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Development of a novel cutting tool based on the CCCS,
with the aim of:
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* Internal cutting capability

* Reduce cutting time for OMFs

* Reduce decommissioning time - target around 20%
* Reduce operational cost - target around 20%

* Reduce environmental footprint (CO, equivalents) - target
around 25%
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Overview of the Current
Cutting Techniques

External Internal
Cutting Cutting
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Figure 1. Venn diagram illustrating the applicability of different
techniques for internal and external offshore cutting operations
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Comparisons of the Current
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TAELE II. COMPAEISON OF THE DIFFERENT CONVENTIONAL CUTTING TECHNIQUES EMPLOYED IN THE INDUSTEY BASED ON

DIFFERENT PERFORMANCE MEASURES [13], [41], [42] ) ILCTr C_g :* ’ *1
Cutting Technique DW AWT 0A LB PA th Sed REGIEE SN
Tvpe External External/Tnternal External/Internal External/Tnternal FxternalTnternal  :nRegional DevelopmentFund - EUROPEAN UNION
Cost High Highest Lowest Medmm Low
Cutting Speed (5,) Low Low Medum High Highest
w, 127mm(XS) 150 mm/min 050 mm/min 500 mm/min 100) o/ 2200 mm/min
w, 25 4mm (XXS)  !50 mmmin 365 mm/min 400 mm/min 200 1100 mm/min
Productivity Medinm/low Mediom/ low Low Highest High
Precision High Highest Low Medmm High
Quality High Highest Low Medium low
Energv Consumption Medium High Medium High Highest
Small Small fragments, Hazardous vapours, Hazardous Hazardous
safety Risks fragments and abrasive mud and burns and gas Vapours, aerosol vapours, dross and
cuts cuts explosions and burns bums
Environmental Impact Medium Medmm Medium Low Low
Ambient Applicability Al All Non-Explosive Non-Explosive Non-Explosive
Material Applicability Al Steels Aé]c_ilt;ﬁnl:ifé;d mﬂ;ﬁ; e o non Reflective All Steels
Maximum w, +300 mm +300 mm +300 mm 60 mm 50 mm

‘The DW cutting applies directionzal diameter cutting and not circumference cutting in other cutting techniques.



Conceptual Design of the CCCS
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Pipe wall (t) pipe lenght (L) width of cryogenic cooling aid (b).
Target for cooling time under 7200s (2 hours):

7/
Cooling Band (b)
The cooling time dependents on:
* The W, of the OMF
%

« The width of the cooling band
« Ambient conditions
 Steel type




Conceptual Design and Application of CCCS

Internal cutting:

Monopile Foundation

Seawater

Cooling Band

FDM Calculation Area

2D Nodal Grid for FDM
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2D Simulation Model and Data for the
Finite Difference Transient Heat Transfer Model “ABERDEEN

Saline Water

OMF Wall—_|

- Zone of Analysis

Cooling Band—_ |

/Satuated Sand
- Ambient Specifications:

Saline Water Temperature [t_]: 10 °C
Heat Transfer Coefficient: 25 W/m2*K

Saline Water Temperature [t,]: 5 °C
Heat Transfer Coefficient: 1500 W/m2*K

Saturated Sand Temperature [t.]: 5 °C
Thermal Conductivity: 48 W/m*K
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OMEF Specifications:
Wall Thickness [W,]: 100 mm

Liguid Nitrogen [LN2] Specifications:
Temperature: -196 °C
Heat Transfer Coefficient: 120 W/m?2*K

Carbon Steel Specifications:

Type: A355J2 / ISO EN 1.0456

Thermal Conductivity: 48 W/m*K
Density: 7850 kg/m?3
Specific Heat: 470 J/kg*K



Transient Heat Transfer Calculations

Absorved Energy [J/cmz]

Ductile to Brlttle Transntlonal Phase Dlagram of EN 1. 0577 (S355J2)
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) ort([1,2:nl,nl+l:n-1,n,n+l:n: (m-2) *n+l, (m-1) *n+l,m*n, 2%n:n: (m-1) *n,|{m-1) *n+2:m*n-1]) ;

alfa=k/d H
t=alfa*dc/del"2;

Jnum2str (dt), , num2str(max time step)])

shlk=h _n*del/k:
w(i+l,1)=(1-4*c-2*t*hlk) *u(i, 1) +2%c* (a (i, 2) +u(i,n+l) +hlk*tinf) ;

i41,3)=(1-4*c-2*c*hlk) *u(i,3) +t* (u(i, j-1)+u(i, j+1)+2%u (i, j4n)F2*hlk*tinf) ;

tinf=t_a;hlk=h a*del/k:
j=nl+l:n-1
W(i4l,9)=(1-4¥*C-2%CAnLl) *u (i, ) +T% (u (i, §-1) +u (i, §41) 4240 (1, 34n) b2 nlk*ting) ;

u(i+l,n)=(1-4%t-4%t*hlk) *u(i,n)+2%c* (u(i,n-1)+u(i, 2*n) +2*hlk*tinf) ;

