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SUFFOLK COUNTY 10/18/84

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

Before the Atomic Safety and Licensing Board

In the Matter of
LONG ISLAND LIGHTING COMPANY

(Shoreham Nuclear Power Station,
Unit 1)

SUPPLEMENTAL TESTIMONY OF DR. ROBERT N. ANDERSON,
PROFESSOR STANLEY CHRISTENSEN, G. DENNIS ELEY,
AND RICHARD B. HUBBARD
REGARDING SUFFOLK COUNTY'S EMERGENCY DIESEL
GENERATOR CONTENTION CONCERNING CYLINDER BLOCKS

INTRODUCTION

1.Q. What is the purpose of this testimony?
A. (All). This testimony addresses new information on

cylinder blocks disclosed by Supplemental Testimony filed on

September 20, 1984, on behalf of LILCO's witness panel and by

subsequent discovery. That information concerns: (1) cracks
the cam gallery area of all EDG cylinder blocks, including the
replacement block for EDG 103; (2) circumferential cracks around
the cylinder counterbore landing; and (3) changes in LILZO's

measurements of cracks in the blocks.

N

2.Q. What conclusions huave vyou ache« .0 these matters?

(All). Our conclusions may be summarized as follows:




(l)(a) Cracks in the camshaft gallery area of the
original EDG 103 cylinder block have been found to be far more
extensive and more than twice as deep than first represented by
LILCC and FaAA. Analysis of fractography and metallography of
crack samples shows that these cracks were originally forméd as
hot tears during the casting process, were unsuccessfully at-
tempted to be repaired with welding, and have since propagated.

(b) Similar cracks are in ;he cam gallery areas of
the blocks of EDGs 101 and 102. These cracks will continue to
propagate, and those blocks are therefore unsuitable for nuclear
service.

(c) Cam gallery cracks have been found in the
replacement block for EDG 103 after operation of that engine
during testing. Inspection records show that no such cracks were
present before the replacement block was placed into operation.
Accordingly, these cracks occurred due to operating stresses.

(2) Circumferential cracks were recently discovered
during destructive examination of the original EDG 103 block.
LILCO and FaAA did not thereafter reinspect EDGs 101 and 102 for
circumferential cracks, but assume they are present extending
continuously 360 degrees around the circumference of the liner
landing of each cylinder. Examination of sections of the original
EDG 103 block shows the circumferential crack to be relatively

deep and propagating. Circumferential cracks in EDGs 101 and 102

may cause EDG failure.




(3) Sectioning of the original EDG 103 block disclosed
that the large stud-to~stud crack between cylinder numbers 4 and
5, which LILCO and FaAA had represented to be 5-1/2 inches deep,
was really 3 inches deep. The erroneous measurement of this crack
sugaests other crack measurements may be wrong. Further, the
inability of LILCO, FaAA, and TDI Owners Group inspections to
discover the circumferential cracks or the nature and extent of
the cam gallery cracks casts considerable'dbubt on the reliability

of those inspections.

II. CAM GALLERY CRACKS

3.Q. What cracks were found by FaAA and/or LILCO in the

camshaft gallery area of the original EDG 103 block?
A. (Hubbard, Anderson). The FaAA Block Report issued in

June 1984 and LILCO's cylinder block testimony stated that there
were "crack indications" in the cam galleries of all three EDGs,
with the longest measuring 4-1/2 inches long and 0.375 inch deep
in EDG 103.l/ This information proved to be erroneous when, in
late August, FaAA sectioned portions of the original EDG 103
block. Inspections showed cracks in all nine camshaft gallery
saddle areas; there was a single 3 inch long crack, while the

other eight cracks ranged in length frcm 4~1/4 inches to 5-3/8

1/ See Exhibit 7 to Suffolk County EDG testimony at 4-6; see
also Testimony of Roger L. McCarthy, et al., August 14, 1984, at
62-63, and Exhibit B-52 (since deleted . by LILCO).
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inches .=’ Some of these cracks were measured by FaAA after

sectioning and found to be from 5 inch to 0.906 inch deep in a

? /
block wall only 1.25 inches thick.~ FaAA found that all of these

cracks had been ground and welded. Some representative photo-
graphs of these cracks are shown in Exhibit S-3.
4.Q. What do you believe initially caused the cam gallery
cracks i I i 2 103 block to form?
A. (Anderson). Based upon my examination of the sections
removed by FaAA from the block and of numerous photographs of
they appear to be hot tears formed initially during
fabrication ¢f the block. This theory is supported by the fact
that the cracks were filled with welding material in an apparent
effort to repair them.

