


        
           

      

              
                   

                  
              

    

                
           

             
           

      

  

                 
                

             
           

                 
                

             
              

               

  

             
          

  

            
  

             
              

              
                

    

            
               

              
 

 



        
           

      

            
                

              
    

           
            

              
             

            
 

             
                

      

           
            

              
     

        

       

              
            

 

               
     

               
     

               
 

               
 

              
     

               

 





I, , do hereby state and declare: 
 
1. I am the Force Navigator at Military Sealift Command (MSC).  
 
2. Following the grounding of the USNS BIG HORN (T-AO 198) on or about 23 September 
2024 off the Coast of Oman, I reviewed the Electronic Chart Display and Information System 
(ECDIS) data associated with the voyage and grounding. 
 
3. At the time of the grounding, USNS BIG HORN was operating with two different Electronic 
Chart Display and Information System (ECDIS) Electronic Navigation Charts (ENC) databases – 
Admiralty Vector Chart Service (AVCS) and National Geospatial-Intelligence Agency (NGA) 
WorldCover. 
 
4. There was a lack of clarity among the ship’s crew regarding which database was in use. 2/O 

 believed AVCS was in use, while Captain  believed it was NGA WorldCover. 
 
5. 2/O  was unaware that both databases were loaded into the ECDIS and did not properly 
update the ENCs. 
 
6. NGA ENC had not been updated since 7 May 24.  
 
7. AVCS ENC was updated on 30 Aug 24. 
 
8. Differences were observed between the AVCS ENC and NGA ENC for Oman. The NGA 
ENC did not display the safety contour or the shoal area as clearly as the AVCS ENC. The 
ECDIS switched between the AVCS ENC and NGA ENC based upon the nearest complication 
scale as the operator changed the range (i.e., zooming-in and zooming-out).  
 
9. I have raised the discrepancy issue with NGA, and they are in the process of conducting an 
internal review. 
 
I declare under penalty of perjury that I have read the foregoing statement and that the 
information contained therein is true and correct to the best of my knowledge and belief. 
 
Executed on this 12 day of February, 2025. 
 
 
 
       _________________________________  
        
       Force Navigator 
       Military Sealift Command 
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                                                   5800 

                      Ser N00/231 

                      21 Nov 24 

 

FIRST ENDORSEMENT ON  ltr 5800 of 14 Nov 24       

                

From:  Commander, Military Sealift Command Central  

To:      Commander, Military Sealift Command 

 

Subj: COMMAND INVESTIGATION INTO THE FACTS AND CIRCUMSTANCES  

  SURROUNDING THE GROUNDING OF USNS BIG HORN (T-AO 198)   

  OFF THE COAST OF OMAN ON 23 SEPTEMBER 2024   

 

1.  Per reference (a), I concur with the findings, opinions and recommendations of the 

Investigating Officer with the following additions.  

 

a. Findings of Fact: 

 

(1) Add FF 228.  In addition to music playing on the starboard bridge wing per FF  

76, music was heard playing on the bridge while transiting at high speed in restricted waters. 

Music can be heard up to the moment of the grounding.  (Encl 43) 

 

(2) Add FF 229.  The VDR microphone recorded significant unnecessary conversation  

by watch standers within the pilothouse that was unrelated to the navigation or operation of the 

ship.  (Encl 43) 

 

(3) Add FF 230.  Although the Navigational Brief Checklist has information entered in 

the 45 checklist line items, none of the items are formally checked off to indicate the item was 

completed as required and/or discussed during the Navigation Brief.   (Encl 15) 

 

b. Opinions:  

 

(1) Add Opinion 19.  The bridge team rushed through steering checks as the ship   

was heading into restricted waters.  The apparent motive behind this unreasonable sense of time 

urgency was to make their scheduled 1500L pilot pick up time.  There was no sound reason for 

the ship to rush through or deviate from standard entering port processes and requirements.  [FF 

93, 145-149] 

 

(2) Add Opinion 20.  Navigation warnings on ECDIS 4 and 5 were set to silent mode.  

 Although visual alarm queues were activated, an opportunity for audible warnings that the ship 

was standing into danger was lost. [FF 83, 137, 139, 140-142, 162, 163, 169-183] 
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c. Recommendations: 

 

(1) Add Recommendation 12.  Recommend MSC review the policy for audible 

ECDIS alarm settings to ensure critical audible alarms are appropriately set to provide the bridge 

team audible warnings of imminent danger.   

 

(2) Add Recommendation 13.  Per FF 10, only 3/O  completed Big Horn’s 

latest Bridge Resource Management (BRM) training on 31 March 24.  Recommend MSC review 

the BRM scheduling policy to add flexibility for even an abbreviated BRM, run by the ship’s 

Master, when there is significant turnover of bridge team watch standers.  

 

2.  Captain  turned over command of USNS Big Horn to Captain  on 9 

October 2024 as part of MSC’s normal master rotation schedule. 

 

3.  Investigating Officer recommendations for MSCCENT action.  Per recommendation 9, 

MSCCENT has directed that all MSC ships are required to use the deep water route when 

entering or departing the Port of Duqm.  Recommendations 10 and 11 are acknowledged and are 

expected to be completed within 15 days of the date of this endorsement.   

 

 

  

 

Copy to:  

NAVCENT  

 

(b)(6)
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5800 
20 Nov 24   

   
From: , USN, Investigating Officer  
To: Commander, Military Sealift Command, Central   
 
   
Subj: COMMAND INVESTIGATION REPORT INTO THE GROUNDING OF USNS BIG HORN (T-

AO 198) ON OR ABOUT 23 SEPTEMBER 2024 OFF THE COAST OF OMAN 
   
Ref: (a) Manual of the Judge Advocate General   

(b) COMSCINST 3121.9C Military Sealift Command (MSC) Standard Operating Manual (SOM) 
(c) Russell Sydnor Crenshaw, Naval Shiphandling (Annapolis, MD: Naval Institute Press, 1976) 
(d) ISM Safety Management System (T-AO 187) 
(e) NGA Nautical Chart 62024, Duqm Coastal 
(f) NGA Nautical Chart 62330, Duqm Coastal 
(g) NGA Nautical Chart 62333, Duqm Approach 
(h) NGA Nautical Chart 62334, Duqm Harbor 
(i) NAVSEA Drawing 801-7080546, T-AO 187 Class Structure 
(j) CNSPINST 3530.4G, Navigation Department Organization and Regulations Manual   
     (NAVDORM) 
(k) USCG Navigation Rules and Regulations Handbook (COLREGS) 

 
Encl: (1)   COMSCCENT ltr of 29 September 2024 – Appointing Letter and Extension   

(2)   Summary and Acknowledgement, Master , Voluntary Interview of 6 Oct 24 
(3)   Summary and Acknowledgement, Chief Mate , Voluntary Interview of 4 Oct 

24 
(4)   Summary and Acknowledgement, Navigator , Voluntary Interview of 4 Oct 24 
(5)   Summary and Acknowledgement, 3/O , Voluntary Interview of 4 Oct 24 
(6)   Summary 3/O , Voluntary Interview of 17 Oct 24 
(7)   Summary and Acknowledgement, Ops Chief , Voluntary Interview of 5 Oct 24 
(8)   Summary and Acknowledgement, Chief Cargo Mate , Voluntary Interview of 5      
        Oct 24 
(9)   Summary and Acknowledgement, A/B , Voluntary Interview of 4 Oct 24 
(10) Summary and Acknowledgement, A/B , Voluntary Interview of 17 Oct 24 
(11) Summary and Acknowledgement, O/S , Voluntary Interview of 4 Oct 24 
(12) Summary and Acknowledgement, Chief Engineer , Voluntary Interview of 6 Oct  
        24 
(13) Summary and Acknowledgement, 1 A/E , Voluntary Interview of 6 Oct 24 
(14) Email from MSC HQ Navigation Policy and Certification 
(15) Navigation Brief and Checklist 7.2-003-01, dtd 22 Sep 24 
(16) Arrival Checklist 7.2-01-AO187/205 to Duqm dtd 23 Sep 24 
(17) Arrival Checklist 7.2-01-AO187/205 to Duqm dtd 24 Sep 24 

   (18) Grounding Checklist 8.7-001-01-All, dtd 23 Sep 24 
(19) BGN Operational Schedule 9-23 Sep (UNCLASS) 
(20) BGN Deck Log dtd 22-24 Sep 24 
(21) BGN Engineering Log dtd 22-24 Sep 
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(22) BGN Position Log dtd 23-24 Sep 24 
(23) USCG 2692 dtd 24 Sep 24 and Medical Testing 
(24) BGN Trim and Stability Summary Pre-Arrival Duqm dtd 23 Sep 24 
(25) BGN Ready for Tasking Report dtd 30 Apr 24 and Attendance 
(26) BGN LOGREQ Change 2 for Duqm Arrival dtd 22 Sep 24 
(27) Pub 172, Sailing Directions excerpt for Duqm, Oman 
(28) Port of Duqm Humpback Whale Advisory Notice 
(29) ECDIS Familiarization Checklist, Master  dtd 4 Oct 23 
(30) ECDIS Familiarization Checklist, Chief Mate  dtd 15 Sep 24 
(31) ECDIS Familiarization Checklist, Navigator  dtd 31 Aug 24 
(32) ECDIS Familiarization Checklist, 3/O  dtd 15 Sep 24 
(33) Training Competency Captain  
(34) Training Competency 2/O  
(35) Training Competency 3/O  
(36) Training Competency 3/O  
(37) BGN OPREP-3 Initial, DTG 231725ZSEP24, CONFIDENTIAL [Held at MSCCENT] 
(38) BGN OPREP-3 Update, DTG 101220ZOCT24, CONFIDENTIAL [Held at MSCCENT] 
(39) Fleet Weather Center San Diego METOC Data Capture 23SEP24, dtd 02Oct24 
(40) CTF 56 Dive Report and Photos of Damage dtd 27 Sep 24 
(41) Timeline Established from Voyage Data Recorder dtd 31 Oct 24 
(42) ECDIS/Data Screen Captures from Voyage Data Recorder dtd 31 Oct 24 
(43) Voyage Data Recorder DVD 
(44) MSC BGN Paperless NAV Certification dtd 17 Feb 21 
(45) NAVSEA BIG HORN Patching Plan dtd 21 Oct 24 
(46) NAVSEA Grouting Plan dtd 29 Oct 24 
(47) CTG 56.1 UUV Survey of Grounding Site dtd 30 Oct 24 
(48) MSC SMS Procedure 7.2-005-AO187 Under Keel Clearance 
(49) Squat Data and Calculations MSC Lead Naval Architect dtd 31 Oct 24 
(50) Navigational Brief Checklist, 7.2-003-01 Revision 1.0, of 18 Apr 24 
 

 
Preliminary Statement   

 
1.  Overview.  This memorandum documents findings, opinions and recommendations of the Command 
Investigation (CI) team that inquired into the grounding of USNS BIG HORN (BGN) (T-AO 198) on 23 
September 24 while underway off the coast of Oman, near the Port of Duqm, in the Northern Arabian Sea. 
The investigation was convened per enclosure (1) and conducted according to reference (a). Captain

 USMM, assisted in this investigation as part of the investigation team. Captain  has served with 
Military Sealift Command for 35 years and began sailing as Master in 2005 has commanded eight MSC 
ships.  Military Sealift Command Central (MSCCENT) Area Counsel, , served as legal 
advisor per enclosure (1). The investigation team traveled to Duqm, Oman to conduct witness interviews and 
collect documentation and evidence onboard USNS Big Horn, 3-7 October 2024. 
  

(b)(6)
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(b)(6)

(b)(6)
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2.  Personnel Interviewed.  The following personnel were interviewed for this investigation, and their 
statements are summarized in enclosures (2) through (13). All persons interviewed were provided an 
opportunity to review, comment on, and concur with final summaries included as enclosures.  All interviews 
were conducted onboard USNS Big Horn except for interviews with 3/O  and A/B  Interviews 
for those two individuals were conducted via phone as they had detached from the ship prior to the CI team’s 
arrival. 3/O  did not respond to multiple requests to review and concur with nterview summary 
(Encl 6). It is an accurate summary of the information provided during 7 Oct 24 phone interview. 
 

 a.   , Master 
 b.   , Chief Mate 
 c.   , 2/O and Navigator 
 d.  , 3/O 
     e.   , 3/O 
     f.  , Operations Chief 
     g.  , Chief Cargo Mate 
     h.  , A/B 
     i.   , A/B 
  j. , O/S 
     k.  , Chief Engineer 
     l.   , 1 A/E 

 
3.  Evidence Collected. Documentary evidence for this investigation includes: data recording (ARPA, 
ECDIS, and voice) from the ship’s Voyage Data Recorder (VDR). Screen captures from the VDR are 
included within this report and additional captures can be found in Encl 42. CTF 56 underwater photos of the 
hull, rudder, and propeller (samples are included in Encl 40). CTF 56.1 conducted a remotely operated 
vehicle dive on the grounding site. Results of that dive are provided in Encl 47. All times listed in this report 
are local and indicated by an “L” in the time. 

 
Executive Summary 

 
 a.  USNS BIG HORN (BGN) was operating in the Northern Arabian Sea on 23SEP24, conducting 
underway replenishment-at-sea (RAS) with ships from the ABRAHAM LINCOLN (ABE) Carrier Strike 
Group (CSG). As BGN was conducting the final RAS event for the day with USS OKANE (OKN), at 
approximately 1230, BGN Captain and Navigator discussed the navigation track they would use to transit to 
the Port of Duqm pilot pick up point for their scheduled port visit. The pre-arranged time to meet the pilot at 
the pick-up point was 1500L. Two tracks were considered: Duqm A and Duqm B.  Duqm A, referred to as 
the “shoot the gap” track, transited through the San Carlos Banks area and was the shorter distance of the two 
to the pilot pick up point. Duqm B was the “deep water” route which was to the north and approximately 5 to 
6 miles longer to the pilot pick up point than Duqm A. The Captain decided to use Duqm A.   
 
 b.  BGN completed the RAS with OKN approximately one hour later. Their location at the conclusion of 
the RAS was further away from the pilot pick-up point than originally planned, and the track to the pilot pick 
up point was adjusted to reflect the ship's current position. While transiting to the pilot pick up point using 
the Duqm A track, BGN ran aground.  

