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Summary 


An estimated six-seven m3 of crude oil leaked to the sea on 8 October 2015 during loading 
 from Statfjord A via the OLS B loading system to shuttle tanker Hilda Knutsen. This spill 
 was detected at 08.30 by crew on Hilda Knutsen’s bridge. The leak occurred as a result of 
 local corrosion penetration of the steel in a hose segment. Oil flowed to the sea through a rent 
 in the hose segment’s outer coating. 


The steel corroded as a result of repeated admission of seawater to the hose. Changes in the 
 internal hose environment between anaerobic hydrogen sulphide (H2S) in the oil and oxygen-
 saturated seawater have laid the basis for three possible corrosion mechanisms: 


  seawater corrosion accelerated by local breakdown of the steel’s oxide layer (Fe3O4 – 
 magnetite) 


  seawater corrosion accelerated by the presence of iron sulphate 


  elementary sulphur corrosion.  


Admission of seawater will basically give rise to the corrosion mechanisms assumed to have 
 operated in the hose segments. The corrosion picture in the segments is regarded as complex. 


Measures to limit the damage of the acute pollution were considered, but high winds meant 
 that no action was taken. Wind and waves quickly broke up the slick and contributed to 
 natural dispersion in the water column. 


Involved  


Main group  Approved by/date 


T-1  Kjell-Marius Auflem/22 September 2016 


Members of the investigation team  Investigation leader 


Ingrid J Lauvrak, Lill Veronika Benjaminsen, 
 Bjørn A Christensen, Per Antonsen, Eivind Sande, 
 Ole Jacob Næss and Rune Solheim 


Roger L Leonhardsen 



(2)Contents 


1 Summary ... 3


2 Introduction ... 3


3 Course of events ... 4


4 Leak site ... 7


5 Description of the Statfjord OLS B loading system ... 7


5.1 Loading oil via Statfjord OLS B ... 9


5.2 Statfjord OLS B’s hose segments ... 10


5.3 Organisation and responsibility ... 11


5.4 Operational practice for Statfjord OLS ... 12


5.5 Maintenance ... 13


6 Corrosion mechanisms ... 13


7 Expanded inspection of OLS A and OLS B ... 16


8 Potential of the incident ... 16


8.1 Actual consequences ... 16


8.2 Statoil’s assessment of the environmental impact of the spill ... 17


8.3 NCA’s assessment of Statoil’s information ... 18


8.4 Potential consequences ... 19


8.5 Detection of the spill ... 19


9 Observations ... 19


9.1 Nonconformities ... 19


9.1.1 Statoil planned to use chemical dispersants without a permit to use 
 such substances ... 19


9.1.2 Deficiencies in decision processes and change management . 20
 9.2 Improvement points ... 21


9.2.1 Deficiencies in the maintenance programme ... 21


9.2.2 Available equipment for detecting marine pollution on Hilda 
 Knutsen had not been adopted on the Statfjord field ... 21


10 Barriers which have functioned ... 21


11 Discussion of uncertainties ... 21


12 Appendices ... 22



(3)1  Summary 


An estimated six-seven m3 of crude oil leaked to the sea on 8 October 2015 during loading 
 from Statfjord A via the OLS B loading system to shuttle tanker Hilda Knutsen. This spill was 
 detected at 08.30 by crew on Hilda Knutsen’s bridge. The leak occurred as a result of local 
 corrosion penetration of the steel in a hose segment. Oil flowed to the sea through a rent in the 
 hose segment’s outer coating. 


The steel corroded as a result of repeated admission of seawater to the hose. Changes in the 
 internal hose environment between anaerobic hydrogen sulphide (H2S) in the oil and oxygen-
 saturated seawater have laid the basis for three possible corrosion mechanisms: 


  seawater corrosion accelerated by local breakdown of the steel’s oxide layer (Fe3O4 – 
 magnetite) 


  seawater corrosion accelerated by the presence of iron sulphate 


  elementary sulphur corrosion.  


Admission of seawater will basically give rise to the corrosion mechanisms assumed to have 
 operated in the hose segments. The corrosion picture in the segments is regarded as complex. 


Measures to limit the damage of the acute pollution were considered, but high winds meant 
 that no action was taken. Wind and waves quickly broke up the slick and contributed to 
 natural dispersion in the water column. 


The investigation has revealed nonconformities related to applying for permission to deploy 
 chemical dispersants and to deficiencies in decision processes and change management. 


Improvement points related to deficiencies in the maintenance programme and equipment for 
 detecting pollution on the sea surface have been identified. 


2  Introduction 


An estimated six-seven m3 of crude oil leaked to the sea on 8 October 2015 during loading 
 from Statfjord A via the OLS B loading system to shuttle tanker Hilda Knutsen. This spill was 
 detected at 08.30 by crew on Hilda Knutsen’s bridge. The loading pumps on Statfjord A were 
 halted and oil flow to the pipeline and loading system terminated. An ROV located the leak 
 site at flange A on hose segment 3, about 14 metres below the surface. 


The Norwegian Coastal Administration (NCA) was notified of the leak by Statoil’s second-
 line emergency response at 09.40, and the Petroleum Safety Authority Norway (PSA) was 
 notified by the Statfjord A platform manager at 09.46. 


The PSA decided on 9 October to conduct an investigation of the incident. This was carried 
 out in collaboration with the NCA and the Norwegian Environment Agency (NEA). 


The investigation received the following mandate: 


a.  Clarify the incident’s scope and course of events, with the emphasis on safety, working 
 environment and emergency preparedness aspects. 


b.  Acquire the best possible insight into the (ongoing) assessments of the risk of 
 environmental harm which formed the basis for dealing with the pollution incident. 


c.  Assess the actual and potential consequences 



(4)1.  Harm caused to people, material assets and the environment. 


