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Legal Notice

This information was prepar ed Opeyatiosareschndlegg hnol ogy |
Development (OTD).

Neither GTI, the members of GTI, the Sponsor(s), nor any person acting on behalf of any of them:

a. Makes any warranty or representation, expresimplied with respect to the accuracy, completeness,
or usefulness of the information contained in this report, or that the use of any information, apparatus,
method, or process disclosed in this report may not infringe privatehed rights. Inasmixcas this

project is experimental in nature, the technical information, results, or conclusions cannot be predicted.
Conclusions and analysis of results by GTI represent GTI's opinion based on inferences from
measurements and empirical relationships, Whiderences and assumptions are not infallible, and with
respect to which competent specialists may differ.

b. Assumes any liability with respect to the use of, or for any and all damages resulting from the use of,
any information, apparatus, method, mocess disclosed in this report; any other use of, or reliance on,
this report by any third party is at the third party's sole risk.

c. Theresults within this report relate only to the items tested.
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Executive Summary

The objective of this project was to developtaflate guidelines and bestactices with respect to PE

pipe scraping to improveverallfusion quality. The scope of work was comprised of testing the scraping
performancef eight commonly used scrapé€fsgure 1) at three different temperatures, and evaluating
the ability of the scrapers to rema® maximum oxidatiofayer andcontaminants such &entonite

powder, a common contamingotind in HDD installations and representative of other soil (silicate)
contaminants

Questions regarding minimum and maximum scraping depths are specifically addressed in the
Backgroundon Scraping Depth section.

Based on maximum oxidation depth found in prior works, the following minimum scraping depths can be
specified:

1 0.003inches(0.0126inchesof pipe diameterjor pipesyellow MDPE pipes.
1 0.004 inches(0.0®8 inchesof pipe diameterjor blackHDPE pipes

Maximum scraping depths pertaining to electrofusion fittings dependshefitting design and must be
assessed on a per fitting basiat must never exceed 10 percent of the pipe wall thickhésstfusion
sadlles are much less sensitivegaps caused by excessive scraping as they are forced onto the pipe
during heat soaking and joining.

Tablelsummari zes this reportds recommended scrape

Table 1. Recommended Scrape Depths

0.0063inches 0.04 inches

Minimum Scrape Depth _ . _ )
(0.0126inchesof pipeOD | (0.008inchesof pipeOD

Maximum Scrape Depth for EF fitting Dependent on EF fitting

Absolute Maximum Scrape Dept 10% of pipe wall thickness

The results of the scrape depth testing showedathstrapers can achieve a sufficient scrape depth,
however rotary type scrapers provide better scraping quality compared to handheld scrapers, in both
scraping depth and coverage. Additionally, in ntastes rotary scrapers require only one scraping pass
to achieve sufficient scrape depth and covefagdong as they are manufactured to meet the min. scrape
depth) while handheld scrapers require several passes to do the Alihaeigh rotary scrapetgpically
function consistently between scrapes, they are prone to misalignment that can lead to intermittent
scraping therefore pperators should be properly trained in the use and maintenance of such tools

Oval pipe (up to ~5%) did not appear to adsely affect scraping depthh@ test results showed that
springloaded scrapers generally follow the outer diameter of thegpigehereforgappreciablae-

rounding by scraping may or may not occur. Ppeacil scrapedid consistently reéound the pipe due to
its fixed blade and cavityThe influence of pipe ovality on electrofusion quality is directly related to the

gap sensitivity of the fittingandeh f i t t i ngo6s diinherafere, semsiiity tad ovdlite r anc e s

must be evaluated on a per fitting basis.

o
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Contamination removal testing showthat scraping alondoescontribute to the removal of surface
contaminants, however, this contributiorvégiable and not sufficient by itself. Tharprising resulof

the contamination removal testing was thialty theh a n d h e |-sdc rfigtype sordper removed 100%
of the bentonite poder in all test runs. Other scrapers had some runs where all coatiam was
removed and other runs where contamination remained or resettiedfusion zone.

The findings of the testing conducted in thi

S

fusion joint failures, led to a suggested pipelagprocedure where the pipe is thoroughly washed and

cleaned prior to scrapin@vashing and cleaning should go beyond the area to be sceaqkethien
minimizing the opportunitiefor contaminating the scraped area of the pipee minimum and
maximumscrape depths should also be followed to ensure oxidation in the pipe wall is reffibeed.
details of this procedure and other recommendations are givenDisthession and Conclusions
section of this report.

