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1. EXECUTIVE SUMMARY

This report documentsfarensic technical stability analysis of Fishing Vessel SCANDIES
ROSE, completed by the.&l Coast Guard Marine Safety Center (MSC) in support of the formal
Marine Board of Investigation into tleapsize andinking that occurred oDecember 31, 2019.

MSC usel available information to independently generate a detailed computer hydrostatics

model. This modalvascompared to the hydrostatics model preparetihyBruce Culverthe

naval architechired by the owner of SCANDIES ROSEho conducteédinddocumeted

stability analysesnd instructiongor the ship inl988 and 2019Significantmodeling
differencesnvereobserved when comparingh e owner 6 s hydrostatics nedelctdh i t e c t ¢
MSCOs.

Using available stability test data from 1988 and 2019 tes$€; &yaluatd the suitability of the

tests and resulting light ship characteristicght ship characteristicsusedbyh e owner 0 s neé
architectin stability analysis araot supportedby the stability test notesAvailable stability test

procedurs and documentation in 201§ive MSClow confidence in calculated light ship weight

and centers of gravity.

Hydrostatics models and light ship characteristieseused to evaluate each of SCANDIES
ROSE sample loading conditions as well as potential caswalpgage conditions for
compliance with relevant stability criteri&d¥henmodeledoy MSC, the majority of SCANDIES
ROSE 2019 sample loading conditions fail required stability criteria. Hydrostabckeling
demonstratethat theestimatedtasualty voyagéading conditiormay have methe restrictions
oft he owner 6s 208\6tbility nstraction buefaileddegulatory stability criteria
including water on deck, intact stability, and severe wind ananitdiria
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3. INTRODUCTION

A Formal Marine Board of Investigatianto the sinking of Commercial Fishing Vessel

SCANDIES ROSE (O.N. 602351) was convened as required by USCG Deputy Commandant of
Operations (C&CO) Memorandum on January 16, 2020. As requested by the members of the
investigation team, MSC utilized relevaraval architecture principles to evaluate the stability of
SCANDIES ROSE to assist in determining the cause of sinking on December 21 TAGH.9.

report has been generated to provide a summar

Documentatioomade available to MS@®cludedanexisting computer hydrostatics modedf

(a)), miscellaneous notes and documentation on stahitity 1988 and 201@ef (b)), the 2019

Stability Booklet for SCANDIES ROSE#df (c)), vessel drawinggefs (d)through(n)), a recent

condition and =luation surveyréf (0)), sample loading conditior(svithin refs (b) and(c)), and
sister vessel PATRI Cl Aref®).EBased dn this documentagon,Cer t i f
MSC completed a series of independent technical anatyé@sating in an evaluation of

regulatory stability criteria for 17 sample loading conditions and two potential casualty voyage
loading conditionsMS C6 s an al y iocdufaypical obmoderntsthbdity analysis:
hydrostaticanodeling stability test, and loading condition evaluation.

Sectiord provides aletailed description of thdevelopment oMSCS somputer modeand
assumptionsmadehydr ost atically model SCANDIES ROSE.
compared againsthe computer model provided eeference (a)

SectionS5reviewst he owner 6sd0nadadumenthed ecttabi | ity tes
2019. Usinghisdata, independent light ship weights and centers of gravity are calculated by
MSC and differences are highlighted between M 3f@luesandthose inreferencs (b) and(c).

Section6 evaluates loading conditions providedeferencs (b) and(c) using regulatory
stability criteria. Loading conditions are analyzed using a combination of light ship
characteristics and hyalstatics modelsEstimaed loading conditions during the casualty
voyage are also analyzed for compliance with regulatory statiligria

Section7 details inital conclusions based on the analyses contained in Sedtibrsugh6.
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4. SCANDIES ROSE COMPUTER HYDROSTATIC MODELING

The stability requirements of 46 CFR Part 28, Subpart E invcawagaringavessed static

stability characteristicagainst statutory criteriaThese criterigrovide safety margin®

account foractual operation of the vesselardynamiaenvironment Hydrostatic properties
involved in regulatory analysis include draft, displacement, heel, trim, free surface effects from
tanks, and calculation of righting arm plots against angfiégel. Although it is possible to
accomplish these tasks through calculation by hand, the calcutatguiexity typically requires

the use of a computerized hull model. The computerized hull mode}is r@@esentation of

the hull of the vessel ammhn include tanks and windages (like superstructure and masts).

Hydrostatics computer models are t grmblecod!l 'y co
offsets If available, @ditional vessel drawings are used to add detail and \adinfgnsions

these drawings can include ttamk capacity plan, general arrangements,@ad structural

drawings

4.1. SCANDIES ROSET ReferenceDrawings

Sufficient drawingsareavailableto create dydrostaticnodelof the SCANDIES ROSE Many
of the planshoted agseferences (d) through(n) bear handvritten markings that identifthe
plans as pertaining to PATRICIA LEBé&nder Welding and Machine Cidull #303), a sister
vesseto SCANDIES ROSE (ex. ENTERPRISBender Welding and Machine Qdull #747).

4.2.MSC Modeling Software

MSC model ed SCANDIES ROSE using Robert McNeel
This software was used to create-B 3urface model of the hull, bulwarks, and superstructure of
SCANDIES ROSE. Once the outer shell was constructed in Rhinoceros, M&€dcbody
sectioncutsofthbulls ur f ace t o generate offsets that wer
AGHSO Software Version 17. MSC created tanks
within the GHS software in preparation for hydrostatic anslys
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4.3.MSC Model Building Assumptions

The primary reference drawing for hydrostatically modeling SCANDIES ROSE is the Lines Plan
(132B-9151), referencdd), as shown irrigurel. However, modern photographs of

SCANDIES ROSE show significant differences in the poop and forecastle profiles when
comparing the lines plan to a profile picture from 208igre?2).

When the Lines Plan for SCANDIES ROSE is overlaid on a 2019 profile photograph from the
vessel survey ifrigure2, it can be early seen that the actual watertight envelope, especially in
the area of the enclosed poop and forecastle, differs from the lines plan: the poop deck is
significantly shorter, and the forecastle has less height and is longer. Whearntien§ Plan
andProfile drawing (ef (e) is overlaid over the same 2019 profile pictUfagy(re3), it shows

that the asuilt transom angle is inaccurately reflected in the Stratfrofile, but the length of
the Forecastle and Poop is still much differéfftesediscrepanciemaybe the result of vessel
modification.

It is not clear from drawing numbersaichdocumentisted asreferencgd) through(n) is

specific toSCANDIES ROSE or a sister vessdhnd written markings omany of thedrawings
indicate possible applicability to several hull numbers. In order to complete the model, MSC
made several assumptions documented below.
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Figure2: 2019Profile photograph of SCANDIES ROS(ef (0)) with Lines Plarprofile (ref (d)) overlaid with watertightenvelopehighlighted inyellow and
largeprofile differences inthe poop andforecastlecalled out
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Figure3: 2019Profile photograph of SCANDIES ROSE frofref (0)) with Scantling Plan anBrofile (ref (e)) overlaid Note thattheol an mat ches t he
transom but indicates additional buoyant volumghe forwardend ofthe poop (white highlightedarea)
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4.3.1. Forecastle and Poop Buoyanciodeling

The APoop and F o oek(f) providesdintersion forathe iextegt of the Poop.

This drawing also indicates that the engine room vents are located on the Poop Deck behind the
pilothouse stairs between frames 45 and 47. These dimensions for the Poop Deck extents appear
to match the019profile photograph(ref (0). MSCassumed that these dimensions and
downflooding points are accurate.

No drawirgs are availabléhat accurately shothe extents of the forecastle. Overlaid recent
photographs of SCANDIES ROSEi¢ure2 andFigure3) indicate that the forecastle extended
higher and further aft than indicated on vessel drawings. Assumptions wereyrd&&to

account for the extents of this buoyant volurréggure4 shows SCANDIES ROSE (ex.
ENTERPRISE) at delivery in 1978; in this photograph, the forecastle apparently matches vessel
drawings (with less height and less aft extent). In 20#9shelterarea aft of the enclosed

forecastle was open at the after end but enclosed by bulwarks and the forecastle deck as shown in
Figureb; this area was not fullynelosed and therefore not buoyaiitie aft extent of the
enclosedorecastlevasassumed to remain in the same location as shown on the drawings (frame
8). This assumption is supported by the visible crane pedestgiure5, which showghe

pedestal aft of the forecastle bulkhead. Additional support is providedjure3, which shows

the foremast at the aft extent of the enclosed forecagtleh matcheshe aft extent of the

forecastle irFigure4.

Figure4: SCANDIES ROSE (ex. ENTERPRISE) at delivery in 1978. Photograph provided by USCG Marine E
of Investigation

11
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It appears thagt some point, the forecastle was modified to incréadeeight The original
forecastle deck appears toihdicated on the side shglist above the vessel name with what
appears to be half round. Interior views (frogh(0)) of the forecastle storage spaces indicate a
lower ceiling as well. To model the height of the forecastle decRGh®@profile picture from
reference (ojvasmeasured and scaled to determine the forward and aftmost heijisside
shellwasextended tangent to the existing side shell to meet these new forecastle heights.

4.3.2. Superstructure Modeling

Similar to forecastle decks heights, MSC measured and scaledli@gfile photograph

within reference (oJo develop profiles for the bulwarks, house, masts, anchor, and cranes.
Transverse extents of these superstructure elements were determined using measurements from
reference (oand estimated from photographsngsthese measurements as a reference.

For stability modeling, blwarks are assumed matchthe condition shown ifigure2 and
Figure3. Figure7 shows much greater bulwark heights with fitted wave walls but these were
not modelled.

Overlappingwinl age ar eas ar enodeldue t® thendranes, crab\p&t<; @énd
bulwarks. To account for thithe MSC model windage calculations inclute effect of

Figure5: Photo from page 21 of ref (0) showing starboard crane pedestafarfecdstle bulkhead

12
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shielding from other componentgor example: a crane could be shielded by crab pots if they
are in front of the cranendcrab pots on the lowest tier are partially shielded by the bulwarks
Theseareas are not double counted for windage.

4.3.3. Surface IceModeling

To evaluate icing, as required by 46 CFR 28,5&8is assumed tbe a thin layer on the exposed
surfaces of areas above the wa#.CFR 28.55@rescribes a thickness of ice for exposed
vertical and horizontal surfaces; howewdiagonal surfaces (ex. tumblehome at the transom) are
not addressed by the regulatioMdSC accounted for these diagonal surfdmesectoring

exposed surfacem the poop, forecastle, bulwarks, and superstrugentecally 1.3 inches and
outward 0.65 inche’s The diagonally downward facing pilothouse windows and flood lights on
the mastsvere assumed to remain free of iGhe layer formed by the vectored surface to the
existing structural component was given a density of B8.per cubic foot to bequivalent to

the weight specified by 46 CFR 28.5%014Ibs. per square foot of 1-hchthick ice (or 3.07

Ibs. per square foot of 0.6fich thick ice) By modeling ice in this manner, MSC accounted for
both the weight and centers of gravity of aseshown imablel.

No icing layer was added below the main dieslel, assuming thainy surfaceabovethe
waterlinebut below the main deck frequently contact sea water and do not experience icing.
Wi t hi n MSCéise lageavas @adsymed tdhhave uoyancyor windage andouldbe
turned off for conditions where icingas not required.

1 Outward means:
1 outboard folongitudinal surfaces
9 aftward for transverse surfaces aft of amidships
91 forward for transverse surfaces forward of amidships and the front of the house

13
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Ice Weight and Center of Gravity Ice(\L/\_/r(;lght (]Icrcgr#f\:ﬂ(é) (Igﬁ\,vgf)
Ice on House 4.0 369a 318
Ice on Forecastle 2.0 552f 268
Ice onPoop 2.6 45.0a 215
Ice on Port Crane Boom 03 3.8a 351
Ice on Port Crane Pedestal 0.1 13.6f 26.0
Ice on Starboard Crane Boom 0.1 12.7f 274
Ice on Starboard Crane Pedeste 0.1 2.9f 212
Ice on Aft Mast 0.02 333a 488
Ice on Aft Mast Stays 0.03 31.3a 43.8
Ice on Forward Mast 0.05 44.2f 393
Ice on Forward Mast Stays 0.15 50.3f 35.9
Ice on Bulwarks 2.0 152f 18.1
Total Icing Load 11.3 10.0a 262

Tablel: Icing Loads on Hull and Superstructure Parts Calculated by M&dz|
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4.3.4. Tank Modeling

Tanksweremodeledusing dimensions provided in the structural drawifgts (e), (g), (h), (i),
and(j)). The permeability of these tank&sthen set so that the tank capacities medthe
providedTank Cgpacity Plan (Figure®6, ref (n)). The Tank Capacity Plais of unknown origin
which leads to lower confidence in tank volum@&® mitigate the potential error caused by
differences in tank volumes, stability criteria evaluation of loading conditions within this report
are performed by loading tanks by weight andwodame fractions. This method allows tanks to
be loaded with the correct weight magnitude and results in negligible ertbecenter of

MSC Per- Permeable
Tanks Difference meability Volume
(Side Indicated Capacity Capacity MSC MSC with (setto MSC Final MSC Final Error to
by Last Plan Plan Model Model Capacity match Model Model Capacity
Character) Volume Volume Volume  Volume Plan capacity Volume  Volume Plan
(cu.ft) (gallons) (cu.ft) (gallons) % plan) (cu.ft) (gallons) %

