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VERIFYING THE IMPERMEABILITY OF GRP
REGARDING HYDROCARBONS

* Motivation (about 7 years ago)

Giftige Stoffe
“ Sohl’“gen i

Grundwasser von Sohlingen vergiftet?

Bei der Erdgasfdrd
Niedersachsen sinc
Substanzen ins Gru

Das hat das NDR ¥/
"Markt" aufgedeckt Woher stammt das Gift im Blut der

sehlingen im Land! Anwohner?
hat es besonders ¢

Das NDR-Wirtschaftsmagazin "Markt" deckte & Jahre sind dort glft.I
die Umweltverschmutzung durch den Exxon- Grundwasser und i
Konzern auf. (Archivhild) gesickert. Die Anwi

Kurt Srhrnlke  sine

ns Grung asrdgasfdrderUng

Ein Bericht de
"Markt" war d
deckte auf, d
Erdgasfdrder :
Kreis Rotenb

Schadstoffen
Erdreich verv
Die Behdrden wollen nun die moglichen & bekannt. Die
Ursachen fir die erhdhten Giftkonzentrationen Januar, dass
suchen, erklérte Klaus Stntgerath vom 2007 niffire ©
Landeshergamt. 14.01.2011

Rotenburge?

dergebiet

Hamburg (ots) - Der Wirtschaftsminister von Miedersachsen, Jérg Bode (FDP), duBert im ARD- d
Magazin “Panorama” deutliche Kritik am niedersachsischen Landesamt fur Bergbau, Energie
und Geologie (LBEG). Die dem Wirtschaftsministerium unterstehende Behérde hatte nach der
Entdeckung eines Giftunfalls mehr als drei Jahre gebraucht, um mit der Untersuchung auch F am‘\‘e

bt mitten im For

schoon 1€

anderer Gasfelder auf vergleichbare Gefahren zu beginnen. Bei dem Unfall auf dem von 4% \."ngen
ExxonfMobil betriebenen Erdgasfeld Séhlingen im Jahr 2007 war es zu SOh
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VERIFYING THE IMPERMEABILITY OF GRP
REGARDING HYDROCARBONS

* Incident: oil field S6hlingen, 7 years ago

pipe trench

old steel pipe

leak-tight PE-tube

transporting reservoir fluids

pollution of soil and groundwater
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VERIFYING THE IMPERMEABILITY OF GRP
REGARDING HYDROCARBONS

* Preface

high BTEX concentration

adsorption <« PE-Wall ——

e o @ | () ()

. diffusion
N

N

concentration gradient

reservoir fluid

polyethylene
pipeline

desorption

soil / groundwater

low BTEX concentration

5
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VERIFYING THE IMPERMEABILITY OF GRP
REGARDING HYDROCARBONS

* Preface L :EG

Official directives of the LBEG v
» 3. Anordnung L2.1/L67911-06/2012-0003 vom 21.12.2012

(Nachweis der Eignung von Kunststoffrohren bei Verwendung als
Feldleitung in Erddl- und Erdgasbetrieben bzgl. des sicheren
Einschlusses des zu transportierenden Mediums (keine messbare
Permeation) im Sinne des § 49, Abs. 1, BVOT

mittels wiederkehrender Prifungen durch Analysen von Boden- und
Wasserproben, ggf. alternativer Verfahren im Einvernehmen

» Bescheid L1.5/L67911-06/2016-0002 vom 07.11.2016

(Einvernehmen bzgl. Anwendung Genereller Eignungsnachweis fir
GFK)

LBEG: Landesamt fur Bergbau, Energie und Geologie (mining authority)
fir die Lander Schleswig-Holstein, Hamburg, Bremen und Niedersachsen
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VERIFYING THE IMPERMEABILITY OF GRP

REGARDING HYDROCARBONS
* Preface

- ,,ndirect
pipe trench §_ W proof of
= | 1 suitability”

pipeline

reservoir

fluid

0—-10 mm

and 100 mm /

Y reference sample :
water samples % soil
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VERIFYING THE IMPERMEABILITY OF GRP
REGARDING HYDROCARBONS * Preface

7 % .»