2.  The potential of the incident to harm people, material assets and the 
 environment. 


d.  Assess direct and underlying causes, with an emphasis on human, technology and 
 organisation (HTO) and operational aspects from a barrier perspective. 


e.  Discuss and describe possible uncertainties/unclear aspects. 


f.  Identify nonconformities and improvement points related to the regulations (and 
 internal requirements). 


g.  Discuss barriers which have functioned (in other words, those which have helped to 
 prevent a hazard from developing into an accident, or which have reduced the 
 consequences of an accident). 


h.  Assess the player’s own investigation report (the team’s assessment is communicated 
 in a meeting or by letter). 


i.  Prepare a report and a covering letter (possibly with proposals for the use of 
 reactions) in accordance with the template. 


j.  Recommend – and contribute to – further follow-up. 


The PSA is responsible for measures intended to prevent injury to people, the environment 
 and economic assets, including the prevention or halting of acute pollution from facilities. The 
 NEA’s responsibilities cover the issue of permits to enterprises pursuant to the Pollution 
 Control Act and emergency preparedness to prevent damage to the natural environment. The 
 NCA supervises the responsible polluter’s response to acute pollution in terms of halting or 
 eliminating the pollution or limiting its environmental consequences. 


The investigation team has comprised: 


Ingrid J Lauvrak and Lill Veronika Benjaminsen from the NCA, Bjørn A Christensen and Per 
 Antonsen from the NEA, and Eivind Sande, Ole Jacob Næss, Rune Solheim and Roger L 
 Leonhardsen (leader) from the PSA. 


Tor Åge Thomassen (NCA) participated during the inspection at Coast Center Base (CCB) in 
 Ågotnes on 5 November 2015. 


The investigation has comprised meetings with Statoil (Statfjord operations) on 15 October 
 and interviews with, among others, the crew of Hilda Knutsen by phone and relevant 
 members of the Statoil organisation on 3 November.  


Hose segments 1-3 on OLS B were taken to CCB on 5 November, where the team took part in 
 their inspection. Documentation has been obtained concerning the OLS B loading system 
 design, operating procedures and logs, while technical material and corrosion issues have 
 been investigated and analysed. 


Statoil’s investigation report was received on 22 June 2016. It forms the basis for the team’s 
 assessments of the course of events and causes. Statoil presented the team with its 


assessments and the implementation of recommendations from the internal investigation at a 
 meeting on 31 August. 


An HTO table has been drawn up to identify direct and underlying causes. See appendix A. 


The table utilises the concepts of operational, organisational and technical barrier elements. 


3  Course of events 



(5)Preparations for connecting Hilda Knutsen to the OLS B loading system on the Statfjord field 
 began on Wednesday 7 October. Loading of crude from Statfjord B began at 13.52 and lasted 
 until 01.03 on 8 October. After conducting a pump shutdown test towards Statfjord A, loading 
 from the latter began at 01.50. Oil was observed on the sea at 08.30. 


Weather conditions on the field were a significant wave height of four metres with a heading 
 of 170° and a current heading of 290°. The wind strength was 35 knots with a 170° heading.  


The course of events on 8 October can be summarised as follows. 


08.30 Crew on Hilda Knutsen observed oil on the sea. 


08.31 Hilda Knutsen asked the Statfjord A control room to stop pumping. The first pump was 
 halted. 


08.32 Statfjord A control room halted the second pump. Standby ship Stril Merkur was 
 informed of the spill. 


08.35 Statfjord A control room halted the third pump. The Statfjord A platform manager was 
 informed of the spill and established the first-line emergency response organisation for 
 a DSHA 2 acute oil spill. The Statfjord A platform manager notified Statoil’s second 
 line between 08.35-09.00 and assumed the role of incident commander for oil spill 
 clean-up. 


09.00 Stril Merkur was requested by the operations and maintenance supervisor on Statfjord 
 A to shut the acoustic seabed valve.  


09.06 Hilda Knutsen estimated the oil spill to be 150-200 metres wide and 500 metres long. 


09.10 Stril Merkur arrived at the OLS B location.  


09.18 Statoil’s alarm centre notified a DSHA 2 acute oil spill.  


09.31 The Tampen SAR helicopter was called out to monitor the spill. 


09.40 The Statoil second line notified the NCA by phone about the incident. It reported a 
 crude oil spill in connection with offshore loading, an unknown quantity of oil observed 
 on the sea, and mobilisation of Statoil’s second-line response. Nofo was notified of the 
 spill by Statoil’s second line. 


09.45 The master on Stril Merkur was appointed on-scene commander at sea. 


09.46 The Statfjord A platform manager phoned the PSA to notify it of the incident.  


09.47 Statoil second line notified the NCA in writing and also reported that oil supply to the 
 loading buoy was turned off and that an incident command was established. 


09.50 Stril Merkur closed the seabed valve. 


10.03 Statfjord A emergency response leadership logged that the spill had ceased. 


10.10 Skandi Vega arrived with ROV equipment.  


10.12 The SAR helicopter estimated that the slick was 300 metres wide and 500-600 metres 
 long. Statoil’s second line ordered Stril Merkur to take an oil sample. 


10.14 Skandi Vega was told to launch an ROV to locate the leak site. 


10.18 Nofo requested the use of the NCA’s LN-KYV surveillance plane. 


10.25 The platform manager on Statfjord A formally transferred the incident commander role 
 to Statoil’s second line. 


10.30 Stril Merkur took oil samples. 


10.33 Statoil’s second line updated the NCA by phone. Statoil and the NCA agreed that 
 updated written information should be sent. 


10.39 ROV launched from Skandi Vega.  


10.46 LN-KYV mobilised by Nofo. 


11.00 Statoil’s second line mobilised oil spill clean-up resources from Nofo. 



(6)11.05 The leak was observed by ROV at the flange about 14 metres beneath the sea surface. 


Hilda Knutsen received instructions from Statfjord A to start preparations for filling the 
 hose with seawater and disconnecting it. 


11.14 Statoil’s second line sent the NCA the first version of its action plan. This described 
 goals and strategies, organisation, notification, resource mobilisation and the monitoring 
 plan. Wind strength in the area was about 30 knots, creating demanding conditions for 
 mechanical oil recovery. 


11.45 Statoil’s second line updated the joint rescue coordination centre (JRCC). 


11.47 Statoil’s second line provided the NCA verbally with details concerning the status of its 
 incident response, including mobilisation of vessel resources. Statoil reported that it was 
 also working on preparations to deploy chemical dispersants, since few birds had been 
 observed in the area. The second version of the action plan was under preparation. 


