect each repair using the methods described in the this Article. Repair 
areas that fail the inspection. 

b. 

2. Repair Verification: 
a. 

SURVEY CONTROL 

Survey location and elevation of the manholes, pipes, and appurtenances in accordance 
with Section 02100. 

Survey the top of HDPE containment pipe on no greater than 50-foot centers and at 
manhole inlets and outlets in accordance with Section 02100. 

TOLERANCES 

Install HDPE manholes and the permanent lift station to within f O . l  feet of the 
elevations indicated on the Construction Drawings. 

Install HDPE manholes within 0.5 degrees of plumb. 

Install all HDPE pipes to within kO.1 feet of bottom of pipe elevations of the 
containment pipes as indicated on the Construction Drawings. 

Provide-positive slope-of gravity -lines at all locations to within k-10 percent of the 
values indicated on the Construction Drawings. 

- 
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I TAB= 02605-1 

REQUIRED €ID€% MANHOLES AND FLAT STOCK PROPERTIES 
ASTM D 3350 CELL CLASSIFICATION PROPERTIES AND RANGES 

CdlRange Qualifiers Units spedfied values Test Method 

Specific Gravity 

Melt Flow Index 

Flexural Modulus 

Tensile Strength 

Environmental Stress 
Crack 

i 

Hydrostatic Design Basis 
at 73°F 

UV Stabilizer 

GE3900-22.llF9630222.SPE 

3 

3 t o 5  

5 

4 or 5 

3 

4 

C 

minimum 

maximum 

minimum 

minimum 

minimum 

minimum 

minimum 

N/A 

g/m min 

Ibri' 

I b / i  

hrs 

lb/in2 

X Carbon 
Black 

0.94 ASTM D 1505 

<0.4 ASTM D 1238 
(Condition E) 

110.000 ASTM D 790 

3,000 Asrrvl D 638 

ASTM D 1693 Fm > 192 

1,600 . A S I U  D 2837 

2 ASTM D 1603 

02605-14 \q ' 96.10.4 
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FEMP LCS-SPEC-REV 0 
-ion 02605: High DensitV Polvethvlcnc (HDPE) Manholes. Pw. and Fittinas 

TABLE 02605-2 

REQUIRED SDPE PIPE AND FTITINGS PROPERTIES 
ASTM D 3350 CELL CLASSIFICATION PROPERTIES AND RANGES 

~~ 

Properties CellRange QUaliTiers Units specified values Test Method 

Specific Gravity 

Melt Flow index 

Flexural Modulus 

Tensile Strength 

Environmental Stress 
Crack 

Hydrostatic Design Basis @ at 73°F 

UV Stabilizer 

3 

4 or 5 

5 

4 or 5 

3 

4 

C 

minimum 

maximum 

minimum 

minimum 

minimum 

minimum 

minimum 

NIA 0.94 ASTM D I505 

g/lQ min C0.15 ASTM D 1238 
(Condition E) 

Iblin2 110,000 ASTM D 790 

lb/iz 3,000 ASTM D 638 

hrs F, > 192 ASTM D 1693 

lblin' 1.600 ASTM D 2837 

%J Carbon 2 ASTM D 1603 
Black 

[END OF SECTION] 
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Defects and Repairs: 
1. Repair M m s :  

a. Repair any portion of the HDPE pipe exhibiting a flaw, or poor quality 
fusion joint by removing bad joint or pipe section and replacing with a new 
pipe section. 
When making repairs, satisfy the following: 
(1) clean and dry all pipe surfaces immediately prior to repair; 
(2) only use approved fusion equipment; and 
(3) extend repairs at least 12 inches in all direction beyond the extent of the 

defect. 

b. 

2. Repair Verificadon: 
a. Inspect each repair using the methods d e s c r i i  in the this Article. Repair 

areas that fail the inspection. 

SURVEY CONTROL 

Survey location and elevation of the manholes, pipes, and appurtenances in accordance 
with Section 02100. 

Survey the top of HDPE containment pipe on no greater than 50-foot centers and at 
manhole inlets and outlets in accordance with Section 02100. 

TOLERANCES 

Install HDPE manholes and the permanent lift station to within fO.l feet of the 
elevations indicated on the Construction Drawings. 

Install HDPE manholes within 0.5 degrees of plumb. 

Install all HDPE pipes to within kO.1 feet of bottom of pipe elevations of the 
containment pipes as indicated on the Construction Drawings. 

Provide positive slope of gravity lines at all locations to within f10 percent of the 
values indicated on the Construction Drawings. 
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-ion 02605: High DmJiw Polvethvlem O P E )  Manholes. Pm. and Fininas 

TABLE 02605-1 

REQUIRED HDPE MANHOLES AND FLAT STOCK PROPERTIES 
ASTM D 3350 CELL CLASSIFICATION PROPERTIES AND RANGES 

CellRange QuauTim Units spedfied values Test Method 

Specific Gravity 

Melt Flow Index 

Flexural Modulus 

Tensile Strength 

Environmental Stress 
Crack 

Hydrostatic Design Basis @ at73"F 

UV Stabilizer 

\ 

3 

3 to 5 

5 

4 or 5 

3 

4 

C 

minimum 

maximum 

minimum 

minimum 

minimum 

minimum 

minimum 

NIA 0.94 

g110 min <0.4 

IbTiZ 110,Ooo 

Ib/iz 3,000 

hrs F, > 192 

Iblin' 1,600 

96 Carbon 2 
Black 

ASTM D 1505 

ASTM D 1238 
(Condition E) 

m D 7 9 0  

Aslu D 638 

A!XM D 1693 

ASTM D 2837 

ASTM D 1603 
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