»indirect
proof of
suitability“

_of SOII for”
- BTEX analysis
Al 2

soil samples BTEX
Sl
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VERIFYING THE IMPERMEABILITY OF GRP
REGARDING HYDROCARBONS * Preface

PE 100
schwarz

~ Fraunhofer

WK

emission measuring cell
-> evaluating the permeation rate
(difficulty: tight sealing)
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VERIFYING THE IMPERMEABILITY OF GRP
REGARDING HYDROCARBONS * Preface

Used PE pipeline (transported reservoir fluid for over 1,5 years,
BTEX =< 3.000 ug/l)

10 mg/m-d BTEX

PERMEATION !

permeation measuring cell
- Permeation: 10 mg/m-d (4%, 10 mm PE wall)
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VERIFYING THE IMPERMEABILITY OF GRP
REGARDING HYDROCARBONS

* Analytical method

Material tests ﬁ

» Used plastic tube + A S A=

,direct
brand new tube (reference sample) proof of

NN

» Chip layers on a turning lathe (2 0,1 mml/layer)

» Cut sample out of tube (sawing)

» Extract lathe turnings with methanol

» Analyse extract using gas chromatography
BTEX as main parameter for hydrocarbons

» Evaluate concentration profiles

in tube wall matrix [ug/kg BTEX] q
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VERIFYING THE IMPERMEABILITY OF GRP
REGARDING HYDROCARBONS

* Analytical method

L :

P A et ; »direct
£ * , proof of
y"‘r. . ] LE L

suitability*

GFK material tests
with used

GFK pipelines ...
unfortunately a
destructive process

i" a0 4

e
. "’A" -4-

“bz .,; \
414’}/ngu&

e R0 . a : q
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VERIFYING THE IMPERMEABILITY OF GRP
REGARDING HYDROCARBONS

* Analytical method

Chipping layers off of a tube wall on a direct
turning lathe (lathe turnings in methgnol) proof of
¢ suitability*
e e GBA
tem p el’at ure GESELLSCHAFT FUR BIOANALYTIK MBH

monitoring

- GBA
Samples of

== t&be wall layers
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VERIFYING THE IMPERMEABILITY OF GRP
REGARDING HYDROCARBONS

* Analytical method

Evaluation of gas chromatogram direct
from 10 tube wall layers »direc
———r—r— proof of
pipe trench 10 layers from PE tube wall suitability“
100.000
k
e/ie] 10 lathe
80.000 —¢—Benzol turning

=== Ethylbenzol
i Xy lO €

=t Sty rol

=@ Propylbenzole

= Ethyltoluole

== Trimethylbenzole

innen PE

~

14 Dr. Wolfgang Riihl | TUV NORD EnSys GmbH & Co. KG | GFK Unlimited, TUV SUD, Miinchen,06.02.2017 TUVNORD



VERIFYING THE IMPERMEABILITY OF GRP
REGARDING HYDROCARBONS

* Comparison to other plastics
used PE pipeline

(transported reservoir fluids for over 1,5 years , BTEX < 3.000 ug/l)

100.000

PO2
(ug/kg]
80.000 == Benzol
== Toluol
60.000 == Ethylbenzol
== Xylole
40.000 == Styrol

=0 Propylbenzole

20.000 - === Ethyltoluole

——Trimethylbenzole

1 2 3 4 5 6 7 8 9 10 Iinnen PE

,direct
proof of
suitability*

LaWa: reservoir fluid

LaWa, < 3.000 ug/l BTEX

PERMEATION !
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VERIFYING THE IMPERMEABILITY OF GRP
REGARDING HYDROCARBONS

* Comparison to other plastics

used PE-ALU composite pipeline
(transported reservoir fluids for over 1 year, BTEX < 1.000 pg/l)

[ng/kg] ,direct
SLA, LaWa, 1 Jahr
100.000 proof of
ALU-Folie —— Benzol SUitabiIity“
80.000 ——Toluol

—4— Ethylbenzol LaWa: reservoir fluid

60.000 —<Xylole

=t Styrol
-0 Propylbenzole
20.000 === Ethyltoluole
0 h—a— . .