HOLDL.C 3630.0 271543 42253 316074  -16%  0.859 36300 271543 0%
HOLD2.C 4195.0 31380.8 5006.3  37449.7 -19% 0.838 4195.0 31380.8 0%
HOLD3.C 3590.0 26855.1 4342.0 32480.4 -21% 0.827 3590.0 26855.1 0%
DBLBTM F.C 4278 32000  581.0 43462  -36% 0736 427.8 32000 0%
DBLBTM_M.C 842.2 6300.0 1024.5 7663.€ -22% 0.822 842.2 6300.0 0%
DBLBTM_A.C 842.2  6300.0 1004.7 7515.7 -19% 0.838 842.2 6300.0 0%
FWDWING.S 1193.8 8930.0 420.8 3147.8 -5% 0.949 399.2 2986.1 0%
FWDWINGP 1193.6 8930.0 4208 31478 5% 0949 3992  2986.1 0%
MIDWING.S *tank added from fwd 837.6 6265.7 -5% 0.949 794.6 5943.9 0%
MIDWING.P *tank added from fwd 837.6 6265.7 -5% 0.949 794.6 5943.9 0%
AFTWING.S 769.5 5756.0 773.5 5786.2 -1% 0.995 769.5 5756.0 0%
AFTWING.P 769.5 5756.0 773.5 5786.2 -1% 0.995 769.5 5756.0 0%
AFTFUEL.S 987.9  7390.0 1016.2 7601.7 -3% 0.972 987.9 7390.0 0%
AFTFUEL.P 699.1 5230.0 765.1 5723.3 -9% 0.914 699.1 5230.0 0%
DAYTANKP ! 5200 38900 5296 39617 2% 0982 5200 3890.0 0%
HYD_OIL.S 93.6 700.0 175.1 1309.8 -87% 0.534 93.6 700.0 0%
HYD_OIL.P 93.6 700.0 175.1 1309.8 -87% 0.534 93.6 700.0 0%
WATER.S 1019.2  7625.0 1028.7 7695.2 -1% 0.991 1019.3 7625.0 0%
WATER.P 1019.3 7625.0 1028.7 7695.2 -1% 0.991 1019.3 7625.0 0%
LUBE_OIL.P 160.4  1200.0 251.2 1879.1 -57% 0.639 160.4 1200.0 0%
SETTLING.C 406.4  3040.0 408.6 3056.5 -1% 0.995 406.4 3040.0 0%
SEWAGE.S 5200 38900  529.6 39617 2% 0982 5200 38900 0%
BULWARK.C 12530.3 93733.2 0.950 11903.8 890465
FOREPEAK.C 635.6 4754.6€ 0.950 603.8 4516.9
BALFWD.C 750.3 5612.6 0.950 712.8 5332.0
BOWSTOREC 3811 288830 | 0.950  3668.0 274389
WORKSHOP.C 5278.7 39487.4 0.950 5014.& 37513.0
PWAY.S 1401.6 10484.7 0.950 1331.5 9960.5
PWAY.P 1401.6 104847 | 0.950 13315 99605
ER.C 9396.0 70287.0 0.500 4698.0 35143.5
BERTHING.C 8489.6 63506.6 0.950 8065.1 60331.3

Table2: Tank Table foMSC Model Tank Capacities
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gravity and moment of inertiaf the contentsvithin the tank. The notable limitation to this
method is when peeribed loading of a tank is greater than the capacity of theitawkich

case the tank can only be loaded to 100% capaChg. magnitude of these errors is addressed
in Section6.2.1Q

As shown inTable2, some model tank capacities significantly dié@from thevalues in the
capacity plan and requilesignificant correction by adjusting tlassumegbermeability. MSC
assumed that cardwld capacitieswhich requirel permeability correctiosnof 16-21%, differ
because of installed insulation.

Double bottonfuel tank permeability corrections of -B&%indicate inaccuracin either the

modeling of these tanks or the tank capacity table. While some reduced permetyiltig due

to internal structure and pipinthe magnitude of the corrections is indicative of some geometric
model ing errors i n e.iciylplen ThiM®Erdia errorgsandigatecbim  t h e
the stability criteria analysis section of this rep&e¢tion6) because no double bottom tanks are
loaded in anyf the 2019 loading conditionand only the forward double bottom tank is

partially loaded in the 1988 loading conditions.

Hydraulic and lube oil tanks are small and the large permeability adjustments made to match the
capacity plarwereassumed to haveegligible impact orthe stability analysis.

Interior compartments are not included in the capacity plan but are listedie? for
completeness.

4.3.5. Crab Pot Modeling

Crab pots werenodeledu si ng avail able deck area with a cl
deck area was chosen frawo feetforward of the Poop and House to the foremast (the

overhanging shelter deck at the aft end offtdrecastle can take pdisthonthe main decland

on top of the forecastle deddSC assumed the shelter deck does not substantially restrict

loading. Available crab potleckarea extends from 44 feet forward to 25 feet aft of amidships.

This area is 33 feet wide at the aft end ahdb feetwide at the extreme forward end (for the
forwardmost row only). Becaugbecranebooms on the port and starbogeetlestatranes can

be moved and pots can be shifted slightly, cravees notdeducted fronavailabledeck area

and do not restrict theolumei n whi ch pots can be | oaded for M
ROSEhada raised wear deck on which poteres t ac k e d . This wear deck
the steel deck at the rails by the 2019 Condition and Valuatioreg(ref (0)); crabpots were

loaded starting at this vertical height by MSC

17
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Two pot dimensions were provided:

1
il

With limited deck space available and a maximum height presdoypesf (c)(fi D o
vision from the pilothous®, crab potcapacity varies dependent on #iee of pots as shown in
Table3. Crab pot sizes specified in SCANDIES ROSE stability instructions from 1988 and
2019 call out pot capacities of 220, 208, and tbd8e pilothouse windowslf large pots were

February 8, 2021

Small Pots7 x 6.5 x 3 feet at 835 |Ibsach (dimensionsom ref (0);, weight taken

from ref (b))

Large Pots8.5x 7.5 x 3.5 a8671bs. each (as measured Ioast Guard/arine
Safety DetachmenDutch Harborand averagetbr pots with gegr

Crab Pot Capacities Number of Number of
Small Pots Large Pots

1st Tier 98 72

2nd Tier 44 32

3rd Tier 44 32

4th Tier 44 32

5th Tier 44 32

Total: 274 200

Pot Weight Each(Ibs.) 835 867

Total Pot Weight (Ibs.) 228,790 173,400
Wind Profile Area(sq. ft) 167 172

Table3: Crab Pot Dimensions and MSC Model Capacities

not

used and limited to a height below tiog of tre pilothouse windows, a maximum of or2p0
potscould be carried within thavailable deck space.

Figure7: SCANDIES ROSHrofile picture with 5tiers ofpots, dateunknown

18
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4.3.6. Crab Pot Icing

46 CFR 28.550 provides littiguidance for the manner in which crab pots should be treated for
icing. The text of the regulation requires ice to be applied to horizontal and vertical surfaces.
This could mean just the outer round tube structure of thangbhot the mesh in between
however pictures of iced crab pots suggest that this is not a conservative assUuAgui@s).
Additionally, 46 CFR 28.550 (d) states:

The height of the center ofayity of the accumulated ice should be calculated
according to the position of each corresponding horizontal surface (deck and
gangway) and each other continuous surface on which ice can reasonably be
expected to accumulate. The projected horizontal anical area of each

small discontinuous surface such as a rail, a spar, and rigging with no sail can
be accounted for by increasing the calculated area by 15 percent.

Themeshbetween tubular crab pot framiesot acontinuous surface to which 15% can be
addedsoan assumption must be made to account for the icing on the $tackhe purpose of
crab pot icing calculations required by 46 CFR 28.550, MSstimedhatthe topof the exposed
tier, outboard sides, and fore andaftasof the stack are surfaces proneding, and treated
themascontinuoushorizontal and vertical surfaceé\reas were not increased by 15%.

Cumulative Cumulative Cumulative
Small Crab Pot Icing Cumulativel  Number of Ice Weight Ice VCG
Weights and Center of Gravity 7x6.5x3 ft (LT) (abv. BL)
Potson Deck
1st Tier 1-98 7.2 223
2nd Tier 99- 142 7.8 24.5
3rd Tier 143- 186 8.6 26.7
4th Tier 187-230 9.3 28.7
5th Tier 231-274 101 307

Table4: Crab pot ice weights and centers of gravity for small pots

Cumulative Cumulative Cumulative
Large Crab Pot Icing Cumulative] Number of Ice Weight Ice VCG
Weights and Center of Gravity 7x6.5x3 ft (LT) (abv. BL)
Potson Deck
1stTier 1-72 7.8 23.1
2nd Tier 73-104 8.5 25.6
3rd Tier 105- 136 9.4 28.0
4th Tier 137-168 10.3 30.3
5th Tier 169- 200 11.3 325

Table5: Crab pot ice weights and centers of gravity for large pots
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Becausehis analysisevaluates loading conditions hagidiffering crab potier heights,Table4
andTable5 provide theassumedcing weights and centers of gravity for each tier of crab pots.
To simplify analysis, a step functievasused: horizontal icingvasassumed to act on the
highest tier on whiclanypots are loadedhis effectively creates a fiv@ded rectangutabox of
ice around loaded crab pots (no ice is assumed on the bottom of the stack).

Figure8: Icedcrabpots on SANDRA FIVE (photo crediNTSB)
4.3.7. Downflooding Points

Il n SCANDIES ROSEOGs nAVent s Fi(réf(jpall tank ittingdare ndi n g
noted to have caps or vent check valves to prevent downflooagertight doors are noted on

the main deck. With these features being effectively water tighlipwestdownflooding points

are the engine room ventghich are noted to be behind the stairs to the pilothouse on the poop

deck. The location of these ventsndicatedon t he fAPoop and (FEBfg)t sl e Dec
whi ch shows t hhepoomdeck Bebwedn ramgs,45 anah47,tand 12 feet 10 inches

off centerline on both the port and starboard sidds location appears to be confirmed by

Figure9, which appears ineference ()

4.3.8. Reference Drafts

No design or full load draft is provided for SCANDIES ROSE in the drawings. To assume a
reasonabl e draft, MS C usswentkrload lisetasprovidedinp PATRI C
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reference (p) The winter load line freeboard is 1 foe¥dinches below the main deck at
amidshipswhich provided an assumed design molded draft of 13.0 feet. The stability
instructions provided in 2019 (withief (c)) indicate that the vessel can safely operate with a 6
inch freeboard. The amidships molded draft associated with this freeboard is 13/8light.
operatingdraftis assumed at 8.5 fett correspond with the lowest drafts in provided
hydrostatics tales fromreference (bjTable6).

7

4.4.Model Comparison andResults

Figure9: Engineroomventshownbehindpilot housestairs fromref (p)

A hull model of SCANDIES ROSEwas provided to MS®y the Coast Guard Marine Board of
Investigation Kef (a)). This model is in the format of
Systembébs GHS software. T he guaatsol autbdooskio n ot
verify thatreference (a)s the computer model used in the stability notes provideef@mence

(b), MSC checked the hydrostatics usiFaple6 which appears inef (c)) and compagdthat to
hydrostatics of Mr. Culverdés reference (a)
Table7. This comparisoshowed only negligibly small differences, assumed to be caused by
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the different software versioRsBased on this comparisor@ference (ajs assumed to be the
same model used to carry out stability calculations witki@erencs (b) and(c).

To validae theaccuracy of thatability modelscomparisonsveremadebetweerreference (a)
and MS C owsth tnesrdadl ¢rab pot sizés Table9 throughTable13.

Hull modeling results compare well for hull shape below the main. degkirostatics oboth
models match withii% toleranceof displacement between drafts ob &et to12.25feetwhen
comparingTable7 andTable8.

19-05-13 10:01:45 Page 1
GHS 6.44 SCANDIES ROSE
HYDROSTATIC PROPERTIES
No Trim, No Heel, VCG = 0.00
LCF Displacement Buoyancy~Ctr. Weight/ Moment /

Draft---- Weight (LT) ==~~LCB==~=- VCB~====Inch===«- LCF--Deg trim-«-<KML~===~- KMT

8.500 578.11 1.37a 5.20 8.28 4.82a 1738.24 Tded 19.08
8.750 603.08 1.57a 5.34 8.33 4.8%a 1769.76 168.1 18.76
9.000 628.19 1.64a 5.48 8.38 4.96a 1802.13 164.4 18.49
9.250 653.46 1.77a 5.62 8.43 5.03a 1835.38 160.9 18.26
9.500 678.87 1.88a 5.76 8.48 5.06a 1866.42 157.5 18.05
10.000 729.99 2.09a 6.04 8.53 4.92a 1899.51 149 .1 11«57
10.250 755.66 2.18a 6.18 8.55 4.86a 1915.72 145.2 17.37
10.500 781.28 2.27a 6.32 8.55 4.97a 1911.86 140.2 17.19
10.750 806.96 2.35a 6.46 8.58 4.92a 1927.17 136.8 17.04
11.000 832.70 2.43a 6.60 8.60 4.86a 1942.68 133.7 16.89
11.250 858.52 2.50a 6.73 8.62 4.87a 1958.42 130.7 16.77
11.500 884.40 2.57a 6.87 8.64 4.75a 1974.38 127.9 16.66
11.750 910.34 2.63a 7.01 8.67 4.69a 1990.55 125.3 16.56
12.000 936.36 2.68a 7.14 8.69 4.64a 2006.95 122.8 Hi.tl"/
12.250 962.45 2.73a 7.28 8.71 4.58a 2023.57 120.5 16.40
Distances in FEET.-------Specific Gravity = 1.025.- ~=e==w--=-Moment in Ft-LT.
Draft is from Baseline

Table6: Hydrostatics Properties édr SCANDIES ROSHrom ref (c)

2 Ref (b) uses GHS Version 6.44. The creation date of this version of GHS was estimated by Creative Systems to be
approximately 1995. GHS Version 17 was released by Creative Systems in 2020.
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09/19/20 15:16:20 USCG - SERT - Emergency Use Only Page 1
GHS 17.30C SCANDIES ROSE
GHS Model: JOB1945.GF
HYDROSTATIC PROPERTIES
No Trim, No Heel, Fixed VCG = 0.00

LCF Displacement = Buoyancy-Ctr. Weight/ Moment/

Draft Weight(LT) LCB vCcB Inch LCF Degtrim KML KMT
8.500 578.12 1.37a 5.19 8.28 4.82a 1738.20 172.2 19.07
8.750 603.09 1.51a 5.33 8.33 4.89a 1769.72 168.1 18.75
9.000 628.20 1.64a 5.47 8.38 4.96a 1802.09 164.3 18.48
9.250 653.47 1.77a 5.61 8.43 5.03a 1835.32 160.9 18.25
9.500 678.89 1.88a 5.75 8.48 5.06a 1866.36 157.5 18.04
9.750 704 .41 1.99a 5.89 8.51 4.99a 1883.49 153.2 17.79

10.000 730.01 2.09a 6.03 8.53 4.92a 1899.43 149.1 17 .87
10.250 755.68 2.18a 6.17 8.55 4.86a 1915.63 145.2 17.37
10.500 781.30 2.27a  6.31 8.55 4.97a 1911.77 140.2 17.18
10.750 806.97 2.35a 6.45 8.58 4.92a 1927.06 136.8 17.03
11.000 832.72 2.43a 6.59 8.60 4.86a 1942.58 133.6 16.88
11.250 858.53 2.50a 6.72 8.62 4.81a 1958.31 130.7 16.76
11.500 884.42 2.57a 6.86 8.64 4.75a 1974.26 127.9 16.65
11.750 910.36 2.63a 7.00 8.67 4.69a 1990.43 125.3 16.55
12.000 936.38 2.68a 7.13 8.69 4.64a 2006.82 122.8 16.46
12.250 962.47 2.73a  7.27 8.71 4.58a 2023.43 120.4 16.39

Distances in FEET. Specific Gravity = 1.025. Moment in Ft-LT.
Draft is from Baseline.