(b)(6) (b)(6)
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c.  The navigation track chosen, Duqm A, went through a gap between two charted areas of shoal water. 
This area, known as the San Carlos Banks, is contained inside a charted 20m depth safety contour with only 
three depth soundings inside the entirety of the contour – 11m, 12.1m, and 18.9m – all soundings less than 
19m, which nautical charts recommend deep draft ships avoid due to chart inaccuracy and uncertainty in 
depth surveys. The ship’s calculated deepest draft was 9.93m, before squat was factored. The Captain chose 
the Duqm A track despite it lacking depth soundings along the track, clear chart warnings (both ECDIS and 
paper charts), and local sailing directions which recommended using the deep water route. Attention to detail 
and consideration of the risks should have negated Duqm A as an option. Instead, this track was selected, and 
the ship transited through San Carlos Banks, at 17 to 18kts, squatting heavily, which resulted in the ship 
impacting the sea floor. 
 
 d.  The grounding caused substantial damage to the hull, internal support structures, port propeller and 
port rudder. Exhaustive damage control efforts were conducted by the ship’s crew enabling BGN to anchor 
overnight and receive a tow into Duqm the next day. 
 
 e.  The grounding was preventable. This grounding was caused by poor adherence to MSC standards, 
poor seamanship, poor risk calculation, a lack of formality, no attention to detail, and lack of forceful backup 
from watchstanders. 
 
 

Findings of Fact  
 

1. Captain  has been the resident Master on BGN since June 2022 has served as a 
Master on multiple Combat Logistics Force (CLF) platforms in MSC since 2017 and has been with 
MSC for 17 years. [Encl 2, 33] 
 

2. Captain  completed ECDIS familiarization on 04OCT23. [Encl 29] 
 

3. BGN assigned Chief Mate is . reported to BGN on 13SEP24, onboard 10 days 
prior to grounding has sailed with MSC for 11 years and has been a Chief Mate for four last 
served as Chief Mate on USNS PECOS. [Encl 3] 
 

4. BGN Chief Mate  completed ECDIS familiarization on 15SEP24. [Encl 30] 
 

5. BGN 2/O and Navigator is reported to BGN on 31AUG24, onboard three weeks prior 
to grounding has sailed with MSC for 14 months, starting on USNS YUKON as 3/O. BGN is
first assignment as Navigator. [Encl 4, 34] 

 
6. 2/O  completed ECDIS familiarization the day reported onboard, 31AUG24. [Encl 31] 

 
7. 3/O  had served onboard BGN for approximately 4 months at the time of the grounding, 

having previously served on USNS MERCY as 3/O. On 23SEP24 stood the 0800-1200 Mate on 
Watch. [Encl 5, 35] 

 

(b)(6)

(b)(6)

(b)(6) (b)(6)
(b)(6) (b)(6)

(b)(6)

(b)(6)
(b)(6) (b)(6)

(b)(6)

(b)(6) (b)
(6)

(b)
(6)

(b)(6)
(b)
(6)



CUI 
 
Subj: COMMAND INVESTIGATION REPORT INTO THE GROUNDING OF USNS BIG HORN (T-

AO 198) ON OR ABOUT 23 SEPTEMBER 2024 OFF THE COAST OF OMAN     
 

5 
CUI 

8. 3/O  had served on BGN for approximately 6 months as 3/O at the time of the grounding. BGN 
was second ship, having previously served on USNS ARCTIC for approximately two months. On 
23SEP24 tood the 1200-1600 Mate on Watch was on watch when the grounding occurred. 
[Encl 6, 36] 
 

9. BGN achieved ready for tasking (RFT) certification on 20APR24. [Encl 25] 
 

10. BGN completed Bridge Resource Management (BRM) on 31MAR24. Of the Master, Chief Mate, 
Navigator, and 3/O watchstanders onboard during the grounding, only 3/O  attended this BRM. 
[Encl 25] 
 

11. BGN’s last navigation assessment and check ride was completed 23SEP23. None of the deck officers 
on BGN at the time of the grounding attended that assessment. [Encl 25] 
 

12. BGN was certified to use electronic navigation as primary plot on 17FEB21. [Encl 44] 
 

13. ECDIS familiarization includes job sheet line items to complete the following: 
a. 2.7: Determine the methods for scrolling and zooming charts, including determining current 

scale and displayed charts and setting the display to a particular scale. 
b. 2.11: Determine how to select the safety contour and safety depth. 
c. 2.13: Determine how to select deep and shallow area display options. 
d. 2.15: Establish how alarms and other alerts are given by ECDIS and understand the procedure 

needed to acknowledge them. 
e. 4.2: Determine how to select information about an object (pick report). 
f. 4.10: Establish the facilities provided for the measurement of range and bearing (e.g. EBLs 

and VRMs) and determine their use. 
g. 5.10: Determine how to use facilities for checking planned route. 

[Ref d, Checklist 7.2-005-01-ALL] 
 

14. The Captain’s and Navigator’s ECDIS check sheets have each of the above lines initialed “yes.” [Encl 
29, 31] 

 
15. BGN was ordered from its operating location in SEVENTH Fleet to the FIFTH Fleet Area of 

Responsibility (AOR) to fill a void in CLF coverage for the AOR. When ordered to C5F, BGN was 
originally scheduled to be in theater for approximately 30 days. [Encl 2]. 

 
16. BGN arrived in C5F on 17JUN24 and the crew experienced a high operational tempo, supporting two 

CSGs and completing on average 2-3 RAS events per day, often racing back to port to load fuel and 
cargo, and then racing back to meet RAS commitments. [Encl 2, 3, 4, 7, 8, 12] 
 

17. On 23SEP24, BGN was underway in the Northern Arabian Sea, having departed the Port of Fujairah, 
United Arab Emirates on 15SEP24. [Encl 2, 3, 15]  
 

(b)(6)
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18. BGN was manned for three replenishment stations but does not have a certified flight deck due to lack 
of aviation firefighting school graduates. [Encl 2, 3] 

 
19. BGN completed a Replenishment-At-Sea (RAS) with HMS LANCASTER (LANC) on 21SEP24. 

[Encl 15, 20] 
 
20. The original schedule for 22SEP24 included a full ABE CSG RAS (ABE, STOCKDALE (STK), 

SPRUANCE (SPR), and OKN). [Encl 2, 3, 4, 5, 6, 19] 
 

21. The schedule was modified by ABE CSG to split RAS events across two days. BGN conducted RAS 
with SPR and STK on 22SEP24 from approximately 0700-1155L. [Encl 2, 3, 4, 7, 15, 20] 
 

22. The change in schedule pushed the RAS with ABE and OKN to 23SEP24. [Encl 2, 3, 4, 5, 6, 19] 
 

23. BGN conducted RAS with ABE on the morning of 23SEP24 from approximately 0700-1045L. This 
was a three station RAS, with stations 2/4/6 in use. [Encl 2, 3, 4, 7, 8, 15, 20] 

 
24. BGN was originally scheduled to arrive at pilot pick up point for Duqm for a 5-day maintenance and 

repair availability at 0700L, 23SEP24. This arrival time was revised to 1500L due to the RAS 
schedule change. [Encl 2, 3, 4, 5, 6, 19, 26] 

 
25. Because BGN is limited to three stations due to manning, the RAS with OKN, also scheduled for 

23SEP24, had be conducted as a subsequent event vice a two-ship simultaneous RAS with ABE, 
pushing final RAS completion to later in the day. [Encl 2, 3, 4, 7, 8, 15, 20] 

 
26. After completing RAS with ABE earlier in the morning, BGN conducted RAS with OKN on 23 Sep 

24 from approximately 1130-1330L. [Encl 2, 3, 4, 15, 20, 43] 
 

27. BGN conducted a Navigation (NAV) Brief for entering Duqm in the pilothouse on 22SEP24 at 1600. 
Master, Chief Mate, Chief Engineer, Navigator, 3/O  3/O  Cargo Mate, and Ops 
Chief were in attendance as required by the Safety Management System (SMS) checklist and signed 
muster sheet. [Ref d, Encl 2, 3, 4, 5, 6, 15] 

 
28. The NAV brief utilized MSC SMS navigational brief checklist, 7.2-003-01 (Rev 0.7, 24NOV20), 

which is not the most recent version, for entering the Port of Duqm. [Encl 15] 
 

29. The current version of the NAV brief checklist, Rev 1.0, is dated 18APR24. [Ref d, Encl 50] 
 

30. The difference between Rev 0.7 and Rev 1.0 is line 6, squat. The line was changed from simply stating 
“Squat” to “Note: Obtain Squat value from CargoMax. When entering values for channel width, depth, 
and ship’s speed, use most conservative estimates obtained from ship’s projected trackline.” [Ref d, 
Encl 15, 50] 
 

(b)(6) (b)(6)
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31. The Navigator did, however, use the most recent version of the squat table with input from CargoMax. 
[Encl 15] 
 

32. The Navigation brief utilized MSC SMS port arrival checklist 7.2-01-AO187/205, which was updated 
for entering the Port of Duqm. This is the current version. [Ref d, Encl 16] 

 
33. The Navigation brief makes note of possible humpback whales in the vicinity of (IVO) the Duqm 

entrance, and advised watches to keep a lookout. It does not mention a speed limitation. [Encl 15] 
 

34. The Port of Duqm has established a “whale management zone” which limits speed to 10kts. The zone 
extends out to 30nm from shore, and included the area within which BGN was operating when the 
grounding occurred. Pub 172 Sailing Directions does not mention the speed limitation. [Encl 27, 28] 

 
35. No person interviewed was familiar with this notice and speed restriction. [Encl 2, 3, 4, 5, 6, 7, 28] 
 
36. Pub 172 Sailing Directions, listed in NAV brief as a reference reviewed, states, “Vessels bound to or 

from Duqm shall use the recommended deep water route.” [Encl 27] 
 

37. The NAV brief makes reference to the “deep water route” in line 27 of the checklist, but does not state 
requirement to use it. [Encl 15] 
 

38. No attendee at NAV brief recalled mandatory use of the deep water route being discussed. [Encl 2, 3, 
4 ,5, 6, 7] 

 
39. Several attendees recall the deep water route discussed in terms of currents IVO the breakwater and 

channel entrance. [Encl 2, 4, 5, 6, 15] 
 

40. The Navigator stated reviewed Pub 172, Sailing Directions, and was aware the publication states 
mandatory use of the deep water route. [Encl 4, 41, 43] 
 

41. The Captain did not review Pub 172, Sailing Directions. The Captain stated that per the SMS, the 
Navigator is delegated and responsible for reading/reviewing the Sailing Directions and is required to 
raise any concerns noted in the Sailing Directions to the Captain. [Encl 2] 
 

42.  A review of all applicable SMS procedures did not reveal this delegation of responsibility. [Ref d] 
 

43. Line 27 of NAV brief checklist highlights shoal area “near the southwesterly portion of the deep water 
route.”  This shoal area is known as the San Carlos Banks. [Ref e, f, g, h, Encl 15, 42, 43, 47, 48, 49, 
50] 
 

44. No brief attendee or watchstander could recall knowing the name “San Carlos Banks.” [Encl 2, 3, 4, 5, 
6, 7] 
 

(b)
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45. San Carlos Banks is clearly identified and labeled on NGA Chart 62024 and 62330, reviewed and 
updated by the Navigator, and is discussed in Pub 172 Sailing Directions, paragraph 9.36. [Ref e, f,  
Encl 27] 

 
46. Navigation charts 62330, 62333, and 62334 are cancelled chart publications, used for reference and 

situational awareness only for the transit from RAS to Port of Duqm. [Ref f, g, h, Encl 2, 4, 5] 
 

47. Navigation chart 62024, an active chart, was also used for reference and situational awareness for the 
transit from RAS to Port of Duqm. [Ref e, Encl 2, 4, 5] 

 
48. Navigation chart 62024 contains the following “DEPTHS” note for the San Carlos Banks: 

“Many of the areas on this chart have not been systematically surveyed. Depths in these areas 
are from miscellaneous line of passage soundings of old leadline surveys. Uncharted dangers 
may exist.” [Ref e] 

 
49. Navigation chart 62024 contains the following “CHART ACCURACY” note: 

“Owing to the age and the quality of the source information, some detail on this chart may not 
be positioned accurately. Particular caution is advised when navigating in the vicinity of 
dangers, even when using an electronic positioning system such as GPS.” [Ref e] 
 

50. Navigation chart 62333 contains the following “DEEP DRAFT ROUTE” note: 
“All deep draft vessels, bound for or from port of Duqm, are recommended to use the deep 
draft route and keep clear of all depth patches less than 19 meters.” [Ref g] 

 
51. Navigation chart 62334, contains the following “RECOMMEND DEEP WATER ROUTE” note: 

“All deep draft vessels, bound for or from port of Duqm, are recommended to use the deep 
draft route and keep clear of all depth patches less than 19 meters.” [Ref h] 

 
52. Captain stated reviewed the paper chart and courses during discussions with the Navigator. [Encl 2] 
 
53. Captain stated review of the ECDIS/charts did not indicate any warning affecting the navigational 

tracks selected. [Encl 2] 
 

54. The Navigator stated was aware of these depth and accuracy warnings. [Encl 4] 
 

55. The Captain did not recall the NAV brief going over warnings on charts. [Encl 2] 
 

56. Captain stated has reread the charts since the incident and noted that some chart warnings and 
survey data we not readily available on the NGA World Cover charts being used at the time. [Encl 2] 
 

57. All charts were corrected through the latest Notice to Mariners (38/24) and ECDIS had the latest 
update (36/24). [Encl 15] 

 

(b)
(6)

(b)(6)

(b)
(6)

(b)
(6)
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58. The NAV brief and entering port checklist for Duqm on 23SEP24 stated BGN draft FWD was 8.23m, 
MID 9.12m, and AFT 9.93m. [Encl 15, 16] 
 