Do you agree with FaAA's conclusion that these cam

No. That conclusion is based upon laAA's
erroneous interpretations of a "dark oxide" on the surface of a
crack sectioned from cam gallery No. 7, the presence of high con-
centrations of calcium on the surface of that crack, the absence

oxide," and the ! crack

Examination Report, 8/24/84




A. (Anderson). FaAA did not analyze the crack surface to
determine the presence of oxygen, so the substance is not neces-
sarily an oxide. Although it is possible that all or part of the
coating is an oxide, I believe the darkness of its color is
attributable to graphite from "graphitization" or graphitic
corros.on of the surface of the crack, and not to oxidation at
extremely high temperatures as hyoothesized by FaAA. Graphitic
corrosion occurs in gray cast iron in relatively mild (low
temperature) environments.i/ The graphite would have the efféct
of darkening a rust-colored oxide on the crack surface. The
presence of minute particles of dirt and the oil to which the
crack would be exposed could contribute to the darkness of the
surface. The EDX chemical analysis of the surface performed by
FaAA would not detect the presence of carbon (and hence,
graphite).

7.Q. If most of the substance covering the crack surface is
an oxide, is FaAA correct that the oxide could only have formed in
high temperatures and in the presence of air during cooling at the
time of the casting process?

A. (Anderson). No. First, I believe FaAA's conclusion is
based in part on their misinterpretation of the cause of the
"dark" color of the surface substance. As indicated above, I
believe that the darkness of the color is attributable to the
surface presence of carbon due to graphitization, and does not

indicate that the substance was the product of oxidation at ex-

4/ Fontana and Greene, Corrosion Engineering (McGraw-Hill, 1978)




tremely high temperatures. Red or rust-colored oxides,
dark oxides, are formed in low and moderate temperature
ments and would have the dark appearance of the surfaces I
examined if graphitization had taken place.
Second, the block cast is formed under
reducing conditions where air cannc enter. nitially, the block
casting mold is literally burning. If air did enter the cam
gallery area, it could dec so only by diffusion in small amounts
over a short period before the surface metal cools to the point
where any hot tears present would not form oxides. If this had
occurred, there would only be a small int of oxide with uneven
distribution over the crack surface. ay 3 of oxide
at the mouth of the crack ) /jer down, because the
have been exposed to more oxygen d Lng 2> cooling
the bottom of ' ack. However, the substance

crack appeared fairly u

Third, the cracks 2 & : s 1 examined appear to

have been ground and widened in ¢ : on  fc the welding

repalirs, because they narrow
y V-shaped
course of events, an oxide
d have been remove
upper area of crack where the grinding took place
crack surface from which the weld had separated had

1 - 1 - 1 3 - " | S— — N - -
layer of the dark ¢ stance from the toj

crack.




Alternatively, if the oxide layer postulated
formed at the time of the process was not all
the pre-welding grinding, then the oxide should have
n the side of the crack to which the weld material
adhered. I examined cross sections of the crack under a micro-
scope and obsgerved no sign th s0-called dark oxide in the area
of the crack to which weld material was still adhering.

s the presence of high concentrations of calcium on
the crack surface support FaAA's conclusion that the "oxide"
covering tnat surface was introduced during casting while the
crack was exposed to high temperatures?