Table7: Hydrostatics Properties M r . C uréf a)Model &)sing GHS Version 17

09/19/20 15:22:55 USCG - SERT - Emergency Use Only Page 2
GHS 17.30C MSC - SCANDIES ROSE
GHS Model: SR-MSC.GF
HYDROSTATIC PROPERTIES
No Trim, No Heel, Fixed VCG = 0.00

LCF Displacement Buoyancy-Ctr. Weight/ Moment/

Draft Weight(LT) LCB VCB Inch LCF  Deg trim KML KMT
8.500 583.42 0.33a 5.16 8.28 4.34a 1763.56 173.2 18.75
8.750 608.33 0.50a 5.30 8.33 4.48a 1795.58 169.1 18.48
9.000 633.40 0.66a 5.45 8.38 4 .54a 1820.90 164.7 18.22
9.250 658.57 0.81a 5.59 8.41 4.55a 1840.99 160.1 17.96
9.500 683.84 0.94a 5.73 8.43 4.51a 1855.82 155.5 17.72
9.750 709.17 1.07a 5.87 8.46 4.46a 1869.89 151.1 17.49

10.000 734.57 1.19a 6.00 8.48 4.41a 1884.10 146.9 17.29
10.250 760.04 1.29a 6.14 8.50 4.35a 1898.50 143.1 17.11
10.500 785.58 1.39a 6.28 8.53 4.30a 1913.10 139.5 16.95
10.750 811.19 1.48a 6.42 8.55 4.25a 1927.93 136.2 16.80
11.000 836.88 1.57a 6.55 8.57 4.20a 1943.00 133.0 16.68
11.250 862.63 1.64a 6.69 8.59 4.13a 1957.00 130.0 16.56
11.500 888.45 1.72a 6.83 8.62 4.09a 1973.31 127.2  16.47
11.750 914 .34 1.78a 6.96 8.64 4.04a 1989.26 124.6 16.38
12.000 940.31 1.84a 7.10 8.67 3.98a 2005.33 122.2 16.31
12.250 966 .35 1.90a 7.23 8.69 3.93a 2021.61 119.9 16.24

Distances in FEET. Specific Gravity = 1.025. Moment in Ft-LT.
Draft is from Baseline.

Table8: Hydrostatics Properties MSC's SCANDIES ROSE Model
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Although models match well for below deck voluragynificant differences exist between
reference (@andMS Cdés vol umes for the forepeak and
buoyancy for SCANDIES ROSE and are important when evaluating stability scesttiey
becomesubmerged.Theaccuracy of theseolumesbecomeespecially important when
freeboard isdw: at an assumed design draftl®.Ofeet whereSCANDIES ROSE ha®w
freeboard and parts of the forecastle and gmemmesubmergedt heel angles & degrees.

With adraft of 13.8 feetparts of the forecastle and poop submerge at heel angles & only
degrees.

poo

Table12 compares tank volumes betweaeference (g) M Snibde$ and the noted volumes on

the tank capacity plarF{gure6,ref(n). MSC6s model ed tank capaciti e:
noted capacity plan tank volumeReference (alank capacities are generally larger than noted

on SCANDIES ROSE6s capacity plan with model ed
fuel tanks 1%0 9% larger. The portside aft fuel tank ireference (apas 16% less volume than

the capacity plan; this is a result of the lube oil tank being modeled differently than chaka

capacity plan Reference (agjlsohasdeductiors withinthe water tanks tharenot present on

MSC Icing Cumulative Weights Cumulative Cumula_tive Cumulative Cumulative
and Center of Gravity (Small Number of Ice Weight Ice LCG Ice VCG
Crab Pots) 7x6.5x3 ft (LT) (aft of MS) (abv. BL)
Potson deck
Icing on Superstructure and Hull 0 11.3 10.0 262
1st Tier 1-98 18.5 3.7 247
2nd Tier 99- 142 19.1 35 25.5
3rd Tier 143- 186 199 3.2 264
4th Tier 187- 230 20.6 29 27.3
5th Tier 231-274 214 26 28.3
Table9: Cumulative ice weights and centers of gravity combining superstructure and hull icing with small crat
icing
: . . Cumulative Cumulative Cumulative Cumulative
MaSnCd g;nn%e?gpglg{x;\?g%rgs Number of Ice Weight Ice LCG Ice VCG
Crab Pots) 8.5x7.5x3.5 ft (LT) (aft of MS) (abv. BL)
Potson deck
Icing on Superstructure and Hull 0 113 10.0 26.2
1st Tier 1-72 19.1 2.2 24.9
2nd Tier 73-104 19.8 1.8 25.9
3rd Tier 105- 136 20.7 1.3 27.0
4th Tier 137- 168 21.7 0.9 28.1
5th Tier 169- 200 225 0.5 29.3

Table10: Cumulative ice weights and centers of gravity combining superstructure and hull icing with large cra

icing
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the capacity plan or structural drawings.e$edeductiors result inreference (& water tanks
havng 12% less volume than the capacity pld&eference (ajoes not include the settling tank
in the engine room dhe mid and aft double bottom fuel tanks.

Significant differences also exist betwaeference (aa n d  MiBoddleswind profilesas

shown inTable13. Compared to recent profile picturégaplel13), reference (aynderrepresents

the windage area of tlegab pots and the average height of the windage area of the
superstructureReference (alacks any apparent way to model higher tiers of crab pots even

though the model is limited to approximately 3 tiers as shown in the picture oveflalleil3.

This results in erroneously low heeling moments when a priesisuraes applied to the vessel

Table13 showsan example 53 knot wind aidaaft of 13.0fed. For this conditionreference (a)

has a heelingmomedAt% | ess t han MSCo6s 3Wildawhrt Banhi i€ 68 f p
3 tiers of pots.Tablel4dc o mpar es reference (a) to MSC6és mod
the | arge crab pots have more wind aresa, grea
model are shown.

Differences in windage and crab pots between models leads to drastically different weight
calculations for icing as well. To accurately model the weight and centers of gravity of
accumul ated i ce, MSC6s mwmgand vergcal pides af winddgy add s
volumes Reference (ajoes not include icirdy reference (bjndicates thait is later added as a

fixed weight and no calculations showing the derivation of this weight and center of gravity are
provided. For comparispreference (baccounts for icing thas fixed with 16.08 long tons of

ice at dongitudinal center of gravitgf 3.89 ed forward of amidships and vertical center of

gravity of 21.39 feetTable9s hows t he i cing we.iRgfarense(lls om MSCO
weight for icing is24 t027% | ower t han oMRBI&Ho$ pots Batause this ity

weight is located at a high vertical center of gravithias a sigificant impact on SCANDIES

ROSKE stability.

No downflooding points are presemithin reference (apr indicated in the notes provided in
reference (bjor comparison.However,anerroneoustatementvithin reference (bjvas noted
regarding2019 Stability Test noteshown inFigurel0.

Figure10: Downfloodingstatement from 201%tability testnoteswithin ref (b)

Usi ng MS CBigure Maadaailaft ofL3.0feet, downflooding occurs at a heel angle of
35°. Even at an assumkght shipdraft of 8.5 feet, theowrflooding heel angle to the engine
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room vents is 56° which is far beldve statement shown Figurel0t hat t he vessel
have to heel almo$0°to let water in'

-

Superstructure

Enclosed
Poop

Below Main
Deck Hull
Volume

Figure1l: Downfloodingpoints atreferencedraft (13.0feet) andassociatedingle ofdownflood (35°)

Figure12: Downfloodingpoints atlight draft (8.5 feet) andssciatedangle ofdownflood (56°)
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F/V SCANDIES ROSE
Computer Model Comparison

Reference A - Provided GHS Computer Hull Model

CG MSC GHS Computer Hull Model

All Dispacement, Tank, and Profile:
(Survey Photo - 6 June 2019)

¥
" |
[l e Al 1\
o 7 = i 7 T —————— — .
|, ) — . [ ———— !
! : ———il’"'!"""' — e S T 18 e
i s — |
i : __ﬂf__/ T 2 o -

Displacement (Buoyant) Parts Only:

Displacement ( Buoyant} Parts:

Ref. A Volume

. 2; ]

MSC Model Volume Difference with Ref. A

_____________________________________________________________________________________________ T . H A S A,
Lo 2 O e . NN
FORECASTLE.C 3837.7 4,925.50 28.3%
e O e Y SO 201% ..
SKEG.C 0 || 79.9 100.0%
Total Displacement voiume T S82004 T s7i383 Tdsw

Table11: Comparison ofef (a)and MSC's Hull Model Buoyancy with 2019 Profile Photo fnah(0)
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F/V SCANDIES ROSE Reference A - Provided GHS Computer Hull Model CG MSC GHS Computer Hull Model
Computer Model Comparison
P I NP Ty " et S g i Y
5 i e TN
Tanks Only Oy
(Compared with Capacity Plan / J
Pt ST
Dated 10/19/2007) il VAR
; 3 H tht il //
‘ i3 ] ] e N i e S M
MM H H M
Permeable MSC Per- Permeablg
Difference Ref. A Ref. A Volume Difference meability MSC MSC Volume
Capacity Capacity with Final Final Error to MSC MSC with (setto Final Final Error to
Plan Plan Ref. A Ref. A Capacity Ref. APer- Model Model = Capacity Model Model  Capacity match Model Model = Capacity
Tanks Volume Volume Volume = Volume Plan meability Volume = Volume Plan Volume = Volume Plan capacity Volume  Volume Plan
(cu.ft) (gallons) (cu.ft) (gallons) % (cu.ft) (gallons) % (cu.ft) (gallons) % plan) (cu.ft) (gallons) %
HOLD1.C 3630.0 27154.3 3830.6  28654.9 -6% 0.98% 37731 28225.1 -4% 4225.5  31607.4 -16% 0.85¢ 3630.0  27154.3 0%
HOLD2.C 4195.0 31380.8 4464.6  33399.0 -6% 0.98% 4397.6  32898.0 -5% 5006.3  37449.7 -19% 0.838 4195.0  31380.8 0%
HOLD3.C 3590.0 26855.1 3924.0  29353.6 -9% 0.98% 3865.1  28913.3 -8% 4342.0  32480.4 -21% 0.827 3590.0  26855.1 0%
DBLBTM_F.C 427.8 3200.0 488.1 3651.2. -14% 0.98% 480.€ 3596.5 -12% 581.C 4346.2. -36% 0.73€ 427.8 3200.0 0%
DBLBTM_M.C 842.2 6300.0 Tank not modeled 100% 0.0 0.0 100% 1024.5 7663.6 -22% 0.822 842.2 6300.0 0%
DBLBTM_A.C 842.2 6300.0 Tank not modeled 100% 0.0 0.0 100% 1004.7 7515.7 -19% 0.83¢ 842.2 6300.0 0%
FWDWING.S 1193.§  8930.0 384.8 2878.5 -2% 0.98% 379.C 2835.3 -1% 420.8 3147.8 -5% 0.94¢ 399.2 2986.1. 0%
FWDWING.P 1193.6  8930.0 384.€ 2878.5 -2% 0.98% 379.C 2835.3 -1% 420.8 3147.8 -5% 0.94¢ 399.2 2986.1. 0%
MIDWING.S *tank added from fwd 835.4 6249.2. -2% 0.98% 822.¢ 6155.5 -1% 837.€ 6265.7 -5% 0.94¢ 794.€ 5943.9 0%
MIDWING.P *tank added from fwd 835.4 6249.2. -2% 0.98% 822.¢ 6155.5 -1% 837.€ 6265.7 -5% 0.94¢ 794.€ 5943.9 0%
AFTWING.S 769.5 5756.0 849.1 6351.7 -10% 0.98% 836.4 6256.4 -9% 7735 5786.2. -1% 0.995 769.5 5756.0 0%
AFTWING.P 769.5 5756.0 849.1 6351.7 -10% 0.98% 836.4 6256.4 -9% 773.E 5786.2. -1% 0.995 769.5 5756.0 0%
AFTFUEL.S 987.¢ 7390.0 1013.0 7577.8 -3% 0.98% 997.€ 7464.1. -1% 1016.2 7601.7 -3% 0.972 987.¢ 7390.0 0%
AFTFUEL.P 699.1 5230.0 821.7 6146.7 -18% 0.98% 809.4 6054.5 -16% 765.1 5723.3 -9% 0.914 699.1 5230.0 0%
DAYTANK.P 520.0  3890.0 500.C 3740.3 4% 0.98% 492.5 3684.2. 5% 529.€ 3961.7 -2% 0.982 520.C 3890.0 0%
HYD_OIL.S 93.6 700.0 145.7 1089.9 -56% 0.98% 143.5 1073.6 -53% 175.1 1309.8 -87% 0.534 93.6 700.0 0%
HYD_OIL.P 93.6 700.0 145.7 1089.9 -56% 0.98% 143.5 1073.6 -53% 175.1 1309.8 -87% 0.534 93.6 700.C 0%
WATER.S 1019.3  7625.0 906.1 6778.1 11% 0.98% 892.5 6676.4 12% 1028.7 7695.2. -1% 0.991 1019.3 7625.0 0%
WATER.P 1019.3  7625.0 906.1 6778.1. 11% 0.98% 892.5 6676.4 12% 1028.7 7695.2. -1% 0.991 1019.3 7625.0 0%
LUBE_OIL.P 160.4 1200.0 191.3 1431.0 -19% 0.985 188.4 1409.6 -17% 251.2 1879.1 -57% 0.63¢ 160.4 1200.0 0%
SETTLING.C 406.4 3040.0 Tank not modeled 100% 0.98% 0.0 0.0 100% 408.€ 3056.5 -1% 0.995 406.4 3040.0 0%
SEWAGE.S 520.0  3890.0 500.C 3740.3 4% 0.98% 492.5 3684.2. 5% 529.€ 3961.7 -2% 0.982 520.0 3890.0 0%
BULWARK.C 12530.3  93733.2 0.95C 11903.8  89046.5
FOREPEAK.C 635.€ 4754.6 0.95C 603.8 4516.9
BALFWD.C 750.3 5612.6 0.95C 712.8 5332.0
BOWSTORE.C 3861.1  28883.0 0.95C 3668.0  27438.9
WORKSHOP.C 5278.7  39487.4 0.95C 5014.6  37513.0
PWAY.S 1401.6  10484.7 0.95C 13315 9960.5
PWAY.P 1401.6  10484.7 0.95C 13315 9960.5
ER.C 9396.0  70287.0 0.50C 4698.0 351435
BERTHING.C 8489.6  63506.6 0.95C 8065.1  60331.3
Tablel2 Tank Capacity Comparison between ref (a) and
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F/V SCANDIES ROSE