11.55 LN-KYV on location at OLS B. 


12.10 Statoil’s second line was informed via Stril Merkur that LN-KYV had observed oil on 
 the sea south and north of the ship’s position. LN-KYV reported that there was no 
 thickness to the oil and that recovery was not possible at the present time. 


12.15 LN-KYV returned to land because of low cloud.  


Havila Troll left Troll en route for Statfjord with 48m3 of liquid dispersant on board. 


Dispersion was planned to start at 18.00. Two Nofo boom systems were mobilised at 
 Mongstad. 


12.29 Statoil’s second line submitted a control form and decision matrix for use of dispersants 
 to the NCA. The checkbox stating that chemical dispersion formed part of the 


emergency response plan and that this had been considered by the NEA was ticked. 


12.31 The NCA commented on the first version of Statoil’s action plan, and asked about 
 environmental priorities, drift trajectory, ETA for vessels to tow the oil booms, the 
 monitoring programme, the plan for environmental investigation and information on the 
 dispersibility of the oil 


12.51 The NCA commented on the control form and decision matrix from Statoil for using 
 dispersants, and asked to be kept informed about the results of the dispersant trial 
 mentioned in the section for other comments/assessments.  


14.57 Observation from the SAR helicopter “that almost all the oil was gone, only a small 
 strip left emerging from the loading hose”.  


15.00 Statoil’s second line sent revision 2 of its action plan to the NCA with updated 


information on the response and clarifications of the matters queried by the NCA in the 
 first version. Wind conditions meant that Statoil assumed most of the oil would disperse 
 naturally. 


15.12 OLS B seabed valve opened. 


15.18 Filling the loading system with seawater commenced. 


15.35 The NCA made its comments on rev 2 of the action plan over the phone. These 
 included questions about the time frame for the oil’s dispersibility. 


17.04 Seawater filling completed. 


17.28 Loading hose disconnected from Hilda Knutsen. 


18.07 Statoil’s second line sent updated information to the NCA, including on environmental 
 conditions and operational requirements for executing measures. 


Statoil’s incident command and the NCA were also in contact on 9 October concerning 
 monitoring of the pollution position and its development. 


Statoil demobilised its incident command at 11.00 on 9 October. 



(7)4  Leak site 


The leak site was located at flange A (production no BO-0708169-A) on hose segment 3. The 
 oil spill resulted from local pitting corrosion penetrating the wall thickness (9.25mm) of the 
 steel nipple and outflow to the sea through a rent in the external polyurethane (PU) sheath. 


The oil delaminated a route through the various rubber layers to the external PU sheath, 
 causing pressure on the latter to increase. The PU cannot withstand pressure. 


Photos 4.1 and 4.2 show the location of the leak site on hose segment 3. The rent was 
 measured as 30mm long with an opening of about 0.6mm. 


      


Photo 4.1 Flange connecting hose segments 2 and 3.                Photo 4.2 The rent in the PU sheath (30x0.6mm) 
          Arrows mark its length. 


5  Description of the Statfjord OLS B loading system 


The Statfjord Offshore Loading System (OLS) B is located between Statfjord B and Statfjord 
 A north-east of Statfjord B. See figure 5.1. Stabilised oil from Statfjord and fields tied back to 
 it is loaded via OLS A or B. An OLS-type loading system developed by Ugland Engineering 
 AS was installed on the field in 1990 and modified in 1995 and 2001. The present system was 
 developed by Advanced Production and Loading (APL) and comprises elements from the 
 original system and new components installed and taken into use in 2010.  


Carried out as a repair assignment, the 2010 upgrading was based on corresponding 


replacements and upgrades for OLS A in 2008. The same design and choice of materials have 
been used for both loading systems. 



(8)Figure 5.1 Statfjord oil loading system (source: Statoil). 


OLS B comprises a riser foot/base) with an acoustically activated shut-off valve. Part of the 
 original system, the base was taken to land for an overhaul and reinstalled in 2010. Other 
 system components include a vertical riser section comprising seven 20-inch hose segments, 
 each 12 metres long, a gooseneck including swivel, a subsurface buoy, and 14 20-inch hose 
 segments of 12 metres each, including swivel and hose end valve for connection to the shuttle 
 tanker. Figure 5.2 illustrates the loading system’s components 


OLS B 


OLS A 



(9)Figure 5.2 OLS loading system (source: APL). 


The system is configured for a maximum throughput of 7 200m3/h. The Lasting av råolje til 
 havs - Lasteprosedyre OLS procedure for offshore loading specifies a flow capacity of 
 6 900m3/h for loading from Statfjord A. While the system is designed for 20 years of 
 operation, the hose segments are expected to be replaced during this period. 


5.1  Loading oil via Statfjord OLS B 


Stabilised crude is pumped from the Statfjord A storage cells to OLS B through a 36-inch 
 flowline system. Fiscal metering of the oil volume is undertaken from Statfjord A. A radar 
 tank on the shuttle tanker is used to measure the oil volume in the cargo tanks. The Statfjord 
 A control room and the tanker reconcile delivered and received volumes every hour.  


Statoil requires flow meters to be installed on the inlet piping on the shuttle tanker. This 
instrument uses the flow/no flow principle. An alarm is sounded in the event of a sudden fall 
in the rate. Radar tank measurement is the primary source for comparing the oil volume 
received by the tanker with that sent from the facility. Statoil has reported that measurements 
can vary from  0-200m3 between facility and tanker. 



(10)5.2  Statfjord OLS B’s hose segments 


The hose segments are manufactured by Bassi Offshore on the basis of requirements in the 
 1991 edition of the OCIMF’s Guide to Purchase, Manufacturing and Testing of Loading and 
 Discharge Hoses for Offshore Moorings. 


Layers of steel-reinforced vulcanised rubber make up the hose segments. The eight closest to 
 the end valve also have an external sheath in five-mm PU for protection against wear when 
 lying on the seabed, for example. Figure 5.3 shows a hose segment with PU sheath. 


