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Programm

08.00-08.15
08.15

11.00

11.30

13.00

Registration and start
Design challange and risk analysis

Feeder 9 pipeline:
Extensions Paull AGI

Pipeline Paull AGI (1) B) to Tunnel (1J C)

Pipeline IJ C to Bulkhead

Pipeline Bulkhead Paull side to Center of Tunnel
Pipeline Center of Tunnel to Bulkhead Goxhill side
Pipeline Bulkhead Goxhill side to 1) D

Pipeline IJ D to Goxhill

ER Probes remote monitoring by Metricorr (Lars
Vendelbo Nielsen)

Water treatment by Bioclear (Herman de Vries)

Decommissioned Feeder 9 with Weilekes Minitrans by Leo van Kuijl
Maintenance

Operation and Maintenance manual

Site visit

van der Heide
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The Chalange

Cathodic protection specifically designed for a high pressure gas

pipeline within a water filled tunnel.

van der Heide

Pipeline route
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Facts & figures

Cost - upwards Length of pipeline - 5.4km/3.3 miles
of £100m

van der Heide

Length of tunnelled pipeline - Diameter of pipeline -
5km/3.1 miles 42 inches/1,050mm

Depth of tunnel - Width of tunnel -
35 metres 4 metres i
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Gut feeling...

The provided initial design raised a lot of questions. How will it work, what
is the influence on : pipeline, water, concrete, lifetime? What are the risks?

van der Heide

VS.

Result : Executing new risc analysis and using the output in an
adjusted design.
g Together we build

a safer world



Risc analysis

Specifications:

#

* Pipeline must be protected by a primary cp system within the tunnel

van der Heide

and a back-up system on the outside of the tunnel
* Pipeline will be coated with a FBE coating
* Pipeline will be inserted within the tunnel by “Floating” methode
* Cathodic protection by sacrificial anodes or impressed current system

e Tunnel will be filled with water from Humber River and permanently
closed

 Tunnel wall is constructed out of prefabricated steel fibre reinforced
concrete blocks

e The first and last 100 mtr of the tunnel is constructed with traditional
reinforced concrete blocks

Together we build
a safer world



Pipeline CP system

e |f the primary CP system fails, the back-up system must
provide protection of the pipeline i

van der Heide

Primary system Back-up
Zinc sacrificial anodes on Impressed current system with
pipeline anode groundbeds
Aluminium sacrificial anodes
on pipeline
Impressed current system with

linear anodes along the
pipeline
Grouting

Together we build
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Risc analyse FBE Coating

Assumptions:

e Specified by National Grid ;

van der Heide

Risc analyse:

* Unacceptable risc for coating damage during insertion within the

tunnel
* PP coating No option voor National Grid
Sollution:

* Adding concrete weight coating to prevent coating damage

Together we build
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Risc analyse water filled
tunnel

River water contains a lot of sulphate which is transfered into hydrogen

sulphites. This is a very toxic and corrosive chemical element
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Risc analyse concrete tunnel
lining
When the back-up CP system will be used, CP current will penetrate the

tunnel lining to reach the pipeline Wanneer externe kathodische
bescherming wordt toegepast zal stroom door de betonnen tunnelwand
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Fig. 8 Darstellung der ablaufenden Prozesse im elektrischen Feld
Illustration des processus impliqués dans le champ électrique
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Risc analyse concrete tunnel
lining

Reduction of Calcium silicatehydrate in the cement matrix of concrete
causes concrete degradation on the inside of the tunnel lining
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Risc analyse cp

Choice: ;

Primary system IC system with linear anodes in tunnel T

Back-up system IC system with anode groundbeds

Risc control IC

* Installation of two lineair D e,
anodes on tunnel lining y A\
(reduction of current output ' ‘ \\..
per meter) i ’.‘ )

4;; A
=N TN
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Risc analyse water filled

tunnel

Choice:

Filter riverwater by Reversed Osmosis which removes almost all sulphates

and chlorides

Risc control rivierwater
* Water filtration (removal of

sulphates)
* Use othe water source

van der Heide

How the Membrane Works

The spiral membrane is constructed of one or more membrane envelopes wound around a perforated
central tube. The permeate passes through the b into the lope and spirals inward to the

central tube for collection.

Foed SO

D —

Brine Seal ——3»

Perforated Central Tube

Permeate Collection Material 34
Membrane ‘

Feed Channel Spacer
Quter Wrap

The iliustration above represents a simplified spiral-wound membrane element.
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Risico analyse betonnen
tunnelwand

Choice: f

van der Heide

Filtration of riverwater by reversed osmosis. The
increase in resistance results in a lower current density
as well

As long as current requirement stays within
specification concrete degradation is no issue.