- Reference A - Provided GHS Computer Hull Model CG MSC GHS Computer Hull Model
Computer Model Comparison

Windage Surface Areas and 1 r
Heeling Moments / - g P

Average Height Heeling Moment Average Height Heeling Moment
Windage Part Tiers of Pots Above Waterline  Exposed Area  with 53 knot wind Tiers of Pots Above Waterline  Exposed Area  with 53 knot wind
(feet) (sqg.feet) (foot-Long Tons) (feet) (sq.feet) (foot-Long Tons)

Hull Windage at 13.0'Draft  notnoted 61 7%0 275 . .S . .......70 685 318
Superstructure Windage  notnoted 110 10560 €63 5 148 980 849
Crab Pot Windage not noted 170 2524 249 5 N 2
Totals not noted 2104.4 118.7 5 2825.6 216.9

Hull Windage at 13.0'Draft ... A ..o . es8s 318
|Superstructure Windage A 148 933.0 849
Crab Pot Windage 4

L O O SO JOUT O COS 26196 A1z

Hull Windage at 13.0'Draft 370

Crab Pot Windage
T RIS B

Table13: Windageareacomparison betweeref (a)and MSC's Modelvith small potsoverlaid onprofile picture of SCANDIES ROSHEdate unknown)
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F/V SCANDIES ROSE

- Reference A - Provided GHS Computer Hull Model CG MSC GHS Computer Hull Model
Computer Model Comparison

Windage Surface Areas and 1 {r
Heeling Moments ¢ y 3 e

= | . = =

N —

Average Height Heeling Moment Average Height Heeling Moment
Windage Part Tiers of Pots Above Waterline  Exposed Area  with 53 knot wind Tiers of Pots Above Waterline  Exposed Area  with 53 knot wind
(feet) (sqg.feet) (foot-Long Tons) (feet) (sq.feet) (foot-Long Tons)

Hull Windage at 13.0' Draft not noted 6.1 796.0 27.5 5 .
Superstructure Windage not noted 11.0 1056.0 66.3 5 14.8 933.0 84.9

Totals o W motnoted | 20044 BT B 309062585

Hull Windage at 13.0'Drat 4 70 e85 318

Superstructure Windage

4
Crab POt WINdage A 18312443 1024
Totals 4

Hull Windage at 13.0°Daft | | ek Do 69 _..l...88L5 o 318 .

Superstructure Windage .83 ... 148 980 89

el L S U S S AU S SR 3 O SO .. SO O£ .- S
3

Table14: Windage area comparistietween ref (a) and MSC's Model with large pots overlaid on profile picture of SCANDIES ROSE (date unknown)
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4.5. Hydrostatic Hull Modeling Conclusions

Sufficient drawingsand recent photograpl$ SCANDIES ROSEwere providedo allow

detailed hullmodelingpand a hi gh confidence in MSC6s hydro
(Hull, Forecastle, Poo@remodeledwith the highest confidence given the quality of the lines

plan and verificatiomsingstructural drawings. Supersttuce and windage profiles are

modeledwi t h hi gh confi dence as well, modeldd mul ti pl
profile. Icing surfaces are accurate to regulatory requirements of 46 CFR 28.550 with the

assumption thainly the outer surfaces of theab pot stackaresubject to surface icing.

Good correlatiorof buoyant volumgbelow the main deckwasobtained between he owner 6 s
naval ar chirefaencefag n ho s Cé s nmodel . Al most al l
significant differences Refe@ence (ayiffers from recent photographany of thedifferences

in reference (apccur in the norconservative directigomaking the model portray a safer

condition than realitythe poop buoyant volume is ttarge windage aresare toosmall icing

loads ardower in magnitude and heigland tank capacities do not match SCANDIES ROSE
documented tank capacitieReference (a)eglects downflooding altogethevhich drastically

inflates the maximum heel angles at whitemodel predicts SCANDIES R@Scan survive

without flooding.
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5. SCANDIES ROSE STABILITY TESTS

An inclining test was required for SCANDIES ROSE by 46 CFR 28.535 due to substantial
alterationsof the vessehfter 1991 As revealed by the 2019 inclining test, SCANDIES ROSE
experienced the followingchangedld e f i ned as fAsubstanti a) al ter &

1 Anincrease in the vertical center of gravity at lightweight by more than 2 inches (51
millimeters) canpared to the original lightweight value.

1 Anincrease or decrease of lightweight displacement by more than 3 percent of the
original lightweight displacement.

1 A shift of the longitudinal center of gravity of more than 1 percent of the vessel's
length.

Fedeal regulationgor the procedure and performancaraflining tests on uninspected fishing
vesselsare not strictly definedd6 CFR 28.535 (d) states:

ASTM F 1321 (incorporated by reference, see §28.40), with the exception of
Annexes A and B, may be ussdguidance for any inclining test or
deadweight survey conducted under this section.

For the purpose of evaluating the accuraciyndlining tests performed on SCANDIES ROSE,
this document wilcomparedocumentegbroceduresvith reference (bjo those precribed in
ASTM F 132192,

The purpose of an inclining test is to determ
the empty vessel weight (light ship weight) and center of gravity. Incliestgesultsare

dependent on the B form of thevesselandmodern testgypically use computerized hull

models to perform required calculatiorfS8ection4 of this report describes discrepancies found

with the computerized hull model of SCANDIES ROSE.

A completeinclining testconsists of two distinct parts: a lightweidbt deadweightsurvey and

an inclining test The terms fAst agbitleistty taeet @ofard fisedl
however, the lightweight survey is an integral and required part of an inclining test as outlined by
ASTM F 132192,

The purpose of the lightweight survey is to identifythe s slight sbifs weight and
longitudind center of gravity (LCG).This is achieved through the following generalized steps
with quoted textrom ASTM F 132192

QA Survey the entire vessel to identify all/l
from the vessel, or relocated on thesves| to bring the vessel t o
This includes liquidsintankehi | e recommending dall tanks
or completely full .o Specific accuracy re
1/8 inch.

32



MSC Technical Report: SCANDIES ROSE Intact Stability February 8, 2021

(2)A T a k e rti/dradt eebdings to establish the position of the waterline to determine the
displacement of the vessel at the time of the stability test. It is recommended that at least
five freeboard readings, approximately equally spaced, be taken on each side of the
vessel or that all draft marks (forward, midship, and aft) be read on each side of the
vessel. Take draft mark readings to assist in determining the waterline defined by
freeboard readings or to verify the vertical location of draft marks on vesselstiwsiere
location has not been confirmed. The locations for each freeboard reading should be
clearly marked. The longitudinal location along the vessel must be accurately determined
and recorded since the (molded) depth at each point will be obtained fronetises e | 6 s
lines. All freeboard measurements should include a reference note clarifying the inclusion
of the coaming in the meaSpadfieancmnady and t he
requirementsnclude freeboard measurements to the nedr8shch.

The purmse of the inclining test is to identify the vertical center of gravity (VCG). Transverse

center of gravity (TCG) is also found during the inclining test, although this point is normally

near the centerline of a vessel that is symmabyaut its cententie Determination of the VCG

is achieved by moving weights a knowansverselistance on the vessel and measuring the
inclination of the vessel. AThe standard tes
F132192.

During the stability test, twoonditions for the vessel are found:

1 Condition Ois the vessalveight, LCG, and VCG as found durittge tes{this includes
weights that must be deducted or added such as inclining test weights)

1 Condition lis the vessel weight, LCG, and VG@& theempty,but operationally
completevesselthelight shipcondition)

Two documented stability tests were performed on SCANDIES Rf3Sidicated by the
documents withimeference (b)

Date Location Naval Architect
1988 Aug 28 Duwamish Shipyard, Seattle, WA Bruce CulverandR. Merrill
2019 April 12 Lake Union, Seattle, WA Bruce Culver

Available documentation for both testslicates that the tests do not conformttee ASTM
F132191 standarchnd fail to provide a basis for the resultiightweights and caters of gravity
usedin subsequent stability analysisrigference (h)
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5.1.1988 Stability Test
5.1.1. 1988 Lightweight Survey

Documentatiorprovided withinreference (bjor the 1988 lightweight survefFigurel3)
indicates that SCANDIES ROS#splacement at the time of the stability tests 690.49 long
tons with an LCG of 11.24 feet aft of amidships. Thedaesarenormallybased on the

freeboard and draft measurementsvgtedon page 2 of thetability testdocumentationwhich
areprovidedin Figurel14.

i C. G. ABovE BAse C. (1. Fuou M. P, T
3 DISPLACEMENT E
ITEMS AND WEIGHT VERTICAL Feer AFTER Fert FORWARD
MOMENTS AFT MOMENTS For'D MOMENTS
O O (... ST QR N S Miotems: )] estess
Ship in Condition O........ocoveien oo |em foelO\Q‘q | “‘qB %Z 37‘55, “\?‘q- 11%"” ............ EIR=-— - T
Weight to complete.. ... ... .. 3‘°G !ls‘so . 4—Q_‘$.O 2): By M T W &'Ob T (" ‘G.Q
e LABERL 1 B2RES| 7285
i o A9
‘ Foreign weight—to be deducted. ' ‘z'o%‘ \q'l | 4'4'4'?"1' : 7“:‘ %1.0 e SO
Ship in Comdition Luuivisicacsiivanisy IL 4.3.5.‘3.5.1!§§°3|.9.%..33‘}.’5.;\9;‘ q-i.s ?'\ ?}"03 ST IO PR

Figure13: Noteswithin ref (b) Calculating the.ight shipWeight Condition of SCANDIES ROSE from 1988

24 , f\ 413" (Poer)
gt DRAFT MNLLS - WATERLIN € AS INCLINGD
\Y ¥+ (aer of ) //‘la'-w Fwb DRAFT mARKS

R —— BascLING

Figure14: Noteswithin ref (b) Plotting the Location and Position of Lightweight Survey Freeboard and Draft
Readings
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Usingthesketchin Figurel4, the following potential errors are noted when referencing ASTM

F132192:

il
1

Only two freeboardsind two draft readingsre noted Five freeboardre
recommended(ASTM F132192 Sectiorv.1.2.])

The longitudinal location of readings is not noted, although some major reference
features of the vessel can be inferred (i.e. Extreme affy@dt part of main deck,
draft mark locations)ASTM F132192 Sectior/.1.2.1)

Freeboards do not note the inglbn of coaming heights or deck thickneASTM
F132192 Sectiong.1.2.1and 7.1.2.8)

It is not apparent whether freeboards were recorded on both sides of the vessel
(ASTM F132192 Sectiorv.1.2.1)

Although draft marks may be substituted for freeboal#sekact location of the
markshouldbe verified in drydockASTM F132192 Sectior/.1.2.6)

Freeboard and draft readings notappear to meet the recommended precision of
1/8 inch ASTM F132192 SectiorD.1)

No drawings are available showing draft mar&dtions on the hull. To reference these
locations, a picture of the vessel was usedurel5, fromref (0)). Visible draft marks in the
picture were referenced to the shear plan by matching this plan to the main deck line. Good
correlation was found between the size of the mayksc@ally 6 inchestall, 6 inchesbetween
marks) as well as with the bottom of the skeg and bottom tangent line of thbdwwever, the
draft markings may have changed between the 1988 stability test and the ttimphaftograph.

Drafts are calculated lyeducting the freeboard from the hull depth at the reading loaatiog
the hull model providedréf (a). Draft marks are converted to baseline draftshown ifrable

15.
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Freeboard/ Freeboard/ Freeboard/ Freeboard/
Draft Draft Draft Draft
Measurement 1| Measurement 2| Measurement 3 Measurement 4|
Longitudinal Location 61500 -44.400 -36.000 56.000
(feet from amidships) ' ' ' ‘
Hull Depth at Location 14.450 22.960 14.430 26.070
(ref (a), feet tobaseline)
Deck Thickness 0.000 0.000 0.000 0.000
(if noted)
Freeboard
(Fromref (b), feet from top of deck) 2.833 3.958
Draft at Marks 13.375 3.833
(feet)
Draft at Location
(ref (a), feetto baseline) 11.617 11.167 10.472 5.173
Least Squared Fit Trendline 11.873 10.905 10.430 5.221
Error 0.257 -0.262 -0.042 0.047

Tablel5: Drafts Calculated from Freeboards Using Depths freffa)
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”3

Ll
‘.\u 5
/AL
28

Figurel5: 2019 pofile photograpHrom ref (o) with Lines Plarprofile (ref (d)) andgreendraft marksoverlaidt o i ndi cate MSC6és assumed d
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ASTM F132192recommends thdhe naval architect use an outboardfife drawing of the

ship to plot the location and position of each freeboard and draft reading. The resultant line from
the plot can then be used to identify the quality of the readings: the points should fall on a
straight line for a ship that is nob¢iging or saggingGood correlation with a straight line is

found using these measurements with asgRared value of 0.994&Jsing themodel provided
asreference (g)the displacemerfor Condition Ois calculated a§95.44 long tons with an LCG

of 1094 feet aft of amidships.

The computer hull model independently developed by MSC has slightly diffeeentdeck
depthsthanreference (a) When using these depths to reduce freeboards to drafi.stpeared
value is 0.9951 (closeness of fit with a straight line). The displacement is calculagti &s
long tons with an LCG d3.97feet aft of amidshipeepresenting good correlatiavith reference

(a).

