PA- 0002275- US(06-371) METHOD FOR CHECKI NG SURFACE CONDI TI ON AFTER CLEANI NG
BACKGROUND OF THE | NVENTI ON [ 0001] The invention relates generally to the

field of conmponent part inspection. Mre specifically, the inv
relates to nethods for inspecting gas turbine conponent parts
hydroggnogbg%éq;sggéa_aﬁ'lqg. [ 0002] Today's high strength braze
require very aggressive cleaning techniques in order to provid
of cleanliness required to achieve optimum strength. These cle
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cracks, renoving essential elements that formgrain
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aggressive cleaning techniques in order to provide the level of

cleanliness required to achieve optimum strength. These cleaning

technigues do not discriminate between oxidation and
contamination, and the elements that are designed to occupy
space between grain boundaries in a given alloy. Removal of

these native elements from the grain boundaries is known as

the

intergranular attack (IGA). Intergranular attack, also known as

intergranular corrosion (IGC), is a form of corrosion where

the

boundaries of crystallites of the material are more susceptible

to corrosion. Thisg attack is commeon in some stainless steels and

nickel alloys.

[0003])] Fluoride cleaning systems are used to remove unwanted

oxides from surfaces and service induced cracks of turbine

engine components, such as turbine blade airfoils, formed from

nickel base superalloys prior to repairing the compenents.
Hydrogen fluoride gas used in the cleaning treatment both

depleteg and intergranularly attacks the component surfaces

and

the exposed cracks, removing essential elements that form grain

boundary carbides (i.e. grain boundary strengthening phases},

leaving for some specific applications a desirable gamma layer

on the surface and along the cracks which allow for capillary
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boundary carbides (i.e. grain boundary strengtheni ng phases), |eaving for
sone specific applications a desirable ganma |ayer on the surface and al ong
the cracks which allow for capillary 1 PA-0002275-US(06-371) action during
brazing. This depletion |layer on the base superalloy is typically between
aboutP%T@@@ﬁzéﬁdR%QQﬁfﬁf¥)nch deep. Presently acceptable |evels of
intergranul ar attack can be as high as about 0.011 inch deep in sone alloys
and sonme types of turbine airfoils. [0004] Hydrogen fluoride cleaning used

to clgapi PRr&Sr {8 UWbLS-iry . MEAs HPIRtGBAPPRGAE Soh ke CBRs4 Ol erate depletion
and intergranular attack fromthe fluoride Cleaning can be repaired and

r et ur ABderal sey vieetyr¥caldy insctweendebputi 0. 8604 apdch - 8hk2 immlegrity of the

part royj di ck_initi.ation _sites. . n 0 for

o ¢ B PRy Fheb O B el R taler e e R ¥ o e

cl eaned. hGghpansalase: casill piredteslecep pheeesecHlldyonnad sesap wogrgronent nmade
of the_sanme .material, as the cleaned parts. The coupons are sectioned to
evaluaﬁetPﬁgl?%v%ﬁr€%1%§3k Sanpl e pi eces may al so be removed fromthe

cl eaned parts. The area(s) where the renoved sanple pieces were renoved nmay
have to be restored by puddle welding if the area cannot tolerate the

m ssi erjal. The _least . attractive ne q%g i.s sacrificin art to
evar udP@URhe HiEiresar TLIARIAPOBOBI TG COUPATT fEcHod FRES St RE S SADAEK ¢ hat
the ceBPpONTR8Se components that can tolerate depletion and

intergranular attack from the fluoride cleaning can be repaired

and returned to service. If IGA is too deep, it can impact the

integrity c¢f the part by providing crack initiation sites.

[0005] Current methods for monitoring the extent of IGA involve
processing coupons with parts to be cleaned. Coupong are cast
pieces or pieces cut from a scrap component made of the same
material as the cleaned parts. The coupons are sectioned to
evaluate the level of IGA. Sample pieces may also be removed
from the cleaned parts. The area(s) where the removed sample
pieces were removed may have to be restored by puddle welding if
the area cannot tolerate the migsing material. The least
attractive method is sacrificing a part to evaluate the level of

IGA.