59. When asked about BGN being trimmed down on the stern 1.7m, the Captain stated it was normal for a 
T-AO. [Encl 2] 
 

60. The arrival checklist includes a squat table for T-AO 187 class. The table cites source as SMS 7.2-005-
AO, referring to SMS procedure 7.2-005-AO187, “Under Keel Clearance (UKC).” [Encl 48] 

 
61. The note attached to the squat table in SMS 7.2-005 states: 

“Notes: The above values were determined by the Carderock Division using the Ship Wave 
Analysis (SWAN, Sclavounous, 1994) and Beck, Newman, and Tuck (BNT – 1975) computer 
programs. None of these values have been verified with shallow water model tests. For 
sinkage greater than the initial under keel clearance condition the table shows a “G” to 
indicate a grounding condition. All values shown in the tables are in feet and should be added 
to the initial static draft to obtain the dynamic draft at the bow, LCB, and stern at the speed 
condition. Note: When operating in confined waters consider limitations on speed.” [Ref d, 
Encl 48] 

 
62. UKC SMS states acceptable clearance under keel in open water is 2 feet plus tides plus squat. [Encl 

48] 
 

63. UKC SMS states acceptable clearance under keel in confined waters (harbors) is 3 feet plus tides plus 
squat. [Encl 48] 
 

64. Arrival squat table states minimum tide range was 1.5m above minimum. [Encl 16] 
 

65. Ship squat is defined as, “a low-pressure area beneath the keel effectively increases draft, either 
uniformly (sinkage) or by the bow riding higher than the stern as if trimmed (squat).” Squat can begin 
to impact a ship when the water depth to draft ratio is less than four to one. (Ref c) 
 

66. The T-AO squat table only goes up to 15ft of under keel clearance at 16kts. Under those conditions, 
per the UKC SMS procedure table, a T-AO squats: Bow 4.6ft (1.4m), Stern: 1.3 ft (0.4m). [Encl 15, 
16, 48] 

 
67. MSC naval architect, , provided the following calculations of BGN potential squat 

using four different methods, using last speed (18kts) and fathometer (fathom) reading of 4.5m prior to 
grounding. It is critical to note, these calculations are based on a vessel with even trim. BGN was 
trimmed down on the stern by 1.7m. 
 

a. Eryuzulu and Hausser Formula: Squat 1.2m 
b. Barras Formula L: Squat 2.23m 
c. 2nd Emperical Formula, built into CargoMax: Squat 1.47m 

(b)(6)
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d. Remish: Squat Bow: 2.38m, stern 2.23m 
[Encl 49] 

 
68. Using the average squat of the four calculations, the MSC naval architect calculated the draft (static 

draft + squat) at the time of grounding to be FWD 10.03m, MID 10.92m, AFT 11.73m. [Encl 49] 
 

69. The 23SEP24 arrival checklist, using UKC SMS squat table, states the required depth, based on draft 
and squat at 10kts in confined water is 11.05m. [Encl 16] 
 

70. Due to planned RAS events the following day, and an unknown location at the conclusion of those 
RAS events, no navigation track from RAS to the pilot pick-up point was established at time of NAV 
brief on 22SEP24. [Encl 2, 3, 4, 15] 

 
71. BGN desired a northerly RAS course (R CORP) with OKN to accommodate their arrival time at the 

pilot pick up point, Port of Duqm, of 1500. [Encl 2, 3, 4, 5] 
 
72. After discussion between the two ships, BGN and OKN agreed on R CORP of 235T. This course put 

BGN further away from the deep water channel and entrance to the Port of Duqm, and put the San 
Carlos Banks between the port entrance and their projected position at the end of the RAS. [Encl 2, 3, 
4, 20, 41, 42, 43] 

 
73. BGN is equipped with a Pilothouse Voyage Data Recorder (VDR) that integrates navigation, radar, 

and audio files for review after an event. For reference and understanding – VDR recording references 
ECDIS 5 as the unit located in the Pilothouse, against the forward bulkhead, just port of centerline. 
This is the common unit used by the Captain and Mate on Watch. The VDR recorded ECDIS 5 every 
30 seconds on the xx:14 and xx:44 second mark of each minute. [Encl 43] 
 

74. For reference and understanding – VDR recording references ECDIS 4 as the unit located in the 
Pilothouse, adjacent to the Ship’s Control Console (helm) on the starboard side. The VDR recorded 
ECDIS 4 every 30 seconds on the xx:29 and xx:59 second mark of each minute. [Encl 43] 
 

75. For reference and understanding – the VDR system includes 6 microphones: 1) above ECDIS 5, 2) 
chart room, 3) starboard side near Captain’s chair, 4) above helm, and 5/6) each bridge wing. [Encl 43] 

 
76. While the RAS with OKN was conducted, music can be heard playing throughout the event via the 

STBD bridge wing VDR microphone. OKN was on BGN STBD side. [Encl 43] 
 

77. On 23 September 2024, the ECDIS shallow contour, defined as the depth a ship could run aground, 
was set to 9m. [Encl 14, 42] 

 
78. The ECDIS safety depth, defined as the minimum depth required to safely navigate the vessel, was set 

to 12m. [Encl 14, 42] 
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Figure 3 - "Duqm B" Track 1219L 

89. Duqm A, a more direct route, initially split the difference between two soundings, 14m and 14.5m, 
inside of a 20m safety contour north of the San Carlos Banks reef. This track was under continuous 
adjustment as the RAS progressed and continued southwest. See Figure 4.[Encl 2, 4, 5, 6, 41, 42, 43] 
 

90. Duqm A, as planned to this point, crossed the 20m contour and split the middle of a 14m and 14.5m 
charted sounding with a CPA to shoal of approx. 2800yds and CPA to charted 14m sounding of 1800 
yds. See Figure 4. [Encl 41, 42, 43]  
 

91. This version of Duqm A was not ultimately used. [Ref d, Encl 41, 42, 43]  
 

92. The Navigator briefed the Captain at 1226 and proposed the two tracks, Duqm A and B. [Encl 2, 4, 5, 
6, 41, 42, 43] 
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 Capt: “That could be an hour if we were doing 5 kts.” 
 Nav: “Speed required is not that bad.” 
 Capt: “Let’s try to shoot the gap there.” 
 Nav: “OK, rgr that sir. I verified on the chart more than enough UKC.” 
12:27:26 Capt: “Rad.” 

The 73 second conversation ended at 1227:26. [Encl 2, 4, 41, 43] 
 

94. There is no indication that a paper chart was reviewed by the Captain during this discussion.  [Encl 2, 
4, 41, 42, 43] 
 

95. MSC SMS 7.2-007All General Navigation and Navigation Safety states in para 6.2: 
“Restricted waters: Area for navigational reasons, such as the presence of shoals or other 
dangers, confines the movements of shipping with narrow limits.” [Ref d] 

 
96. COMSCINST 3121.9C, states in para 2-2-2.b: 

“Restricted waters are defined as any waters less than the ship’s navigation draft/safety depth 
and any position within two nautical miles (2nm) of these waters.” [Ref b] 
 

97. MSC SMS 7.2-003-All, Navigational Brief Checklist, states in para 3.1: 
“A navigation brief must be completed before each arrival, departure, and transit within 
restricted waters.” [Ref d, Encl 15]  

 
98. No navigation brief was conducted prior to transiting through the San Carlos Banks as it was deemed 

not required by the Captain. [Encl 2] 
 

99. The CPA to shoal water was less than 2,000 yds during the planned transit. [Encl 41, 42, 43] 
 

100. The Captain stated per the SMS, there is no need – or requirement – to conduct an additional NAV 
brief for regular ‘at sea’ transit, as course changes and adjustments occur regularly during navigation. 
[Encl 2]   

 
101. The Captain stated the discussion with the Navigator was intended to determine the safest and most 

efficient route. [Encl 2] 
 

102. The Captain stated the areas of shallower water were considered, and transit of the vessel was to 
remain safely away from those areas. [Encl 2]   
 

103. The Captain stated the scale used was the best available on the ECDIS, which did not show any 
hazards on the selected transit track. [Encl 2]   
 

104. The scale used for review was 1:200,000. [Encl 41, 43] 
 

105. There are 11 scalable chart levels between 1:200,000 and 1:8,000. [Encl 41, 43] 
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106. The ECDIS 1:200,000 scale the Captain and Navigator used to discuss the proposed track was too 
small to show the 20m contour except in the immediate vicinity of the 11m sounding to the south of 
the track. The complete 20m contour appears at 1:90,000. See Figure 4. [Encl 41, 42, 43] 
 

107. Captain stated the decision to transit via the “Duqm A” route was made after careful consideration of 
all available information, including ECDIS, safe transit, and the advice of the Navigator. [Encl 2] 
 

108. At no point during the 1226 conversation was a range to shoal or any shallow sounding discussed. No 
EBL/VRM tools were observed on either ECDIS display. [Encl 2, 4, 41, 42, 43] 

 
109. The Captain stated Duqm A was the shorter of the two tracks. [Encl 2] 
 

110. The Captain stated there were no hazard areas on the selected transit track which would have caused 
to have any navigational or safety concern stated deemed the track to be safe and 

appropriate by using all available means at the time. [Encl 2] 
 

111. At no point in the 1226 conversation, or further conversations, was the 11m sounding south of the 
navigation track discussed or acknowledged. [Encl 41, 43] 
 

112. In the 1226 conversation, the Captain re-directed the Navigator’s planning efforts to what eventually 
became the revision of Duqm A used. The statement of “Line up the 24s” means to line up the 24m 
depth soundings south of the charted reef and north of the 11m sounding.  [Encl 41, 42, 43] 

 
113. The Navigator stated did not make a track recommendation to the Captain et the Captain 

decide between Duqm A and Duqm B. [Encl 4, 41, 43] 
 

114. At 1232L OKN relayed a 60-minute standby time for RAS. [Encl 41, 42, 43] 
 

115. At 1233L the Captain took the conn. [Encl 20 ,41, 42, 43] 
 

116. Between 1256L and 1308 BGN and OKN conducted a turn while remaining connected for RAS, 
changing course from 235T to 250T. [Encl 20, 41, 42, 43] 

 
117. At 1300L, Duqm A revision 1 was visible on the ECDIS displays. The heading change is due to the 

course change, which was in progress at 1300L. See Figure 5. [Encl 41, 42, 43] 
 

118. The planned track crossed the 20m contour and split the middle of a 14m and 14.5m charted sounding 
with a CPA to shoal of approx. 1800yds, and CPA to charted 14m sounding of 1800 yds. See Figure 5. 
[Encl 41, 42, 43]  
 

119. The proposed track in ECDIS displayed a measurable CPA to the northern-most section of the San 
Carlos Banks [darker blue on display – shoal water] of less than 1nm. [Encl 41, 43] 

 

(b)(6) (b)(6) (b)
(6)

(b)
(6)

(b)(6)
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120. At 1310L, and unknown voice asked, “How are we looking?” and the response from NAV was, 
“Looking good, but we are going to have to haul ass.” [referring to getting to pilot pick up point at 
1500]  [Encl 41, 43] 

 

 
Figure 5 - ECDIS 5 1300L Duqm A Rev 1 

121. By 1311L, Duqm A revision 2 was established on ECDIS 5. Planning occurred using 1:150,000 scale 
where the full 20m contour is not visible. The Captain and Navigator referred to it as the “shoot the 
gap” track during interviews. The gap referred is between a set of charted shoal water depths to the 
north and south. Note how the 24m soundings line up per Captain’s direction to the Navigator during 
their conversation. See Figure 6. [Encl 2, 4, 5, 6, 41, 42, 43] 

 
122. The Navigator stated was aware of the direction in Pub 172, Sailing Directions and 

recommendations on charts to use the deep water route, but assessed the conditions along Duqm A to 
meet safety requirements. [Encl 4] 
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[Encl 41, 43] 
 

140. At 1330L, NAV confirmed a 1500L pilot pick up with Duqm Pilots via VHF radio. [Encl 41, 43] 
 

141. At no point in track planning, was an adjustment of the pilot pick up time discussed. [Encl 2, 4, 5, 6, 
41, 43] 
 

142. The Captain stated did not feel any perceived pressure to arrive in Duqm at a specific time. There 
was no operational pressure from C5F or CTF 53 to meet the 1500L pilot pick up time. [Encl 2] 
 

143. The Navigator stated, that while staying on schedule was an operational goal, safety considerations 
were thoroughly evaluated. [Encl 4] 
 

144. At 1333 the Chief Mate departed the Pilothouse was aware of the high speed of advance (SOA) 
required, but was not briefed on any updates to the track to get to Duqm.  [Encl 3, 4, 41, 43] 

 
145. At 1335-1338L, while approx. 4.5nm from shoal and closing, thrust control was transferred to Engine 

Room Control (ERC) and pre-port entry ahead/astern checks were performed. [Encl 2, 4, 5, 6, 12, 13, 
20, 21, 41, 43] 
 

146. At 1338L speed was increased to 80% power on 2 engines, or about 17kts. [Encl 20, 21, 41, 43] 
 

147. At 1341L pre-port entry steering checks were started. [Encl 20, 21, 41, 43] 
 

148. At 1346L, the VDR recorded a conversation between Captain and 3/O  regarding the ongoing 
steering checks: 

Capt: “Didn’t they just do that?  …Let’s get this done!” 
Capt: “I need to come left, I need to come over to 310T.” 
[Encl 41, 43] 

 
149. At 1347L, NAV commented, “Need to get this shit done!” [referring to steering tests] [Encl 41, 43] 

 
150. At 1349L Captain changed course to 310T. Base course in ECDIS is 331T. [Encl 41, 42, 43] 

 
151. Based on ARPA and ECDIS playback combined with discussion between Captain and 3/O  

(Mate on Watch), multiple fishing contacts described as small to medium sized boats during 
interviews, came into view ahead of BGN [IVO large reef to the north, approximately 5nm north of 
the ship’s position]. These radar contacts can be seen on the Figures as green dots with 3-digit 
numbers.  [Encl 2, 4, 6, 10, 41, 43] 
 

152. At 1350L, VDR recorded Captain saying to 3/O  “…just help me on BRM and look out and 
we’ll just….gun it through this thing together. You and me buddy!” [Encl 41,43] 
 

(b)(6)

(b)(6)

(b)(6)

(b)(6)

(b)(6)
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158. At 1400L, ship was steering 306T, base course was 331T, ship was going 17.7kts SOG, fathometer 

read 24.5m. Ship was 1,780yds left of planned track and opening. ECDIS 5 (Captain viewing) was 
scaled to 1:150,000 and 20m contour was not visible. ECDIS 4 was scaled to 1:54,000 and the 20m 
contour was visible. See Figures 8 and 9. [Encl 41, 42, 43] 
 

159. At 1403L, the ship was steering 306T, base course was now 281T [turnpoint has passed], ship was 
going 17.7kts SOG, fathometer read 23m. Ship was 1,300yds left of planned track and closing. ECDIS 
5 (Captain viewing) was scaled to 1:150,000 and 20m contour was not visible. ECDIS 4 was scaled to 
1:54,000 and the 20m contour was visible. [Encl 41, 42, 43] 
 

160. At 1404L, VDR recorded Captain and Navigator discussing pilot pick up time: 
NAV: “Capt it looks like 1505 we will be at the sea buoy.” 
Capt: “If we cut corners we’ll get there.” 
NAV: “Yes sir!” 
 