1 2 3 4 5 6 7 8 9 10 innen LaWa, < 1.000 ug/l BTEX

40.000

NO PERMEATION ! q
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VERIFYING THE IMPERMEABILITY OF GRP
REGARDING HYDROCARBONS
* Comparison to other plastics
used PE-ALU composite pipeline
(transported reservoir fluids for over 1 year, BTEX < 1.000 pg/l)

ALU-foil | ”direct
‘ proof of
| - _ ] | . suitability*
st Ry <53 me RS TRE g S

I fi :
Moy ©33 Wy By dngp el T3l Whm{3m/,, e

- (lathe turnings in methanol - 10 layers
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VERIFYING THE IMPERMEABILITY OF GRP
REGARDING HYDROCARBONS

* Comparison to other plastics

PE-ALU composite pipeline in a laboratory test at DBI-GUT
(18 month, 10% Toluol, 90% n-alkenes at 30°C, 8 bar)

15.000.000 ”dlreCt
500.000 proof of
[ug/ke) o | e/ itability“
ALU-Folie ALU-Falie sultadllity
400.000
10.000.000 —4— Benzol
300.000 == Toluol
== n-Pentan
200.000 5.000.000 M ==n-Octan
= 1-Decan
100.000 -
D I T . ' . T . 1 . 1 . 1 ._|
0 - —— 1 2 3 4 5 6 7 8 9 10 innen
5 G
I
L]
BEGINNING OF PERMEATION ! /j
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VERIFYING THE IMPERMEABILITY OF GRP

REGARDING HYDROCARBONS
* Comparison to other plastics

PA12 pipeline in a field test (2,5 years)
(36 years)

PVC pipeline in an oil field

[ne/kel 503
100.000
—4—Benzol
80.000 —f—Toluol
[ == Ethylbenzol
60.000 Xylole
= Styrol
40.000 1 y
J/f —8— Propylbenzole
20.000 === Ethyltoluole
: iéé ——=Trimethylbenzole
0 -

PA12

1 2 3 4 5 6 7 8 9 10 Innen

,direct
proof of
suitability*

19

Reservoir fluids with
< 3.000 pg/l BTEX both cases

NO PERMEATION !
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5.000

(me/ke] POz
4.000 +—Benzol
=i—Toluol
3.000 =e—Ethylbenzol
r = Xylole
2.000 “t==Styrol
=0 Propylbenzole
1.000 == Ethyltoluole
——=Trimethylbenzole
0 -

9 10 innen PVC
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VERIFYING THE IMPERMEABILITY OF GRP
REGARDING HYDROCARBONS

* Direct proof of suitability for GRP pipes

Evaluation of BTEX penetration in GRP matrix

BTEX concentration profiles within the GRP tube wall [pg/kg]

used GRP pipeline, transported cut oil for over 30 years

10.000
[ug/ke) 1 P06
2.000 —4—Benzol
\w == Toluol
6.000 == Ethylbenzol

==X ylole

e Sty rol

4.000

2.000

——=Trimethylbenzole

I =0 Propylbenzole
; == Ethyltoluole

1 2 3 4 5 6 7 & 9 10 innen

suitability*

,,direct
proof of

used GRP pipeline
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VERIFYING THE IMPERMEABILITY OF GRP
REGARDING HYDROCARBONS
* Direct proof of suitability for GRP pipes