No correction for @ck thickness is noted in the freeboard measurem8&irtsctural drawings
notethatéd c k p |l at i n gwhichgeprBsentsd eérrortinhmeighkcalculation dflong ton
when applied to the freeboard readings to convert them to baseline dtagglate thickness
error is considered negligible and is not addressed further

The hydrostatismodel provided as reference (a) does not match the waterplane shéigura

14 when the weights listed Rigurel3are enteredthe model provided by Mr. Culveannot
replicate the results of Mr. Cul veTalde§ 1988 Li
(provided hydrostatics table using GHS version 6.44)Taide 7 (hydrostatics of the provided

model wusing MSCO6s GHS version 17.30C) demonst
version is not a source of the discrepanitys theefore likely that a different hydrostatics

model was used in 1988 and not the hydrostatics model provided as reference (a).
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: Longitudinal Longitudinal
M\;V(?:%Bée Center of (Trimming)
(gLT) Gravity (Feet, Moment
Positive Aft) (Feet*LT)
Calculations from 1988 Test Notiesref (b),
As TestedCondition G 690.49 11.24 7761.1
ref (a) Calculation,
e o e 595.44 10.94 6514.11
MSC Model Calculation,
As TestedCondition G 597.71 9.97 5959.17
Weight to Deduct frorhi988 Test Notes ref (b): 208.14 12.61 2624.2
Weight to Add from 1988 Test Notesef (b): 3.00 -2.00 -6.00
Calculations from 1988 Test Notiesref (b),
Light Ship.Condition 1 485.35 14.09 5213.09
ref (a) Calculation,
Light Ship Condition & 390.30 9.95 388360
MSC Model Calculation,
Light Ship,Condition 1 392.57 8.47 3325.07

Table16: Calculation of light ship weight (Condition 1) from 1988 stability test notes provided with ref (b)

The weights to remove and addie testecdondition(Condition Q to calculate the light ship
condition(Condition J), cannot be verifieffom the information provided to MSi@ reference
(b). Using the weight magnitudes and locations as gihenresults are calculateas shown in
Tablel7. Usingreference (g)the astested(Condition Q displacement i85 Long Tons less
than documented. This 95 LT weight discrepancy is carried forward@andition Othrough
thelight ship weightcalculation Condition ) contained irreference (h)

For thereasons noted previousMSC considers its model arwhlcultionsof light ship
characteristics to be more accurate than those determinefgérence (aand B and thus used
them in subsequeanalysis.MS C 6 s ¢ a Imatehthasdcamepletes] withreference (a)
within a 2% toleranceM S C @adculatedightweight of 392.57long tonsandLCG of 8.47feet
aft of amidshipsvasusedin thestability analyss in this report.
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5.1.2. 1988 Inclining Test

Calculation of the vertical center of gravity is dependent upon the cabcutHtvessel

lightweight notederrors in the weight calculation propagate into the vertical center of gravity
calculation.

GERSMIGIRT  graRILITY TEST . Seavcics Rose _ Page....of
WEIGHTS TOo DEDUCT
Data vor Tanks C. G. Asove Bass C. C. Frou M. P.
Laaons |sounora ekl aetsof_aepou ks i s taahr ot el ] = ] = (B e
FUEL - FWD DOUE;LC eorwom 1,0% (201 1411 2515 1M6.5%
....... B B e Rl e s R
FUEL- MIDSHIPS wives #/S | 4246 |563| 241,60 T e 333
rucx_—/\m‘ wwec.rr’/s 2907 |53 21986 [11.00] 42907
FUEL — AFT SToRAGL TANKS) 13,6%|16.40f 193 Bl1360| Q1454
w\TE& (mso e»-.) qn 47[e.50] 463.49[33.06| | Sbbk.5 |
LUBE O\L 1 4 ez h2qo 51.36 [¢175] 1a1.96
MSC. TooLs € EQUIPMCNT 22 [1n.50 275 1000 4.¢0
INCLINNG Acxewfs - 207 60| 34.57 100 2.01
PERSON NCL 1.07 |wsd| 1337 (| isq0
|4¢%au105.63 \-uc'L'» MIDSH p'f'ri"ﬁsu sorem| 576 50 wstl | 126|  4.0.27
| [ wsa2n| 2041 | FUCL - 'Ah'.ﬂomcx TANK (P) M. 24210 | 03 %\ |48.50 §45.14
| VLD | OB 84 94 E2Y | 124,50 W82.4¥
................................... s . [QRIED
2.2 254202

Figure16: Stability test notes (from ref (b)) calculating weights to add and remove with calculation error
highlighted. The correct calculation is8 1™ "¥T@® Q0 (& ™ "¥'QO
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Figurel7: Stability test notes recording weight shifts and inclination angles from 1988 (ref (b))

Figurel7 documentgheinclining test performed on SCANDIES ROSE in 198&is inclining
testdoes not conform tthe following itemsecommendetly ASTM F132192:

1 Inclining usedonly 4 weight movements$ Qff-centerlinemovementarerecommended
by ASTM F132192 Section 7.1.3.3)

1 Maximum pendulum deflection is unacceptably low at a maxnm of 0.5625 inches (6
inches is reommendedy ASTM F1321925.6.2)

1 The inclining plot does not cross the origin as showRigure18, and thependulum
deflectionwith zero weight shift should have been recorded tWARTM F132192
7.1.38). Figurel8woul d have a poi n4Trdml tolfFigured?riygiim i
was accurateLack of zero crossing indicates a potential error or steady heeling moment
which could be verified if zero weight shift readings were obtained and plotted

The slope of the plot provided Figurel8r e pr es ent s t hrmetasehtiicndght, t r ans v
GM, multiplied by the total weight of the vesget hi s pr oduct i s andghiser r ed

is how the vertical center of gravitygalculated.A slope of 3866.5%00t tonsis notedin Figure
18.
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PLOT OF TANGENTS
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Figure18: Stability test notes plotting heeling moments and tangenilfing from 1988 notes in ref (b)

Using the data frorrigure17, MSC independently plotted and calculated the slope by least
sqguared | inear regression. | f the measur emen
foot tons I f the measurement provided forofitRTri al
in Figure18), the slope is calculated 8844.66foot tonsby MSC.

Tablel7indicates that the vertical center of gravity ranges from a miniroumost favorable

value,of 14.09 feet (as used by the stability analpsavided inref (b)) to a maximum of 15.08

feet. MSC considershe most accurate vt o b e catBl&eu salue without using the

fiTial30 point; futur e stiskdased dthisypssumedeiticalcenterofi n t hi
gravity of 1463 feet.
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. . o Condition Moment of . .
Weight Cond!tlon GMTM | GMTM GM Formal Free | Condition 0| Condition 0 Vert. ng of Wt to Add/ L|ght L|ght
Source 0 Weight Source | (ftLT) (feet) Surface Corr | KM (from 0VCG Moment Weight to Remove Weight Weight
(LT) (feet) model, feet) (feet) " Add/Remove . (LT) VCG (feet)
(ft*LT) (ft*LT)
) 690.49| MSC® | 3856.49| 5.59 0.34 17.94 12.01| 8296.13 20514 | 1386.80|  485.35 14.24
Calculation
1 (9 690.49| MSC® | 3844.66| 5.57 0.34 17.94 12.03| 8307.96 20514 | 1386.80|  485.35 14.26
Calculation
Er ) 690.49| ref (b) | 3866.55| 5.60 0.34 17.94 12.00| 8286.07 20514 | 1386.80|  485.35 14.22
Calculation
ref (b)
Calculation 690.49 ref (b) | 3866.55 5.60 0.34 17.879 11.93 8237.55 -205.14 1397.7% 485.35 14.09
(as recorded)
ref (a) Model 595.44| MSC® | 3856.49 6.48 0.34 19.01 12.19 7260.37 -205.14 -1386.80 390.3 15.05
ref (a) Model 595.44| MSC® | 3844.66 6.46 0.34 19.01 12.21 7272.20 -205.14 -1386.80 390.3 15.08
ref (a) Model 595.44 ref (b) | 3866.55 6.49 0.34 19.01 12.18 7250.31 -205.14 -1386.80 390.3 15.02
MSC Model 597.71| MSC® | 3856.49 6.45 0.34 18.70 11.91 7117.47 -205.14 -1386.80 392.57 14.60
MSC Model 597.71| MSC® | 3844.66 6.43 0.34 18.70 11.93 7129.30 -205.14 -1386.80 392.57 14.63
MSC Model 597.71 ref (b) | 3866.55 6.47 0.34 18.70 11.89 7107.41 -205.14 -1386.80 392.57 14.57
Note(a) MSC cal cul ated GMTM including fAtri al 30 zero
Note(b) MSC cal cul ated GMTM not ncluding fAtrial 30 z

Note (c) KM is given inref (b) notes, not from Model
Note (d) Moment includes mathematical error in calculation showfignre16

Tablel17: Variability in Vertical Center of Gavity (VCG) Calculatios with Lightweights and Incline Plot
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5.1.3. 1988 Stability Test Results

USCG review of stability test procedsr@nd results for SCANDIES ROSkasnot required in
1988. The stability test procedure performed and results obtained donfarm toASTM
F132192 as recommended by 46 CFR Subpart 28.838culation errors resulted in a large
lightweightdiscrepancy (95LT) and a significant vertical center of gravity discrepanay (0.5
feet)betweerSCANDI ES ROSEOGsOsnavvamldu ¢dS Chs treegul t s

Although the calculations contain discrepancies, the tesswfisiently documented and
formed the basisfaS C6 s i n d e p e whichusddtheadatafioy the netés obtain
the followinglight shipcharacteristics:

Lightweight| 392.57 | Long Tons
Vertical Center of Gravity 1463 | Feet above Baseline
Longitudinal Center of Grauvit 7.41 | Feet Aft of Amidships
Table18: MSC CalculatedLight shipCharacteristics from 1988 Stability Téébtes

MSCo6s | evel asfcalcolatad/bluesbelightship panameteis limited bythe
following:

1 Insufficientof heel angle obtained during the inclining test (exsdifficientof pendulum
deflection)

1 Too few weight movements during inclining test

1 Limited number of freeboard and draft readings and lack of verification on both sides

1 Confidence in accuracy of liquid load and weights to add and deduct

5.2.2019 Stability Test
5.2.1. 2019 Lightweight Survey

Theresults of the 2019 lightweight survey are not explicitly provided as stability testanotes
results despite these items beingommendedby ASTM F132192 Section 8However, the
light ship weightand centers of gravity adocumengdin stability analysis fileprovided in
reference (bas shownn Figure19.

To validate theight shipweight from freeboard and draft readings, limited additional
information is provided on several sheets witleiference (basshown inFigure20 andFigure
21
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19-05-13 03:20:08
GHS 6.44

Baseline draft:

LIGHT SHIP

Crew & Effects
Stores

1st tier 88 pots
2nd tier 40 pots
3rd tier 40 pots
4th tier 40 pots
Ice on Hull

Total Fixed-----

SCANDIES ROSE

CONDITION 1 DEPARTURE, MAXIMUM CONSUMABLES, 208 POTS

WEIGHT and DISPLACEMENT STATUS

13.114 @ Origin, Trim: Fwd 0.34 deg., Heel:
mmmmm e meeeeo Weight (LT)----LCG----- TCG--

548.32 3.30a 0.00

1.00 5.00a 0.00

1.50 15.00a 0.00

32.80 8.50f 0.00

14.91 8.50f 0.00

14.91 8.50f 0.00

14.91 8.50f 0.00

16.08 3.89f 0.00

———— 644.43 1.73a 0.00

Page 8

Port 1.31 deg.

Figure19: 2019 stability analysis (provided within ref (b)) noting the light ship weight and centers of grav

dated 13May-2019
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Figure20: Ref (b)notes withapparentweights todeduct. Undatedut assumed to be relevant to the 2019

stability test

Usingthenotesin Figurel9andFigure20, t he HAwei ght
weight and longitudinal center of gravity can be calculated in tiestesd conditionGondition

0).

to deduct

The total weight to deduct frofable19 and thdight shipweight used ifFigure19 were used

by MSC to calculatéhe weight and LCG of SCANDIES ROSE during the 2019 stability test
because this was not provided@ference (b) Theastested Condition Q weight was assumed

to be587.73 Long Tons with an LCG of 2.96 feet aft of amidships.

Several disparate freeboard and draft measurements are providéstemce (bas shown in

Table20. Usingreference (a)these measurement sets provide a range of weights for the vessel

as tested@ondition Q from 606.52 LT to 611.47 LT. It is not known which freeboards were
actually measured during the lightweight surpeyformed at the time ahe stability test in
2019 MSC assumd that thefreeboards within the larger list oégthsfreeboard, and daftsat

45

by

0]

S



MSC Technical Report: SCANDIES ROSE Intact Stability February 8, 2021

the bp of Figure21represent data as measured durindigigweightsurvey because these
measurements do not result in a petjestraight waterlinglotd indicativeof rough data as
measured in the fieldHowever, observed erasures and lack of context for the vallkégure
21 decrease confidence in these values.

SCP)ND[ES EOSE

- DG PTH Feccronnp DAL T
MSC asumed (il K-Sz N ol w 32 S 5125 SRS
this catawas |l IEC AP CcE o 1433 540 ) i%lqg
recorded during Ey) S PR =
] =W -
thelightweight § L (433 £51 »  — Sua
survey A Ve fwD 1470 EERS 1 &%7
L FEwD 15,10 e %271
GHS command
for defining
G C AN e 0.0 drafts

|onner = G232 @ \gA, BI@ LI
_A00" \n C,‘,—\N\,NGJ'\L‘S l6Te S, $F, O 12,95
noo " pcrt'%ng/vc; L El 5 Z,F} O) |B. 00
MO0 My o i Deerc” 1,24 _ l’Z,F\) 0> 1. SO
L tono (waTce, P)  %C%, .
teno Cwaten.S) Po'h
leeap Coay ?‘/)Nli.p) ?5\%7
HLicap GoerE el S) 227
Figure21: ref (b) notes with apparent draft and freeboard readings and weights to deduct. Weights to c

mostly correspond to those kiigure20 (seeTable19). Undatedbut assumed to be relevant to the 2019 stabi
test
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SCANDES ROSE
APRL 12. 2010 ATERLIE AS| BICLHED
WATER SG LOCO /]ECK
I

55 L}D 553 agre

ag

X0 X=-645

Figure22: ref (b) notesplotting thelocation angosition oflightweightsurveyfreeboard andraft readings on SCANDIES ROSE datedAgr-2019
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Item Weight (LT) LCG (feet)
Inclining Weights 6.53 4.00f
Personnel 0.41 2.00f
Misc.on Deck Weights 1.34 12.00f
WATER.P Tank 30% Capacity 2000 gal 7.46 28.45a
WATER.S Tank 30% Capacity 2000 gal 7.46 28.45a
DAYTANK.P Tank 81% Capacity 3000 gal 9.67 56.08a
AFTFUEL.S Tank 27% Capacity* 2000 gal* 6.53 44.78a
Total Weight to Deduct 39.40 30.87a
* Note: 27% capacity in the Starboard Aft Fuel Tank is equivalent to 2,000 gallons/6.53 LT of di
notedby ref (n), which indicates the aft fuel tank capacity is 7,390 gallae$ (b) indicates 27% and
3,000 gallons are loaded in this tank. 3,0@G0answould beequivalent to 41% of capacity with 9.¢
LT of diesehccording to the Capacity Plan, Ref N

Table19: Weights to Deduct fromef (b) 2019 Stability Test Notes

Light ship is determined by applying the weight to dedache agested(Condition Q weight

of the vessehs shown imable22. Using the freeboard measurement setsference (h)light

ship weight ranges from 567.12 to 572.07. Howevergference (bjndicatesb48.32 LTwas
used instability calculations shown iRigure19. Thislight ship weights betweenl8.8 LT to
23.75 LT less thanalculated during thstability test and approximately 150 LT heavier than the
light ship weight in 1988.

