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Dear Mr. Sopp:

Drew has completed the analyses relative to the boiler tube and various deposit
samples from the boiler of the SS NORWAY. We performed detailed chemical
- and metallurgical analyses of the tube and deposit samples. .

Our conclusion is that the tube failed from the dual contributions of intemnal,
stress-assisted corrosion damage and creep void and crack formation, which
was related to long-term metal overheating. The deposits inside the tube were
primarily iron and copper. Normal for a boiler of this age. The outside deposits
were primarily vanadium and sulfur.

You may wish to consider adding a deposit modifier/lcombustion improver to the
fuel when high sulfur or vanadium content is suspect. We suggest you consider -
Drew’s new treatment, AMERGY 5800 PLUS. if you have any questions or
comments, please do not hesitate to contact us.

Sincerely,

Kevin Gilbert

Senior Account Manager
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h b One Drew Plaza Fax: 263.3323 CQ
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Metallurgical Analysis

The S/S Norway - Marine Boiler #21 boiler tube section was examined in the
Metallurgical Laboratory.

The OD surface exhibited fireside deposition (RFA# M4017), slight
expansion, and longitudinally-oriented failures, characteristic of
Jong-term, tube metal overheating and creep stress-rupture.

The 1D surface had waterside deposits, and the analyses were reported
under RFA% M4017. After removal of the deposits, the cleaned ID surface
revealed pitting corrosion and cracks that can be described as
stress-assisted corrosion or corrosion-fatigue. The stresses were likely
associated with the tube bending, and the age of the boiler and the

. advanced, cyclical usage (numerous start-ups/shut-downs) were thought to

CERTIF
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have contributed 10 the pitting/cracking at the 1D.

A metallographic examination indicated a thermally degraded metal
microstructure, as the pearlite constituent exhibited spheroidized iron
carbides. Creep voids were present near the OD surface, and they linked
up to form cracks originating from the OD that were further oxidized.

In summary, the failure resulted from the dual contributions of internal,
stress-assisted corrosion damage and creep void and crack formation, which
was related to long-term metal overheating. The long service of the

boiler tube in a high radiant heat section, the tube bending, cyclical

nature of the boiler, and the presence of intemnal deposits were the

likely root causes of the observed problems in the boiler tube.
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.\sm.?m CHERTCAL COMPANY O] V. ASIAND
One Drew P Jersey 7005

ANALYTICAL REPORY

S

DEPDSIT SANPLE

sANPLE FRON

NORNAY

tnt-uttu--u::uutal-ttc---cz:'tua-n:-;----ucu-a-a
SANPLE NUMBER ©FS

SAMPLE DESCRIPTION OUTSIDE TUBES

TEST BESCRIPTION

CALCIUN (AS CAD) PERCENT .
HAGNESIUN (AS NGO PERCENT s
SILICON (AS Sl102) PERCENT
1RON (AS FE203) PERCENT
ZINC (AS ZNO) PERCEKT R
ALURINUN (AS AL203) PERCENTY
COPPER (AS CUQ) PERCENTY
soDIUn tAS NA2O) PERCENT
CARBONATE (AS CO2) PERCENT
SULFUR (AS 803) PERCENY
PHOSPHORUS (AS P20S), PERCENT
OlL AND GREASE, PERCENT
LOSS ON IGNITION, PERCENT

N IR
« s 3 -
PO NI R I A
P B T A 4
13 v ¢ w e

PO I A B T
« s o

PRI NE NEE BE B

PESESCE E

o

%ﬁ!ﬁ

RﬁﬂEﬁT%Bﬁ&TR%EQG@{

v

RFA NUNBER
OATE SAMPLED
OATE RECEIVED
DATE REPDRYED

H4017 -1
07714796
07/26/96
08 /01786

DREW REPRESENTATIVE

GILBERY

"‘.l"’il't"."ll""‘ll".