Overall, the various test results lend support to the observation that to achieve successful RBdssions

practices should be adopted, which includes maintaining minimum and maximum sqriusdrde
conjunction withthorough operator training with specific attention to prevention of contamination
of the fusion areas of the pipe and fitting.

General notes orPE fusion and contamination

PE fusion is a stochastic process wherervelten interfaces are brought into contact such that upon

cooling and solidification the interfaces-crystalize to form a ductile welded area. This fusion process is

normally robust within a relatively wide range of its critical process parameters:regameeand
interfacial pressure. However, the presence of certain contaminants, such as silicates, oils, and
surfactants, ar e hicygdalizatiompeotesst ment al t o PEOGS

Fusions that fail due to contamination exhibit smooth;ahactile separabn of the fittingpipe fusion
interface, either in part or in whole. It is important to note, however, that even such areasloctiien

bonding still have some degree of bonding which can often lead to joints that pass pressure tests |(e.g.,

150% MAOP)and in some cases even hold operating pressure for years, but such joints are highly

sensitive to impact | oads and, in cases of saddl

pipe.
Because contamination failures are typically diffi¢alidentifyin the field it is of utmost importance

that the fusion preparation processes reflect this awareness and that operators adhere to the pregautions

and bespractices that help minimize fusion contamination.
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2”7 IPS OEM Peeler 4” IPS OEM Peeler

> 28

:

! 2 IPS Half-Moon Scraper L 4IPS Summit Rotary §eraper

1/2” CTS Pencil Scraper Eriatec Hand Scraper

Figure 1. Tested scrapers
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Introduction

How to enhance and optimize fusions has beewpic of interessince the infant stages of PE use in the
natural gas industry. Procedures and subsequent training has been enhanced over the years, however,
failures stilloccur even though the procedures and training are followed.

Failure nvestigationand various studigserformed over the decades have addressed multiple issues and
installation practices have evolved as a result. Moretegerk in the areas @alectrdusion (EF) fittings
include OTD Project (2.8.d&lectrofusion Coupling Guidelineghich identified key variables affecting

EFs including heat times, ambient fusion conditions, scrape depth and the gap closing ability.
Additionally, OTD Project (2..b) Qualification of Saddle and Electrofusion Joint Designs and Test
Methods to Validate Safe Lofigerm Performancendicated detectable differences in heat fusion
performance between scraped and abraded pipe surfaces. Failure analyses observattomsranges
variation in scrape appearance and consistency that were major contributors if not the cause of fusion
bond failure. The effectiveness and repeatability of the scrape has a correlating impact on the ability to
produce consistent long lasting imss and are influenced by current practices, depth of scrape, scraper
tool designs and effectiveness, pipe ovality, pipe curvature, as well other process supporting
equipment/hardware and installation conditions.

Field issues related to scraping and P&tdin performance have created a need for better guidelines to
assist utilities and their field operators/contract@d.l has recognized that in order to fundamentally
address joint integrity issues comprehensive approach must be naldeere the influace ofall

processes and materials used in creating agoinacknowledged and understood. To achieve this goal
GTI has begun to develop a process madgting the various elements involved in creating a joint.
Figure 2 shows a portion dhis map related to electrofusion joints, which areghiearyjoint type

related to thdéocus of this projectpipe scraping (highlighted in greenkigure 2).

o
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Figure 2. Overview of electrofusion process, with highlight®f OTD project scope
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Background on Scraping Depth

Threemajor questions about scraping are often asked by operators:

1. What isthe minimum scraping depth?
2. What is themaximum scraping depth?
3. What is the effect of scraping depth on EF joint quality?