Despite having given direction to “line up the 24s,” the Captain is cutting corners on the track in 
ECDIS and ignoring those depth soundings. [Encl 41, 43] 

 
161. 1404:33L BGN crossed 20m contour. [Encl 41, 43] 

 
162. ECDIS activated (silenced) alarm stating, “Indication of crossing safety contour.” There is no 

indication the alarm was viewed or acknowledged. [Encl 41, 43] 
 

163. ECDIS activated (silenced) alarm stating, “Indication of navigational hazard.” There is no indication 
that alarm was viewed or acknowledged. [Encl 41, 43] 
 

164. The Navigator stated they made appropriate course adjustments for fishing boats to ensure safe 
passage and the Captain steered the ship to port to avoid traffic further stated the Captain was fully 
aware of the ship’s position and deviations from track. [Encl 4] 
 

 
 

 

 

(b)(6)
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170. At 1410L fatho read 17.5m.  [Encl 41, 43] 
 

171. At 1411L fatho read 15.2m.  [Encl 41, 43] 
 

172. At 1411:05L fatho read 13.5m.  [Encl 41, 43] 
 

173. At 1411:20L fatho read 10.5m.  [Encl 41, 43] 
 

174. At 1411:30L fatho read 6.7m, 5m beneath stern.  [Encl 41, 43] 
 

175. At 1411:40L fatho read 11m.  [Encl 41, 43] 
 

176. At 1411:44 ECDIS 5 shifted charts with no apparent user prompt. Scale remained same (1:150,000) 
but 20m contour was now visible. [Encl 41, 42, 43] 
 

177. At 1411:50L fatho read 10.7m.  [Encl 41, 43] 
 

178. At 1412L fatho read 10.7m and ship slowed to 16.9kts due to squat. [Ref c, Encl 41, 43, 49] 
 

179. At 1412:10L fatho read 6.7m. [Encl 41, 43] 
 

180. At 1412:20L fatho read 4.5m, 2.8m beneath stern. [Encl 41, 43] 
 

181. At 1412:25L, the ship experienced vibrations and made contact with sea floor. [Encl 2, 3, 4, 5, 6, 7, 
41, 43] 
 

182. The ship was in position 19 29.2348N, 057 59.0399E, heading 305T, the fathometer reads “*” 
indicating error. [Encl 41, 43] 
 

183. Both BGN deck and engineering logs stated in error vibrations began at 1407L. [Encl 20, 21] 
 

184. The CTG 56.1 grounding site survey revealed a triangular shaped rock/shoal in 10m of water at point 
of impact, 19 29.2348N, 057 59.0399E. [Encl 47] 
 

185. The measured distance to charted shoal at time of grounding is 1,400yds. [Encl 42] 
 

186. The closest charted depth sounding to grounding location is approx. 1,700yds to the NNW, a 12.1m 
sounding, on the edge of charted shoal water. [Encl 42, 43] 
 

187. The vibrations continued and became increasingly loud and per VDR, the vibrations and noise lasted a 
total of 21 seconds and ended abruptly. [Encl 41, 43] 
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188. At 1412:35, the Captain ordered Hard Left Rudder and said, “slow down, slow down, slow down.” 
[Encl 41, 43] 
 

189. At 1412:49 the Navigator reduced throttles to all stop. [Encl 4, 5, 6, 41, 43] 
 

190. The Captain stated poked head over the side and did not notice any discoloration in the water. 
No signs of sand or coral debris or bottom disturbance. [Encl 2] 
 

191. The Lookout stated observed mud/brown water astern of BGN. [Encl 10] 
 

192. At 1413 BGN slowed to 13.1kts, and was 1,030yds right of track. [Encl 41, 43] 
 

 
Figure 9 - ECDIS 4 14:12:29, 4 seconds after first vibrations / grounding. 

 

193. At 1414:35 Captain states, “We must have hit a shallow spot somewhere, but there is nothing on the 
chart.” [Encl 41, 43] 
 

  
 

  
 

(b)
(6)

(b)(6)

(b)
(6)
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194. At 1415 ERC made initial reports to the Chief Engineer of possible fuel leaks in engine room via 
radio. [Encl 2, 4, 6, 12, 13, 41, 43] 
 

195. At 1415:34, ERC reported fuel leaks on both main engines. Water and fuel were leaking into engine 
room via vents, drains, and fittings. [Encl 2, 4, 6, 12, 13, 41, 43] 
 

196. At 1416:13, the Captain gave permission to secure main engines. BGN was 1,400yds from shoal to the 
north. No discussion of ship’s position and distance to danger was audible on VDR. [Encl 2, 4, 6, 12, 
13, 20, 21] 
 

197. The Main engines and fuel oil service system were quickly secured. [Encl 12, 13, 20] 
 

198. 1416:42 Captain states, “Fathometer shot up. We must have hit a shallow spot. We must have hit a 
sand bank.” [Encl 41,43] 
 

199. At 1419 Sea and Anchor Detail was ordered. [Encl 3, 20, 41, 43] 
 

200. The Captain made the decision to anchor due to loss of propulsion and steering. [Encl 2, 41, 42, 43] 
 

201. By 1456 the ship is safely anchored with 17.5m beneath the keel. [Encl 41, 42, 43] 
 

202. The source of fuel in engine room was the contaminated fuel tank (a.k.a. “leak off tank”) where 
uncombusted fuel from the main engines is collected. The fuel was pushed back up and out through 
the various drain lines feeding the tank. It was assumed (and later confirmed) the tank was open to and 
pressurized by the sea. [Encl 2, 3, 8, 12, 13] 
 

203. Seawater was coming into the engine room via stuffing tubes in the bilge. The volume of water 
entering the engine room was referred to as a “geyser” by the 1st Assistant Engineer. [Encl 12, 13] 
 

204. The combined liquid level rose to approximately 4 feet in the engine room. [Encl 2, 3, 12, 13, 37] 
 

205. Shoring and DC plugs were used to slow the water ingress into the engine room. [Encl 2, 3, 8, 12, 13, 
40] 

 
206. Dewatering of the engine room began and liquid in the bilge was transferred to an oily waste holding 

tank. [Encl 2 ,3, 8, 12, 13] 
 

207. Later that evening, levels rose in fuel tanks 9C and 10C, which are two JP5 tanks, located just forward 
of the deckhouse, frames 51-59. The Cargo Mate and Cargo Engineer logged each tank as taking on 
approx. 5,000gal per hour. It became clear both tanks were exposed to the sea and water was filling 
those tanks. [Encl 2, 3, 8, 12, 13, 20] 
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Figure 10 - 1456L, anchored position. 

 
 

208. The ship pumped tanks 9C and 10C to 3C. [Encl 20, 21] 
 

209. The Chief Cargo Mate noticed drop in tank 7C, an F76/DFM tank located between frames 43-47. 7C 
had initially been 87% full of fuel, with approximately 585,000 gals. [Encl 2, 3, 8, 12, 13, 24] 
 

210. At approx. 21:00, flooding was reported in the pump room. Dewatering of the pump room began using 
oily waste transfer pumps and DFM stripping pumps putting liquid into cargo 3 port and starboard 
tanks. The source of liquid was believed to be 7C DFM tank. [Encl 20, 21] 
 

211. DC efforts and tank evaluation indicated free communication between several tanks and the ocean as 
well as between tanks and spaces internally. [ Encl 2, 3, 8, 12, 13] 
 

212. BGN made arrangements for tow into Port of Duqm. With tugs made up, anchor was aweigh at 12:37, 
24SEP24. [Encl 20] 
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213. BGN safely moored pierside Duqm at 1740L. [Encl 20] 

 
214. Once moored, shore-based services began to assist dewatering BGN via pierside trucks. [Encl 2, 3, 4, 

8, 12, 13] 
 

215. CTF 56 dive team conducted dive operations over the course of several days to identify, document, 
and begin exterior methods of controlling water ingress through BGN’s hull. [Encl 12, 13, 40] 

 
216. From CTF 56 dive report, the port rudder suffered significant damage. Multiple penetrations, metal 

deflection and deformities. Rudder flooded. Rudder post collar in after steering was displaced, with all 
bolts sheared. [Encl 40] 

 
217. From CTF 56 dive report, the port propeller suffered significant damage. One blade missing with 

retaining ring and internals also missing. Crack to sliding block assembly apparent. Remaining blades 
all have significant damage to blade leading edges, including missing chunks of blades. [40] 
 

218. The port CPP hydraulic oil sump was empty; it is likely all of the oil used for the port CPP system 
leaked out of hole of missing blade. [Encl 12,13] 
 

219. CTF 56 divers reported heavy hydraulic oil in the water pierside Duqm while performing initial dives. 
[Encl 40] 

 
220. CTF 56 divers noted the gap between the port hub and port strut barrel to be approx. 5-6”. Stbd gap is 

approx. 1.5”. [Encl 40] 
 

221. From CTF 56 dive report, significant damage was observed to the hull starting at frame 34 through 
stern. Multiple hull penetrations, dents, cracks, warping, and hull deflection noted from frame 34 to 
skeg on port side. Damage to include dents and metal deflection also present on starboard side of keel, 
frames 50-54. Hull cracks are all narrow (up to approx. 3” wide) and range in length from 4-5” up to 
approx. 16’. [Encl 40] 
 

222. Damage control efforts continued in port Duqm where oily waste offload and dive efforts to stop water 
ingress revealed free communication between multiple tanks, indicating ruptured bulkheads between 
tanks. [Encl 12,13,40] 
 

223. NAVSEA Grouting Plan highlights locations of hull penetrations: engine room void, main 
contaminated fuel tank, deep tank 2P, cargo tank 10C, pump room double bottom oily waste tank. 
[Encl 46] 
 

224. CTG 56.1 conducted a dive operation at the site of grounding. They identified a triangular shaped 
rock, at a depth of 10m at the grounding position. This rock is the likely impact point. No manmade 
objects were detected in the area. [Encl 47] 
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225. The CTG 56.1 dive report further added to chart uncertainty and lack of depth information in stating, 

“The charts, sourced from MINEnet tactical, display a depth of 22-24 meters; however the actual 
depth was 9.4-12 meters….the point of impact was located in a shallow area they [Omanis] normally 
avoid. [Encl 47] 

 
226. During witness interviews, virtually all BGN crewmembers stated they enjoyed serving onboard BGN 

and praised Captain  as a good ship’s Master.  [Encl 3, 4, 5, 8, 12] 
 
227.   The crew conducted damage control throughout the night and continuously until the ship was towed 

into Duqm.  [Encl 2, 3, 8, 12]   
 
 

Opinions  
  

1. The BIG HORN grounding was preventable. The cause of the grounding was a series of poor decisions, 
failure to follow procedure, application of open water navigation to restricted waters, and failure to exhibit 
proper risk calculation. The ship’s Captain is ultimately responsible for the safe navigation of the vessel. 
Through qualification and experience, it is incumbent on the Captain to bring experience and 
knowledge to bear through proper risk evaluation and information synthesis. Captain  failed to 
employ the tools required of his position as Captain of a USNS Combat Logistics Force Oiler. Per the 
Captain’s interview stated:  

 
“No warnings (chart or otherwise) were present along the track elected and that considered all 
available navigational information available at the time, the Captain stated decision to select the 
Duqm A track for transit to Duqm was appropriate.” 