" BOILER 21

RESULTS
...... . < 1.0
s < 1.0
Y 2.6
e 3.3
sess e < 1.0
eeeaau 3.0
R, < 1.0
s e 7.7
e e ea s < 1.0
fareeme 4%5.2
"I L ( ‘.0
Aasse s < 1.0
e e s2.1
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Drew industrial Division/
Drew Ameroid*Marine Division

ASHLAND CHENMICAL W‘PMY,OXV.AS&W 0L, INC.
One Orew Plazs/Boonton New Jersey 07005

ANALYTICAL REPORT

Y

OEPDSIT SAMPLE
SANPLE FRONM

NORMAY

RFA NUNRBER na017 -1
DATE SANPLED 07/14/96
DATE RECEIVED 07/26/96
DATE REPORYTED 08s/01/3¢€
DREW REPRESENTATIVE
G1LBERT :

“‘.0"..’l.‘.l""".#"’*'."‘l’ll.‘l.'.l.'t.'.).llt"‘l"!..'llU".“‘l."‘

SAMPLE NUMBER 02

SAMPLE DESCRIPTION GEM TUBES FURNACE SipE nB21
TEST DESCRIPTION RESULTS
CALCIUN (AS CAD) PERCENT feevsacavr s 1.2
MAGNESIUN (AS nMGO) PERCENY Ceccemva s < 1.0
SILICON (AS S1D2) PERCENT e eeatsserseen 1.6
I1RON (A8 FE203) PERCENT T 2.8
ZINC (AS ZNO) PERCENT Vi ressaneaennee e < 1.0
ALUMINUR (AS AL203) PERCENT heeemserasEae < 1.0
COPPER (AS CUD) PERCENT e asessesaaren e < 1.0
SOOIUM (AS NA20D) PERCENT et aseastsaneran 2.1
CARBONATE (AS CO2) PERCENY fevveer e < 1.0
SULFUR (AS S03) PERCENT et averseraenern 2.3
PHOSPHORUS (AS P20S), PERCENT e sas e 1.1
VANADIUM (AS V20S) PERCENT Ceraa s et e 5.1
OlL AND GREASE, PERCENT tesamsensesreaen < 1.0
LOSS ON ICNITION, PERCENT essranmp s a.4

-
«- oY
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- é Drew Industrial Division/

Drew Amerold*Marine pivision 6‘
One LN MEY JOPERY UIUUD 3
ANALYIAVRL wSrvns
SAHPLE FRON NFPNSIT SAMPLE .
OATE SANPLED 07/714/9%
NORWAY DATE RECEIVED 07/26/96
DATE REPDRTED 08701796
DREW REPRESENTATIVE
GILBERT
!"“.lt‘l“l'iil.ltttt‘lﬂ'tl‘tlt.tt!‘tl)l!ltlll’.lt!"t‘ll.'tl.l"!l‘l‘lilll
SANPLE NUNBER O3
SAMPLE OESCRIPTION GEN TUBES SCREEN TUBE  S1DE
TESY DESCRIFTION RESULYS
CALCIUM (AS CAD) PERCENY F D e 1.8
MAGKESIUM (AS MEG)Y PERCENT R < 1.0
SILICON (AS SID21 PERCENTY cemtars et 2.1
IRON (AS FE203) PERCENT S hressersvassrana 3.9
21NC (AS 2ND) PERCENT s asevesressasenan < 1.0
ALUMINUM (AS AL203) PERCENT ce st raae s 1.3
COPPER (AS CUO) PERCENT G eeesacmsavaaneas < . 1.0
SODIUN (AS NA20) PERCENT Cheee e e 2.9
CARBONATE (AS €02) PERCENT heer e .. < 1.0
SULFUR C(AS S03) PERCENT RPN 10.0
PHOSPHORUS (AS P205), PERCENT S eesraan s < 1.0
VANACIUN (AS Vv20S) PERCENT feeans e 78.6
Q1L AND GREASE, PERCENT Cceessssrrarmesan < 1.0
LOSS ON IGNITION, PERCENY e s smessararans 12.0
o C ey CUSTONER
f{w 3
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Drew Industrial Divislon/
DPrew Ameroid°marine pivision