) *n+l

ul{i+l,j)=(1-4*t)*u(i,j)+c* (u(i,j-n)+2%u (i, j+1)+uii, j+n)):

j=(m-1) *n+l;
u{i+l,j)=(1-4*c-2%c*hlk) *u(i,j)+2%c* (u(i, j+1)+u(i, j-n) +hlk*tinf);




Transient Heat Transfer Results ™ UNIVERSITY OF
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Tirme: 6755 5
1A02F2022 23:50

. -14.172 Max

-18.292

— -22.411

— -26.231

— -30.60
-34.77

. -38.589

— -43.009

— -47128

The cooling time to reach -45 °C in the fracturing point of the

51,248
I 55,367 OMF Wall: 6577 Seconds
_50.487 Min
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Bandwidth 150 mm:
e 40-100 mm

Bandwidth 250 mm:
. 105 -150 mm



Impact Energy Absorption and Fracturing Test

S, Mises
(Avg: 75%)

+3.551e+08
+3.255e+08
+2.959e+08
+2.663e+08
+2.367e+08
+2.07 1e+08
+1.775e+08
+1.479e+08
+1.184e+08
+8.876e+07
+5.918e+07
+2.959e+07
+0.000e+00

ODB: Job-1.0db Abaqus/Explicit Student Edition 2020 Fri Jun 10 00: 15:58 GMT Daylight Time 2022

Step: Step-1
Increment O: Step Time = 0.0
Primary Var: S, Mises
xDeformed Var: U Deformation Scale Factor: +1.000e+00
Status Var: STATUS

V-Notch
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Impact Energy Absorption (E;) Requirements

Cryogenic cooling reduces the E; requirement for the shattering

process of the carbon steel by 88%:

Impact Energy Required (J)
Diameter (Do) Thickness (W,) Steel Steel Temperature and J/cm?
mm mm Area cm
20 °C 0°C -45 °C
128 J/cm?2| 80J/cm2 | 15 J/cm?
2500 130 9679 | 1238912 | 774320 | 145185
3000 40 3720 476160 | 297600 55800
3400 50 5262 673536 | 420960 78930
3400 120 12365 | 1582720 | 989200 | 185475
4000 65 8035 | 1028480 | 642800 | 120525
7500 85 19801 | 2534528 | 1584080 | 297015
8000 135 33357 | 4269696 | 2668560 | 500355
10000 150 46417 | 5941376 | 3713360 | 696255
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Transient Heat Transfer Data Transfer ™ UNIVERSITY OF
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(Avg: 75%)
+3.942e+00
+3.613e+00
+3.285e+00
+2.956e+00
+2.628e+00
+2.299e+00
+1.971e+00
+1.642e+00
+1.314e+00
+9.854e-01
+6.570e-01
+3.285e-01
- +0.000e+00

European Regional Development Fund EUROPEAN UNION

Pneumatic Inlet

Y ODB: Job-1.0db  Abaqus/Explicit 2020  Mon Jun 20 23:20:48 GMT Summer Time 2022 =
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Economic Case Study of the
Cape Wind Offshore Windfarm (OMF)

Compare cutting time of AWJ and CCCS:

Cape Wind OMF:
* Internal Cutting of: 101 OMFs
* OMFs Wall Thickness: 100 mm
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Decommissioning Time of OMFs UNIVERSITY OF
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140 r /” g A
. ey Cutting Time for 101 OMFs:
120 | < / > |
@ >, i z
Q 100 | /,,/ - : AWJ:
£ T *ig 151.5 Days
5} / ;
E 80 I //'/ T 7
= S
60 // 2 CCCS:
A 117.0 Days
40 //’/.-- ; n y
5T
20 [ /{.’ 7 Reduction of:
; A | | | | | 34.5 days = 22.8%
0 20 40 60 80 100 120

Number of OMFs



Estimated Savings Applying the CCCS UNIVERSITY OF
WABERDEEN
Table 6. The vessel costs for the foundation removal operation in the Cape Wind OWTF with 101 monopiles using A ,]T)g%olll\g : SRPe
CCCS5 and AW cotting techniques Vil
AWI CCCS HiIlCIrcy
=1 . s L B . e o N th S R i : *
Vesal Leasing D:J.Tat:lnn Overall Cost P”-L Overall D:J.Tatmn Orverall Cost p,_;n Overall orth sea kegion N
v EsaE II_.EtE: . P”r . duIEtl_:'ﬂ lr__ﬂ?nnp] - :DE.'I: |::E:| P”r . duIEt[:-ﬂ Eﬂ.?nnpl - :DE,'I: I::E:l European Regional Development Fund  EUROPEAN UNION
{£/day) monopile (£) monopile (£)
Y M0k 1.50 15150 150k 1515m 116 117 116k 11.7m Estimated Savings:
BV 129k S0 15150 1835k 185m 1.16 117 15k 151m
TB 8.6k S0 15150 129k 130 m 1.16 117 10k 1.10m ) .
Total: 18.40m Total: 1431m  1IMe Saving:

34.5 Days

The Saving of the OMF decommissioning amount to 22.8% . .
Economic Saving:

2.8% Greater than the min target of 20% set by the DecomTools Project £4.09 million
Or roughly
€4.65 million
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