 
In fact, there were multiple warnings, readily available to the Captain, Navigator and Mate on Watch, in 
ECDIS, paper charts and Sailing Directions, yet those warnings were inexplicably not identified and 
considered. [FF 13, 14, 27, 28, 29, 35, 37, 38, 40, 41, 44, 45, 46, 48, 49, 50, 51, 53, 93, 97, 100, 102, 103, 
105, 108, 110, 119, 123, 124, 125, 127, 132, 133, 152, 160, 166, 167, 168]   

 
2. The Duqm A route transited through restricted waters; therefore, a Navigation brief should have been 

conducted. The NAV brief requirement alone should have been enough to trigger another thoughtful 
round of discussion and evaluation. However, no members of the bridge team, including the Captain and 
Navigator, seemed to realize they were steaming into restricted waters. No consideration was given for a 
required navigation brief, a more detailed plan, or thorough review of the proposed track prior to steaming 
through a named bank with a CPA to shoal inside of 1nm. In fact, the Captain stated a NAV brief was 
explicitly not required. Further, the application of open ocean navigation and failure to realize the ship was 
transiting restricted waters is negligent. Despite the ship’s presence in restricted waters, the bridge team 
transited at high speed, using open ocean cross-track deviations, and open maneuvering at speed for 
fishing contacts without regard for distance to shoal water. [FF 27, 42, 43, 44, 48, 49, 53, 54, 55, 86, 88, 
89, 90, 93, 95, 96, 97, 100, 102, 107, 108, 118, 119, 121, 122, 123, 124, 125, 126, 127, 133, 152, 166, 167, 
168]  
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3. Had the Captain and licensed deck officers properly discussed and evaluated the route into Duqm, 

using readily available information, and followed requirements, such as conducting a Navigation brief due 
to transiting in restricted waters, I believe they would have chosen an alternate route. The Navigator had 
only been onboard BGN for three weeks prior to grounding, in irst Navigator tour. A brief 73-second 
conversation and a quick look at the ECDIS track were the onl nsideration given prior to steaming 
BGN through waters fraught with danger. The Captain should have provided more “trust, but verify” to 
the Navigator’s work to ensure the proposed track was safe. [FF 5, 6, 10, 11, 13, 14, 36, 37, 38, 40, 41, 42, 
43, 44, 45, 46, 47, 48, 49, 50, 51, 57, 62, 86, 89, 90, 92, 93, 95, 96, 97, 98, 99, 100, 102, 108, 110, 111, 
112, 118, 121, 122, 123, 124, 125, 126, 127, 128, 133] 

 
4. Duqm A should never have been considered as a possible option to transit to the pilot pick-up point.  I 

have made several references to the 20m contour and the single 11m sounding located approximately 
1,600 yds south of BGN’s position at CPA. The 11m sounding is readily visible and apparent on every 
ECDIS scale used for track planning and watchstanding situational awareness, as well as on paper charts – 
including the scale used for review of the Duqm A route between the Captain and the Navigator. The 
synthesis of navigation data that should have occurred onboard BGN includes the combination of the 
presence of an 11m sounding, stark absence of other soundings inside the 20m contour along track, and 
warnings regarding depths, soundings, and chart accuracy. These factors along with written direction to 
use the deep water route should have negated Duqm A as an option. [FF 36, 38, 41, 42, 43, 44, 45, 46, 47, 
48, 49, 50, 51, 58, 60, 62, 67, 86, 89, 90, 93, 95, 96, 97, 104, 105, 106, 108, 110, 118, 119, 123, 124, 129, 
130, 131, 132, 166, 167, 168] 

 
5. The Watch Team, and the Captain in particular, were unreasonably focused on meeting the pilot at the 

1500L pick up time. Although all persons interviewed stated it was not a driving factor, the desire to meet 
the pilot at the 1500 pick-up time appears to have been the sole motivator to transit at 17 to 18kts, taking 
the shortest possible route through a charted bank, while cutting corners on their own navigation track. 
This is a direct violation of COLREGS Rule 6 – safe speed. At no time did it occur to anyone involved to 
simply shift the pilot pick-up to the right and take a safer route. [FF 20, 21, 22, 24, 25, 71, 86, 92, 93, 101, 
102, 107, 109, 110, 120, 137, 139, 141, 142, 148, 149, 152, 154, 158, 159, 160] 

  
6. The Navigator and 3/O  sought to find a way to justify Duqm A as a reasonable option even 

though they realized there were significant risks associated with the track. The Navigator and 3/O 
 discussed at length the charted depth of water and technical MSC allowable tolerances per 

MSC UKC SMS. They focused on whether Duqm A met bare minimum UKC requirements, vice directing 
their attention to safer routes, with less risk. They openly discussed the risks of Duqm A and had the right 
answer to take the deep water route, but ultimately deferred to the Captain’s desire to “shoot the gap.” [FF 
86, 137] 

 
7. The Navigator was fully aware of the dangers, uncertainty, and associated risk with cutting through San 

Carlos Bank as evidenced by conversation with 3/O  In fact stated to 3/O  
that using the deep water rou as preferred; however, failed to fully ar late view to the 
Captain. As is evident in FF 93, the Captain’s decision to “shoot the gap” was mad uickly and the 
Navigator failed to point out potential dangers of that decision. Instead, on three separate track revisions, 
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plotted the ship into restricted waters with close CPAs to charted shoal. [FF 36, 40, 54, 86, 92, 93, 126, 
129, 130, 131, 143] 

 
8. 3/O  failed to provide adequate backup to the Captain and Navigator remained in the 

Pilothouse after 0800-1200 watch and served as a sounding board for the Navigator as was 
consulted at least three times regarding the track into Duqm. 3/O  made off-hand comments 
regarding depth of water, the use of the deep water route and considerations for how much the ship would 
squat at 18kts comments may have led the Navigator to falsely believe steaming through San Carlos 
Banks was a safe water route. 3/O  should have vigorously recommended against going through 
charted areas with noted shoal and shallow depth soundings. [FF 86, 137] 

 
9. 3/O  the Mate on Watch, failed to stand a proper watch through failure to properly review track 

plan, charts, and warnings associated with BGN intended track. Additionally did not exhibit a sense of 
a questioning attitude made no evaluation of the track took what the Navigator and 
Captain established without question, even when it was obvious th ip was heading into uncertain 
waters. [FF 151, 152, 154, 155, 158, 159, 160, 165, 166, 167, 168] 

 
10. MSC SMS procedure 7.2-007-ALL (General Navigation and Navigation Safety) is inadequate to ensure 

safe navigation of vessels at sea. UKC SMS procedure allows a vessel to proceed into open ocean waters 
with only 2 feet of clearance beneath the keel. This depth of water is insufficient to accommodate 
inaccurate or old surveys, shoaling, storm deposits, environmental factors, and others. [FF 62, 63] 

 
11. MSC SMS squat table is inaccurate, off by upwards of 4.5ft. This table does not provide a Mariner with 

the proper tools to fully evaluate a shallow water situation. I do not believe this was a contributing factor 
to the BGN grounding,but requires MSC immediate attention.  [FF 65, 66, 67, 68, 69]  

 
12. Aft trim calculation from the CargoMax program indicated 9.93m. With squat, BGN was drawing in 

excess of 11m midships and ~ 11.5 stern. No discussion occurred regarding proximity to the 11m 
sounding. When asked, the Captain had no idea the distance to CPA of that sounding. Additionally, the 
Captain decided to “cut the corners” of the proposed track in an effort to cut down the total distance of the 
track and make the 1500L pilot pick up on time did so without regard for distance right or left of 
track, exceeding 1,800 yds off track at one point ile having a CPA to shoal of less than 500 yds. Per the 
VDR recording, the Captain stated, “if we just cut the corners, we’ll get there.” While the vessel’s point of 
impact was not at the 11m sounding the Captain’s decision to cut the corner of the intended track placed 
the ship in danger.  [ FF 30, 31, 50, 51, 53, 54, 58, 59, 60, 67, 68, 86, 92, 93, 97, 98, 99, 100, 106, 108, 
118, 119, 121, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 137] 

 
13. Had the Captain stayed on track throughout the transit, BGN’s chances of running aground would likely 

not have diminished. BGN was well right of its intended track when the ship ran aground, but the 
warnings for that entire area are clear and there is a lack of sounding data throughout that waterspace.  
Accordingly, the ship never should have transited through that area.  [FF 36, 40, 42, 43, 48, 49, 50, 51, 53, 
58, 67, 93, 95, 96, 97, 99, 106, 110, 118, 123, 124, 126, 127, 128, 131, 133, 155, 158, 159, 160, 166, 167, 
168] 
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14. Based on significant gap between port propeller hub and strut barrel, there is likely significant 
undiscovered (or unknown to the investigator) damage to the entire port drivetrain to include – strut 
bearing, stern tube seal, main reduction gear, and oil distribution box. [FF 180] 

 
15. Uncommanded chart shift moments before the grounding likely occurred because BGN had multiple 

versions of the same chart loaded in ECDIS, provided by different suppliers. Both NGA and Admiralty 
Vector Chart Service charts for the area are loaded. While this has no impact on the lack of due diligence 
in route planning, it could have an impact on watchstanding situational awareness. [FF 176] 
 

16. No consideration was given to engineering plant control and close vicinity to shoal. Rudder and engine 
control were shifted without situational evaluation. Main engines were also shut down based on CHENG’s 
recommendation from ERC, however that recommendation was not evaluated to distance to shoal, 
existing set/drift (which was onto shoal) and how quickly the anchor could be dropped. [FF 189, 194, 195, 
196, 199, 200, 201] 

 
17. No consideration was given to the major fuel oil leak in the engineroom and required immediate actions. 

While T-AO 187 class ships do not have fixed bilge AFFF sprinkling, they do have AFFF hose reels. 
Given both main engines had been running the 40 minutes prior to grounding at over 80% power, the 
engineroom and engine components were extremely hot and heat sources abundant. The ship was 
fortunate that there was not a fire in the engine room. [FF 194, 195, 196, 204] 

 
18. Crew morale onboard BGN was high. All witnesses expressed their satisfaction with the ship and crew, 

despite the heavy operation schedule. Many of the more senior crew stated they had never worked this 
hard, but the crew maintained high morale and a sense of mission accomplishment. The crew performed 
superbly in damage control to help mitigate flooding and maintaining stability of the ship.[FF 226, 227] 

 
 

Recommendations 
 

1. MSC take administrative/disciplinary action, as appropriate, against Captain  for 
dereliction of duty and negligence in the grounding of BIG HORN. 
 

2. MSC take administrative/disciplinary action, as appropriate, against 2/O  for dereliction of 
duty and negligence in the grounding of BIG HORN. 

 
3. MSC take administrative/disciplinary action, as appropriate, against 3/O  for failure to 

stand a proper watch and provide forceful backup in events leading to grounding of BIG HORN. 
 

4. MSC take administrative/disciplinary action, as appropriate, against 3/O  for failure to 
provide forceful backup in events leading to grounding of BIG HORN. 

 
5. MSC conduct an immediate and full review of SMS 7.2-005-AO187 Under Keel Clearance. Two feet of 

UKC in open ocean is not sufficient to account for various environmental factors, tidal ranges at sea, sea 
state, and complete interaction of the hull and sea floor in terms of squat.  
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has reread the charts since the incident and noted that some chart warnings and survey 

data were not readily available on the NGA World Cover charts being used at the time. Captain 

would have made a different decision prior to commencing the transit to Duqm on the 

Duqm A route, had been aware of any warnings ( chart or otherwise) regarding cargo containers 

or debris that may have been lost/dropped in the intended course. There were no warnings in the 

ECDIS affecting the selected track. As no warnings (chart or otherwise) were present and 

considering all available navigational information available at the time, Captain 

maintains that the decision to select Duqm A track for transit to Duqm was appropriate. stated 

was not aware that the group of reefs and shoals southeast of the Duqm Pilot Station was named 

the San Carlos Bank. Captain notes that was aware of the referenced reefs and 

shoals, but not the name "San Carlos Bank", as this name did not appear in the ECDIS, and the 

important fact is whether these would affect the safe navigation of the BGN, which they did not. 

Captain stated there was no real pressure to execute pilot pick up exactly on time. 

Specifically, that no pressure was being exerted on by operational chain of command. 

Speed to get to pilot pick up was not an overriding factor. There was no perceived pressure 

different than normal operations. They changed courses to do steering gear test and to avoid 

fishing boats. 3rd Officer was also on watch on the bridge. The fishing traffic had some 

moving fishing vessels, and some were stationary. 

Captain stated the decision to increase speed was driven by desire to get through fishing 

traffic, by showing a more definitive change (vice course change) to the fishing boats, pick up the 

pilot, and for engineering reasons. The engineering reason being a desire to run the engines at a 
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higher load after prolonged operation at the unrep speed. The Navigator was on the bridge with 

3/0 assisting. There were no recommendations from Navigator or 3/0 during the 

transit. There were no recommendations regarding proximity to shoal water/20-meter contour. 

There was no recommendation needed as the vessel was transiting safely and within expected 

parameters. Had the Navigator OR 3/0 noticed any issues, they would be expected to notify 

Captain immediately. stated didn't recall being more than 1nm off track and did 

not receive any recommendations from NA V of watch to regain track. The BGN was always 

within safe navigation parameters and minor course deviations are common. SOP is to maintain 

the vessel within 1 NM of the intended track line. The Captain stated standard cross-track error 

is lNM and was comfortable with keeping that in place as they transited to Duqm. 

When asked if was aware the track had a CPA to the 20m contour curve containing the 1 lm 

sounding of approx. 500 yds stated not was aware. Captain recalls that Captain 

stated to that this was a 'gotcha question' to which Captain replied that 

it would surprise This was because the track laid by the Navigator, the information provided 

to and everything reviewed, showed a 24-meter depth all the way through transit and that 

there was no such CPA as asked by Captain 

Captain stated that 1.7-meter trim down aft is not uncommon. And the ship typically 

had a l .5-2.3ish trim had assumed that there was 24m depth all the way through because that 

is what the Navigator told relied on the recommendations of assigned Navigator and 

confirmed safe transit parameters using all available and reliable navigation information. also 

stated was not concerned about squat due to depth of water at 24m the whole transit. When 
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relayed to by the local Duqm pilot who mentioned that the local monsoon season may have 

moved debris into the area of the incident, including but not limited to several lost/dumped ship 

containers. Captain understood that the safety board requested that a dive survey, or 

sonar team, be dispatched to examine that area of the incident and potentially locate the existence 

of an uncharted/unreported navigational hazard. 

Captain stated the pump room began flooding and they shifted tanks and began 

pumping. Initial reporting was there were a few hull penetrations and some flooding. They went 

from 82% to all stop quickly. The main entry points seemed to be at centerline 9 and 10. 

Captain stated does not know what hit. Looking back, in hindsight, the surveys 

in that area are old. Captain believes that may have hit an uncharted underwater obstruction. 

ECDIS contained no information as to when surveys were done. 

Captain stated the Big Horn is a tight crew. The Cheng, Bos'n, Ops Chief, among 

others, have been on the ship a long time. It is a close-knit group and there is good crew cohesion. 

The biggest thing now is that everyone is concerned about the status of the ship. stated this is 

our home, Morale is pretty high, all things considered. 

Captain expressed that has been a loyal and dedicated employee of MSC and 

remains available to assist in any way. 
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                               DEPARTMENT OF THE NAVY 
 NAVAL SEA SYSTEMS COMMAND 
 1333 ISAAC HULL AVE, SE  
 WASHINGTON NAVY YARD, DC 20376-0001  

 
 
 
   

TECHNICAL MEMO 
 
From:  NAVSEA 00C24 
To: N72, MILITARY SEALIFT COMMAND 

 
Date: 21 October 2024 
 
Subj: USNS BIG HORN (T-AO 198) PATCHING PLAN ISO SEP 2024 

CASUALTY RESPONSE  
 
Ref: a) T-AO 187 Class Longitudinal Strength Calculations, 

NAVSEA Dwg #835-6580176, Rev -.  
 