A. (Anderson) No. FaAA's chemical analysis disclosed
the presence of calcium in some, but not all, areas which
tested. 1In all samples where calcium was detected, sulfur

2cted 1n proportionate amounts. Therefore,

esence of concentrations of

crack surfaces to calcium sulfide, whi s t presen

in diesel o1l lubricants and dye penetrants. us he calcium

was 1ntroduced after the block had been cast ooled complete-

agree with FaAA's
uniformity of the "oxide" layer on
that no crack propagation has occu
n

(Anderson). No A relec

s surface




time as the crack propagates, the graphitic corrosion leaves a
surface layer of graphite. This graphite forms a protective layer

1

so that the corrosion stops and the surface becomes relatively
uniform over time.

10.Q. Does the absence of any beach marks in the crack
suggest that there was no propagation of the crack after it was
initially formed?

A. (Anderson). No. Because of its brittle nature, cast
iron does not form beach marks during the process of crack propa-
gation.

11.Q. Is there additional evidence that the cam gallery
cracks are propagating?

(Anderson). Yes. 4 is two photographs
d surface of ion of a cam gallery crack
y FaAA. The photographs show that the weld
white area in the upper left) has pulled loose from
iron surface of the crack, but that some cast iron was

e weld material. This shows that the weld

material pulled free from the crack surface due to operatin

ng

as opposec to heat shrinkage.

Are there cracks in the cam

Ltnation




penetrant ("LP") examination the following day. The inspection
reports (attached respectively as Exhibits S-5 and S-6) disclosed
cracks in the cam gallery areas of all eight cylinders, ranging up
to 2-3/4 inches long. Mr. Rau of FaAA examined the cam gallery
bearing saddles Nos. 8 and 9 on the block of EDG 102 and found
welded crack indications about 2-1/2 inches long in both areas.
(Anderson). Based upon photographs of the cracks in
the camshaft gallery areas of the blocks Qf-EDGs 101 and 102, the
descriptions of those cracks by FaAA personnel, and LILCO inspec-
tion reports, I believe these cracks are similar to those found in
the original block of EDG 103. While the lengths of the cracks in
the EDG 101 block may be somewhat shorter than those in the
original EDG 103 block, they are, like those in the latter block,
propagating cracks. Hence, I believe the blocks of EDGs 101 and
102 are unsuitable for nuclear service.
14.Q. Were cracks found in the cam gallery area of the :
replacement block for EDG 1032
A. (Hubbard, Anderson). Yes. The areas of cam bearing
saddles numbers 2 and 8 were inspected by LILCO both before and
after grinding (on September 30 and October 1, 1984) while prepar-
ing EDG 103 for additional testing. The test reports show cracks
in both of these areas, ranging up to 2 inches long.é/
15.Q. Were these cracks present in the block before it was

used during operation of EDG 103?

5/ Exhibit S-7.



A. (Hubbard, Anderson). No. LILCO has supplied us with
copies of reports of all inspections of the replacement block by
or on behalf of TDI, LILCO, Stone & Webster, FaAA, and the TDI
Owners Group, or any agent of LILCO, pertaining to the cam gallery
area. None of these reports disclosed any indications in that
area. Moreover, LILCO retained an expert, Mr. C. R. Isleib, to
observe the casting of the replacement block and conduct a
detailed inspection of it after cleaning and before it was
painted. The IsXeib inspection report concluded:

Careful inspection revealed no zold or
hot cracks or tears, nor any cold shuts
visible to my naked eye, nor under the 5x
glass I used. Special attention was paid
to internal fillets such as inG}he
camshaft bearing saddle areas.-—
We therefore conclude that the cracks in the camshaft gallery area

of the replacement block initiated, or propagated from sub-surface

defects, during and as a result of the operation of EDG 103.

IIT. CIRCUMFERENTIAL CRACKS

16.Q. Are there circumferential cracks in the original block
of EDG 1032
A. (Hubbard, Anderson). Yes. The FaAA Block Report
erroneously stated that none of the EDG blocks had circumferential
cracks. Circumferential cracks are cracks at the corner formed by
the cylinder liner counterbore and the cylinder liner landing; a

representational drawing of a circumferential crack is shown in

6/ The Isleib report is attached as Exhibit S-8.