Together we build
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Endresult

e Detail design of primary cp system with linear anodes on each side of ;
the pipeline within the tunnel.

van der Heide

* Detail design back-up system with anode groundbeds on both sides of
the river

e Detail design water filtration by reversed osmosis

Together we build
‘ a safer world



CP systems Feeder 9 project

e  Extensions Paull AGI ;
* Pipelinel) (B) —1J (C)

* Pipeline IJ (C) — Tunnel Bulkhead Paull side

van der Heide

e Pipeline Tunnel Bulkhead Paull — Centre of Tunnel

* Pipeline Centre of Tunnel — Tunnel Bulkhead Goxhill.
* Pipeline Tunnel Bulkhead Goxhill — 1J (D)

* Pipeline lJ (D) — Goxhill AGI

Together we build
‘ a safer world
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Extensions Paull AGI

Extension Feeder 9 with Isolation Joint A ;
New Feeder 9 on Paull AGI to lJ (B) near fence

van der Heide
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Ext

van der Heide

TEST POST - PIC16

TesTposr. Y IAILCRPDCT

PICAT
NEWY INTERCONMECTIVITY

— R
e
= PIPEWORK — /\

PLAN VIEW ' Together we build

SCALE. 1-500 a safer world




Extensions Paull AGI IJ A

CABLE, CRPRIG

COURPCM.
CONNECTION SCHEMATIC

van der Heide
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Extensions Paull AGI I)J B

van der Heide

: R -
i AT —a ' Together we build
PLAN VIEW @ asaferworld

SCALE. 1:500



Extensions Paull AGI I)J B

TEST POET. BCI0  LIGHTING CONTROL PILLAR TEST POET. PiC11
LCPAYRYDC2

CONNECTION SCHEMATIC STANDARD 16nF AC

van der Heide
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Extensions Paull AGl end of
decommissioned Feeder 9

TEST POST

P'IP"H'BK‘\;,

DE
PIPELINE

TEST ROST
PIC.J2 ':I':

PLAN VIEW

SCALE_ 1:500
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Extensions Paull end of
decommissioned Feeder 9
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Extensions Paull AGl end of
decommissioned Feeder 9

1050 x 250
GROUTED TEE

CONNECTION SCHEMATIC

Together we build
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Pipeline lJ (B) — lJ (C)
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Pipeline lJ (B) — lJ (C)

Together we build
a safer world
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Pipeline lJ (B) - 1J I(C)

)

van der Heide

Gm x 3m x 3mm
THE. HDPE Liner

Throngumbald Road

< (RDX 03)
//

Ditch Crossing 1
“ (DX 01)

A Ditch Crossing =
B N (DX 02)

PLAN VIEW ' Together we build

SCALE 1-500 a safer world



Pipeline lJ (B) — lJ (C)

TEST POST. FiC12

REED 3WITCH

TEST POET.

REED SWITCH

RC13

FIPE r_{-‘:(% DC COURCH PIPE ﬁ-ﬁ DC COURON
| —-—
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O | O REF E
A REF REFEREMCE CELL CABLE, van der Heide
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r/.-"
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_/ .~ HIPE UINER
STANDARD 1067 DC COUPOMN, e SEENCTE 13
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o ﬁ_k_‘_l‘ i
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cem 7 tece | | Bor \
17 omn | , FEEDER 9 |
- | |
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REFEREMCE CELLS

CONNECTION SCHEMATIC P/C12

CONNECTION SCHEMATIC P/C13
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Pipeline lJ (B) — lJ (C)
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Pipeline lJ (B) — lJ (C)

LCPRRDC3 TEST POST. PiC14
NOTE 14 -
P [ = ) R - 1 occouwron “
ISOLATICNIS T|ISOLATION e — —
JOINT JOINT — . PIPELINE CABLE, CRPRCIS
PIPELINECABLE, CPRIPCI4
1 REF
SPC1E PR |
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—— | LE) | |
T3] _ |
]
i
PRE-PACKAGED PERMANENT o { ] — |‘:
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Pipeline lJ (C) — Tunnel
Bulkhead Paull side

PiR2, PRE-PACKAGED PERMANENT
REFEREMCE CELLS , SEE NOTE S

IS

P/FMMOZ LINEAR SOCK ANODE 338M LONG

PIFMMO1 LINEAR SOCK ANCDE 33M LONG  [[NSNNG DRSS S SR S

PAULL AGI

PISP1, SEE NOTE 12

P/LW1, SEE NOTE 12

PR3 & PIR4, PRE-PACKAGED FERMANENT
REFEREMCE CELLS , SEE NOTE &

TO PAULL
MONITORIM

P/FMMOD4 LINEAR S50CK ELECTRODE
17.5M LONG

, ~—— P/FMMO02 LINEAR SOCK ELECTRODE
/ 17.5M LONG

PIFELINE WITHIN

TUNMNEL PILW2, SEE NOTE 12

PISP2, SEE NOTE 12

Together we build
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Pipeline lJ (C) — Tunnel