Encl: 1) USNS BIG HORN – Patching Plan, SMIT Salvage, Rev 1, 

dtd 21 OCT 2024. 
  
 

1. USNS BIG HORN (T-AO 198) was involved in a casualty on 23 
September 2024 resulting in flooding and structural damage.  
Flooding has been controlled and most damaged spaces have 
been emptied, ventilated, and inspected internally.  It is 
intended to internally seal damaged areas and maintain 
loading within allowable structural limits of residual hull 
girder capacity for tow to a repair facility. Enclosure (1) 
is the SMIT Salvage plan for patching and structural 
assessment, this memo summarizes the plan and SUPSALV 
independent assessment.  
 

2. The only currently uninspected tanks are Cargo Tank 7C and 
the Pump Room Double Bottom Oily Waste Tank which has had a 
slow leak that has recently been stopped; those spaces are 
being cleaned and ventilated with the entry expected in the 
next few days.  A similar patching methodology is 
anticipated in those tanks and will be determined once they 
are inspected. 
 

3. Internal structural damage is primarily on the port side 
from centerline to approximately 20’ to port from Frames 51 
to 80.  Both the keel and 22.5’ longitudinal bulkhead are 
intact.  There is lesser damage on the starboard side 

(b)(6)



approximately 16’ off centerline. Damage consists of 
tripped longitudinal stiffeners, bowed bottom plate, and 
buckled vertical members (bulkheads, girders, and floors).  
The extent of damage to vertical members is limited to 
approximately 2’ above the bottom plate.  Enclosure (1), 
Section 3.1 provides a representative description and 
pictures of the internal damage.   
  

4. Bottom damage has been externally patched to stop water 
ingress.  This patching is not sufficient for transit.  In 
order to improve watertight integrity for transit locations 
of identified or suspected water ingress will be sealed 
with high density grout.  This is common practice in 
salvage and provides a watertight internal cap over the 
external patching.  
 

5. Following a structural damage assessment residual strength 
has been determined sufficient for a tow to a repair 
facility.  Enclosure (1) includes the SMIT naval 
architecture assessment of the maximum allowable bending 
moment of the damaged structure and loading condition to 
stay well within these limits.  
 

6. SUPSALV has performed a similar independent assessment of 
residual strength.  The method and results for this 
assessment follow: 
 

a. Maximum Allowable Shear and Bending Moment in At-Sea 
and In-Harbor conditions were taken from Ref a.   

b. Using the In-Harbor allowables the maximum stress on 
the intact section was calculated. 

c. Additionally, the “Wave Induced Moment” was extracted 
from Ref a.    

d. The residual section modulus at the damaged locations 
at Frame 55 and 59 was determined by: 
i. Applying a 10% corrosion allowance to all plating 

to account for the age of the vessel 
ii. Rendering ineffective all damaged structural 

components. 
iii. Note: Frames 55 and 59 were selected as they have 

the lowest intact section modulus, largest amount 
of damage, and the highest bending moments within 
the damaged area.  Residual strength aft of Frame 
60 in the Engine Room was reviewed but not 
included as it has substantially more strength 
due to the tightly woven girders and floors in 
the void area. 



e. Still water bending moment for the Min-Op loading 
condition from Ref a was taken as the design condition 
closest to the likely final tow condition. 

f. The Wave Induced Moment was added to the Min Op still 
water moment to produce At-Sea loading. 

g. Using the new At-Sea loading and maximum allowable 
stress the minimum residual section modulus required 
was calculated.   

h. Residual section modulus was compared against required 
damaged section modulus. 
 

Allowable Shear and BM (Dwg #6580176)     
I-H Keel 
Stress 

(LT/ft2) 

Wave 
Induced 
Moment 

(ft-LT) 

    At-Sea In-Harbor 

FR Loc (ft-FP) SF (LT) BM (ft-LT) SF (LT) 
BM (ft-
LT) 

22 72 7,760 155,830 8,760 334,111 2,162 178,281 
31 158 7,450 328,056 8,760 703,376 1,917 375,320 
37 218 7,700 390,500 8,760 856,188 1,907 465,688 
43 278 7,960 390,500 8,760 856,188 1,801 465,688 
47 318 7,960 390,500 8,760 856,188 1,829 465,688 
51 358 7,860 390,500 8,760 856,188 1,831 465,688 
60 440.5 7,500 403,450 8,760 865,021 2,664 461,571 
80 490.5 4,270 295,240 5,520 633,000 2,030 337,760 
98 535.5 4,140 197,840 5,060 424,181 2,002 226,341 

 
 

Min Op Shear and BM (Dwg #6580176) 
+ WIM 
(ft-LT) 

SMb 
Req 
(ft3) 

SMb 
Dam 
(ft3) 

    Still Water 
FR Loc (ft-FP) SF (LT) BM (ft-LT) 
22 72 405 17,672 195,953 90.62 - 
31 158 1,241 71,570 446,890 233.16 - 
37 218 1,323 170,149 635,837 333.37 - 
43 278 371 211,440 677,128 376.04 - 
47 318 521 239,091 704,779 385.43 - 
51 358 1,223 281,855 747,543 408.16 - 
55 401.66 -426 261891 725400 332.37 362.75 
59 432 -1571 248018 710013 279.70 304.48 
60 440.5 -1,892 244,131 705,702 264.94 - 
80 490.5 -1,783 152,129 489,889 241.35 - 
98 535.5 -1,297 84,511 310,852 155.27 - 
 
 

7. This analysis concurs with SMIT’s analysis and shows that 
residual strength is sufficient for tow.  Additionally, it 

I  I  I  
I I  I  



is considered a conservative assessment for the following 
reasons: 
 

a. Residual section modulus was calculated by rendering 
damaged members (longitudinals and shell plate) fully 
ineffective.  It can be visually seen that they are 
all partially intact and will provide additional 
strength. 

b. The Wave Induced Moment applied is the design factor 
for unlimited service.  Any tow will have strict 
weather limits to further reduce seaway stresses.  

c. It is possible to ballast the ship to a condition that 
further reduces still water bending moments to 
approximately half of the design Min Op condition.  
That is the condition proposed in Enclosure (1). 
 

8. This is not a final plan as there will be variations as 
additional inspections are completed and operational risk 
assessments and trade-offs are performed.  Possible changes 
and future considerations include but are not limited to: 

a. The use of Cargo Tanks 10 P/S for ballast greatly 
reduces bending moments but increases operational 
challenges of cleaning the tank and adding salt water 
ballast. 

b. The loading condition in Enclosure (1) was optimized 
to limit bending moments in the damaged locations but 
results in a larger trim than is optimal for towing.   

c. Additional areas for application of grout may be 
identified to ensure all locations of potential 
ingress are covered. 
 

9. If there are any questions or concern tact me at 
@us.navy.mil or . 

 
 
 
  

(b)(6) (b)(6)



Enclosure 1:  
 

USNS BIG HORN – Patching Plan, SMIT Salvage, Rev 1 
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GENERAL 

 Introduction 

 
On 23rd of September 2024 during routine operations the USNS BIG HORN suffered a grounding event. 

Damages to the ship’s hull and running gear were sustained. Ship was subsequently towed and berthed in 

Port Duqm container terminal for damage control to abate water ingress as well as perform comprehensive 

structural and mechanical assessments.  

 

The USNS BIG HORN is owned and operated by Military Sealift Command (“MSC”) and operates as directed 

by the United States Navy.  

 

On 5th of October 2024 the United States Navy Supervisor of Salvage (“SUPSALV”) engaged SMIT Salvage 

to assist with providing structural assessments for towing operations as well patching solutions. This document 

will detail patching plan methodology and the desired vessel stability conditions for towing preparation. The 

vessel towing and voyage plan will be detailed in a separate document.  

 

 Project Location 

 

Project Location. 19°40'43.0"N 57°43'32.7"E (Port Duqm, Oman – Container Terminal) 
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• Procurement of grout services as well as application methodology i.e. mixing and pumping is being 

refined and included in ongoing on-site considerations. 

 

• Welding and fabrication support may be required for patching work where applications of grout is not 

possible. 

2. PATCHING OPERATIONS 

 Method 

 
Temporary subsea patching is currently ongoing. Divers have utilized wedges and epoxy where water ingress 

has been observed at the bottom hull.  Latest known condition of the tanks as follow: 

 

SN Space Condition Remarks 

1 Engine Rm Void Space Tank Hull penetration observed Tank assessment in progress 

2 Contaminated Fuel Oil Tank Hull penetration observed “ “ 

3 #2Deep Fuel Oil Tank To check for hull penetration “ “ 

4 #10 Center Cargo Tank Hull penetration observed “ “ 

5 #9 Center Cargo Tank To check for hull penetration “ “ 

6 #7 Center Cargo Tank To check for hull penetration “ “ 

7 DB Oily Waste Tank To check for hull penetration “ “ 

 
Once water ingress is stopped completely, the affected spaces will be pumped dry. Only once the tanks are 

pumped dry can interior tank assessments confirm the locations where interior patching will be required.  

It is envisioned that interior tank patching and sealing will be achieved by utilizing grout. However, in places 

where grout cannot be reasonably applied it will be necessary to weld in the affected areas. Welding will be 

performed to either seal the hull penetration directly, or to seal off the specific frame and longitudinal 

intersection.  

 

With regards to grout methodology, a combination of mixing and pumping equipment will be utilized to place 

the grout in the desired locations. Locations such as the Engine Room Void pose particular challenges with 

regards to egress and access. These spaces may require the previously mentioned welding or mixing grout 

by hand at the tank access hatch and transfer into the void via personnel and placed in the desired zones. 

This is anticipated to be very time consuming in preparation as well as operationally. 

 

Naval architects have modeled the potential impacts of the grout placement in the vessels tanks with regards 

to vessel stability and subsequent ballast requirements and no negative impact of concern is observed. 

Reference section 3 below. 
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2.1.1. Description of Methodology 

 
To date, the primary method for removing the water ingress has been the utilization of the cargo transfer pumps 

located within Cargo tank #10C and Cargo Tank #9C. Due to compromised bulkheads between tanks the 

cargo transfer pumps are the most effective pumps to mitigate water ingress for spaces including the ER Void, 

FO Contamination, and #2 Deep tank. To ensure pumping ability remains in effect for those spaces, we will 

begin with internal patching efforts in the aft most affected areas. Work will progress forward so that when the 

aft bulkhead of cargo tank #10C (Frame – 59) is sealed, it will be with confidence that no water ingress further 

aft will occur which requires the pumping capacity of the cargo tank pumps in #10C and #9C. 

 

The forward most tank requiring interior patching is tank #7C, which will require interior patching at the 

bulkhead shared with the double bottom oily waste tank (frame 43 longitudinal 7P). Ships crew are performing 

tank washing and ventilation to improve atmospheric conditions and make safe for entry. Once tank is safe for 

entry interior assessments will be performed to confirm the location of the ingress point. Based on previously 

mitigated ingress volumes it is expected that the hull penetration is relatively small. Patching methodology will 

remain the same as the other affected tanks.   

 

The specific desired properties of the grout to be utilized is still being evaluated. Considerations regarding 

engineering requirements as well as locally available resources are contributing factors. Until such engineering 

specifics can be identified the volume of grout required is currently assumed. The below table is the current 

presumed quantities required and is subject to change. 

 

Space Estimated Grout Volume [m3] 

Cargo tank #10C 46.3 

Deep tank #2P 17.6 

Cont. FO Tank 76.5 

Engine Room Void 21.5 

Total 161.9 

 
The below images illustrate the areas that are presumed to require sealing by welding or grout patching. The 

areas where patching is expected to be required are indicated in orange color. Until water ingress is fully 

stopped by divers, areas pumped dry and made gas free, the planning and patching locations is based on 

numerous assumptions and is subject to change. 
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Figure 1 - Illustrates patching required in FO Contamination Tank and Engine Room Void in orange 

 
Figure 2 - Illustrates patching required in Cargo Tank #10C and #2 Deep Fuel Oil Tank in orange 
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Figure 3 Illustrates patching required in cargo tank #7C and DB Oily Waste Tank at bulkhead in orange 

 

2.1.2. Surface Preparation 
 

Surfaces Preparation 
 
To ensure proper adhesion of the grout to the steel surfaces, the areas of application will be inspected for 

heavy debris and oil/fuel residues. Where debris and residues are present the salvage team will clean in 

preparation for the grout application. Debris are to be removed and degreaser agents with a pressure washer 

are to be utilized to disperse any present residues. Diaphragm stripping pumps will be used to collect and 

discharge any washing solution to an appropriately designated tank.  

 

Areas where welding is required will undergo additional considerations for hot work. Salvage team members 

will clean and ventilate tanks prior to any hot work beginning. Marine Chemist to verify tanks are safe for 

intended work. Coordination with ship crew will be performed to satisfy any necessary permitting. Fire watches 

and firefighting systems will be in place, ready and available.  

 

2.1.3. Delivery Method for Grout Material  

 
Delivery method for grout mixture to patching zones and locations 
 
Two methods are envisioned to be employed for delivery of grout mixture to the patching zones and locations. 

One method is to utilize a mobile pump truck to pump the mixture directly to patching locations. The second 

method is for the mobile pump truck to pump the mixture to a portable grouting pump (assumed situated on 

deck of the Ship) to deliver the mixture to patching location. Each chosen method will depend on in-situ 

situation and requirements, and in view of the pumping distance and ease of accessibility. 

Adequate length of high-pressure grouting hoses connected to the either grouting pump and/or pump truck will 

be utilized to deliver the grout mixture to the patching zones and location. Specific openings may need to be 

created in way of specific tank frames or bulkhead(s), to provide accessibility. 
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3. NAVAL ARCHITECTURE 

In support of the proposed salvage operations the following engineering has been carried out by the on-site 

Naval Architect. 