-10-



Exhibit S-9.1/ After August 14, FaAA found "some" circumferential
cracks when it sectioned portions of two cylinders of the original
EDG 103 block, according to LILCO's Supplemental Testimony.
Actually, the LILCO report of magnetic particle inspections
conducted on September 19, 19849/ shows circumferential cracks
extending 100 percent around the circumference of all eight
cylinders.

17.Q. Are there circumferential cracks in the blocks of EDGs
101 and 102?

A. (Hubbard, Anderson). Apparently LILCO and its agents
have conducted no inspections since September to determine this.
They claim that it is difficult to inspect for circumferential
cracks, and simply assume that they are present in the EDG 101 and
102 blecks, running continuously 360 degrees around the circumfer-
ence of each cylinder.g/

18.Q. Do you agree with FaAA's testimony that circumferential
cracks in the EDG blocks are "shallow"?

A. (Anderson). No. FaAA's statement that the cracks are
"shallow" is based upon examination of sections of portions of
only two cylinders from EDG 103, with a maximum depth which FaAA
says is 3/8 inch. There is no data to determine whether circum-

ferential cracks in other cylinders may be deeper. I have made an

7/ Exhibit S-9 is Figure 1l-1 of the FaAA Block Report.

8/ The Magnetic Particle Examination Report is attached as
Exhibit S-10.

9/ Deposition of Charles .. Rau, Harry F. Wachob, and Robert K.
Taylor, October 11, 1984, at 20.

N



examination of circumferential cracks in the sections analyzed by
FaAA, and I observed that below the tip of the 3/8-inch crack are
multiple small disconnected cracks branching out into the cast
iron material. The linking up of the main crack with the branch
cracks would in my estimation extend the crack to over one inch in
depth. This would extend about 2/3 completely through the block
material thickness running at a 45 degree angle from the corner of
the counterbore landing to the cylinder betﬁeen the stud boss-
es.1Y/

FaAA speculates that circumferential cracks in the
blocks of EDGs 101 and 102 would be smaller than those in the
original 103 block, because of the allegedly inferior mechanical
properties Qf that block. I conducted a microscopic examination
of a specimen of the liner landing ledge from the original EDG 103
block, and observed that it contained appreciably less amounts of
Widmanstaetton graphite than appeared in other portions of the
block as shown by LILCO's block exhibit B-33. Therefore, I do not
believe one can validly predict that circumferential cracks are
smaller in the blocks of EDGs 101 and 102.

19.Q. Do you agree with FaAA's conclusion that circumferen-
tial cracks will "grow slowly, arrest, and will not cause any
operational problems"?

A. (Anderson). No. The fact that the original EDG 103
block did not fail due to the circumferential cracks by the time

it failed and was scrapped for other reasons, does not support

lg/ FaAA estimates that the thickness is 1-1/2 inches at that
point. Deposition of Rau, et al., at 14.

=12~



FaAA's coaclusion that the circumferential cracks will not propa-
gate to the point of impairing EDG operation. As described above,
the circumferential crack I examined had numerous branches below
its tip and appeared to be propagating. The operating history of
EDG 103 is therefore cause for concern with EDGs 101 and 1lu2
rather than evidence of their reliability.

20.Q. Can circumferential cracks cause operation of an EDG to
fail?

A. (Christensen, Eley). Yes. A circumferential crack
could permit some up and down movement of the cylinder liner
relative to its position against the gasket sealing the liner to
the cylinder head. Such movement could cause leakage of combus-
tion gases, requiring premature shutdown of the engine. 1In the
event the crack propagates through the counterbore, the cylinder
liner landing would separate from the block, causing the cylinder
liner to fall into the crankcase. This would cause serious damage

to the EDG and probable catastrophic failure.