Bulkhead Paull side

, -
MOUND LEVEL = 4.0m

. _72’_7'[///“ e j: ﬂz/'_‘ L D P Jiew SROUND LEVEL =23

SECTION A-A
SCALE. 1:150
FIFELINE CABLE
CPIPIPC23
PIPELINE CABLE

CRIFIPC24
TO PAULL TUNNEL
COUPON CABLE I
MONITORING KIOSK Pt _
REFERENCE CELL CABLE
CPR/PR3 (BEHIND)

LINEAR SOCK MMO ANODE
PIFMMO4 17.5 M LONG

PERMANENT AglAgCl 0.5M
REFERENCE CELL, SEE NOTE 10

STANDARD DC COUPON, ——
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Pipeline Tunnel Bulkhead Paull

Centre of Tunne

van der Heide
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Pipeline Tunnel Bulkhead Pauli

Centre of Tunnel

Together we build
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Pipeline Tunnel Bulkhead
Goxhill - - (D)
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Pipeline Tunnel Bulkhead
Goxhill - 1J (D)

DAVE BT FRE-PACKAGED PERMANENT

[DETAL REMOVED FOR CLARITY) REFERENCE CELL2, 3EENOTE 5

LINEAR: 200K MM
GIFMMO1 {210m LONG) | P —
AL COUPON BIACE :
ORGSR
\ e e P T _\\‘\ o £
E— o St o
4 “

A
REFERENCE
SEEN
LINEAR SOCHK KKMO

GFMMOZ 210m LONG)

PLAN VIEW

BCALE. 1:250
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Pipeline Tunnel Bulkhead
Goxhill - 1J (D)

van der Heide

REFLACEMENT _
FEEDER 9 PIPELIME.

-."-' - “‘-‘-\_\-\-\-‘_‘-
- DITCH
=Tl F CABLE TRENCH FROM
AT =T TEST POST
TEST POST wﬁ' ,\ = D TUNNEL ENTRANCE
GOP1-2 = =0 TEST POST
G2
L LCP
- GDC4
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Pipeline Tunnel Bulkhead
Goxhill - 1J (D)

LIGHTING
TEST POST CONTROL PILLAR TEST POST.
GIC12 LCP. GDC4 GIC11
REED SWITCH REED SWITCH
COUPON pe ot
FIFE FIFE C%-., i3 DCCOUPON
CABLE.CRGICAZ—— —_ = ~ e il ey T COUPON CABLE, CPIGIC11
AEED SWITCH: JOINT] ol C  PIPELINE CABLE, CRIGIPCA,
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AC COUPOM CABLE, CPIGIACT2

s

REFEREMCE CELL

n

— . —PIPELINE CABLE, CP/G/PC3

b, .
GFCS  GECd y REFEREMCE CELL
CABLE, CPIGRI12 —— l lGTE”‘J'[DﬁEFSJ l |“_'J ———" GABLE. CPiG/R11

rl 1
PRE-PACKAGED PERMANENT | _aicig GIFCE GRCS GIPC3 & :21. |

— [

REFEREMCE CELLS _ -3 . aic1it] 2
GIR1 [eR11 ||
STAMDARD 10cm* DC COUFPON. \
- 7
STANDARD 1em® AG COUFON. \;men -
CONNECTION SCHEMATIC DC COUPON.
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Pipeline Tunnel Bulkhead
Goxhill - 1J (D)

4
.l::::::lil ’

GIPC1 /
G/C10 | TESTPOST
G/R10 |
G/AC10

TEST POST ~

G/C11

TEST POST
G/DP1-2

TEST POST
G/C12

REPLACEMENT
FEEDER 9
PIPELINE

FLAN VIEW

SCALE. 1-500

van der Heide
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Pipeline Tunnel Bulkhead
Goxhill - 1J (D)

Together we build

CONNECTION SCHEMATIC @ asaferworld



Bulkhead reference electrodes,

ER probes and pH probes
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Tunnel Bulkhead, ER probes
and pH probes
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Tunnel Bulkhead, ER probes
and pH probes
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Tunnel Bulkhead, ER probes
and pH probes
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Decommissioned Feeder 9
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Decommissioned Feeder 9
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Decommissioned Feeder 9
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Decommissioned Feeder 9
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Thanks for your attention P
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