 

 Structural Damage 

Typical damage in Cargo Tank 9C and Cargo Tank 10C is depicted in below figures. For these tanks the main 

damaged area is on PS between Longitudinal 2 and Longitudinal 7 where Cargo Tank 10C has more damage 

compared to Cargo Tank 9C. 
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- All slops are discharged 

- All intact cargo is discharged 

- Deep Tank #2S is discharged to avoid risk of any potential oil spill as damage may be expected 

inside this tank 

- Grout weights have been added to the model at the preliminary defined locations but are subject 

to change 

 

The ballast tanks which are situated most aft (8P, 8S, 6P, 6S) are used to reduce the Bending Moment aft of 

Frame 51. The bending moment could be further reduced if the most aft intact tanks (Cargo tank #10P and 

Cargo tank #10S) were used. It should however be noted that these tanks currently contain DFM and should 

be discharged to avoid any potential oil spill if anything were to happen. Cargo tank #10P and Cargo tank #10S 

should then be thoroughly cleaned to ensure that ballast water can be taken in without risk of contamination, 

allowing for its normal discharge in the future.  

 

It should be noted that it is assumed that intact cargo/fuel oil is discharged as this loading condition could 

potentially be used for towing as per requested by SUPSALV but is subject to change (additional ballasting 

etc.). This loading condition opens the consideration of using/cleaning the Cargo Tank #10P and Cargo tank 

#10S as ballast tanks to reduce Bending Moments in way of the structural damaged locations in the future.  

 

Furthermore, this loading condition shows that even without structural reinforcements the occurring Bending 

Moments/Shear Forces at-sea can be reduced to be less than the damaged allowable Bending 

Moments/Shear Forces. 

 

Optimal loading condition USNS BIG HORN for reduced 

Bending Moments 

Item Value Unit 

Displacement 26.341 LT 

Heel Angle 0.09 Degrees 

Trim Angle 2.72 Degrees 

Trim at Perpendiculars 30.83 Ft 

GMt 9.36 ft 

Max. Bending Moment %Damaged 

Allowable At-sea 

49.53 % 

Max. Shear Force % Damaged 

Allowable At-sea 

16.38 % 

 

 
Figure 4 - USNS BIG HORN Loading Condition where Bending Moments are kept at a minimum 

The engineering to support the salvage operations is a continuous process and following developments. 
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5. SHE-Q 

This section intends to provide an overview of the management systems in use within SMIT Salvage as a 

Boskalis company. More detailed information is available upon request. 

 General 

 

Our people are our most valuable assets. The aim of SMIT 

is to ensure that all employees can carry out their work 

in healthy and safe conditions. As our work affects more 

and more people and our projects become bigger and 

more complex, the importance of safety will continue to 

increase. For these reasons, safety is a top priority at SMIT 

and a vital part of our corporate strategy. 

 NINA Program 

 

Sophisticated, well-maintained equipment and our management systems, which are based on ISO 45001, 

ISO 14001 and ISO 9001, IMO and ISM, are important elements that contribute to safety. However, we 

believe that, in the end, our employees hold the key to a safe performance. That is why our NINA (No 

Injuries, No Accidents) safety programme has a strong focus on people. Ultimately, safety is about getting 

everyone to work safely, not because they’ve been told to, but because that is the way they want to work 

and that is the way they know how to work.  
 

Our SHE Policy Statement clearly states that situations which may result in personal accidents and damage 

to equipment, property and the environment are to be avoided on all our operations. 

We will strive to reduce the level of accidents, incidents and damages in each year of operation. 

 

The ultimate aims of our SHE Policy are: 

• Zero personal accidents  

• Zero damage to equipment and property 

• Zero incidents with environmental impact 

 Way of Working 

 

SMIT has developed and implemented the Way of Working, being our integrated management system that 

provides a harmonized approach in tenders and projects. The Way of Working is based on four principles 

and on four aspects describing our identity. 
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 Appendix A - USNS BIG HORN Damaged BM/SF Allowable and Loading Condition. 
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Figure 1 - PS CT 10C Frame 59 looking aft 
 

 
Figure 2 - PS CT 10C Frame 58 looking aft 

 

 
Figure 3 - PS CT 10C Frame 57 looking aft 

 
Figure 4 - PS CT 10C Frame 56 looking aft 
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Figure 5 - PS CT 9C Frame 55 looking aft 

 
Figure 6 - PS CT 9C Frame 54 looking aft 

 

 
Figure 7 - PS CT 9C Frame 53 looking aft 

 
Figure 8 - PS CT 9C Frame 52 looking aft 
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3. Structural Strength Reduction 
 
From a structural perspective the cross sections in way of frame 55 and frame 59 are analyzed such that the 
effect of the structural damage can be translated into a reduction of the allowable Bending Moment for the at-
sea going loading condition. 
 
For the reduction in Bending Moment the in-port allowable Bending Moment is used as a reference to calculate 
the allowable stress with the intact Section Modulus of a specific frame. Subsequently, the allowable in-port 
Bending Moment is calculated for the damaged condition using the damaged Section Modulus of a specific 
frame. Thereafter, the difference between the intact in-port condition and the intact at-sea, which is considered 
as the design Wave Induced Bending Moment, is subtracted from the damaged allowable in-port Bending 
Moment which finally results in the (reduced) allowable damaged Bending Moment at-sea for a specific frame. 
The reduced at-sea BM reduction for a specific frame is calculated using the bottom Section Modulus and top 
Section Modulus. Whichever is lower will be assumed as new BM (at-sea) for the specific corroded and 
damaged frame. 
 
For the reduction in Shear Force the in-port allowable Shear Force is used as a reference to calculate the 
allowable shear stress with the intact Shear Area (For Vertical Shear) for a specific frame. Subsequently, the 
allowable in-port Bending Moment is calculated for the damaged condition using the damaged Shear Area 
(For Vertical Shear) for a specific frame. Thereafter, the difference between the intact in-port condition and the 
intact at-sea, which is considered as the design Wave Induced Shear Force, is subtracted from the damaged 
allowable in-port Shear Force which finally results in the (reduced) allowable damaged Shear Force at-sea for 
the specific frame. 
 
The damaged Sections assume the following damages: 

- Damaged Longitudinal 2 to Longitudinal 7 on PS 

- Damaged Bottom plating in way of Longitudinal 2 to Longitudinal 7 on PS 

- Damaged Longitudinal 6 and Longitudinal 7 on SB 

- Damaged Bottom plating in way of Longitudinal 6 to Longitudinal 7 on SB 

Furthermore, as the ship was built in 1992 there is 10% corrosion applied on the Shell/Bottom plating which is 
not considered damaged.  
 
Above-described damage is considered conservative as no residual strength is considered for the damaged 
structural members of the cross section. 
 
Below table indicates the intact allowable Bending Moment and Shear Forces. 
 

  Bending Moment [LT-ft] Shear Force [LT] 

Fr. LCG [ft-FP] In-Port  At-sea In-Port At-sea 

22 72.00 334110 155830 8760 7760 

31 158.00 703376 328056 8760 7450 

37 218.00 856188 390500 8760 7700 

43 278.00 856188 390500 8760 7960 

47 318.00 856188 390500 8760 7960 

51 358.00 856188 390500 8760 7860 

60 440.50 865021 403450 8760 7500 

80 490.50 633000 295240 5520 4270 

98 535.50 424181 197840 5060 4140 

Table 1 – Intact Allowable Bending Moment and Shear Force 
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Figure 9 – Intact Allowable Bending Moment for In-Port and At-sea 
 
 

 
Figure 10 - Intact Allowable Shear Force for In-Port and At-sea 
 
 

3.1 Frame 55  
 
Below figure indicates the damaged structural members in red and the corroded Shell/Bottom plating in 
orange at frame 55.  

 
Figure 11 - Frame 55 Cross Section Looking Fwd with Damage and Corrosion 
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The section properties for frame 55 are depicted in the figure below. 
 

 
Figure 12 - Frame 55 Section Properties 
 
 

3.1.1 Frame 55 Reduced BM at-sea 
 
The allowable damaged Bending Moment at-sea is calculated as per explained above. For this calculation 
the following formula is used: 
 

𝑆𝑀 =  
𝐵𝑀

𝑓𝑝
 Where: 

 
- SM = Section Modulus [mm3] 

- BM= Bending Moment [Nmm] 

- f = Nominal Design Permissible Stress [N/mm2] 

The reduced at-sea BM reduction is calculated for the bottom Section Modulus and top Section Modulus. 
Whichever is lower will be assumed as new BM (at-sea) for corroded and damaged frame 55. 
 
The intact in-port BM is determined from the allowable BM table for the frame nearest to frame 55, either 
forward or aft, selecting the lower value. 
 

Fr55 Assessment for reduced BM at sea using bottom Section Modulus. 

BMport,fr55 intact 856188 Maximum BM in port intact @Fr55 [LT-ft] 

BMport,fr55 intact 265154 Maximum BM in port intact @Fr55 [tm] 

BMport,fr55 intact 2601159 Maximum BM in port intact @Fr55 [kNm] 

BMport,fr55 intact 2.60116E+12 Maximum BM in port @Fr55 [Nmm] 

fintact_bottom 205.2 Bending stress in bottom intact in port condition [N/mm2] 
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3.2 Frame 59 
 
Below figure indicates the damaged structural members in red and the corroded Shell/Bottom plating in 
orange at frame 59. 

 
Figure 13 - Frame 59 Cross Section Looking Fwd with Damage and Corrosion 

 
The section properties for frame 55 are depicted in the figure below. 
 

 
Figure 14 - Frame 59 Section Properties 
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5. Proposed Damaged Loading Condition with Minimum Bending Moments 
 
The damaged allowable Bending Moment and Shear Force are implemented in the HecSalv model which was 
received from SupSalv. This model with reduced strength is then used to determine an optimal loading 
condition where the Bending Moments are kept at a minimum aft of Frame 51 as this is considered where the 
majority of the structural damage is.  
 
In this optimal loading condition, the following is assumed: 

- All slops are discharged 

- All intact cargo is discharged 

- Deep Tank 2S is discharged to avoid risk of any potential oil spill as damage may be expected inside 

this tank 

The ballast tanks which are situated most aft (8P, 8S, 6P, 6S) are used to reduce the Bending Moment aft of 
Frame 51. The bending moment could be further reduced if the most aft intact tanks (CT 10P and CT 10S) 
were used. It should however be noted that these tanks currently contain DFM and should be discharged to 
avoid any potential oil spill if anything were to happen. CT 10P and CT 10S should then be thoroughly cleaned 
to ensure that ballast water can be taken in without risk of contamination, allowing for its normal discharge in 
the future.  
 
This loading condition could potentially be used for towing.  
 

 
Figure 17 - USNS BIG HORN with optimal loading condition for minimum Bending Moments aft of 
Frame 51 
 
 
 

Optimal loading condition USNS BIG HORN for reduced 
Bending Moments 

Item Value Unit 

Displacement 26.341 LT 

Heel Angle 0.09 Degrees 

Trim Angle 2.72 Degrees 

Trim at Perpendiculars 30.83 Ft 

GMt 9.36 ft 

Max. Bending Moment %Damaged 
Allowable At-sea 

49.53 % 

Max. Shear Force % Damaged 
Allowable At-sea 

16.38 % 

Table 3 - Optimal loading condition USNS BIG HORN with minimum Bending Moments aft of  
Frame 51 
 
The HecSalv output from above-described optimal loading condition for reducing Bending Moments aft of 
Frame 51 can be found the Appendix A.   
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Reference files used 
  

• The received USNS BIG HORN loading condition from 16OCT 

• Received drawings of USNS BIG HORN from SupSalv 

• Received HecSalv model of USNS BIG HORN from SupSalv 

• Received structural sections of USNS BIG HORN for HecSalv Section Modulus Editor 

  
Closure 
  
This report was written with the information presently known to us. If any new and/or additional information will 
be available or a change of circumstances occurs, this report may become obsolete. 
For any question, remarks or additional information, contact the person below. 
  

 
Naval Architect 
SMIT Salvage BV 
  
Appendices 
 
Appendix A – USNS BIG HORN – Optimal damaged Bending Moment Loading Condition 
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 GEO Supply L.L.C - Company Profile 2024 

 

 

 

    











 
 
 
 
 
 
 
 
 
 
 

 

  
 
 

With the rapid development of infrastructures and civil engineering projects, unsuitable and weak soil 

conditions are encountered all over the world. 

As the company provides geotechnical solutions for strengthening this type of soil conditions, we are 

ready to take up the challenging work in any part of the world. 

 

At Geo Supply, our mission is to provide innovative, sustainable, and efficient geotechnical solutions 

that enhance the safety, stability, and longevity of infrastructure. Specializing in ground 

improvement, dewatering, and slope protection and stabilization, we are committed to delivering 

high-quality services that meet the unique needs of each project. Through cutting-edge technology, 

skilled expertise, and a focus on environmental stewardship, we strive to protect both our clients' 

investments and the natural environment, ensuring a solid foundation for future generations. 

 
As natural ground conditions are never homogeneous, the solutions in overcoming various type of 

ground falls within the exposure or geotechnical practice. We strongly believed that the company 

strength is capable to deliver competitive and innovative solutions. 
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Berro & Sartori Ingegneria S.r.l. It’s a design company general whose skills range from 

Town to architectural, engineering and related services. The study brings together the 

reality consolidated over the years the Studio Berro S.r.l. e di C & S Engineering Eng 

Sartori in order to enhance the professional structure with multidisciplinary character. 

 
The Company relies on the professionalism of qualified technicians with different skills 

in order to address the many issues related to the design industry. The firm, in fact, has 

professional architects who deal with urban and architectural design, the design 

engineers for the facilities, infrastructure and water projects, as well as other 

professionals who deal with the supervision of works and safety coordination during 

planning and execution to address any type of work in a multidisciplinary way from the 

initial planning stage until the execution and delivery of turnkey for commissioning. 