IV. CRACK INSPECTIONS

21.Q. What changes in crack depth measurements nhas LILCO made
as a result of FaAA's sectioning of portions of the original block
of EDG 1032

A. (Hubbard). LILCO sectioned the large stud-to-stud
crack betweer cylinder numbers 4 and 5 of the original block of

EDG 103 and found it had a depth, of 3 inches, rather than 5-1/2

=13
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Nay 17, 1984

Nr. Rodert n, Kascsasark, Nanager
Faclear Syetens Bzgineering Sivision
Long lelaznd Lightding Company

Poat Office d0x 614

Noretk Country Road

Nading River, Sew York 11792

Dear nr, Kascaak:

Attached is ay feport of the Delaval foundry heat sade o2

Nay 2, 1984 ang By exaalzatlica of tle yray lrca block which vas
rFoured for LILCO.

<N Qumaary, I obdserved the furnace charge, meltliag,
caating Procedures; C2ey were fepresentat.ve of very good
Current practice which vould result i3 an excwllent Casting,
aotalln:gically. Chemical d4nalynis of the ladle of mcliten {ron
from which the block was Poured, after additions had Deen made,
shoved fatlisfactory compoesition. Pboto.icroqtapbc will de

Provided Dy Dalaval, as will results of amechanical teatlng of
Che test Dars.

I inapected the block after cleaning (dute before palnting)
ca Kay 13, Nith the @xception of one gate Dreak=ia, thre
Castiag appecrs to pe excellent., It ls well formed, without
holes, Cracks, eArinkage or laclueiocne; it Naa been thoroughly

cleaned and Risor fine, veine, aad durnt on sand Carefully
grouad orfr.

The gate Dreak-in ©n t3¢ lover flaage, Canshatt aside,
between #J and ¥4 ¢ylinders, appeared to bave no cracka radiac~
iag from it; and can Dbe ground smcoth teo eliainate poacidile
Botch eaffects. The integricy of the flat #ealing surface of
the flange ias not violated Dby the break, ite location
between flange Dolt




/

meaber, plus the Sachining stock which will se removed from the
flange, make ite effect on the casting probdably lnc:gnifxcnnt.

in my opinion. A review ©f deslgn atresses in this 4rea shoula
be made to ascertain this,

Soae defects, such 48 aicroporcsity, carbden flotation, and
#lag inclusions, are oftec not visible c¢cn 48~cCast surfaces, but
caa “e seea afcer machiniag, I will inspect the caactling for
those defects at that time, if you so desire. Pleas: give nme
48 3a2y days' potice as pPcasible i you want ae to do tliis.,
vill be out of sowa for 9 daye, Jurve 4=10, bdut can bde reached
at 919-986-25012 during that tize.

Very truly youre,

Ce R, Isleid, P.E.
¥Y.J. Reg. No. 12386
CRI 18w

Sac.




PREFACE
———————

ccegzigsgiore? the writer GtO obaerve and review
Delaval lteat 615K and te inspect the #-cyjlinder clagse. ezgize
block poured from chat DBeat., this included & revievw of the
furnace charge, observstion of the heat ia progress, melt and
ladle addicions, tepping, and casting, discussions with foundry
and guality sseurasce sasagement regarding quality control 4and
inspeactlion procedures: and visual Ainspection of the cleaped
castiag. rhe irea wea to goaform to ASTN Steadard Specifica~
tion A 48, Class 4/.

CANCLOSIONS - MELPING AND CASTING

, - -

Nelting and Casting -y

W e e

1. fhe furnace charge vas sade wp of gord gquality virgln
saterials and esectep of’ Xsewn composition. I saw 20
purchased sotor uuu. VCIOOI. heads or other scrap which

might contain leads sine, tu or alupinom ifnserts which
could be deleterioms to ¢30 'l'lpllto or metrix astructures

or castability of e ““‘

the meltdown of the 3"‘“' “" began at 4.00 a, n., 'Nay
2, 1984, tappiag time '“, .‘_.':' A« N. Naximom temperature
reached in the fersace vas .“" 37307, tapping teapera-
ture wvas adoat 16067, “‘.’-&-‘."“ by lamerviocn thermo~

coaple., This 10 ““”‘.r‘ "“ practice 4nd should

result in minimes 1“ “3"' '“‘3 40d 4 walledefined,

complete cascing:




The heat wvas tapped into cvne JO0-ton bottom=pour ladle
which hed Deen prebeated to red Neat. Ladle additione of
Greaphidox and 1.20 wvere sade during the tap for graphitia~
ing purpoases. 2o delage were encountared) Capping wvaa

clean and cosmpletely satisfactory.