In addition to usig a light ship weight that is not supported by the stability test measurements,
documentation withimeference (bindicate the followingtems that do not conform to
recommended stability test procedures

1 SCANDIES ROSE had excessive trim (>2 feet) duthglightweight survey and
was not fias c¢cl ose as pos srecdimimendadaASTM ven | i
F132192 sectiorb.4)

1 Five freeboards were apparently recordeéidre21) but not on each side as
recommendedASTM F132192 sectior/.1.2.1)

1 Draft markswereapparently not takemlthough extreme baseline drafts are shown
in Figure22 (ASTM F132192 sectior7.1.2.1)

T A survey of the vessel to
removed from the vessel, o
indicated byFigure23 (ASTM F132192 sectior/.1.1.4)

1 Freeboards do not note the inclusion of coaming heights or deck thickvg=s! (
F132192 sectiong.1.2.1 and 7.1.2.8)

1 No report, data sheets, or calculations are provid&€d M F132192 sections.1
through 8.3)

al |
ed on

= I

identify
rel ocat

A lightweightof 578.33long tons with an LCG 00.52 feet aft of amidships calculated agem
(d) of Table22. These valuesre calculaté usi ng MBohadhefreeboaddgisted in
Figure21; this listof depths, freeboards, and calculated drafts is the typicathvaayaw data is
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recorded during Aghtweightsurvey and these valuage the most supportedthin the stability
test notes.However, his light shipweightis 183 long tons (46%) heavier thtrat found in
1988. Possible sources of this discrepancy incleders in freeboard readings or weights to
deduct.

A letter to Mr. Mattesen withineference (backnowledges the heavier than expected
lightweight afterthe stability testKigure23). This letter cites several possible discrepancies
including missing weights, weight growth, and tankage

BRUCE A. CULVER, NAVAL ARCHITECT
P.O. BOX 112244
TACOMA, WA 98411

TELEPHONE (206) 547-0484 (253) 759-3875
Cell (206) 849-6894

Email bruceclvri@aol.com

May 17, 2019

Dan Mattesen

1517 Perry Avenue
Bremerton, Washington 98310

Enclosed are two copies of the stability book for the Scandies Rose. It can carry pots up to the pilothouse
windows as discussed without much difficulty. The light ship weight was a bit heavier than 1 expected —
there may have been something in the holds that we missed, or it may have gained some weight over the
years. The tankage is a little different between this boat and the Patricia Lee, and some things may be done
differently than when [ first did this. If you see anything that should be changed tet me know and I’ll revise
it at no charge.

Sincerely,

Bruce A. Culver, P.E.

Figure23: Letter fromMr. Culverto Dan Mattesen dated 17 May 2019 (found within ref (b)), indicating th
unknown weight may have been onboard during the stability test
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Longitudinal Location (feet fron

Calculated Displeement and LCG

ami ds hi
i . 61.5a | 18a 8a 2f 12f 22f 64.5f usingref (2) GHS Model

Source Z Reading
() ref (b) List of Depths Freeboard 5.125 | 5.400 | 5.570 | 5.830 | 6.230 Displacement] 611.47 | LT
Freeboard, Drafts Draft 9.225 | 8.930 | 8.760 | 8.870 | 8.870 LCG: | 2.78 ft aft MS
(Top of Figure21) Error -0.140| 0.078 | 0.171 | -0.016 | -0.093 Leastsquared fit, R | 0.4816
(b) ref (b) GHS Command | Freeboard Displacement] 606.52 | LT
for Defining Drafts Draft 9.230 8.760 LCG: | 551 ft aft MS
(Line 10 ofFigure21) Error 0.000 0.000 Leastsquared fit, R | N/A

Freeboard 5.125 | 5.319 | 5.513 | 6.079 | 6.693 Displacement; 608.99 | LT
(c) ref (b) Plotted Data Draft 10.050| 9.225 | 9.011 | 8.817 | 8.621 | 8.407 | 7.603 LongitudinalCenter of) , ., | ¢ ¢t ms
(Figure22) Gravity:

Error 0.006 | -0.018| 0.001 | -0.001 | 0.000 | 0.019 | -0.006 Leastsquared fit, R | 0.9998

I:l Cell Shading Represents Data Providetein(b), all others calculated by MSC
Table20: Disparatdreeboard andraft measurements from 20¥ability testusingref (a) GHS model to calculate values

50

Longitudinal Location (feet fron Calculated Displ e
ami dshi6l5a |18a |8a | 2f 12f | 22f | 64.5f aicliated Lisplacement an
- - using MSCo6s GHS N
Source Z Reading
(d) ref (b) List of Depths, Freeboard 5.125 | 5.400 | 5.570 | 5.830 | 6.230 Displacement]| 617.73 | LT
Freeboard, Drafts Draft 9.275 | 8.970 | 8.800 | 8.760 | 8.780 LCG: | 243 | ftaft MS
(Top of Figure21).
Drafts Calculated from MSQ gyror -0.118 | 0.067 | 0.117 | 0.037 | -0.103 Leastsquared fit, R | 0.7656
Model
(e)ref (b) Plotted Data Freeboard 5.125 | 5.319 | 5.513 | 6.079 | 6.693 Displacement]| 612.38 | LT
(Figure22). Draft 10.050| 9.275 | 9.051 |8.857 |8.511 |8.317 | 7.603 LCG | 359 | ftaftMS
Drafts Calculated from MSC ]
Model Error 0.026 | -0.069 | -0.045| -0.051| 0.095 | 0.089 | -0.047 Leastsquared fit, R | 0.9919
I:I Cell Shading Represents Data Providetein(b), All OthersCalculated by MSC
Table21:Di sparate freeboard and draft measurements from 2019
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=OIEe ] Longitudinal
Weight Center of (Trimming)
Calculation Source Magnitude Gravity Momen?
&L (FoE (Feet*LT)
Positive Aft)
~ | (a)ref (b)List of Depths, Freeboard, Drafts
E (Top of Figure21), Usingref (a) 611.47 2.18 1699.89
0
(]
= | (b) ref (b)) GHS Command for Defining Draftj
@ (Line 10 ofFigure21), Usingref (a) 606.52 5.51 3341.93
=
2 i
> (c) ref (b)PIot_ted DataKigure22), 608.99 452 2752 63
=3 Usingref (a)
o
S (d) ref (b) of Depths, Freeboard, Drafts (To|
S of Figure21). 617.73 2.43 1501.08
'g Drafts Calculated from MSC Model
© (e) ref (b) Plotted DataRigure22).
Drafts Calculated from MSC Model 612.38 3.59 2198.44
Weight to Deduct from 2019 Test Notes 39.40 30.87 1216.161
(Table19): ' ' '
Weight to Add from 2019 Test Notes: 0 0 0
(a)ref (b) List of Depths, Freeboard, Drafts
(Top ofFigure21), Usingref (a) 572.07 0.85 483.73
<
D | (b)ref (b) GHS Command for Defining Draft;
g (Line 10 ofFigure21), Usingref (a) 567.12 3.75 2125.76
=
2 .
i (c) ref (b) PLIJot_ted DataKigure22), 569 59 270 1536.47
= singref (a)
-z_,? (d) ref (b) List of Depths, Freeboard, Drafts
= (Top of Figure21). 578.33 0.52 300.73
IS5 Drafts Calculated from MSC Model
= (e) ref (b) Plotted DataKigure22).
=
8 Drafts Calculated from MSC Model 572.98 174 996.99
Weight Actually Used imef (b) Calculations
(Figurel19), Not Supported by Test Notes 548.32 330 1809.46

Table22: Calculation ofight shipweight Condition J) from 2019Stability Test Notes
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5.2.2. 2019Inclining Test

Calculation of the vertical center of gravitpm an inclining tesis dependent upon the
calculation of vessdightweight errors in the weight calculation propagate into the vertical
center of gravity calculation.

Figure24 documentgheinclining test performed on SCANDIES ROSE in 2019. This inclining
testdoes notonform tothe following itemgecommendetty ASTM F132192:

1 Maximum pendulundeflection is low at a maximum of 5.43 inches (6 inches is
recommendedy ASTM F132192 sectiorb.6.2)

1 The plotof points contained ifigure24 would not cross the orig as shown irFigure
25and does not appear t o bhepeadulirhdeffectionf i t 0 t h
with zero weight shift should have been recorded twAKTM F132192 section
7.1.3.8).Figure25woul d have a poi ntTradml tolFigureddriyg iim i
was accurate. Lack of zero crossing indicates a potential error or steady heeling moment
which could be verified if zero weight shift readings were obtained and plotted.

STABILITY TEST DATA
VESSELSeanpicas Rose DATE Aee. 12, 2014 LOCATION Searrig - Lake Uarow
WEIGHT DISTANCE MOVED MOMENT TOTAL MOMENT PENDULUM DEFLECTION TANGENT
PORT STBD PORT STBD PORT STBD
.59 X3 46,09 35.04-5 | .01 0188
1ST TRIAL 2 1973 L 018G
3 L E IRE
4,58 10, b s %, % LB 2A S | 330 LG ®
2ND TRIAL 7 370 03
3 150 L0300
.53 1506 INE 4\ \6 S | G55 L0836
3RD TRIAL 2 o6\ otz
3 316 0%0)
(2.5 3 = — [ I - =
4TH TRIAL - -
.53 1.%3 51,15 61,16 P 1] 1.6t oteG
STH TRIAL 2] 212 T
I 1 oS
1563 \T.%7 PR G % P 1] 44%5% 02T
6TH TRIAL 2] 405 b etS
3| 303%
.52 oL 87,42 G4 L P T_53% N-EE
7TH TRIAL 7| 5.4 05 L0
3] 34T 086
v TLHS
PENDULUM # _10& WEIGHT # iezo¥ (L53Te P
PENDULUM #2 _ IOt '/" WEIGHT #2
[
PENDULLM #3__ 18% WEIGHT #3
WEIGHT #4
WEIGHT #5

Figure24: 2019 test noteecording weight shifts and inclination angles (from ref (b))
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The slope of the plot provided Figure25r e pr esent s t he shipds transyv
total weight of the vessel (this product i s r
center of gravity is calculated slopeof 2067foot tonsis indicatedn Figure?25.

Using the data frorfrigure24, MSC independently plotted and calculated the slope by-least
sqguared | inear regression. |l f the measur emen
foot tons I f the measurement provided for ATri al
recorded petulum readings ifrigure24), the slope is calculated as 204fhdt tonsby MSC.

These GMTM results are close in value and the latter calculated value of &it3ahsis

considered most accurate.

Table23 shows the method for calculatiightweightVCG. There is no documentation within
available test notas reference (bjo support the values usgdstability analysido generate
reference (c) Table23indicates that the vertical center of gravity ranfgesh a minimum or
most favorable of 189 feet (as usenh theref (b) stability analysis) to a maximum of B2 .feet
(the most accurate value supported by test notes and the MSC computer model)

100
/

~J
=

F/V SCANDIES ROSE
SEATTLE. WASHINGTON
APRLL 12, 2019

-

0l 02 03 .04 .05
TANGENT STARBOARD

N
(%3]

STARBOARD MOMENT. FT-TONS
0
=]

TANGENT PORT
05 04 03 02 0l

25

SLOPE 2067 FT-TONS

50

PORT MOMENT. FT-TONS

75

100

Figure25: Stability testnotesplotting heelingmoments andangents ofnclining from2019 (ref (b))

53



MSC Technical Report: SCANDIES ROSE Intact Stability

February 8, 2021

Formal | Condition Condition Sum of | Moment Light
, Condition Free 0 KM Condition Weight | of Wt to Light .
weight | g \yeight | GMTM | GMTM | o1 ceet)| surface | (from | ovee | OVE™ | woadd/ | Add/ | weight | Veight
Source Source | (ft*LT) Moment VCG
(LT) Corr. model, (feet) (f5LT) Remove| Remove| (LT) (feet)
(feet) feet) (LT) (ft*LT)
Item (a)
from Table 611.47| ref (b) 2067 3.38 0.068 18.61 15.16| 9270.86| -39.40| -359.53 572.07 15.58
20
Item (d)
from Table 617.73| ref (b) 2067 3.35 0.067 18.24 14.83| 9158.80| -39.40| -359.53 578.33 15.21
21
Item (a)
from Table 611.47 MSC 2043.4 3.34 0.068 18.61 15.20| 9294.46| -39.40| -359.53 572.07 15.62
20
Item (d)
from Table 617.73 MSC 2043.4 3.31 0.067 18.24 14.86| 9182.40| -39.40| -359.53 578.33 15.26
21
ref (b) 2019
Loading ? ? ? ? ? ? ? ? ? ? 548.32 14.69
Conditions

Table23: Variability in verticalcenter ofgravity (VCG) calculations witHightweighs andincline plots
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Although an inclining test was required after substantial alterations between 198&18nd
USCG review of stability test procedsr@nd results for SCANDIES ROSkasnot required.
Documentation withimeference (b)ndicates that the stability test procedure performaid not

conformwith ASTM F132192, as recommended by 46 CFR Subparb38B. Available

documentation withimeference (bappeas to usea lightweightand center of gravity that are not
supported by the stability test performed in 2019.

The stability test in 2019 was not well documentea d
to use the best available informatiorcadculatethefollowing approximatdight ship

characteristics:

MSCo6s i ndeapieenpred e n't

Lightweight

578.33

Long Tons

Vertical Center of Gravity

15.26

Feet above Baseline

Longitudinal Center of Gravity

0.52

Feet Aft of Amidships

Table24: MSC calculatedight shipcharacteristics from 2019ability testnotes

MSC has a low level of confidence imetlight ship weight characteristicsTable24.

level of confidence in these values is limited by the following:

MSCO6 s

1 Lack of confidence in weights to deduct during the stability(tes& concern is shared

theletter provided afigure23)

1 Spacing of freeboard measurements along the hulhppdrentack of verification on

both sides

E

(45% higher).

Potential errors in measurement or recording of freeboard values
Excessive additiondight shipweight of vessel as compared to 1988 stability test results

Of the above itemshe excessive weight growth from 1988 is the most concerriiigire23

notes that there may have been additional weight in the holds that was unaccounted for during
the deadweight surveyJsing thelight shipweight and centers of gravity from 2019 and 1988,
MSC calculatedhe hypotheticalamount of weight andveragdocation of ths additional weight

in Table25.