Evaluation of BTEX penetration in GRP matrix
BTEX concentration profiles within the GRP tube wall [pg/kg]
brand new GRP pipeline from inventory stock (reference sample)

10.000
(ne/ke]
8.000

6.000

4.000

ROS

=—4=Benzol
=i—Toluol
== Ethylbenzol
et ' [0][E

== Styrol
=@=Propylbenzole

2.000

1

2

3

4

5

6 7 8

9

Whe-=222N

10

= Ethyltoluole

—=Trimethylbenzole

innen

brand new GRP pipeline
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,,direct
proof of
suitability*

BTEX source: epoxy resin
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VERIFYING THE IMPERMEABILITY OF GRP

REGARDING HYDROCARBONS

* Direct proof of suitability for GRP pipes
Evaluation of BTEX penetration in GRP matrix

BTEX concentration profiles within the GRP tube wall [pg/kg]

NO PERMEATION !

BTEX-source: epoxy resin

10.000

[ug/kg]
8.000

6.000

4.000

‘;\W

2.000

P06

=—4—Benzol
=f—Toluol
==fe=Ethylbenzol
== Xylole
=t=Styrol
=&-Propylbenzole

e

1 2 3 4 5 6 7 8 9 10

==Ethyltoluole

——=Trimethylbenzole

innen

10.000

[ug/kg]
8.000

6.000

4.000

RO5

=4 Benzol
== Toluol
=== Ethylbenzol
e (0]

== Styrol
=@=Propylbenzole

2.000

e

1 2 3 4 5 6 7 8 9 10

== Ethyltoluole

——=Trimethylbenzole

innen

22

used GRP pipeline

brand new GRP pipeline
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VERIFYING THE IMPERMEABILITY OF GRP
REGARDING HYDROCARBONS

* Direct proof of suitability for GRP pipes

150.000
[ng/kg]

125.000

100.000 -

75.000 -

50.000

BTEX concentration profiles within the GRP tube wall [pg/kg]
used 12“GRP pipeline, transported reservoir fluids for over 50 years

P19 97
== Benzol
=l Toluol
== Ethylbenzol

e Xy l0le

==fe=Styrol

fluid

Lagerstittenwasser Erdélfeld Scheerhorn/Adorf [pg/l]

M Benzol
H Toluol
m Ethylbenzol
H Xylole

=@ Propylbenzole

—===Ethyltoluole

25.000

Trimethylhenzole

Summe LCKW

Dichloromethane
boiling point: 40°C
|

innen

Source of BTEX/VOC: epoxy or vinyl ester resin
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VERIFYING THE IMPERMEABILITY OF GRP
REGARDING HYDROCARBONS

* Direct proof of suitability for GRP pipes

BTEX concentration profiles within the GRP tube wall [pg/kg]
used GRP pipeline, transported reservoir fluids for over 17 years

55 390
5.000 PO fluid
[ug}'kg] M Benzol
4.000 1& == Benzol m Toluol
== Toluol m Ethylbenzol
B Xylole
3.000 === Ethylbenzol
= Xylole
Y Lagerstattenwasser aus dem Erélfeld Eich [pg/l]
2.000 == Styrol
=@ Propylbenzole NO
1.000 ~ - Ethyltoluole I
- Trimethylbenzole DIFFUSION H
0 NO

1 2 3 4 5 6 7 8 9 10 innen

no BTEX detectable in epoxy resin matrix (< 300 pg/kg)

24

Dr. Wolfgang Riihl | TUV NORD EnSys GmbH & Co. KG | GFK Unlimited, TUV SUD, Miinchen,06.02.2017

PERMEATION !

wv N@




VERIFYING THE IMPERMEABILITY OF GRP

REGARDING HYDROCARBONS

* Direct proof of suitability for GRP pipes

Statistical data

» GRP pipelines - direct proof of suitability (61 samples)
none with any indication for diffusion or permeation