[0006] The coupon method has the drawback that the coupeon has
noct experienced engine operation and may not have experiernced
the affects of any previous coating applications performed when
assembled, or any cecating removal prior tc repair. Removing
sample piecesgs may require welding to restore the part back to
its original geometry. Further, welding of these superalloys is

often difficult, resulting in heat affected zone cracking which



not experienced engi ne operation and may not have experienced the affects
of any previous coating applications perfornmed when assenbled, or any
coating renoval prior to repair. Renoving sanple pieces may require wel ding

to resio to its original geonetry. Further, welding of
theseﬁéuégrﬁ%féﬁﬁg€§§ )en difficult, resulting in heat affected zone

cracki ng which PA-0002275 US( 06- 371) results in reduced strength.
Sacrificing one part exam nes only that part, not a nunber of parts. [0007]
Moni t eesalt ¢ G i Sedutddpardeanit hquahicky fi 8$6g. oA papt oyeshimes hed f or broad
appllcatlons for repai ocedures is desired. SUWMVARY OF THE | NVENTI ON

[ 0008F %&tﬁ%ﬁbhIFHéFbr&PEKVéfioﬁ?rﬁﬁthods for monitoring the extent of

i ntergranul ar attack, such nethods are not conpletely satisfactory. The

i nventors have discovered that it would be desirable to have methods for

I nspect.| gas_turbine onent ., parts for ssibl.e corr S|ve di stress

af tor IRORPb oS A RE e TORT Cant ot MEHe Hh IBH S de VBT y APer D68 E el |
anounfne hod MBdervedad epateitiionisngovhetbpel r gp abbeBOLBSal & afeHifrddne

material are depleted and restores the material using the same procedures

as when the parts were manufactured. [0009] Enbodi nents of the invention
provi de nethods for determning corrosion in a conponent part. These
met hods conpri se choosi nguEMARY egF OfHE RTVENTI@NENt part for exam nation,
rennving a_predeterm ned amount of nmaterial fromthe surface of

[0008] " Although there are various methods for monitoring the

extent of intergranular attack, such methods are not completely

satisfactory. The inventors have discovered that it would be

desirakle to have methods for inspecting gas turbine component

parts for possible corrosive distress after hydrogen fluoride

cleaning. The method selectively removes a small amount of

material for determining whether grain boundaries of the

material are depleted and restores the material using the same

procedures as when the parts were manufactured.

[0009] Embodiments of the invention provide methods for
determining corrosion in a component part. These methods
comprise choosing an area of the component part for examination,
removing a predetermined amount of material from the surface of
the area to create a new surface, polishing the new surface to a
predetermined depth to create a polished surface, determining
corrosion in the component part, and restoring the polished

surface back to criginal dimensions.

[0010] Other embodiments of the invention provide methods for
inspecting gas turbkine component parts for distress. These
methods comprise selectively removing a small amount of material

from the component part, determining whether grain boundaries
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the area to create a new surface, polishing the new surface to a

predeterm ned depth to create a polished surface, determning corrosion in
t he conponent part, and restoring the polished surface back to original

di nensj_ons. (%0010% Q her enbodi ments of the invention provide nethods for
inspe@ﬁ'ﬁ&oﬁ >t Bpﬁ‘e%ﬁhponent parts for distress. These nethods conprise
sel ectively renoving a small anount of material fromthe conponent part,
determ ni ng whet her grain boundaries 3 PA-0002275-US(06-371) are depleted
wher e e gept erbal wMaser endVesk e @t rest ddmg eldle anseraved - magerhal using

t he sane procedures as when the conponent part was manufactured. [0011] The
det ai Iz$TeVegnBabET Bt eLahb® di e e fPndfedureeneisowhear 8hgeCOMBPREGNYG n t he
acco Dy @gsdﬁﬁ}‘}’iﬁ%%tﬁ-?gd? he description below. Oher features, objects,
and advantages of the rnvention wll be apparent fromthe description and
drawi ngs, and fromthe clainms. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0012]

FIG 1 is an exenplary gas turbine vane showi ng a post cleaning inspection
poi nt. 10048331 TiHd @etil1s UEe JnASBECRLEE BALSE: hEAR LA e ShWdd on
intergranular attack affecting all cleaned surfaces. [0014] FIG 3 is a

bl ock adicageamfofthniaxehpl argyonpapectd ohrawiedsodndc cbeddagctropt heni nventi on.
4

below. Other features, objects, and advantages of the invention
will be apparent from the description and drawings, and from the

claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] FIG. 1 is an exemplary gas turbine vane showing a post

cleaning inspection point.

[0013] FIG. 2 is the inspection point from FIG. 1 showing

intergranular attack affecting all cleaned surfaces.

[0014] FIG. 3 is a block diagram of an exemplary inspection

method according to the invention.