Casting was Ddegun proamptly at about d600P, neo etopper
trcuble wae encourtered;, and the wold wae filled ia under
d=1/2 wminutes, 4 very good time for this sise casting,
Aa Jla=mold graphictisiong block is normal practice at

Delaval, to sinipize inocslatior fade.

All ®mo.d vents were it of2, zo 749 explosicne occurred;

and the risers all fed, judging from erasination of the
#0ld later L. t2e mozrning.

It waes repocrted 2y Supecrintendent Dobrec that ocne~, ctwow,

and J=inch test dare wvere cast iactegrally in the mold, offt
the sane gating ayateas, and cooled in the wold along with

the casting. Separately cast wpecimens vere also poured,
Samples for spectrographic 4nalynin wvere poared as the
heat approached finishing and Juet Defore tapping. The

final ladle analgeis is shown Delow,

CONNENT S

The furnace used was a JO-ton capacity three~phase direct

arc furnace, acidelined, rated at 10 toons per Bour melting

rate. The charge for heat 615K was as follove:




-~

Sharge Lbe.

Delaval gray L:ion returne (all ahop ecray) 48,400
SCructural steel pPlate, @LC. .iivectvvnnnnn 42,800
Sorel wetal pig (4.3 C, 0.2 $8, 0.2 Mma,

R P 000 B) srsnsincessacnns 6,900
Srezdlian Poundry pig (0,065 P) eceve €.900
Bigh Cardon Ferrcsenganese ......o.e. 170
Craphice AL L T T T T D 460
Nolybdenum oxide Driguettes [50% NS ) 178
Ferromolybdcenua (62% No)

L L B B I B I ,,

Total 46,042

e ———

Ladle Additions

2L80 Craphicizer (80% ellicon)
Sraphidox (50% 0414008) cco0ss

Casting Composition

Actual Ladle
Analyeis (V)
Total carbon ... J.05

Rangeanese ...... 0.7¢

S““CO“ L B B B Y 2":

Phosphorue ,.... 0.067

sul!u’ L B 9.03,

Chromius v.ivvvee 0.0

"c..l ....O.... ollz
Rolgbddenum ,.... 0.2¢

COPPOL covvvvons ' 0.649




Examinacion of Cleaned Casting

.

I exawined tle casting on Nay 14, 1984, lamediately after
shotblast cleaning but before palinting (and before shop inapec~
tion by Delaval) with the objective of locating aad ident ifying
4ay dJdefects, vospecially those which would bde harmful to the

casting's integrity and Llrtended service as an engine block.

2y exapipation was visual, eided by a 3sL 52 hand sagnify=-
ing glass, mesasuring tape and scale, supplementary lights, and
@ Nevage Iin Dbrinell portabdle metal Nardness tester. (The
purpose of tha Bardness tester was not to dete.sine definitive
2ardness levels, Dbdut alaply to compare Hardoees lavels at
several points on tlhe casting and to help detaeact posaidle

JOorosity Or otlher castliag inhomogeneities.)

Le casting was set up on raelle and blocks in s wellw
lighted area so that ! was able to exzamine every surface,
interior and exterior, cope and drag eides, asm wvell as core
cavities. it vas Dlown free of nmetal Dlasting eshot for oy
iaspectiocn. Particular acttention wvaw given to the lead sur~

faces and eech cylinder dore area.

The casting wes exanined froam the viewpolnts and the

#gsten of organization cdescribed in The International Atlas of
g!Q;Xng Defects, publ, 1974 by The American Foundrywen's

Socliety, Das Plaines, !llinois; and the Analysls of Casting

Defecta, 4th ed,, lat revisaiocn, pudl, 1974 by the American

Poundrymen's Soclety, Des Plaines, 1llincis.