   


Figure 5.3 OLS B hose segment (source: APL). 


Figure 5.4 Cross section of the OLS B hose segment (source: APL). 


The hose segments have a nipple at each end for attaching the rubber layers. Flanges are 
 welded to these nipples. Figure 5.4 shows a cross section of a hose segment. 


Flange and nipple are manufactured in carbon steel and measure about a metre in length, with 
a wall thickness for the nipple of 9.25mm. The flanges are galvanised because of their contact 
with seawater. Figure 5.5 shows a cross section of flange and nipple. 
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Figure 5.5 Cross section of flange and nipple (source: APL). 


In Specification for Loading Hose, which provides the design basis for the hose segments, the 
 oil is specified as “stabilised crude oil, non sour service, non waxy”.  


The following parameters for oil characteristics are given in the Design Basis Report OLS B. 


Source: APL - Design Basis Report OLS B: Crude Oil Characteristics. 


The design of  the hose segments is based on stabilised oil with no seawater anticipated inside 
 the segments. Materials were chosen on the basis of standard grades used on the similar OLS 
 A loading system. Statoil reported that its operations organisation was aware that the oil 
 contained H2S, without this being included in the design basis. 


5.3  Organisation and responsibility 


The following description of organisational conditions and responsibilities applied at the time 
 of the oil spill. Statoil introduced a new operations model with effect from 1 January 2016.  


Daily operation of the loading systems is assigned to the platform organisation.  


Technical system responsibility is assigned to the asset integrity entity.  


The technical system leader was supported by the discipline lead for flexible hoses and by 
technical resources in the subsea technology and operations entity when implementing 
preventive and corrective maintenance programmes. This is formalised in governing 



(12)document GL0505 Teknisk system- og fagansvarlig, grensesnittavklaring for Subsea 
 operasjoner (SSO) og samhandlingspartnere. 


Through its role as assignment manager for loading systems, the subsea technology and 
 operations entity plans and implements preventive and corrective maintenance. GL0505 
 describes the division of roles. Statoil reports that it had no dedicated discipline lead for OLS 
 loading hoses between 2010 and the spring of 2015. 


A service agreement between subsea technology and operations and the ship technology and 
 marine systems entity covers assistance in planning and executing maintenance. 


Resources from APL, the loading system supplier, are called off via a frame agreement. 


Lasting av råolje til havs – Lasteprosedyren OLS is drawn up by the ship technology and 
 marine systems entity. Revision 4 was approved for publication in October 2015 by TPD 
 TEX POOM, which owns the procedure in Statoil’s Aris management system.  


5.4  Operational practice for Statfjord OLS 


Before oil transfer begins, the connection between shuttle tanker and loading system is leak-
 tested. Seawater at a pressure of up to 0.5 bar is pumped in and maintained for up to four 
 minutes. Loading begins after completion of a successful leak test. When loading is complete, 
 the connection and hose segments are refilled with seawater for up to four minutes before the 
 system is disconnected from the tanker. Intended to prevent oil leaking to the sea when the 
 hose is replaced on the seabed, this practice was introduced with the issue of Shuttle Maritime 
 Letter – Amendment to the Statfjord field operational manual on 17 December 2008. The 
 maritime letter was sent by Teekay Shipping Norway AS to relevant shuttle tankers on behalf 
 of StatoilHydro (now Statoil). The latter’s shuttle vetting department was responsible for 
 deciding on and executing the procedural change. 


When the Lasteprosedyre for bøyelastere på Statfjord/Gullfaks was updated with effect from 
 31 March 2009, operational practice for leak testing and filling the hose with seawater after 
 loading was incorporated as an appendix: App T Tetthetsprøving/spyling av kobling/slange.  


Statoil reports that a discussion took place on the introduction of new items in the procedure, 
 but the consequences of changed operational practice were not assessed or no complete 
 change assessment took place.  


Filling with seawater has meant that hose segments were exposed to oxygen-rich seawater, 
 which remained in the loading system after each loading operation. Up to about 100m3 of 
 seawater is added to the system during leak testing. The hose was filled with about 12m3 of 
 fresh seawater after loading. Seawater thereby remained in the hose between each operation. 


Loading takes place about every six-seven days on average, which means the hose segments 
 closest to the end valve contain seawater for roughly 300 days per year. 


The practice of filling with seawater after oil loading continued until a new integrated loading 
 procedure for Statfjord and Gullfaks was issued in July 2015. Such filling was then removed. 


Testing for leaks before starting to load oil remains in force. 


Seawater can also enter the loading system through the end valve when the hose is lowered to 
or lies on the seabed if the pressure difference between the exterior and interior of the hose 
becomes sufficiently large. Calculations by Statoil show that such seawater intrusion could 



(13)fill two-three hose segments. The intrusion of small amounts of seawater through the end 
 valve was considered acceptable and given no weight when considering the need for corrosion 
 protection.    


5.5  Maintenance 


The maintenance programme for the loading system comprises visual inspection by ROV and 
 a triennial expanded close visual inspection of the hose segments. As part of the triennial 
 inspection, one segment from either OLS A or B is removed for pressure testing pursuant to 
 the requirements set by the OCIMF.  


Hose segments 2 and 3 on OLS B were replaced in 2012 because of damage to the PU sheath. 


Statoil reports that no internal inspection of nipples was carried out in connection with the 
 replacement activity. It also reports that attention in the maintenance programme is 


concentrated primarily on the risk of fatigue and aging in the rubber layer. Internal corrosion 
 was not regarded as a relevant failure mode. 


Hose segment 1 on  OLS A was removed in April 2015 pursuant to the three-year 


maintenance programme. An internal inspection in connection with testing led APL to inform 
 Statoil in a preliminary report on 18 September that serious pitting corrosion had been found 
 in nipples. This finding was reported on to Porsgrunn Material as the material technology 
 specialist and internally to the head of asset integrity. As the system supplier, APL was then 
 asked to obtain test pieces of hose segment 1 for testing at  Porsgrunn Material. It was also 
 decided to await the results of these tests before taking further action.  


