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 Some oil reservoirs require extra pressure support

 N ormal concept: W ater injector with topside pump, 
treatment of water, subsea pipeline if needed

 X-flow concept: A well short-cutting two zones or 
reservoirs
 Flow of formation water
 N ormally no chemical treatment of water
 Can be assisted by ESP or not
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Introduction
W ater injection via x-flow
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1. Sufficient injectivity in the receiving reservoir or zone

2. Adequate productivity in the source reservoir or zone

3. Chemical compatibility of the injected water, with low 
or negligible scaling potential

4. A sufficient and sustainable pressure differential 
between the source and receiving intervals
 or the availability of power assisted flow 

(e.g. ESP)

5. Absence of particulate transport that may impair 
injectivity
 or the availability of effective mitigation measures 

such as fracturing or back flush capability
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Requirements for the concept
.. based on published experience

Productivity

Injectivity

Salinity

Pressure and 
size



 W ell planned as producer into the lower zone of the H eimdal formation at the K neler accumulation
 O il found, but mainly in the upper zone that already had an active producer
 Upper zone at low pressure (~65 bar lower pressure vs lower zone)

 W ithin 24 hours, well was redesigned from producer to x-flow based injector
 Existing dynamic model were used pragmatically in the design process
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Alvheim x-flow water injector

From SPE-181489

Langaas et al. (2016) 



 Design objective was to enhance pressure support to the upper zone and old well K A1
 At same time continue keep K A1 close to bubblepoint pressure (130 bar) to safeguard oil reserves
 M aintain natural influx (unknown if oil or water)
 K eep option for late life pressure blow down
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Forecast vs. Actual

From SPE-181489



 Cylindrical composite reservoir model, with K A1 
represented as a vertical well at the centre 

 A boundary of reduced transmissibility was imposed at a 
radius of 400 m, surrounded by an infinite-acting 
reservoir

 Good global and local match (PBU 2013), matching the 
natural influx to the segment

 O nset of x-flow December 2015
 M ismatch ~ 25 bar
 Can derive that x-flow based influx is 38% of the

natural influx
 Design objective was closer to 100%
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Analysis
Analytical modelling of K A1 and upper zone segment



 Excellent planning and execution of the clean-up, 
secured clean production and injection zones

 Productivity (of the H eimdal lower zone) much less vs. 
the reservoir model
 Effective permeability much less than near-well 

permeability
 2018: Likely annulus sand collapse of the production 

interval, causing temporary plugging. This reduced 
the productivity further

 M ore ideal well design?
 Use a  longer production interval 
 Use flow control valve to control x-flow

 Injectivity have been stable for 10 years

 H uge value: H ave helped accelerate K A1 oil while 
securing long term reserves
 K A1 have produced 14 mmbbl of oil 2016-2025, 

much more than forecasted
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Alvheim x-flow well: K ey learning



 X-flow injector concept possible
 M assive H eimdal formation reservoir above H anz
 Proved as good aquifer with good productivity

 Draupne thinner sands have excellent permeability
 Both Draupne and H eimdal at ~ hydrostatic 

pressure
 Compatible formation water

 X-flow concept carefully reviewed, excellent  
challenge/ support by the H anz partners

 Robust plan
 Line drive with horizontal injector 
 FCV  across H eimdal
 Extensive clean-up period and monitoring, before 

start of x-flow
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H anz x-flow injector
Design



 X-flow concept first planned as lateral branch 
of producer
 To reduce project cost 
 H ad no FCV  to control x-flow rate

 Risk review ended in making a dedicated 
x-flow well 
 FCV  that could control x-flow rate
 W ireless gauges in lower completion to 

assist well surveillance and help estimate 
rate
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H anz
W ell design

COMPLETION EQUIPMENT

• 5k HXT (Jette)
• Tubing hanger
• 5-1/2’’ 29# 13Cr L80 Vam 21 Tubing
• 5-1/2’’ TRSCSSV
• 5 ½’’ 20# 13Cr L80 Vam 21 Tubing
• 5 ½’’ DHPTG
• 5 ½’’ x 9 5/8'’ Production Packer
• 4 ½’’ SmartPlex ICV
• 3 ½’’ DHPTG  
• 3 ½’’ SmartPlex ICV (Shrouded)
• 3 ½’’ Bullplug
• MLT Seal Stinger
Lateral
• MLT Junction, drop off tool and seal assembly
• 5 ½’’ ICD screens / centralizers / blanks / swell packers 