The reason for the first question is that minimum scraping dggattificationstypically specified byipe
andfitting manufacturersare not always consistent. Theseomgistencies are possibly due to
manufacturers basing their specification on different sets of oxidation tesholatver it is important to
note that the fundamental reason for scraping is to remove oxkelized

Some degree of PE surface oxidation raltynoccurs during pipextrusionwhenit is initially exposed to
air while still hot from the extrusiodie. Exposure to UV radiation from sunlight during storage and
transport will also cause surface oxidatidrhe presence ofxidized PE is undesirablfor two reasons:

1. Oxidized PHEnhibits fusion

2. Oxidized PE idess ductileand thereforecan acceleratthe initiation ofslow crack growth
(SCG)

Past work byChoi, 1992)on PE2306 MDPKAIdyl-A) has shown that the depth of oxidation by UV
light exposure is restricted to a thin layer, regardless of exposureFigure 3, taken from(Choi,
1992) shaws that oxidation depth reachadnaximum of 16@im (0.0063in) at 150 hours of UVight
exposure time and remadapproximately constant after 250 hours of exposure.

200
4 Mlcroscopy ® I.R. (Carboryl)
? 160} A
b
L " ]
g
120}
S A ®
] R
n
& EmL
o A
2 £r =
G L L L L L
0 50 100 150 200 250 300
U.V. Exposurs Time C(hrs)

Figure 3. Degradation depth vs. UV exposure timgas measured by microscopy and FTIR carbonyl
index methods Taken from (Choi, 1992) Figure 5.9.

GTI-OTD Confidential
The information contained ireghust is proprietary and confidential. Use of this information is limited to members of Operations Technology
Development (OTD) and their employees and may only be used for the members internal purpose and not hieslisclosed to third par
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Work done at Gaz de Franffdussbaum, Dufour, & Gueugnaut, 199éported that in polyethylene with
carbon black oxidation depth does not exceedniif®@.00B9in). Carbon black is known to be very
effective in absorbing UV energy and converting it into heat.

Based on these past worksnaimum scraping depth @ 0053 inches(0.0126inchesof pipe dameter)
for all PE pipesould be recommendesthe mosiconservative specificatior-or pipes with carbon
black a minimum scraping depth @004 inches(0.0® inchesof pipe diameter) can be given.

The maximunallowablescraping depth is 10% of the pipe wall thickiebswever, lte practical
maximum scraping depth terms of fusion performandégdefinedby fitting gap sensitivity. Fitting gap
sensitivity, asdiscussedn this reportis applied in the contexof electrofusioA couplings and
electrofusion saddleslo answer the second and third questions above, the gap sensitivity of a given
fitting model needs to be quantified.

An el ect r of u sensiivity (fometimas refgrded to gsagfpsing capability) is dependent on
the following

9 Coil design

1 Energy input tolerances (combination of coil resistance tolerance and fusion box output
tolerance), and

1 Temperature of the fitting and pipe immedigtetior to fusion

Themaximum gapfitting can closeshould be specified as a function of installation temperature, over
the rangeof installation temperatures tfiting is designed for.Such a function neado be determing

on a peffitting-modelbasisby conducting a desigof-experimen{DoE) that considerghe full range of
installation temperatures, energy input tolerances, and expected gaps (combination of pipe, fitting, and
scrape depth tolerances).

Based on the recognition above, a maxn scraping depth specification depends primarily on the
electrofusion fitting being used and secondarily on the maximum allowable pipe wall thickness loss.

o 0.0063inches 0.004 inches
Minimum Scrape DeptH _ _ _ )
(0.0126inchesof pipeOD | (0.008inchesof pipeOD
Maximum Scrape Depth for EF fitting Dependent on EF fitting
Absolute Maximum Scrape Dept 10% of pipe wall thickness

1 The industry accepted maximum allowable wall thickness loss is 10%.

2 In the case of conventiahheat fusion saddles, there is much less gap sensitivity since the fitting is
forced onto the pipe in this case the maximum allowable scrape depth would be limited by a
specification of maximum allowable pipe wall thickness reduction, and considevatimn pipe melt
depth achieved by the heating iron temperature, heat soak time, and gas pressure in the pipe.
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Testing

The focus of this project was to test the performance of various commonly used scrapers in terms of
scrape depth and removal of contamination (bentonite powdex).testmatriceswere developed using
aDoE method.