6  Corrosion mechanisms  


Three hose segments from OLS B were taken to land in November 2015 for investigation. 


The assessment of corrosion causes and mechanisms was carried out in Statoil by its TPD 
 TEX FOT MAT COR department (Porsgrunn Material). Its assessments are summarised in 
 the report on Corrosion Assessment – Statfjord OLS B Loading Hose MAT-2015100. 


Statoil’s inspection of the nipples on hose segments 1-3 is presented in table 6.1. 



(14)Table 6.1 Inspection of nipples (source: Corrosion Assessment – Statoil OLS B Loading Hose, MAT-2015100) . 


The orientation of corrosion pits around the nipple circumference is based on the manufacturer’s marking of the hose segment, where a white 
 external line denotes the 12 o-clock position. 


Statoil reports that material analyses of flange B on hose segment 2 and flange A on segment 
 3 revealed no specific metallurgical deviations. Combined with gaps separating the corrosion 
 attacks in segment 3, the fact that this segment has suffered the most corrosion is regarded as 
 a matter of chance.  


Photos 6.1 to 6.6 depict internal corrosion in segment 3. Three corrosion pits have been found 
 in the nipple at flange A. Pits no 1 and 2 penetrate the steel and are positioned about 30 and 
 70cm respectively from flange A. Three further corrosion pits have been found at flange B, 
 two of which penetrate the steel.  


  


Photo 6.1 Corrosion pit 1 at flange A.         Photo 6.2 Corrosion pit 1 at flange A.     
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Photo 6.3 Corrosion pit 1, about 30 cm from flange A, 7 o-clock.        Photo 6.4 Corrosion pit 2, about 70 cm from flange A, 7 o-clock.


     


Photo 6.5 Corrosion pit 3, about 85 cm from flange A, 8 o-clock.      Photo 6.6 Corrosion pits at flange B, 6 o-clock. 


Statoil has established that the probable cause of nipple corrosion is the addition of seawater 
 to the hose after the loading operation. Changes in the internal hose environment between 
 anaerobic H2S in the oil and oxygen-saturated seawater lay the basis for three possible 
 corrosion mechanisms: 


  seawater corrosion accelerated by local breakdown of the steel’s oxide layer (Fe3O4 – 
 magnetite) 


  seawater corrosion accelerated by the presence of iron sulphate 


  elementary sulphur corrosion.   


It is also known that H2S combined with some CO2 can cause high local corrosion speeds. 


H2S can be formed from several sources. It can originate in the reservoir, where injecting 
 oxygen-rich seawater and the formation of sulphate-reducing bacteria (SRB) can also raise its 
 level. Another source is a product of SRB in the storage cells through contact between oil and 
 ballast water (seawater). SRB activity and H2S developing in the hose between loading 


operations is another potential source, given the presence of both seawater and oil in the hose.  


Such environmental changes help to complicate the identification of a single dominant 
mechanism. That little sulphide was found in the corrosion product might indicate seawater 
corrosion as the main cause, which could have been further accelerated by a galvanic effect 
between a local lack of a cathodic magnetite layer on the steel surface and the rubber. This 
mechanism can operate even without H2S being present. 



(16)Statoil notes that any addition of seawater will basically give rise to the assumed corrosion 
 mechanisms.  


7  Expanded inspection of OLS A and OLS B 


Statoil carried out an expanded inspection of the hose segments in April-May. Results and 
 assessments from this work are summarised in the report Inspection of Statfjord Loading 
 Hoses OLS A and OLS B April-May 2016 MAT2016060. 


The inspection comprised visual checks on the vessel and video camera use. The four first 
 segments were retrieved to the deck and disconnected for nipple inspection. Corrosion was 
 identified in all 11 of the segments for OLS B and all eight of the segments for OLS A which 
 could be inspected. 


Pitting corrosion through the nipple wall thickness at flange A was identified in segment 6 
 from OLS B. No leakage to the sea through the PU sheath was found. OLS B has been 
 temporarily taken out of service, with improvements due to be made during September. 


Segment 2 from OLS A showed pitting corrosion to a depth of 8.7mm in the nipple at flange 
 A. Segment 3 was replaced.  


Statoil reports that assessments made from the expanded inspection conclude in principle that 
 the causes match those documented in Corrosion Assessment – Statfjord OLS B Loading Hose 
 MAT-2015100 report. The corrosion picture in the segments is regarded as complex. 


8  Potential of the incident 


8.1  Actual consequences 


The oil spill was estimated by the second line at the time of the incident as 40m3, based on 
 visual observation of the extent of the oil slick and the application of the Bonn Agreement Oil 
 Appearance Code. Part of the slick’s extent is illustrated in photos 8.1 and 8.2. 


In its memo on Beregning av lekkasjevolum, Statoil has calculated the spill to be six-seven 
 m3. This calculation assumes that the leak occurred just before it was detected around 08.30. 


The seabed valve in the loading system was shut at 09.50 and the system is assumed to have 
been pressurised for about 90 minutes. The bulk of the oil which leaked to the sea was the 
volume in the hose from the end valve down to the leak site on hose segment 3. 



(17)Photo 8.1 The oil slick can be seen on Hilda Knutsen’s port side (source: Statoil). 


Photo 8.2 The oil slick seen on the port side  (source: Hilda Knutsen 8 October 2015 0954). 


8.2  Statoil’s assessment of the environmental impact of the spill 



(18)Statoil has outlined the oil’s estimated impact on the environment in its memo Vurdering av 
 miljøpåvirkning av oljeutslipp på Statfjordfeltet 8. oktober 2015 of 14 October 2015.  


The leak rate and duration, and thereby the total oil volume, was not known when the spill 
 was detected. Statoil’s assessment of the spill’s effect on the environment was based on the 
 initial estimate of the leak size. This was 40m3, made by Statoil’s second-line emergency 
 response organisation primarily on the basis of calculations of the extent of the oil observed 
 on the sea surface. 


Statoil’s memo states that winds of about 30 knots were blowing at the time of the incident. 


Clean-up measures were assessed but not implemented because of high winds. 


The memo also accounts for the oil observations made. 