ASHLAND CHENICAL mm,exv.asw OlL,.INC.
One Drew Plaze.BoontonNew Jarsny

ANALYTICAL REPORT
DEPOSIT SARPLE

SAMPLE FROM : RFA NUMBER H4017 -1
. ' DATE SAMPLED 07/14/86
NORWAY : ‘ DATE RECEIVED 07/26/386

OATE REPORTES 08/01/86
DREW REPRESENTATIVE
N GILBERT

,"l.l"l"‘.“""“'l'I‘lt"'”.!l.lt"‘it"t"""i‘"‘.I‘.'.I"ﬂ"".ﬂ'l'l'

SAMPLE NUNBER 04

SANPLE DESCRIPTION PIPE SAMPLE

YEST DESCRIPTION RESULTS

CALCIUN (A8 CAD) PERCENT B L 3.8
MAGNESIUN (AS NGO} PERCENT R LR 2.2
S1LICON (AS Slo2) PERCENT et esesra e < 1.0
1RON (AS FE203) PERCENT R R IR AR 36.8%
ZINC (AS '2NO) PERCENT = se-cvrcnmncvrccnocs 5.0
ALUMINUM (AS AL20J) PERCENT L < 1.0
COPPER (AS CUO) PERCENT ctrrevastas ey o 18.8
SODIUN (AS NA2D) PERCENTY B R 1.3
CARBONATE (AS C02) PERCENT TR 4.3
SULFUR (AS S03) PERCENTY hscsamvamatre e - 6.5
PHOSPHORUS (AS P20S), PERCENT T 5.6
OiL AND BREASE, PERCENT cesmseacsanrase v £ t.0
LDSS ON IGNITION, PERCENT erereamraa e A 4.3

5

’ ~ £ COPY
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prew Industrial Division/
Drew Ameroid°Marine Division

ASHLAND CHENICAL COMPANY , DIV . ASHLAND
One Drew PilaasDoonton,New Jersey o005

ANALYTICAL REPORT

DEPOSIYT SANPLE

SANPLE FRON RFA NUNBER Ha01?7 -1
‘ DATE SANPLED 07/14/36
NORMAY DATE RECEIVED 07/26/96

OATE REPORTED 08/01/386
OREW REPRESENTATIV
o GILBERY .

l""!C!"‘.ﬂ‘l"."l"l".3'Illl't“!‘t‘l'..“’l.*l."ll"'!’.."I"tl’tKl!l

SANPLE NUMBER 01

SAMPLE DESCRIPTION INSIDE DOWNCORERS RI1SERS MB21

TEST DESCRIPTION RESULYS

CALCIUN (AS CAQ) PERCENT R 6.4 1
 NAGNESIUN (AS MGD) PERCENT  .....-eco-eee- ¢ 1.0
SILICON (AS S102) PERCENT  .....oesceveese < 1.0
IRON (AS FE203) PERCENT  .o.o..oaneccneoes 43.4
ZINC (AS ZNG) PERCENT  ..evcovacanensenene 2.6
SLUMINUM (AS AL2033 PERCERT  .......-seco. € 1.0
COPPER (AS Cul) PERCENT R R 8.0
SODILN (AS NAZO) PERCENT  .oeonevneseeo-ee < 1.0
CARBONATE (AS CO2) PERCENT  .ocveenneesooe € 1.0
SULFUR (AS S03) PERCENY  ....... eraeee-s € 1.0
PHOSPHORUS fAS P205), PERCENT  .....oooo-- 3.2

COMMENTS

INS. SARPLE RECD FOR LOSS OF IGNITION AND OIL AND GREASE TEST.

CERTIFIED TO BE ATRUE rOPY

Ao, FTTSe, 90 L lm
‘ i:}’ f7 &> §ﬁ7>
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