Scrape Depth Testing

Eight scrapergshown inFigure 1 andAppendix A 7 Tested Scraper¥were tested with the following
variables:

1 Ambient temperatur&10°F, 70°F, 120°F)
1 Owvality (up to ~5%except for the Pencilcraper),
1 Pipe materia(MDPE, HDPE).

Three scraping runs were performed at each condition, where eachsyerformed by aiffierent
operator.Figure 4 shows the overall scrape depth results of all tested scrapssling all temperatures
and pipe materialsThe following pages show a breakdowrtluéresults per scraper. Theraping
procedureused for testings detailed inAppendix B i Scraping Procedures (for testing).
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Figure 4. Overall scrape depth resilts, showing minimum, average, and maximum depth@@ . 0 0 2 nj
line is provided strictly as aplot scale referencg
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Frialen Peeler, 2njPS

A typical scrape by arjPS Frialen Peeler is shownhigure 5 and he scrape deptfesultsare shown in
Figure 6. Singlepass scrape depth was soimes as low as 0.002 inches, which suggests that more than
one scraping pass may be needed in field condititirvgas also noted that the scraper takes deeper cuts
as it progresses along the pipe.

k'!ﬁi!'ﬁ W W

Figure 5. Typical scrape by 2ijIPS Frialen Peeler

Frialen Peeler, 2" IPS
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Figure 6. Frialen Peeler2njIPS: minimum, average, and maximum scraping depths at three
temperatures on MDPE pipe
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In some casethe scraper left neacraped gaps, as can be sedfigure 7. These gaps were left due to
misalignment of the wheethat determine the pitch of tielical scraping pattseeFigure 8). Users
should be aware of this adjustability if gaps in the scrape are encountered.

Figure 7. Non-scraped gaps left by 8jIPS Frialen Peeler

Wheels on an
adjustable axis to
determine pitch of
helical scrape path

AT

Wheel axis alignment markg

Figure8. 2n I PS Frialen Peeler
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Figure 9 shows pipe ovality before and after scraping. As can be seen in the figure, scrapinguindire
the pipe to various degrees.

Frialen Peeler, 2" IPS
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Figure 9. Frialen Peeler 2ijIPS: ovality after scrape versus ovality before scrape
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Figure 10 shows the scrape depth difference between HDPE and MDPE at 70°F. Scrape depth was
approximately 250% higher on HDPE. This difference is most likely duth&dower compliancgof
HDPE versus MDPENd the sprindgoaded blade

Frialen Peeler, 2" IPS, @ 70°F
0.012

0.01 A

0.008 <

0.006 - T

Scrape Depth on HDPE Pipe [in]

0.004 o
¢
0.002
0
0 0.002 0.004 0.006 0.008 0.01 0.012

Scrape Depth on MDPE Pipe [in]

Figure 10. Scrape depth on HDPE pipe versus MDPE pipe, at 70;y®ith 30% error bars

3 Compliance is the reciprocal of stiffness (i.e., a softer material is more compliant, a harder material is
less compliant).
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Frialen Peeler, 4njPS

A typical scrape by arJiPS Frialen Peeler is shownhkigure 11 and the scrape depth results are shown
in Figure 12. Singlepass scrape depth wamstly above 0.006 inches, asaimetimes as low as 0.90
inches These resultsuggest that more than one scraping pasgd not be expected, botaystill be
necessarjn some circumstances

.'H’ ;ﬁuﬂ‘d .ﬁ‘“".b““ﬂhﬂ il | R R TR TSI RN

Figure 11. Typical scrape by 4jIPS Frialen Peeler
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Frialen Peeler, 4" IPS
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Figure 12. Frialen Peeler4njlPS: minimum, average, and maximum scraping depths at three
temperatures, on MDPE pipe
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Figure 13 shows pipe ovality before and after scraping. As can be seen in the figure, scraping did not
effectively reround the pipe, indicatg that the spring loaded peeling blade kept track of the contour of
the pipe.
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Figure 13. Frialen Peeler4 nj 1CORdhty after scrape versus ovality before scrape
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Figure 14 shows the scrape depth difference between HDPE and MDPE at 70°F. Scrape depth was
almost identical on each pipe material.

Frialen Peeler, 4" IPS, @ 70°F
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Figure 14. Frialen Peeler4 nj 1SBr&pe depth on HDPE pipe versus MDPE pipe, at 70°F
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Half-Moon Scraper, 2njPS

A typical scrape by ariPS HaltMoon scraper is shown Figure 15and the scrape depth results are
shown inFigure 17. Due to its serrated edged handheld naturthis scraper typically requires several
passes over the fusion zone to completely remove the outer layer of the pipesci@ipaldepth was
mostly above 0.08inches, and sometimes as low as 8.0@hes It was noted that the scraping depth
along the pipe may not be consistent because of the handheld nature of the tool.