-  Oil rising to the surface was observed from Hilda Knutsen between 08.30 and 10.00 that 
 day. Hilda Knutsen’s master estimated the extent of the slick at 300 metres by 6-700 
 metres on the morning of 8 October.  


-  The SAR helicopter photographed surface oil on Thursday 8 and Friday 9 October.  


-  The NCA’s LN-KYV surveillance plane flew over the scene at 09.30-11.30 on Thursday 8 
 and Friday 9 October. Cloud cover on Thursday was too low for registering oil. The 
 weather was good for registration on Friday. No large slick was observed, other than a 
 small slick with “shine” (assumed to mean “sheen”) which the crew thought might derive 
 from the previous day’s spill. 


Statoil reported the following with regard to observation of seabirds. 


No seabirds were observed on the sea in connection with the slick. A seabird expert from the 
 Norwegian Institute for Nature Research (Nina) participated in LN-KYV’s overflight. No 
 special gatherings of seabirds were registered, and none soiled by oil were observed. 


The oil released was quickly broken down by wind and waves and naturally dispersed in the 
 water column. Oil with the potential for soiling seabirds was present on the surface during the 
 first few hours after the spill and had, according to Statoil, virtually disappeared the next day. 


Since no gatherings were observed in the area on Thursday and Friday, Statoil assumed that 
 the oil had no or insignificant effect on seabirds.  


Oil mixed in the water column can potentially have a negative effect on fish and other marine 
 organisms. Fish eggs and larvae are considered to be particularly sensitive. Breeding products 
 are not expected in this area during October. During the incident, the Institute of Marine 
 Research was asked about the possible impact on fish resources. It confirmed that a spill of 
 this size at that time in the Tampen area was unlikely to have a significant influence. 


Negative effects on individual birds or fish present in the spill area for the first few hours 
 during and after the spill cannot be excluded. However, Statoil concluded that the short 
 duration of the spill on the surface and its rapid dilution in the water column indicated that 
 negative effects on a large number of individual seabirds or fish were not to be expected. 


8.3  NCA’s assessment of Statoil’s information 



(19)During its supervision of Statoil’s response to the pollution incident, the NCA considered 
 Statoil’s information and assessments to be adequate and took note of them. In other words, 
 the seriousness of the position was not related to the actual pollution incident as such, but to 
 the threat it posed – the potential consequences for the environment.


8.4  Potential consequences 


Statoil’s assessment is that the leak could have continued for about 10 hours if it had started 
 while it was still dark. The total oil spill up to 09.00 would then have been about 14m3. This 
 assumes that the rent in the hose did not expand. If it doubled in size because of the leak’s 
 duration, the estimated spill over the same period would have been about 21m3. 


8.5  Detection of the spill 


The spill was detected at 08.30 by crew on Hilda Knutsen through visual observation from the 
 bridge. However, when the leak actually occurred and the discharge began is not known. 


As part of efforts to establish the most likely timing, and thereby the duration of the spill, the 
 NCA has reviewed surveillance plane and satellite observations around the times of earlier 
 loading operations from OLS B. Satellite images and aerial observations have been reviewed 
 for roughly 12 and nine months earlier respectively. However, surveillance data cannot 
 determine whether spills from OLS B have occurred during loading activities in this period. 


But the surveillance activities have not coincided exactly with loading times, so observations 
 from times after but as close as possible to loadings have been analysed. 


9  Observations 


Observations by the supervisory agencies fall generally into three categories. 


  Nonconformities: observations where the agencies believe that regulations have been 
 breached. 


  Improvement points: observations where deficiencies are seen, but insufficient information 
 is available to establish a breach of the regulations. 


  Conformities/barriers which have functioned: identified conformities with the regulations. 


9.1  Nonconformities 


9.1.1  Statoil planned to use chemical dispersants without a permit to use such 
 substances  


Nonconformity 


Statoil planned to deploy chemical dispersants to limit damage during the response. The 
 control form and decision matrix received by the NCA indicated that the operator had 
 permission from the NEA for using dispersants. The permit from the NEA states that the 
 NCA’s permission must be sought if dispersants are a relevant measure 


Grounds  


The control form for use of dispersants at sea must be submitted to the NCA by the operator if 
it wants to deploy such chemicals to combat acute pollution. According to the form received 
by the NCA, the operator planned to use such substances as a planned measure included in the 
emergency response plan submitted to the NEA. That is not correct. Chemical dispersion is 
not specified as a measure in the emergency response plan.  



(20)Furthermore, the form indicated that Statoil wanted to undertake a “dispersion trial” without 
 making it clear what this meant. It emerged subsequently that Statoil’s understanding of the 
 term was an in situ test, where the dispersant would be used on a small area of oil on the sea 
 surface to investigate its effect as the basis for deciding on further use of chemical dispersion 
 as a response measure. Any application of dispersants to oil pollution in the sea requires 
 special permission from the NCA unless it forms part of the emergency response plan 
 considered by the NEA.


Requirement 


Permit pursuant to the Pollution Control Act for Statfjord production, Statoil Petroleum AS, 
 dated 21 December 2002, latest revision 26 November 2013, section. 9.5.1, paragraph 2: 


“The permit does not cover the use of dispersants. Should this nevertheless prove to be a 
 relevant measure during a response, permission must be sought from the NCA”. 


See section 19-4, paragraph 2 of the pollution regulations on permits to use dispersants and 
 shoreline-cleaning agents: 


“If the use of dispersants or shoreline-cleaning agents during oil pollution response operations 
 does not follow from an emergency response plan such as is mentioned in the first paragraph, 
 such use may only take place with a permit from the NCA”. 


9.1.2  Deficiencies in decision processes and change management 
 Nonconformity 


The design of the hose segment is based on similar loading systems. Knowledge about H2S in 
 the oil or possible internal exposure of the segment to seawater was not applied when 


choosing the material. 


Introducing seawater to the loading system through a change in operational practice was not 
 adequately assessed with regard to the environmental changes this would cause in those parts 
 of the loading system exposed to seawater. 