PA- 0002275- US( 06- 371) DETAI LED DESCRI PTI ON [ 0015] Enbodi nents of the
invention will be described with reference to the acconpanyi ng draw ng
figures wherein like nunbers represent |ike elenents throughout. Further,

it isﬁégaﬁﬁﬁazggﬁé%ggg%?#pat t he phraseol ogy and term nol ogy used herein is

for t ption and should not be regarded as I|imting. The

use of "including," "conprising,"” or "having" and variations thereof herein

is neant to enconpass the itens listed thereafter and equival ents thereof

as well as additional itensprTRO0%6] nEooporenty part surfaces to be cl eaned
be subjected to a fluoride cleaning treatnent which uses hydrogen

f1 or (GO IPHE)ETReSinertis Tt 6FPA&PEFBRAPRGYT b rEHSTRAPAE Wt oui t abl e
fluoridec-clgani pg Eﬁ@aamdpm;m% I b 8@l quk-@31 Ghe kel  base

superal | oys, when subjected to | uori dé cleaning treatnent using hydrogen
f | uor indebgas, rerhebent al 1ige nekemerdep|tdtbicowhioayer Fabsber. 000#4st oo 9012 i nch

deep, | ocal i;z epl etion | ayer about .0.004 to 0O.009 .i dee and a
naxinﬁ%ﬁﬁﬁ g?ﬁ?aﬁ% grP%?t%% a%ﬁxﬁﬁg%l 4tF5n5988§gVn8ﬁege§%?e %rfgcases in
whi ch ficrt ehgr pavpase antl/ @¢sd i@ dendirid ishoddndari Be ragar@adonnt er ed.

[0018]. .Conponent parts, such as vanes and bl ades used in gas__turbine
engi nésMfaPIsuf Per U8t rokt LHF L ST ess RO TS e H?drﬁgghn$fu%9@de gas

when cleanedonthencteani RO HIQCES SndB) 3t kackmphishki €Ak areas dhstde
conponent part and contribute to, or exacerbate, |GA. For conponent parts
t hat Hépgeahtiergond #fFuivalents thereof as well as additional items.

[0016] Component part surfaces to be cleaned may be subjected to
a flucride cleaning treatment which uses hydrogen fluoride (HF)
gas. The fluoride cleaning treatment may be any suitable

fluoride cleaning treatment known in the art.

[(0017] Nickel base superalloys, when subjected to a fluoride
cleaning treatment using hydrogen fluoride gas, exhibit a
general depletion layer about 0.0004 to 0.0012 inch deep, a
localized depletion layer about 0.004 to 0.009 inch deep, and a
maximum intergranular attack about ©¢.004 to 0.008 inch deep, for
cases in which intergranular and/or interdendritic boundaries

are encountered.

[0018] Component parts, such as vanes and blades used in gas
turkine engines, may suffer structural distress due to the
hydrogen fluoride gas when cleaned. The cleaning process may
attack critical areas on the component part and contribute to,
or exacerbate, IGA. For component parts that have undergone HF
cleaning, the invention provides methods for inspecting each

part for any IGA that may have occurred.



cl eaning, the invention provides nethods for inspecting each part for any

| GA that may have occurred. 5 PA-0002275-US(06-371) [0019] Shown in FIG 1
is an illustration of a turbine vane 101 that has undergone HF cl eani ng.
Areas of the turblne vane 101 include an outer platform 103 that includes
front PR08°44d 7Pelr (92077 hbok attachnents, an airfoil section 109, and an
inner platform 111 that includes a rear inner platformedge 113 and a
honeyconb seal 115. Shown in FIG 3 is an exenplary, non-limting nmethod of

the i neeabiorsndite ifetihed axawi aes atusdreaidhate is ¢y Gl lwarddhe orost
vul nerabl e and susceptible to IGA An area, A, determned to be susceptible

may bébefoben ﬂ@ﬂergﬁgﬁeﬁfl%he%%¥Qﬁ)1ﬁﬂﬁaSIQf &lsodirbADS, VeRe &Xenpl ary
area, .10k %Heoﬁ€é£ @Q@foP%afJ?r Q%cﬁ% e%sf%ﬁ €R 0dUg 50y %5? gas path

and non-gas path expos accessibility, ease o reparr after
perfomm7n@obheatnaphmEnbﬂ namrmmkfdﬁbsﬁumiﬁnel®ﬁosandfan ieram nati on may be

a mar ly | edg surface, such performn t hod does
ot | AR CFRe 10t Bty shoTYaRRgt | TS or NG SORSORER: SPaPL TINERBatt 101 rmy
be puthdn@y@ombl eHle1for prsihi DNimg and it0 opF @Keti@1aryexam nation surface
reference (step 310). [0020] Material may then be renoved fromthe surface
of th@oncﬁd§éﬁl&EeﬁeEgP@poélBﬁet%ﬁ%?%ﬁ%%btéﬁﬁiH@Ghéépﬁﬁaﬂlﬁ§ssﬁ6mn in FIG

2 (in gnhodigents, th%ngyOé}QetrQo& 020 Hench,1deep)y UsisRgaipsertgs of

abr asi ve papers tha be conprised of SiC, alum num
IGA. An area, A, determlned toc be susceptible may be chosen for

inspection (step 305). In embcdiments, the exemplary area, A, of
the rear inner platform edge 113 is chosen due to its gas path
and non-gas path exposure, accessibility, and ease of repair
after performing the ingpection method. The surface chosen for
examination may be a marginally loaded edge, or surface, such
that performing the method does not impact the structural
integrity of the component part. The part 101 may be put in a
fixture for positioning and to provide an examination surface

reference (step 310).