Figure 15. Typical scrape by 2jIPS Half-Moon Scraper (after several passes)

Figure 16. Typical crape by 2jIPS Half-Moon Scraper (after several passes), closer view of
serrated surface
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Half-Moon Scraper, 2" IPS
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Figure 17. Half-Moon Scraper, 2njIPS: minimum, average, and maximum scraping depths at three
temperatures, on MDPE pipe

Figure 17 does not show scrape depth results6°F because the Halloon scraper was unable to
remove any appreciable material at this low temperature.
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Figure 18 shows pipe ovality before and after scraping. As candmisethe figure, in most cases the
Half-Moon scraper reounded the pipe.
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Figure 18. Half-Moon Scraper,2 nj | ORdlity after scrape versus ovality before scrape
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Figure 19 shows the scrape depth difference between HDPE and MDPE at 70°F. Scrape depth was
higher on HDPE pipe

Half-Moon Scraper, 2" IPS, @ 70°F
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Figure 19. Half-Moon Scraper,2 nj | Ser&pe depth on HDPEpipe versus MDPE pipe, at 70°F
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OEM Peeler, 2njPS

A typical scrape by arfPSOEM Peeler is shown iRigure 20 and the scrape depth results are shown in
Figure 21. Singlepass scrape depth wastly above 0.00éches the lowest measured depth was
0.005 inches.These results suggeasiatonly one scraping pass would be expedtenhost cases.

Figure 20. Typical scrape by 2jIPS OEM Peeler
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OEM Peeler, 2" IPS
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Figure 21. OEM Peeler 2njIPS: minimum, average, and maximum scraping depths at three
temperatures, on MDPE pipe
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Figure 22 shows pi ovality before and after scraping. As can be seen in the figure, in most casgs the 2
IPS OEM Peeler reounded the pipe.
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Figure 22. OEM Peeler2 nj | Orédlity after scrape versus ovality before scrape
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Figure 23 shows the scrape depth difference between HDPE and MDPE at 70°F. Scrape depth was
higher on HDPE pipeThis difference is most likg due to the lower complianc# HDPE versus MDPE
and thespringloaded blade.

OEM Peeler, 2" IPS, @ 70°F
0.022

0.02 l

0.018 ‘

0.016 -

0.014 e

0.012 ‘

0.01 "

0.008 -

Scrape Depth on HDPE Pipe [in]

0.006

0.004

0.002

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02 0.022
Scrape Depth on MDPE Pipe [in]

Figure 23. OEM Peeler2 nj |Ser&pe depth on HDPE pipe versus MDPE pipe, at 70°F
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OEM Peeler, 4njPS

A typical scrape by dnjlPSOEM Peeler is shown iRigure 24 and the scrape depth results are shown in
Figure 25. Sirgle-pass scrape depth wastly above 0.008ches the lowest measured depth was
0.002 inches.These results suggeasiatonly one scraping pass would be expedtenhost cases.

Figure 24. Typical scrape by 4jIPS OEM Peeler
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OEM Peeler, 4" IPS
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Figure 25. OEM Peeler4njIPS: minimum, average, and maximum scraping depths at three
temperatures, on MDPE pipe
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Figure 26 shows pipe ovality before and after scraping. As can be seen in the figunej|RIScGIEM
Peeler maintained the original ovality of the pipe in most cases, but also reduced and incediigéa ov
some cases.
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Figure 26. OEM Peeler4 nj | ORdiity after scrape versus ovality before scrape
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Figure 27 shows the scrape depth difference between HDPE and MDPE at 70°F. Average scrape depth
was similar on both materials. The minimum depth was higher on HDPE pipe, and the maximum depth
was hidner on MDPE pipe.
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Figure 27. OEM Peeler4 nj |Ser&pe depth on HDPE pipe versus MDPE pipe, at 70°F
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Friatec Hand Scraper

A typical scrape by &riatechand scrapes shown inFigure 28 and the scrape depth results are shown

in Figure 29. Singlepass scrape depth wamstly below 0.00énches the lowest measured depth was

0.001 inchesThese results suggasatwh en usi ng a Apaint scragdglker o type
taken to thoroughly scrape the entire fusion zone area to a sufficient depth.