Information about serious internal pitting corrosion found in nipples on OLS A did not lead to 
 operational measures to prevent the oil spill from OLS B. 


Grounds 


The nipples are in API 5L Gr B or ASTM A106 Gr 3 carbon steel. The selected material 
 quality is based on loading stabilised crude containing less than 0.5 per cent water.  


Seawater-filling of the loading hose from the tanker began in 2008 to prevent unwanted oil 
 spills to the sea after loading. See the Shuttle Maritime Letter and Lasteprosedyre for 
 bøyelastere på Statfjord/Gullfaks App T Tetthetsprøving/spyling av kobling/slange. The 
 change in operational practice was decided and implemented by the shuttle vetting entity.  


The discovery of serious pitting corrosion in the nipple on hose segment 1 for OLS A, 
 conveyed to Statoil in a report from APL in September 2015, did not result in operational 
 measures related to loading activities. 


Requirement 


Section 11, paragraphs 1-3 of the regulations relating to management and the duty to provide 
information in the petroleum activities and at certain onshore facilities (the management 
regulations) on the basis for making decisions and decision criteria. 



(21)9.2  Improvement points 


9.2.1  Deficiencies in the maintenance programme 


Checks for possible corrosion development in nipples were not adequately included in the 
 maintenance programme for hose segments. 


Grounds 


Hose segments 2 and 3 for OLS B were replaced in 2012 following damage to the PU sheath. 


No specific investigations were made of the nipples for corrosion development in connection 
 with replacement or testing. Attention in the maintenance programme is concentrated 


primarily on the risk of fatigue and aging in the rubber layer. Internal corrosion was not 
 regarded as a relevant failure mode. 


Requirement 


Section 47, paragraph 2, of the regulations relating to conducting petroleum activities (the 
 activities regulations) on maintenance programmes. 


9.2.2  Available equipment for detecting marine pollution on Hilda Knutsen had not 
 been adopted on the Statfjord field 


Grounds 


The leak from the loading hose was detected because crew on Hilda Knutsen observed oil on 
 the sea at 08.30 on 8 October. An overall assessment of available information indicates that 
 the leak occurred immediately before this, and the requirement in the permit on detecting 
 acute pollution within three hours was thereby met.  


However, it has not been documented or established as probable during the investigation that 
 the leak would have been detected equally quickly if it had begun while darkness prevailed.  


A system comprising three SECurus IR cameras and an OSD radar is installed on Hilda 
 Knutsen for detecting marine pollution. This can detect oil on the sea during darkness through 
 the oil’s dampening effect on surface motion. Images of the oil slick show this effect, so the 
 spill would probably have been detected even at night if the system was in use on the ship. 


Requirement 


See the permit pursuant to the Pollution Control Act for Statfjord production, Statoil 
 Petroleum AS, dated 21 December 2002, latest revision 26 November 2013, section. 9.2: 


“Acute pollution must be detected as swiftly as possible and no later than three hours from the 
 time the pollution occurred from staffed installations and operations”. 


10  Barriers which have functioned 


When oil was observed on the sea near the shuttle tanker, the control room on Statfjord A was 
 informed that the pumps should be halted. That helped to stop delivery of oil to the loading 
 system. Statfjord A initiated emergency response based on a DSHA 2 acute oil spill and the 
 second-line response organisation was established. Closing the seabed valve helped to limit 
 the potential for oil reaching the sea to the volume in the loading hose from the end valve to 
 the leak site on hose segment 3. 


11  Discussion of uncertainties 



(22)Statoil’s investigations and analyses have failed to determine any unambiguous corrosion 
 mechanism.  Changes in the internal environment in the loading hose facilitate three possible 
 options. See chapter 6. The introduction of seawater will basically facilitate the corrosion 
 mechanisms assumed to have occurred in the hose segments. 


Detection of the spill is based on visual observations from the bridge of Hilda Knutsen. Great 
 uncertainty accordingly prevails about when the leak started.


12  Appendices 


A: HTO incident and causal analysis  
 B: Document list 


C: Overview of personnel interviewed 
 D: Definitions and abbreviations 


A: HTO incident and causal analysis 


Assessment of changes in barrier function: reduced risk of oil spills to the sea 


An attempt has been made here to illustrate the changes to the preventive barrier function of 
 reducing the risk of oil spills to the sea from offshore loading by describing conditions related 
 to the associated technical, organisational and operational barrier elements. All barrier 


functions contain these elements. 



(23)The OLS A loading hose was replaced in the autumn of 2008 to provide a more technically 
 robust solution than the previous system. A good technically robust system is a precondition 
 and requirement in the regulations. Regardless of robustness, however, barriers must be 
 assessed and implemented to combat possible errors, faults or accidents. Later the same year, 
 it was decided to implement a change in the loading procedure through seawater-filling of 
 hoses after loading to tankers. This can be regarded as a change and a desirable improvement 
 to the barrier function of reducing the risk for possible small discharges to the sea. The 
 changes also involves organisational elements. 


Where the preventive barrier function of preventing oil spills to the sea is concerned, table 
 A.1 shows which barrier elements have functioned (blue text) and which have not (red text) 
 since the change was implemented in 2008.  


Time  Conditions related to 
 barrier function on 
 reduced risk of oil spills to 
 the sea 


Technological 
 barrier elements 


Organisational barrier 
 elements 


Operational 
 barrier elements 


2008  Upgrading of OLS A  More robust and 


longer fatigue life 


Specialists involved  Loading procedure 


2008  Operational change – 


introduction of seawater-
 filling after loading 


No involvement of 
 relevant specialists 
 (materials/corrosion) 
 2010  Design basis not correct – 


upgrading of OLS B 


No involvement of 
 relevant specialists 
 (materials/corrosion) 


Design basis: 


stabilised oil 
 no sour service 
 H2S in the oil 
 2012  Evaluation of inspection 


results: replacement of 
 hose segment 


No involvement of 
 relevant specialists 
 (materials/corrosion) 


Replacement of 
 hose segments 2 
 and 3 


No internal 
 inspection 
 2015  Pitting corrosion identified 


in OLS A 


Specialists involved  Measures left until 
 material testing 
 completed 
 Incident 8 Oct 


2015 


Detection of oil on the sea  Visual observation 


of oil on the sea  
 Incident 8 Oct 


2015 


Emergency response 
 measures 


Boom systems 
 (dispersants) 


Notification and 
 mobilisation 


Loading pumps 
 halted and seabed 
 valve closed 


Table A.1 Illustration of chronology related to barrier elements for the preventive barrier function on reduced risk for oil spills to the 
 sea after oil loading to shuttle tanker. 