 
The technical services offered mainly design starting from the analysis and design, the 

preparation of projects at various levels: preliminary, final and executive, the economic 

evaluation of intervention, control and management of realization through 

construction management, coordination security during design and implementation to 

final delivery of the work completed. Additional written numerous appraisals for real 

estate of all types and sizes located throughout the national territory 

 
The firm works with both private clients and public works for the construction of 

medium and large , within the timeframes scheduled according to specific needs and 

problems of the subject to be treated . 

 
sedeThanks to the professionalism and experience acquired over the years , the study 

Berro Sartori & Engineering Srl It is able to offer today a wide range of technical services 

to stakeholders , public and private , that wish to obtain finished products of the highest 

quality on .schedule. 

 
 





      

                               DEPARTMENT OF THE NAVY 
 NAVAL SEA SYSTEMS COMMAND 
 1333 ISAAC HULL AVE, SE  
 WASHINGTON NAVY YARD, DC 20376-0001  

 
 
 
   

TECHNICAL MEMO 
 
From:  NAVSEA 00C24 
To: N72, MILITARY SEALIFT COMMAND 

 
Date: 29 October 2024 
 
Subj: USNS BIG HORN (T-AO 198) GROUTING PLAN ISO SEP 2024 

CASUALTY RESPONSE  
 
Ref: a) USNS BIG HORN (T-AO 198) PATCHING PLAN ISO SEP 2024 

CASUALTY RESPONSE, Technical Memo, NAVSEA 00C24, dtd 
21 OCT 2024.  

  
Encl: 1) USNS BIG HORN – Grout Stress Calculation, SMIT 

Salvage, Rev 4, dtd 28 OCT 2024. 
  
 
 

1. USNS BIG HORN (T-AO 198) was involved in a casualty on 23 
September 2024 resulting in flooding and structural damage.  
Flooding has been stopped via externally applied patching 
and all damaged spaces have been emptied, ventilated, and 
inspected internally.  Ref (a) concluded the BIG HORN is 
structurally sound for an open ocean tow in a loading 
condition designed to limit underway stresses.  It is 
intended to internally seal damaged areas with a waterproof 
grout mixture to provide additional watertight integrity 
and reinforce the externally applied patches.  Enclosure 
(1) is the SMIT Salvage plan for application of cement 
grout and suitability of the grout for tow and is a 
revision to the grout locations identified in Ref (a).  
This memo summarizes the plan and SUPSALV’s independent 
assessment.  
 

2. Hull penetrations leading to water ingress were limited to 
the Engine Room Void, Main Contaminated Fuel Tank, Deep 
Tank 2P, Cargo Tank 10C, and the Pump Room Double Bottom 
Oily Waste Tank. Progressive flooding through damaged 
bulkheads resulted in additional ingress into Cargo Oil 
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Tanks 7C and 9C.  Internal sealing will be applied in the 
areas of water ingress and across compromised bulkheads. 
 

 
Aft Grout Locations 
 

Encl 46
2 of 12

  
  

 

 

 

 

 
     

  

 

   
  
   

   
   

 
  

    
     

    
   



 
Midship Grout Locations 
 
 

3. The grout proposed and locally available is a mixture of 
OPC Cement, GGBS, Microsilica, and Water with additives for 
waterproofing, non-shrink, and improved liquidity.  
Manufacturer testing confirmed a minimum compressive 
strength of 50 MPa and tensile strength of 15 MPa.  Testing 
for Young’s Modulus (elasticity) is not commonly performed 
but is being pursued for this specific mixture.  A review 
of literature from previous testing has determined that 
elasticity is directly proportional to the size of the 
aggregate.  Testing performed on a sample with an aggregate 
of gravel and quartz sand produced a Young’s Modulus of 
1550 MPa.  This property was used for the analysis as the 
proposed grout has a smaller aggregate and is anticipated 
to have a lower Young’s Modulus, the assessment will be 
updated if testing of the specific grout is attainable.      
  

4. As the BIG HORN is structurally sound for tow the grout is 
not required to increase structural capacity but only to 
provide an internal patch to stop water ingress at crack 
locations and across compromised bulkheads.  Once applied 
to a sufficient height to withstand the external 
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hydrostatic force of the identified holes and hardened the 
primary required capacities will be sufficient tensile 
strength and flexibility to absorb ship deflections when 
underway.  Increasing the tensile strength of the grout 
with rebar or similar without connecting to ship structure 
to similarly deflect with the ship would negatively impact 
the grout seal by increasing stiffness and reducing 
flexibility.   
 

5. Encl (1) is the SMIT Salvage engineering assessment of the 
maximum at sea deflection that would occur in the patched 
areas of BIG HORN and the capacity of the grout to 
withstand this deflection.  Deflection across an 
unsupported span of grout is determined as the difference 
between the calculated still water deflection in the 
intended loading condition and the deflection after 
applying the design wave induced bending moment and the 
relevant locations.  These moments and resulting 
deflections were applied to the reduced structural 
properties of the damaged sections.  From that deflection 
the strain, moment, and force the grout is required to 
withstand in tension is calculated and compared to the 
allowable loads on the grout.  The resulting stresses are 
within allowable limits of the grout. 
 

6. SUPSALV concurs with the SMIT analysis and assessment of 
seaway loads and capacity of the grout to absorb them.  
Additionally, the maximum wave induced moment was 
dynamically compared using the US Navy Ship Motions 
Program.  To achieve a single instance of the design wave 
induced bending moment in the intended loading condition 
requires a 10 day exposure time in a 5m significant wave 
height sea.  This equates to a Sea State 6 and will be one 
of the operational restrictions placed on the tow.  
Additionally, this is considered a conservative evaluation 
for the following reasons: 
 

a. Residual section modulus was calculated by rendering 
damaged members (longitudinals and shell plate) fully 
ineffective.  It can be visually seen that they are 
all partially intact and will provide additional 
strength reducing deflection. 

b. The overall grout height will be above the damaged 
stiffeners which will reduce the tensile force by 
applying a compressive force partway up the column.   

c. The tensile strength and Young’s Modulus were both 
selected at the conservative end of the test result 
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range. 
 

7. If there are any questions or concern act me at 
or  
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Enclosure 1:  
 

USNS BIG HORN – Grouting Plan, SMIT Salvage, Rev 4 
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Prepared by:

Checked by :USNS BIG HORN - Grout Stresses
Date: 27/10/24

Project: SSG242134

1. INTRODUCTION

This calculation note aims to analyse the occuring stresses within the grout. 

A combination of US Navy divers and Seaward divers performed patching activities at water ingress 
locations. The observed damage and patches were mapped by the divers. Where cracks were 
observed, patching included so called ‘Beaver Dams’ which are wooden wedges hammered into the 
cracks and subsequently fully sealing the crack by applying a type of epoxy over the wooden wedges. 
Furthermore, the same type of epoxy is applied at smaller hull penetrations.

2. GROUT PLAN 
The approximated diver indicated location of the ‘Beaver Dams’ and hull penetrations is plotted:

Safe tank access of all breached tanks was established through discharging, stripping and ventilating 
the breached tanks. This requires daily tank monitoring, involving gas measurements to ensure safe 
access, followed by the appropriate use of Personal Protective Equipment (PPE). With safe breached 
tank access the damage could be examined from the inside. It should be noted that only the ‘Beaver 
Dams’ could be identified from the inside of the ship through visual inspection of the wooden wedges 
as there is no way of identifying smaller hull penetrations where only the type of epoxy was applied
from the outside. 

All diver stated ‘Beaver Dams’ have been identified except for one. Divers’ measurements locate this
‘Beaver Dam’ inside Deep Tank 2P. A reason for not able to locate this ‘Beaver Dam’ could be that the 
steel deformation of hull plating and longitudinal stiffeners inside Deep Tank 2P to such extent that the 
‘Beaver Dam’ is underneath the deformed steel and cannot be identified from the inside. The identified 
‘Beaver Dams’ from the inside are plotted in red in the figure below.
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Based on observed deformations and hull penetrations, a grout plan was developed to internally seal
the hull penetrations. This plan incorporates compartmentalization to facilitate grout application and 
ensure adequate pour height in each section.

The areas or bays designated for grouting are divided into compartments. In Cargo Tanks 10C, 9C, 
7C, and the DB OWT, compartmentalization is achieved using web frames and longitudinal girders. 
Penetrations, such as scallop holes and longitudinal stiffener pass-throughs, are blocked off to create 
distinct bays. Each of these compartmentalized bays will then be grouted individually. Deep Tank 2P 
and the FO Contaminated Tank will each be grouted in a single lift. For the Engine Room Void, a 
similar approach to the Cargo Tanks will be used, with the structure compartmentalized into boxes 
using the ship's existing structural members.

The following figure illustrates the grouting plan:
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Checked by : USNS BIG HORN - Grout Stresses
Date: 27/10/24

Project: SSG242134

3. GROUT SPECIFICATION
Specifications were received from grout supplier for the grout that will be used:

Minimum Tensile strength Rm as per grout supplier

≔Rm 15 MPa
=Rm 2.176 ksi

≔σb_allowable =⋅0.6 Rm 9 MPa
=σb_allowable 1.305 ksi

≔τallowable =⋅0.4 Rm 6 MPa
=τallowable 0.87 ksi

≔σc_allowable =⋅0.7 Rm 10.5 MPa
=σc_allowable 1.523 ksi

Below indicated Young's Modulus was provided via previous published testing of similar material with 
the most compatible grout and aggregate mixture selected. Testing of the proposed grout mixture is 
being conducted and this report will be revised once received. 

≔Egrout 1550 MPa
=Egrout 224.808 ksi

4. GROUT STRESSES
The grout stresses are calculated by analyzing the relative difference in deflection between two 
outputs from HecSalv. The first output represents the assumed towing loading condition, while the 
second output models increased bending moments in the towing condition, reaching 100% of the at-
sea allowable limits by adding weight to the forward peak tank (FPT). This calculation uses the 
damaged at-sea allowable bending moments, which factor in the design wave-induced bending 
moments. To simulate damage, the section modulus is conservatively reduced by excluding certain 
structural members at frames 43, 55, and 59, resulting in decreased allowable bending moments both 
at-sea and in-port.

The worst-case scenario is identified at the location with the largest relative deflection difference, as 
this is tied to the tangent angle of the deflection curve, leading to greater deflection further from the 
point of maximum deflection. Analysis of both HecSalv deflection curves identifies the largest relative 
deflection delta at Cargo Tank 10C, which has a web frame spacing of 8.5 ft and is therefore 
considered the worst case.

Bending and shear stresses are calculated for the outer fiber, assumed to be in tension in the worst 
case. Stiffeners are excluded since the deflection applied is assumed to be uniform for both the ship’s 
steel structure and the grout.

≔δtowing_LC_fr59 2.426 in
≔δtowing_LC_fr55 2.586 in

≔Δδtowing_LC_59_55 =-δtowing_LC_fr55 δtowing_LC_fr59 0.16 in

Encl 46
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Project: SSG242134≔g LC 59 5 δtowing

≔δmaxBM_LC_fr59 5.616 in
≔δmaxBM_LC_fr55 6.114 in

≔ΔδmaxBM_LC_59_55 =-δmaxBM_LC_fr55 δmaxBM_LC_fr59 0.498 in

The maximum change in relative deflection for a bay in between frame 55 and frame 59 can be 
calculated as there are four bays:

≔w3 =―――――――――――
-ΔδmaxBM_LC_59_55 Δδtowing_LC_59_55
4

0.085 in

≔Bgrout 30 in

≔Hgrout 20 in

≔Lgrout 8.5 ft

The problem is approximated by assuming this grout beam has two fixed supports with a force 
applied on the grout beam.

4.1 BENDING STRESS

≔Ixx =⋅⋅―
1
12

Bgrout Hgrout
3 ⎛⎝ ⋅8.325 109 ⎞⎠ mm 4

≔F =――――――
⋅⋅⋅w3 192 Egrout Ixx

Lgrout
3

305.764 kN
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≔M =⋅⋅―
1
8

F Lgrout 99.022 kN·m

Distance to outer fibre c

≔c =⋅0.5 Hgrout 254 mm

≔σb =――
⋅M c

Ixx
3.021 MPa

=σb 0.438 ksi

Unity check for bending stress

≔UCσb ――――
σb

σb_allowable

=UCσb 0.34

4.2 SHEAR STRESS

≔Agrout =⋅Bgrout Hgrout
⎛⎝ ⋅3.871 105 ⎞⎠ mm 2

≔τ =――
F

Agrout

0.79 MPa

=τ 0.115 ksi

Unity check for bending stress:

≔UCτ ―――
τ

τallowable
=UCτ 0.13

4.3 COMBINED STRESS (VON MISES)

≔σc
‾‾‾‾‾‾‾‾‾‾‾‾+⎛⎝σb⎞⎠

2 ⋅3 ⎛⎝τ2 ⎞⎠

=σc 3.317 MPa

=σc 0.481 ksi

Unity check combination stress:

≔UCc ――――
σc

σc_allowable

=UCc 0.32
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Checked by : USNS BIG HORN - Grout Stresses
Date: 27/10/24

Project: SSG242134

5. CONCLUSION

Since all unity checks are below 1, this suggests that, with the currently assumed grout 
properties, the grout has sufficient flexibility to accommodate the expected deflections during 
towing. However, these calculations may need adjustment once we receive detailed 
specifications from the third-party supplier regarding the exact grout to be used.

Encl 46
12 of 12

(b)(6)

(b)(6)







           
         
   

         
    

            
   

           
     

         

        
       

             
         

       

          
         

          
         

            
            

     

           
        

        
             
           

  

    

       

  

 

 

       
  

         

       
      
        



  

          
          

             
           

   

   

 
  

  
  
  

  

  
  
  

   
       

   
         
          
           

        
        

         
  

      
       
         
         

 

  

     

       
      
        



 
 
 
  
 

 

 

  

                
        

         
  

 
     

       
                 

      

 
   
   

 
   
   

    
      

 
   
   

 
   
   

      
      

 
   
   

 
   
   

      
      

 
    

   
 

   
   

      
      

 
   
   

 
   
   

      

                     
                       

                          
                      

          

 
 
 
 
 

 
 

     
    
    

   
  

  