CONCLUSIONS

y

e Ketalllc Pro:ections

I sav no evidence of thick fine or veins, svelle, nor any
elgnificant vashes, cruashes, drope, ralseas or scads., Thin fins
and thin velna in f4illet areas had Ddeen carefully ground clean.
One alnor velned aree (l<lineh leng, thin vein) waas noticed o a

Sored slo: ca the weter jacket side, and some minor veining ia
4n oatslide flange~asidewall fillet.

Cavities

I sav no evidence of esurface or corner Ddlowholes er

Pinholes, nor any ehrinkes or drave. The casctlang appears
souad,

J. PDilscontinuities

Careful lnspection revealed no cold or bot cracks or
tears, nor any cold shucts visidle to 8y naked eye, nor under
the S5x glass I uased. Speclal attention wae pald to internal

fillets such as in the camebaft Dearing saddle areaes.

4. Surface Irregularities

There are no folde, eeans, roughness, buckles, rat~tails,
orange peel, slag lnclueiona, ailnks or drave, or clanp-oft
defects, and no significant crushes, durn-ons or bura=ine,
setal penetration or ecada wvere viaibdle. Very minor burn=ens
Or metal penetration Nhad Dbeen carefully ground clean, Cne

emall eurfeace irregularity, 21 inches long by 1/2 ineh wide and




1/2 ineh deep, ic a Copy s.ide pocket fillet area near the 14
¢ylincer liner support ring, water jacket aside, Judge

ineignificant,

35« Jlancompleteness

There (e no eign of ®larun, short pour, or ruscut in this
casting, aor should cthere be, Dbased on my cbeservation of the
molten Jiron Cemperatura and castling sequence on Nay 2. Catas
€0 tle lower Dlock flange (cope aide of the Casting as poured)
Wessure approximately J=1/2 inches wide 2y 3=1/2 lnches High,
One of these jataes, between tre 1) and 04 cylindere, camebatt
side, scffered a Dreak=in when the vating and riserizy fystenm
Y44 renoved, This Dreak~in le Ddetveen the flange Dolt hole
iocations and in frone of a major reilaforciag meader, It does

A0t extend to the flat 0ealing surface of the flange, machine-

ing etock to be resoved vill belp sinimize tlre salgalflicance of

CLis Dreak=in, #¢c cracks or inciplent cracke were visible in
Or radlating from thia breaX=in area.

A second swmall (2 inehes long Py 1/2 laeh deep) gate
DreakX«~in exlates In t2e flange delow 4 cylindear;, thie wiil

probably Dbe rewmoved during sachining, and Judge (¢t to De
inaignificant,

o break«in or porosity was vieible at the test der Ilngate
Aresas, which are located inside the Cores in the approximate

center of the caating.

§. Incorrect Disensions

I waw no evidence of Casting deformation, spold or core




shif%, or rap=of?f defects in this casting.

Ze snclusions

i 84v no zetalllc Llnclusicns, cold esbot, slag, droas,

sand, refractory, oxide or grapblite flotation defectas.

Hazdneass Teats

In a test for eny major unscoundness or dabowmogeneitias In
Cle castiang, I zade wseveral hardnees messurements seing a
Nevage pin bBrinell bardness tester, Becanse the surfaces
tested vere shot-llasted Ddut zot jround, the inpresaicn read~
idage are not meent to De 4 measure of actual Drinell Rardness

level., A properly prepared surface would yleld higher valoes,

The pin indentatlon diaveters that were measured indicate
od good homogeneity. The ldeeviest sections, which cococled
slovest, shoved somowhat greater indectation diameters than the
flange, which cooled fawter apnd would be expected to de harder.

There vas po incdication of micro= or gross shrinkage from these

obeervations,




Indentation Dlameter
(everage rfeading)
in willimetars

Location

Flange~0Drag side~near ingace

Preak=in srae Teost

Teatr

Surface - letveen #4 ang 458
ceylinders

surface, bdeyond 4] cylinder

surface, cutside #5 cylinder

surface, detween 17 and vé
cylinders .00

Except for the flarge Ddreak-in Bentioced in Conclusion 3,

the casting as Judged by ay visual inspection is of excellent
qullitv-
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