The investigation of the OLS B oil spill shows that conditions related to the organisational 
 and operational barrier elements, in particular, failed to be taken satisfactorily into account 
 when changes to this barrier function were decided. 


B: Documents utilised in the investigation 


1.  Statoil: Varsel om uønsket hendelse – oljeutslipp Statfjord OLS B, 8.10.2015  


2.  Statoil: Mandat for gransking av oljeutslipp fra Statfjord OLS B 8.10.2015, dated 12 
 October 2015  


3.  Statoil: loading log for Statfjord A 8 October 2015, consignment no 7241 ST Part 2  
4.  Bell book Hilda Knutsen voy 67 and deck log 6-8 October 2015, Hilda Knutsen  
5.  Statoil: Log first-line response and CM oil discharge OLS B  



(24)6.  Statoil: Lasting av råolje til havs – Lasteprosedyren OLS, OM01 January 0102, rev 
 04, 2 October 2015  


7.  Statoil: Vurdering av miljøpåvirkning av oljeutslipp på Statfjordfeltet 8. oktober 2015, 
 memo dated 14 October 2015 


8.  Statoil: Flow meter and accurate measurements (extracted from TR 2380 – 6.6 Online 
 flow monitoring (requirements)) 


9.  Statoil: Process data from PI SFA og PI SFB (loading 8 Oct to OLS B) 


10. Statoil: E-mail of 2 December 2015 with information about the monitoring system on 
 Hilda Knutsen, including an overview of cargoes from Statfjord OLS B in 8 October 
 2014-12 October 2015  


11. Statoil: E-mail of 10 December 2015 with information on operational measures in 
 loading operations, etc. 


12. Statoil: Midlertidig utvidet lekkasjetest prosedyre – OLSA og OLSB, OM01 09 01 02, 
 rev 4, 18 November 2015 


13. Statoil: Corrosion Assessment – Statoil OLS B Loading Hose, MAT-2015100, valid 
 from 3 December 2015 


14. Statoil: Lasteprosedyre for bøyelastere på Statfjord/Gullfaks, WR1637, final ver 4, 
 valid from 31 March 2009 


15. Statoil: Granskingsrapport – Oljeutslipp fra Statfjord OLS B 8.10.2015, A 2015-15 
 DPN L2, dated 16 June 2016 


16. Statoil: Presentation from the meeting of 31 August 2016 – Statfjord OLS B 
 Oppfølging av tiltak etter gransking av oljeutslipp 


17. Statoil: Supplement to: 2. linje DPN Beredskapsplan Statoil - Beredskapsplan EPN 
 oljevern chapter A5 and appendix D 


Appendix: App C Beslutningskjema for dispergering 


Supplement to: Beredskap på norsk sokkel – Statfjord B, App B Oljevern ved 
 installasjonen, WR1156, final ver 8, valid from 15 October 2014 


18. Statoil: Feltspesifikk oljevernberedskapsplan for Statfjordfeltet, WR1156, final ver 
 2.01, valid from 30 September 2015 


19. Statoil: Aksjonsplan oljevern nr 1 OLS B - Statfjord A, revision 0, date 8 October 2015  
 20. Statoil: Aksjonsplan oljevern nr 2 OLS B - Statfjord A, revision 1, date 8 October 2015  
 21. APL: Statfjord Offshore Loading System B General Description OLS-B, BA-PB-V-


YX-001, rev Z, 31 January 2011 


22. APL: Statfjord Offshore Loading System B Design Basis Report OLS-B, BA-PB-Z-
 RD-001, rev Z, 16 December 2010 


23. APL: OLS B General Arrangement Details, 1531-APL-S-XD-BM-0002, rev Z2, 15 
 April 2011 


24. APL: DFI Resume – OLS B, 1531-APL-S-RA-0001, rev Z, 25 February 2011 (extract) 
 25. APL: Specification for Loading Hose, 1531-APL-P-SA-0001, rev Z, 14 April 2011 


(extract) 


26. Stril Merkur: Deck and engine room logs 7-8 October 2015 (scanned copy) 


27. Skandi Vega: Deck log (scanned copy), deck log (electronic version) and engine room 
 log (scanned copy) 8 October 2015 


28. Skandi Vega: Dive log, dive no: 898, 8 October 2015 


29. Kongsberg Satellite Services: Oil Detection Report – Possible oil detected 


30. Bassi Offshore: As-built documentation for hose types Admiral 1401 S Extra, Admiral 
 1401 S Extra PU, Admiral 1402 S, Admiral 1402 S PU, nipples and flanges 


31. Knutsen OAS: Photos from the deck of Hilda Knutsen 8 October 2015 


32. OCIMF: Guide to Manufacturing and Purchasing Hoses for Offshore Moorings, fifth 
edition 2009 



(25)C: Overview of personnel interviewed 


See separate attachment. 


D: Definitions and abbreviations 


Aris: management system portal 
 cm: centimetre 


CO2: carbon dioxide 


DSHA: defined situation of hazard and accident 
 ETA: estimated time of arrival 


HTO: human, technology, organisation 
 H2S: hydrogen sulphide 


knot: one knot equals 1.852 km/hour 
 mm: millimetre 


m3: cubic metre 


NCA: Norwegian Coastal Administration 
 NEA: Norwegian Environment Agency 


Nofo: Norwegian Clean Seas Association for Operating Companies 
 OCIMF: Oil Companies International Marine Forum 


OLS: Offshore loading system 
 ppm: parts per million 


PSA: Petroleum Safety Authority Norway 
 ROV: remotely operated vehicle 


SAR: search and rescue 


SRB: sulphate-reducing bacteria 
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