and tracers 
• 5 ½’’ BPVs with reamer shoe
Mainbore
• 7’’ x 9 5/8’’ Screen hanger and PBR
• 7’’ blank pipe (2 joints)
• 7’’ x 5 ½’’ X-over assembly
• 5 ½’’ ICD screens / centralizers / blanks / swell packers 

and tracers 
• 5 ½’’ BPVs with reamer shoe

CONTROL LINES OVERVIEW

Triple control line flat pack
• 3 ea ¼’’ Hydraulic control line for Interval 

Control Valves

Single control line  
• 1 ea ¼’’ Hydraulic control line for Downhole 

Safety Valve

Dual control line flat pack
• 1 ea ⅜’’ Hydraulic control line for Chemical 

Injection Valve
• 1 ea ¼’’ Electric control line for DHPTGs

Draupne Reservoir, East (Production target)

Seabed 

Water Depth

10 ¾’’ x 9 5/8'’ Production 
casing shoe ~ 2390 m TVD

13 3/8'’ 
intermediate 
casing.

8 ½’’ openhole with 5 ½’’ screens and packers

5 ½" Production Tubing

10 ¾’’x 9 5/8" casing X-Over @ ~ 350 m

5 ½’’ x 9 5/8"  Production Packer

5 ½" Gauge Carrier

5-1/2" Downhole Safety Valve – DHSV

36 x 30'’ 
Conductor

20'’ 
Surface 
Casing

 DHSV

IC
V

Draupne Reservoir, West (Injection target)

4 ½" ICV (open / close funct. only)

3 ½" Gauge Carrier 
(Ann. of 4-½’’ ICV & Tbg. below 3-½’’ ICV)

3 ½" ICV (open / close funct. only) 
w/ PT sensor port (shrouded)

GLM

CIM

GLM

Heimdal Reservoir (injection water source)

5 ½’’ GLM / 1.5’’ ULV @ ~1000m TVD

5 ½’’ GLM / 1.5’’ GLV ~1300m TVD

5 ½’’ CIM

Fluid loss flapper

5 ½" Production Tubing

D
H

P
TG

DHPT
G
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H eimdal and Draupne expectations….



12

…vs drilling result
H eimdal as prognosed, Draupne quite different
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B -01 vs C-01 pressure
 Low degree of communication between injector and producer
 X-flow well work as per plan, with quite similar productivity 

and injectivity 
 B-01 H eimdal gauge pressure 
 B-01 Draupne gauge pressure
 C-01 (H anz producer) gauge pressure

5.40 bar    2.45 bar       3.13 bar                       3.00 bar                                      2.85 bar        2.50 bar
2.05 bar       2.70 bar                       3.02 bar                                      2.95 bar         2.57 bar        



 Best rate data is from clean-up
 Clean up of Draupne alone
 Clean up of H eimdal, commingled flow w Draupne
 H istory match all data with a steady 

state inflow model with all lower completion details
 H eimdal PI ~150 Sm3/ (d*bar)

- lower than expected
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 H eimdal PTA indicate an effective permeability ~115 
mD
 M uch less than expected, but within uncertainty 

range when including analogues

Analysis x-flow well



 W ell design with H eimdal FCV  secured good clean-up 
and has also been used recently to close the x-flow
 Another FCV  on Draupne would have made the 

clean-up planning more flexible

 Draupne reservoir was very different than expected, 
and is the main reason for the lower than planned water 
injection

 H eimdal effective permeability also lower than our 
models, but similar scenarios seen on some H eimdal 
analogues
 W ould have been a limitation for water injection if 

Draupne was closer to expectation

 A more standard water injector would likely not have 
done a better job, and would have increased cost and 
environmental footprint (subsea pipeline, pumps, water 
cleaning) 
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H anz x-flow: K ey learning



 X-flow based water injection is a cost-effective and sustainable alternative given some requirements

 M any global examples, where the GoA example is the best documented and a huge success story

 Two pilot projects done on the N CS
 Alvheim K neler
 W ell re-planned in 24 h, no option for FCV  that would have strengthen the robustness
 Effective permeability H eimdal (lower zone) lower than expected 
 Low cost and huge value

 H anz
 Robust well plan building on the Alvheim pilot, trusting H eimdal as a source reservoir
 X-flow well has worked as planned
 W ater injection rate much lower than design
 Draupne reservoir very different vs. expectations 
 H eimdal effective permeability also lower than expected

 Concept saved cost and emissions vs. a standard solution with subsea pipeline

 Concept is looked at for a new ongoing field development
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Conclusions
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