Figure 28. Typical scrape by Friatec Hand Scraper
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Friatec Hand Scraper, 4" IPS
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Figure 29. Friatec Hand Scraper,4njIPS: minimum, average, andmaximum scraping depths at
three temperatures on MDPE pipe
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Figure 30 shows the scrape depth difference between HDPE and MDPE at 70°F. The midepthm
was the same on HDPE pipe, while the average and maximum depths were higher on MDPE pipe.
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Figure 30. Friatec Hand Scraper,4 nj | Ser&oe depth on HDPE pipe versus MDPE pipe, at 70°F
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Pencil Scraper, YnjCTS

A typical crape by a&entral Plastics Mini Scrapér shownin Figure 31 andthe scrape depth results are
shown inFigure 32. Scrape depth wasostly above @06inches the lowest measured depth was 0.005
inches. These results suggdbiatthe Central Plastics Mini Scrapshould consistently remove oxidized
material on the pipe surface.

Figure 31 Typical scrape by “jCTS Pencil Scraper
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Figure 32 Pencil Scraper, ¥2njCTS: minimum, average, and maximum scraping depths at three
temperatures, on MDPE pipe
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Figure 33 shows pipe ovality before and after scraping. As can be seen in the figdfajGA& Pencil
Scraper consistently m®unds the pipeThis can be attributed thes ¢ r a p espringloaded blade
and fixed cavity diameter.
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Figure 33. Pencil Scraper, ¥2nj C TO8ality after scrape versus ovality before scrape
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Figure 34 shows the scrape depth difference between HDPE and MDPE at 70°F. Scrape depth was
consistently higher on MDPE versus HDPEhis result suggests that because the pencil scraper does not

havea springloaded blade, the higher stiffness of HDPE leads to shallower scrapes when compared to
MDPE.
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Figure 34. Pencil Scraper, ¥2nj C TS&ape depth on HDPE pipe versus MDPE pipe, at 70°F
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Summit Rotary Scraper, 4njPS

Scrapes by a 4jlPS Summit Rotary Scrapareshown inFigure 35andFigure 36. Scrape depth results

are shown irFigure 37. Singlepass scrape depth was mostly above 0.006 inches, the lowest measured
depth was 0.0®inches. These results suggest that only one scraping pass would be expected in most
caseshowe\er, issues witlscraping consistencground the circumference of the piwere encountered
during testing

Figure 35. Typical scrape by 4jIPS Summit Rotary Scraper
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Figure 36. Inconsistent scrapedepth by 4njIPS Summit Rotary Scraper
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Summit Rotary Scraper, 4" IPS
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Figure 37. Summit Rotary Scraper, 4njIPS: minimum, average, and maximum scraping depths at
three temperatures on MDPE pipe
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Figure 38 shows pipe ovality before and after scraping. As can be seen in the figuhaj|RISSSummit
Rotary Scraper typically maintains the oridipge ovality, but may increase or reduce ovality in some
cases.
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Figure 38. Summit Rotary Scraper,4nj | ©\&lity after scrape versus ovality before scrape
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Figure 39 shows the scrape depth difference between HDPE and MDPE at 70°F. Minimawvesasage
scrape depths were higher on HDPE and maximum depth was higher on MB&Elope of the
regression linghrough the points probably highlights the scrape inconsistency issues.

Summit Rotary Scraper, 4" IPS, @ 70°F
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Figure 39. Summit Rotary Scraper,4nj | BcE&ape depth on HDPE pipe versus MDPE pipe, at
70°F
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Subjective Scraper Comparison

Table 2 showssubjectiveratingsof ease of usef each of the tested scrapdvased on the experience of
the GTI personnel who tested therapers for this reporfThe ratings are relative between the tested
scraperaind are intended to give a qualitato@mmparisorfrom an operator perspective

Table 2. Subjective User Ratingof Scraper Ease of Use
Ease of Ease of
Clamping/Alignment Scrape

2" IPS OEM Peel¢ 3 4

4" IPS OEM Peele
2" IPS Frialen Peel¢
4" IPS Frialen Peels
2" IPS HalMoon Scrapet
4" IPS Summit Rotary Scray
1/2" CTS Pencil Scrap,
FriatecHand Scrape
Rating guide1=Worst, 5=Best

Scraper

RO RPIWWlIW
ArlOIN|IPRP|OPS
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Contamination Removal Testing

Contamination removal tests were performed in the same manner as the scrape depth tests, however, the
pipe waddeliberatelycontaminated with bentonite powder prior to sangpiBentonite powder was

selected because it is the primary mineral in drilling fluids used in horizontal directional drilling (HDD)

and, being a silicat&, has a similar detrimental effect as othersoildust.