Change in Lightweigh| 180.09| Long Tons
VCG of Changed Weigl 16.65| Feetabove Baseline
. FeetFwd. of
LCG of Changed Weigll 14.72 Amidships

Table25: MSC calculated weight change and centers of gravity from 1988 to 2019

The average center of gravity of the additional weight corresponds to a longitadatadn near

the port side crane pedestal and vertical location near the deck level. This weight and center of

gravity could be achieved in many different ways including (but not limited to) structural
changes to the hull (possibly the additional heagided to the forecastle or crane modifications)

55

an .



MSC Technical Report: SCANDIES ROSE Intact Stability

February 8, 2021

and loaded tanks or holds not discovered during the deadweight survey as kigede3.
The apparent change in \géi and center of gravity may also indicate erroneous measurements
in either the lightweight survey or inclining.

5.3. Stability Test Conclusions

Significant errors exist in both the 1988 and 20dBtweightsurveys as part of their respective

stability testsThese surveys provide the light ship weight and longitudinal center of gravity of
the vessel Reference (bjoes not contain information from eititee 1988 or 2019 test datzat

suppors the light ship weights used the stability calculationgondic t e d

architect MSCo6s | ow

inclining test and results in overall low confidence ingtability test results.

by the

ctiee RG19ighteveighteurveyoarries forward though the

Lightweight | LCG (Ft. Aft | YCC (Ft
(Long Tons) | of Amidships) Ab\.’ BelEs
Baseline)
1988 Values psed iref (b) 485.35 10.74 14.09 Not Supported by
Calculations Test Notes
dLeigfe s e [ S1C Rk 392,57 7.41 1463 | Moderate Confidency
of Test Notes
2019 Values _Used iref (b) 548 32 3.30 14.69 Not Supported by
Calculations Test Notes
AONENEIES e [ SC Rk 578.33 0.52 153 | Low Confidence

of Test Notes

Table26: Results of 1988 and 2019 Stability Tests
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6. SCANDIES ROSESTABILITY CRITERIA

SCANDIES ROSEwas required to meet 46 CFR Part 28 Subpart E, Stability Requirements for
Commercial Fishing Industry Vessels which include the following operational stability criteria:

46 CFR 28.530: Stability Instructions

46 CFR 28.565: Water on Deck

46 CH 28.570: Intact Righting Energy

46 CFR 170.173(c): Alternate Intact Critefjser 46 CFR 28.570(c))
46 CFR 28.575: Severe Wind and Roll

= =4 =4 -8 -

Loading conditions for SCANDIES ROSE atecumented withithe 1988 and 2019 Stability
Instructions and Stability BooKsef (b)and(c)). Twoadditional loadingonditionswere
provided to MSCQoy the Marine Board of Investigatidntheseconditionsare estimates of the
loading condition during the casualty voyage

Items fromSections4 and5 of this report(hydrostatiomodelingand stabity tests) provide the
required information and means by which to evaluate stability critareach loading condition
Errors inthe hydrostatic model and stability tessultspropagate into the evaluation of stability
criteria.

6.1. Stability Instructions Provided by Mr. Culver

46 CFR 28.530 requires that SCANDIES ROSE maintain stability instructions developed by a
gualified individual. This regulation requires:

Each vessel mubke provided with stability instructions which provide the
master or individual in charge of the vessel with loading constraints and
operating restrictions which maintain the vessel in a condition which meets the
applicable stability requirements of thisbqart.

To provide flexibility,46 CFR28.530(d) provides a list of specific information that MAY be
included in the stability instructien

Two di stinct documents with Al nsveremadd i ons t o N
available stability instructions fom 1988are shown irFigure26 found withinreference (h)and
stability instructiongrovidedin 2019in Figure27 found withinreference (c)

In the 1988 stability instructi@nthe prescriptive limits of SCANDIES ROSE can be
summarized as:
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A maximum of 220 crab pots in up to 5 ti€@®& deck load not to exceed 160,0083
1 A maximum of four tiers of pots in icing conditions

Other limits are providedut it is not clear if they are requirements. These include:

Fuel volume when leaving port (50,000 gallons)

Water tanks full when leaving port

Thebeststability condition for cargo aldsis filling centeronly or center and aft
Use of fuel from oneving tankpair at a time sequencing burn off to minimize trim
(maximum trim not given).

= =4 =4 -9

2019 stability instructios(ref (c)) provide the following prescriptive stability limits:

208 pots (of 835 lbseach) can be carried on deck with one or two holds flooded

168 pots can be carried on deck with all three holds flooded and the forward wing fuel
tanks empty

Flooded holds must Hell or empty

Freeboard must not be less than 6 inches at any point

1
1

1
1

31t is not clear if 220 crab pots would equal a deck load 6f0@ Ibs., which would equate to 727 Ibs. per pot
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BRUCE A. CULVER, P.E.
NAVAL ARCHITECT & MARINE ENGINEER

Et. 3, Box 134.B

VaAsHON, WA 98070 {206) 463-5274

INSTRUCTIONS TO MASTER
F/V SCANDIES ROSE

l. This vessel meets I.M.0. and voluntary U.S, Coast Guard standards
for intact stability in all conditions investigated.

2, A maximum of 220 crab pots may be carried in up to five tiers, or
a total weight of deckload not to exceed 160000 pounds, when

leaving port with approximately 50000 gallons of fuel and water
tanks full.

3. The best condition for departure is with center or center and aft
rab tanks filled.

4, In icing conditions not over four tiers of pots should be carried.

5. Crab tanks should be either bleocked off so watex can't enter -hem
or filled to the overflows. Never operate with a crab tank s.ack
except while actually filling.

6. If it is necessary to fill a crab tank at sea it should be done in
good weather with the vessel headed slowly into the sea. Never allow
more than one tank to be partially filled at a time.

7. Use fuel from one pair {port/starboard) of tanks at a time. Sequence
burnoff of tanks to minimize trim by bow or stern.

Figure26: 1988 Stability Instructiomifor SCANDIES ROSHrom ref (b)
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"NSTRUCTIONS TO MASTER

F/V SCANDIES ROSE
1. Stability characteristics of this vessel are evaluated for compliance with 46CFR Subchapter C, paragraph 28
2. Atotal of (208) 835 pound crab pots can be carried on deck, The first tier on edge and the rest flat,
Do not obscure vision from the pilothouse. This applies in icing or non-icing conditions. If all three
Holds are flooded (168) pots can be carried, and forward wing tanks are to be empty,

3. Flooded holds must be filled or emptied. In a sheltered location or in port. Roset-eperatewithrastack .
Do not operate with a slack (partially filled) hold.

4. Freeboard is not to be less than six inches at any point.
5. Always determine the cause of any list before taking corrective action,
6. All gear carried on deck or in a hold must be firmly secured against shifting.

7. All doors, hatches, manholes, scuttles, etc., must be kept securely closed while at sea except when
Actually in use.

Bilges must be kept pumped to minimum content at all times subject to pollution regulations.
9. Freeing ports must be kept clear and operable at all times.
10. Avoid accumulation of unnecessary weights such as spare parts, tools, gear and stores.

11. No modifications to the vessel, such as adding or removing ballast or other weights is to be
performed without first determining their eflect on stability.

12. The master of the vessel is responsible for maintaining watertight integrity at all times and to

exercise prudent seamanship, giving consideration to the season of the year, weather, sea and
ice conditions.

May 28, 2019

Figure27: 2019 Stability Instructiomfor SCANDIES ROSHrom ref (c)
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6.2. Stability Criteria Assumptions
6.2.1. Load Line Assumption

46 CFR Chapter I, Subchapter E did not require SCANDIES ROSE to have a load line.
However, SCANDIES ROSE sister ship PATRICA LEE was issued a load line by the American
Bureau of Shipping i1996as shown irFigure28 and provided to MSC by the American

Bureau of Shippingréf (p)). This load line requires a winter freeboard ¢bdt, 4.75 inches

from the main deck at amidships. As a reference point on SCANDIES ROSE, this load line is
incorporated into stability evaluations at a heightDieet above the baseline to correspond
with 1 foot 4.75 incheffom the molded deck linat amidships Although aload linewas not
compulsory for SCANDIES ROSHesister shigoad lineprovides a regulatory measure of
reserve buoyancy that is an alternative to the criteria in 46 CFR Chapter | Subchapter E
Because the load line was ateahate criterion and not required for SCANDIES ROSE,
submerged load line results are highlighted in yellow instead of fEahile29 to Table46.

6.2.2. Initial Heel Angles After Loading

Off center or asymmetric consumable taalch as the fuel day tank, aft fuel tanks, lube oil

tank, and sewage tank result in initial heel angles formahy SCANDI ES ROSEG6s | o:
conditions. MSC assumed the SCANDIES ROSE was upright with zero initial heel in all

loading conditions by shifting cargo transvergelgorrect heel Whencrab pos are loadedhis

transverse shift is calculated and appfdthe top tier pot weights first and progress to lower

tiers if needed to attain enough magnitude in righting moment. When tendering equipment is
specified in sample loading conditigrike transverse weight shitachievedy loading deck

equipmentbf centerl ine to correct the vessel s he

The assumption that SCANDIES ROSE was always upright in a static equilibrium condition for
all conditions of loadings is not conservative; it is likely thfitcentertanks, especially the
constant use dhe fueloil day tankon the port sidefrequently caused a heel angle for
SCANDIES ROSE. Righting arms for a vessel with arcefiiterline weight condition are

subject to a cosine correction which can significantly reduce righting area and range (dngles)
stability.
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Issued under the provisions of the International Convention on Load Lines, 1966, under the authority of the Gove
UNITED STATES OF AMERICA,
Commandant, U. S. Coast Guard,
by the American Bureau of Shipping

duly autharized for assigning purposes under the provisions of the Convention

INTERNATIONAL LOAD LINE CERTIFICATE (1966)

rnment of the

7809843-2 £
Certificate No.

Official number

Name of Ship

or Port of Registry
Distinctive Letters

Length (L) as
defined in Article 2 (8) ;
i.e., 46 CFR 42.13-15

PATRICIA LEE 597612 SEATTLE, WASHINGTON 118.203 "
XK
Freeboard A new ship Type of Type “B” .
assigned as: existingcshig Ship Revpe SBX oxirtx xodumodfrxohorrk
* Delete whatever is inapplicable. M‘}B’(’mmmﬁk
Freeboard from deck line Load Line
Tropical 0 feet 10-1/4 inches (T) 3-1/4 inches above (S)
Summer 1 feet 1-1/2 inches (S) = Upper cd%e of line through center of ring
Winter 1 feet 4-3/4 inches (W) -1/4 inches below (S)
Winter North Atlantic 1 feet 6-3/4 inches (WNA) 5-1/4 inches below (S)

Note: Freeboards and load lines which are not applicable need not be entered on the certificate.

Allowance for fresh water for all freeboards 3 inches,
Note: All measurements are to upper edge of the respective horizontal lines.
The upper edge of the deck line from which these freeboards are measured is
OPPOSITE TOP OF STEEL UPPER deck at side.

THIS CERTIFICATE IS VALID ONLY
SO LONG AS THE -OPERATING
RESTRICTIONS IN THE VESSEL'S
STABILITY LETTER, ISSUED BY
THE USCG MARINE SAFETY CENTER
AND DATED 30 DECEMBER 1993,
ARE OBSERVED.

o

Date of initial or periodical survey 3 AUGHET 1995~

THIS IS TO CERTIFY that this ship has been surveyed and that the freeboards have bheen assigned and load lines shown
above have been marked in accordance with the International Convention on Load Lines, 1966.

This Certificate is valid until  3'%_AUGUSZ 20€0 **, subject to annual surveys
)

in accordance with Article 14 (1) (c) of onvention, and endorsement thereof on the reverse side of the Certificate.
**At the expiration of this certificate, applicable reissuance should be obtained in accordance with the Load Line Regulationrs.

Issued at HOUSTON, TEXAS 23

The undersigned declares that he is duly authorized by the said Government to

issue this Certificate.

M¢J. Davison, Supervisor
American Bureau of Shipping

By Direction of J. C. Smith, Manager
Classification & Documentation Center

LL 9-A Rev. 2/82
-

Figure28: International Load Line Certificate Issued to PATRICIA LEE in 1996 (ref (p))
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6.2.3. 46 CFR28.540 Free Surface Assumption for All Criteria

46 CFR28.540 requires the use of either formal sadace effect or calculation of free surface

using the moment of transference methlmdvaluate the transverse weight shift in tanks as the

vessel heelsThemoment of transference methoebults in lesser weight shifier large angles

of heelandlessnegative impact taghting area in generalMSC approximated the moment of
transferencenethod by calculating the true weight shifts in each tank and assigning free surface

as the product of tank waterplane moment of inertia, tank permeability, anty @émnank

contents t his process is the Atrue free surfacebo

It is not known if wing fuel tanks fiecross connection piping. Wing tank pawere treated as
individual tanksby MSCfor the purpose of free surfaceoments. This assumption is less
conservative and results in lower free surface moments than assuming the tanks are cross
connected.

6.2.4. 46 CFR28.550 Icing Assumptions

Icing is discussed in Sectiods3.3and4.3.6 MSG3s model applid vertical surfacece weight

to the sides and ends of e aaddlappliellaobzopabt ti er t
surfaceice weightto thehighesttier of potsthat are loadeds indicated in Sectioh3.6 The

owner 6 s naval rdereanch (aecuices thesusenaidixadeweightand center of

gravity for icewhich was applied using the weights documentegference (b)

6.2.5. 46 CFR28.555 Freeing Ports

The size of freeing porisasevaluateelowin Section6.4. For these measurements, the deck
edge (sheer line) of the MSC hydrostatics model was used to evaluate main deck bulwark
lengths. A procedure for determining required slfleagitudiral main deck curvature$ not
noted in 46 CFR 28.555 (g). SCANDIES ROB&s assumed to have sufficient sheer for the
purpose of 46 CFR 28.555 (gyhe bycatch chuteas assumed to provide no contribution to
freeing port area.

6.2.6. 46 CFRWatertight and Weathertight Integrity Assumptions

Bothreference (aa n d M So@adassumd that the hull below the main deck, enclosed
forecastle, and enclosed poop are watertight. All doors leading to these enclosed buoyant
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volumeswere assumed to be watertight and ctbs&lo buoyancy is assumed for the house and
superstructure. Trek e g, i ncl ud e & adsumeddshbe ddsuoyamt d e |

All compartment and tank vents are assumed to have effective check valves that prevent water
ingress.

The only known downfloodingointswere assumed to be the engine room vents behind the

pilothouse stairs (see sectidr8.7). Althoughreferencega)through(c) did not include these

pointsfor stability analysis, MSC added themthe reference (ajnodel for the purpose of

evaluatingall stability criterigthismodel wi th added downfl ooding p
in results tablesTable29to Table46).