GRP pipelines in oil / gas fields Germany
GRP type direct proof
total of suitability
GRP-EP (epoxy resin) 423 42 9,9%
GRP-VE (vinylester resin) 34 18 52,9%
GRP-PE (polyester resin) 1 1
GRP overall 458 61 13,3%

» GRP pipelines - indirect proof of suitability (91 samples)
additional 91 from 458 = 19,9 % (only ,,negative” findings)
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VERIFYING THE IMPERMEABILITY OF GRP
REGARDING HYDROCARBONS

* Direct proof of suitability for GRP pipes

Variable
» Producer
» Resin / curing agent
» Wall thickness 2 mm
» Inner diameter 300 mm
» Temperature 60 °C
» Pressure 60 bar
» Transfer rate 2.000 m3/h (max.)
» Operating time 50 years (max.)
» Oil / gas field

» Fluid type (reservoir fluid, cut oil, oil, gas condensate)
» BTEX concentration in fluid (1.000 up to 75.000.000 ug/l)

No measurable influence on permeation observed q
TUVNORD
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VERIFYING THE IMPERMEABILITY OF GRP
REGARDING HYDROCARBONS

* Direct proof of suitability for GRP pipes (61 pipe samples)

variable variance

producer Future Pipe In.| NOV-FGS Smith Koch Fibercast u.a.
guantity 16 4 17 8 16

curing agent arom. Amines | aliph. Amines | anhydrides peroxides
guantity 19 4 19 19

wall thickness upto2,5mm | upto3,5mm | upto4,5mm | upto5,5mm >5,5mm
guantity 7 17 22 8 7

inside diameter DN 50 DN 80 DN 100 DN 150 DN 250
guantity 15 28 13 2 3

fluid temperature up to 20 °C up to 30 °C up to 40 °C up to 50 °C up to 60 °C
guantity 18 20 20 2 1

operating pressure up to 5 bar upto1l0bar | upto20bar | upto 50 bar > 50 bar
guantity 10 25 20 5 1

transfer rate up to 50 m3/d | up to 100 m¥/d | up to 500 m3/d jup to 1000 m3/d[ > 1000 m3/d
guantity 31 8 14 3 5

operating time up to 10 years | up to 20 years | up to 30 years | up to 40 years | up to 50 years
guantity 16 12 24 8 1

oil / gas field oil field gas field
guantity 45 16

fluid type cut oil resenvoir fluid gas condensate oil
guantity 26 33 1 1

BTEX concentration in fli uoto5mg/l | uoto 10 mg/l | uo to 50 mg/l | uoto 500 mg/l| >500 mgl/l
guantity 21 11 16 3 10
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VERIFYING THE IMPERMEABILITY OF GRP
REGARDING HYDROCARBONS

* General proof of suitability for GRP pipes

v’ 0ld facilities
** 50 years overall running time

v' New construction of GRP pipes:

% =65 °C fluid temperature
Frtrice S oo 7um X Operatmg_pressgre > BVEG-m.anuaI
Transport von Flussigkeiten <» Epoxy resin or vinyl ester resin
* 2 65 mass-% glass fibre content

— < 2105°C glass transition
Bv—- G temperature
|

s+ 2 4,0 mm wall thickness

Bundesverband Erdgas, | «» Permeation tight for 50 years

Erdol und Geoenergie e.V. (general proof, no periodic inspections
regarding permeation)

Bundesverband Erdgas,
Erdodl und Geoenergie e. V.
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VERIFYING THE IMPERMEABILITY OF GRP
REGARDING HYDROCARBONS

®* Future prospects

General proof of impermeability
of GRP Pipes
regarding hydrocarbons

» Approval by authorities
L :EG @ uRnlzfiilr] rﬂnc.ml.cmlaz

. 4 . UKD BERGBAL et C .
» Expand permissible temperature range

» Apply findings to other fields of application

)
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PIPELINES (GRP
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to hydrocarbons TUVNORD