Following the scraping procedure, elettision saddles were fused and then peeled off using the ISO
decohesiontest metho&usi ons that exhibited 100% ductility
than 100% ductility scored as Afailwvaof Since th
contamination, fusion voids wedisregarded in the scoring

e

Figure 40 shows the success rate of complete removal of the bentonite contamipetisaraper. Each
scraper was tested a total of six times, which included scraping at three temperatures on both MDPE and
HDPE pipes.
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Figure 40. Success rates of complete removal of bentonite powder

The followingfigures show the test results of the decohesion tests and FTIR data where applicable.
Circles on photographs indicate the locations where FTIR readings were taken, and aredenldo
match the corresponding FTIR spectra figure.
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Frialen Peeler, 2njPS
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Figure 42. FTIR spectra from decohesion test resul2njlPS Frialen Peeler onMDPE pipe at
-10°F
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Figure 43. Decohesion test resul2njIPS Frialen Peeler onHDPE pipe at-10°F
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Figure 44. FTIR spectra from decohesion test resul@njlPS Frialen Peeler onHDPE pipe at
-10°F
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Figure 45. Decohesion test resul2njIPS Frialen Peeler onMDPE pipe at 70°F
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Figure 46. Decohesion test resul2njIPS Frialen Peeler onHDPE pipe at70°F
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Figure 47. FTIR spectra from decohesion test resul@njlPS Frialen Peeler onHDPE pipe at
12C0°F
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Figure 48. Decohesion test resul2njIPS Frialen Peeler onMDPE pipe at 120°F
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Figure 49. Decohesion test resulnjIPS Frialen Peeler onHDPE pipe at120°F
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Frialen Peeler, 4njPS

Figure 50. Decohesion test resulgnjIPS Frialen Peeler onMDPE pipe at-10°F
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Figure 51. Decohesion test resulgnjIPS Frialen Peeler onHDPE pipe at-10°F
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Figure 52. Decohesion test resulgnjIPS Frialen Peeler onMDPE pipe at 70°F
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Figure 53. Decohesion test resulgnjIPS Frialen Peeler onHDPE pipe at70°F
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Figure 54. Decohesion test resulénjlPS Frialen Peeler onMDPE pipe at 120°F

0024 172056-010_InnerColdZone
172056-010_InnerFusionZane
172056-010_MidFusionZane
0.022 3475055 terColdZone

0016
0014

Bentonite peak

0010

g
H
&
gnm
2
<

D004 3 o P

4000 3300 3600 3400 3200 3000 2800 2600 vzvd::m.“h" m‘zlﬂﬂﬂ 2000 1800 1600 1400 1200 1000 800
Figure 55. FTIR spectra from decohesion test resul4njlPS Frialen Peeler onMDPE pipe at
120°F
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Figure 56. Decohesion test resulénjIPS Frialen Peeler onHDPE pipe at12C0°F
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Figure 57. FTIR spectra from decohesion test resul4njlPS Frialen Peeler onHDPE pipe at120°F
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Half-Moon Scraper, 2njPS

Figure 58. Decohesion test resul2njIPS Half-Moon Scraper onMDPE pipe at-10°F
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Figure 59. FTIR spectra from decohesion test resul2njlPS Half-Moon Scraper onMDPE pipe at
-10°F
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Figure 60. Decohesion test resul2njIPS Half-Moon Scraper onHDPE pipe at-10°F
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Figure 61. Decohesion test resul2njIPS Half-Moon Scraper onMDPE pipe at 70°F
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Figure 62. FTIR spectra from decohesion test resul2njlPS Half-Moon Scraper onMDPE pipe at
70°F
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