6.2.7. 46 CFR28.570 Intact Righting Energy Assumptions

46 CFR28.570(a)(7) requires a range of positive righting arms to 60° of heel unless hatches are
normally kept closed or open holds are flooded. Because Stability Instructions for SEAND
ROSE require the holds to be full or closed and empty, the lesser critd6a061R28.570(b)(3)
which specifiesa range of positive righting arms to 50° of heel is required.

46 CFR28.570(c)allows the Rahola Criteria listed 46 CFR170.173(c)o be used as a suitable
alternative to the Torremolind@iteria given ind6 CFR28.570(a) Because this is an alternate
standard and not required, failing conditionstf@se alternate criterere shown in yellow
rather than reth resultstables(Table29to Table46).

6.2.8. 46 CFR 28.575 Severe Wind and Roll Assumptions

MSC evalated SCANDIES ROSEor the Severe Wind and Roll Criteria using theernational

Maritime Organization (IMO) Severe Wind and Roll function within GHE®th IMO Severe

Wind and Roll Criteria (from Resolution A.562(14Y)d46 CFR 28.575 criteriollow the same
procedure, applying a Agusto wind speed to th
logarithmically increases as a function of the height above wateffioea vessel that operates

on fiother than protected wausewindspeedtdlle CFR 28. 5

OQ YdTcT | T yQ 18 X |in feet per second)

At a nominal height 083 feetabove the waterlinghis gust wind speed is 53.4 kn¢®).2 feet
per second) The area that the wind speed acts upon was calcidgteceaking up the lateral
plane area or windage inkmrizontalbandsthat are0.25 feet high. Every 0.25 feet height
above the waterline, the wind velocity was calculated using the above fomtiuthe windage
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area calculated with consideration for shielded components (e.g. crab pots on deck could prevent
wind pressure from acting on a craneds windag

Wind speed must be used with a coefficient of drag in order to define a pressure acting on the
lateral plane area. Although the drag coefficient is not explicitly definehin 46 CFR 28.575,
MSC calculated ias 12 usingthe windheeling leveformulaspecifed by the regulatian

MSC evaluated the-koefficient required in 46 CFR 28.575(c) by calculating the lateral plane

area of the skeg (98.8 square feet) and treating it as a bar keel for the purpose of the regulation.

The kcoefficientis evaluated usingtler prescribed values for round hulls or kahihe hulls

or using the third table of Tables 28.575 in 46 CHRteringvalues for this table include the

area of keel and loading condition waterplane length and breadd#isgSCANDIES ROSE s

loading @ndition waterline lengths and breadtad-coefficientvalue of approximately 0.78

found Because SCANDIES ROSE has sharp bilges (chin&sgpafficient of 0.7 is allowed.
Thek-coef fi cient is | ess conéevM&Qa@isasumnethe h s mal |
lower 0.7 value fothe kcoefficient.

For each load condition evaluated in this repdkd@ CFR 28.575 coefficients are presented in
the Appendices under the heading Al MO par amet

6.2.9. 46 CFR28.580 Unintentional Flooding Assumptions

Unintentional flooding (damage) criteria does not apply to SCANDIES ROSE beabagse
criteriaarelimitedtovessel s t hat were fAbuilt on or after
SCANDIES ROSHinderwent somenodificationsafter 1991, modification or altation is nota
factorconsideredn theregulatoryapplicability of46 CFR28.580.
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T X~ x ™ x = = % < = = = x = 3 =
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I < < < O (S o ot R (T S O
1988 Stability Book Condition
v MSC -28 | -28| -19| 19| -1.7| -1.7 | 0.0 0.0 00 | -1.0| 0.0 0.0 0.0 0.0 | 138 | 1.54%

Departure, Full Fuel, 212 Pot

1988 Stability Book Condition

Avrrival on Fishing Grounds, 79 MSC | -28 | -28 ( -19| -19| -1.7 | -1.7| 0.0 | 0.0 | 0.0 | 00 [ 0.0 | 0.0 | 0.0 | 0.0 | 128 | 1.32%
Fuel and Water

1988 Stability Book Condition

Fishing, Moving Pots, 50% Fu{ MSC [ 0.0 | 00 | 0.0 | 00 | -2.7 | -1.7| 00 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 [ 0.0 | 0.0 | 34 | 0.33%

212 Pots, 3 Holds Full

1988 Stability Book Condition

L MSC | 00| 00| 0O| OO | OO | OO| OO| OO | OO | OO | 00| OO | 0.0 | 0.0 | 0.0 | 0.00%
Fishing, 25% Fuel ’

1988 Stability Book Condition
Burned Out, 10% Fuel, 50 Poty MSC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00%
Holds Full
1988 Stability Book Condition
Departure, Full Fuel, 3HoldsF| MSC | -28 | -28 | -1.9| -19 | -1.7| -1.7| 00 | 00 | 0.0 [ 00 | 0.0 | 0.0 | 0.0 | 0.0 | 128 | 1.16%
168 Pots
2019 Stability Book Condition
Max Consumables, 208 Pots| MSC 0.0 00 | -03( -03| -21| -21| 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.8 0.45%
Holds 2 and 3 full
2019 Stability Book Condition
75% Consumables, 208 Pot§ MSC 0.0 0.0 0.0 00| -21| -21 | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.2 0.41%
Holds 2 and 3 Full
2019 Stability Book Condition
50% Consumables, 208 Pot§y MSC 0.0 0.0 0.0 00 | -21| -21 | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.2 0.41%
Holds 2 and 3 Full
2019 Stability Book Condition
25% Consumables, 208 Pots MSC [ 00 | 00 | 00 | 00 | -21 | -21| 00 | 0.0 | 00 | 00 [ 00 | 0.0 | 0.0 | 0.0 | 42 | 0.43%
Holds 2 and 3 Full
2019 Stability Book Condition
10% Consumables, 208 Pot§ MSC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00%
Holds 2 and 3 Full
2019 Stability Book Condition
Max Consumables, Tendering MSC 0.0 00 | -03( -03| -21| -21| 0.0 00| -03| -1.6 | 0.0 0.0 0.0 0.0 6.7 0.58%
All Holds Full
2019 Stability Book Condition
75% Consumables, Tendering| MSC 0.0 0.0 0.0 00| -21| -21 | 0.0 00 [ -03| -1.6 | 0.0 0.0 0.0 0.0 6.1 0.55%
Holds Full
2019 Stability Book Condition
50% Consumables, Tendering| MSC | 00 | 00 | 00 [ 00 | -21| -21( 00 | 00 | 00 | 0.0 | 0.0 | 0.0 | 0.0 [ 0.0 | 42 | 0.40%
Holds Full
2019 Stability Book Condition
25% Consumables, Tendering| MSC 0.0 0.0 0.0 00 | -21 | -21 | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.2 0.41%
Holds Full
2019 Stability Book Condition 1
10% Consumables, Tendering| MSC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00%
Holds Full

2019 Stability Book Condition 1

MSC 0.0 00 | -03( -03| -21| -21| 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. % 1419
Crabbing, 3 Holds Full, 168 Pq | < || L

Investigating Officer's Conditig
1: 198 Pots, Holds 2and 3Ful MsC | 0.0 | 00 | -03| -03| -21| -21( 00 | 00 | -03| -1.6| 0.0 | 0.0 | 0.0 [ 0.0 | 6.7 | 0.61%
Fuel and Water Full, 20,000lb b

Investigating Officer's Conditig
2: 198 Pots, Holds 2 and 3 Fu
Fuel and Water Full except #

WTs. 20,000Ib bait

mMsC | 00 ( 00 | -03| -03| -21( -21| 00| 00 | 03| -16| 00| 00 | 0.0 | 0.0 | 6.7 | 0.62%

Table27: MSC modeltankloaddifferences fronref (b) loadcondition specification
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§ |5 |8 |5 |8 |k |® |® | |F & |5 |F |G
1988 Stability Book Condition § o o ot 33 | 33| 13| -1.3| 00 | 00| 00| 00| 00| 00| 00| 00| 00| 00| 92| ros%
Departure, Full Fuel, 212 Pot
1988 Stability Book Condition
Arrival on Fishing Grounds, 75 CulverDf -3.3 | -83 | -1.3 | -1.3 [ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.2 0.98%
Fuel and Water
1988 Stability Book Condition
Fishing, Moving Pots, 50% Fu( CulverDIf 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00%
212 Pots, 3 Holds Full
1988 Stability Book Condition 1 o ot 6.0 | 0.0 | 0.0 | 0.0 | 00| 00| 00| 00| 00| 00| 00| 00| 00| 00| 00| o.oow
Fishing, 25% Fuel
1988 Stability Book Condition
Burned Out, 10% Fuel, 50 Potd CulverDf 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00%
Holds Full
1988 Stability Book Condition
Departure, Full Fuel, 3 Holds F| CulverDf -3.3 [ -3.3 | -1.3 [ -1.3 | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.2 0.87%
168 Pots

Table28: Ref () modeltankloaddifferences fronref (b) loadcondition specifications from 1988

6.2.10.Tank Loading Assumptions

Sectiond d i

scusses
betweerreference (aqx n d

MSCO6 s

assumpti

ons

mo d e |

t ank

mad e

S

t
[

0]

Z €es

gener at e
, t ank

specified weight of fluid and not using volume fractions. The benefit of thisouiés$ that it
allowed tanks to be loaded with the correct weight magnitude of fluid resulting in negligible
errors in center of gravity and moment of inertia within the tank. However, this method does
result in errors when modeled tanks have less captaeih specified by the loading condition.

Because

sever al

of

tanks loads must be limited 1©0% of their capacity resulting in lesser loads than specified in
the loading condition. The total magnitude of these errors is less than 2% of the displacement
weight of the vessel in all loading conditions as showhaible27.

Thereference (ajnodel also truncated some loading conditions from 1988, presumably because

the model provided to MSC is different than the one used in 1B&88le28 shows the loading
and

conditions in whichreference (@ s

the load specified in the 1988 loading conditions.
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6.3. Hydrostatics Model Modifications for Loading Condition Evaluation

The MSC modemodifiesthe wind profile of crab potisased on the number of pots loaded
assuming that pots are loaded in $kguence indicated Figure29. This sequence was chosen
so that modeling couldccount for loading conditions with various numbers of crab pots. With

this sequence, pots are loaded in the most densely packed manner pUgsitlprofile and
icing for aab pots are added usingtepwise function that adthe lateral wind profile ageand
surface ice weights @h entiretier once a single pot is loaded on that tiérhis function uses

Table3 for crab pot capacities on each tier. For the MSC model, no crab pot or deck equipment
profile is assumed when only tendering equipment oranah potcargosare loaded.

Reference (ahas dixed wind profile that remains unmodified throughout all calculatiors.

all ow measur ement

1 Downfloodng pointswere added as specified in SectibB.7to enablesvaluation ofall

requiredstability criteria

)l
)l
length

A referencepointwas added h a t
A deck edge reference line wadded to enable freeboard measurements along the

corresponds

t o

PATRI

No further modifications tthereference (ajnodel were made by MSC. The resulting
hydrostatics

Tier 5
Tier 4
Tier 3
Tier2

Tier 1

Row 9 Tier Totals

44
44
44
44

mod el i s named fA Cable20tiTddIELS).

Aftmost Fwd Most

Row 1 Row 2 Row 3 Row 4 Row 5 Row 6 Row 7 Row 8

231-235 | 236-240 | 241-245 | 246-250 | 251-255 | 256-260 | 261-265 | 266-270 | 271-274
187-191 | 192-196 | 197-201 | 202-206 | 207-211 | 212-216 | 217-221 | 222-226 | 227-230
143-147 | 148-152 | 153-157 | 158-162 | 163-167 | 168-172 | 173-177 | 178-182 | 183-186
99-103 | 104-108 | 109-113 | 114-118 | 119-123 | 124-128 | 129-133 | 134-138 | 139-142

1-11 12-22 23-33 34-44 45-55 56-66 67-77 78-88 89-98

Figure29: MSC Model Assumed Crab Pot Loading Sequence

4 Using a stepwise function to generate an assumed wind profile and icing surfaces can overestimate the height of
the center of the windage pressure and the vertical center of gravity of ice on thidgeé&er, the assumed

Amaxi mum densityo
pots as low to the deck as possible. Both the loading sequence and stepwise functions are used to simplify modeling

l oading

pot

sequence

98

MEC addedevarabpoietd tdrefereneegapp o n s e

Cl

n

by limiting the number of loading permutations necessary while allowing the model to adjust the wind profile and

icing surfaces. While these assumptions do not cancel each other out, the potential error they introduce is negligibly
small. Both approaches carethetically result in possible loading conditions that conform to the stability

instruction provided in ref (c).
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6.4.46 CFR 28.555 Freeing Port Criteria Evaluation

Freeing port criteria was evaluated using the profile picture from reference (0). Using the length
of SCANDIES ROSE to scale measurements from the pidn@ming port area and bulwark

length was measured as indicatedrigure30. The resolution of the photograph and relatively
small freeing port dimensions limit mesement accuracy to the nearest 0.1 foot representing an
estimated 15% error in freeing port aPea.

The length of bulwark, including the sheltered area forward was measured along the sheer line to
be 76.2 feet.

The minimum freeing port area on each sgleequired by 46 CFR 28.555 (d) to be 0.23 times
the length of the bulwark. For a deck length of 76.2 feet, the minimum freeing port area was
17.5 feet on each side. Total freeing port area on the starboard side was measu8éd to be
square feet (with potential range of 6.9 to®square feet due to measurement error). This
freeing port area i50%to 60% less than required by 46 CFR 28.555 (d).

46 CFR 28.555 (e) requires increased freeing port area for bulwarks higher than 4 feet. Using
the profilepicture shown irFigure30, a combined bulwark length of 2Feet was measured to

be higher than 4 feet above the deck edge. This additional bulwark height wouiddnessed

the required freeing port area by approximately 3 square feet (some heights of the bulwark could
not be accurately measured due to obstructions in the photograph).

of Bulw > 4 i
Above Deck Edge

Figure30: Profile Picture of SCANDIES ROSE froRef (0) with Scaled Freeing Port Areas and Deck Lengittes
photograph and measurements are scaled with Rhinoceros drawing software

5 Typical freeing ports were measured on the photograp!8 &e long by (& feet high with an area of 1.2 square

feet. With a measuremeatcuracy within 0.1 feet, freeing port area measurements have approximately 15% error.
Ref. (0) lists the freeing port size as 28 inches to 30 inches (2.3 to 2.5 feet) long. These indicated lengths are 10% to
16% smaller than measured using the photdgrafhis variability between documented freeing port dimensions

and measurements from the photograpparentlysupport the estimated error percentage.
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Figure31: Sample loading conditions from 1988 from within ref (b)
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