[0020] Material may then be removed from the surface c<f the
chosen area (step 315) to a predetermined depth d as shown in
FIG. 2 (in embodiments, about 0.010 to 0.020 inch deep) using a
series of abrasive papers that may be comprised of S$iC, aluminum
oxide, or cthers. Coarse to fine mesh abragives may also be used

in series to achieve a final polished surface finish.

[0021] Thereafter, the surface of the chosen area may be
polished to a mirror-like finish (step 320). Polishing may
comprise removing about 10 to 15 microns more material from the
surface of the chosen area to remove a region that may be

affected by IGA.



oxi de, or others. Coarse to fine mesh abrasives may al so be used in series
to achieve a final polished surface finish. [0021] Thereafter, the surface
of the chosen area may be polished to a mrror-like finish (step 320).

Pol i shin na% conprise renoving about 10 to 15 microns nore material from
t he §ﬁf%§@§ dP-VRéOEnddeh area to remove a region that may be affected by
| GA. 6 PA-0002275-US(06-371) [0022] The depth of the I GA rmay then be
determ ned (step 325) by evaluating the mcrostructure of the polished

surf acgoz2Bhe THE sty W Wi aval Hall CHeABYe | AYOL MBI MSE Nk eld)cali on
material. One enbodi ment uses an acetate replica, but other replication
mat er i3 Vgt 1t hbEsMiayoat sec here seld. thin reddsiied suephicea Thetypical |y

preparnﬁ‘?:ﬂ%t%‘d&&hgg 8, 30&8t ;1 0k Itol‘;}{\?ooJT%% Skbec it %%%E%St%%:ﬁe for the

replica a pl'aci ng one or two dr acetone on € surface to be

repl i cattediaBi.oder ankbdiecfit | sedrean e-arsad frepliepl i batpoeparati on, and
acet one Qqr. nethxl acetate may be used as the solvent. The acetate may have
a foiFePﬁéEQFﬁB t B25FF D 5i%ﬁﬁ¢ﬁﬁ%ﬁi§]@ﬂ¥ CRE MEEFosEBpBCCTAESacetate s
pl aced-<qn ithe isutipeeat Oy bgregptégatehand des aSahleened rby -thgte acst one.
Pressure may be applied to the acetate after the solvent has evaporated to
ensur &t RPPropEiaEet at eenbPustie rewrl lapuemek ®1li5siing ragl pEated. dpeps

d i f ti | 1. i | f h
predetgr M ned ampunt ;10 ﬁHrFQs?ce &@%l%@%&eﬁq @lgaggchgﬁa@E pygd for the

acetate to capture a " and I npr essi on ore renoving the
repli asy be used for replica preparation, and acetone or methyl

acetate may be used as the solvent. The acetate may have a foil
backing to allow viewing with an optical microscope. The acetate
is placed con the surface to be replicated and is softened by the
acetone. Presgssure may be applied to the acetate after the
solvent has evaporated to ensure that the acetate molds to the
surface being replicated. A predetermined amount of time,
usually about 10 minutes, is allowed for the acetate to capture
a "hills and valleys" impression before removing the replica

from the sample surface.

[0023] Usually, a first replica will clean the surface. The
first replica may be saved for analysis as well since it may
contain corrosicn products. A second replica is typically
prepared for analysis. Due to IGA size, electron microscopy may
not be required for evaluation. For evaluation of finer
microstructure features such as gamma prime sizes, electron

micreoscopy may ke used.

[0024] In embodiments, the replica may be examined using an
optical microscope to examine the hills and valleys. IGA may be
determined by measuring the differences between the highest

peaks and lowest valleys to form a metric for comparison. The
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fromthe sanple surface. [0023] Usually, a first replica will clean the
surface. The first replica nmay be saved for analysis as well since it may
contain corrosion products. A second replica is typically prepared for

anal ysis, Due to I§A size, electron mcroscopy may not be required for
eval uafr BRO2Eor & ¥%atToh of finer microstructure features such as gamma

prime sizes, electron mcroscopy nmay be used. [0024] In enbodinents, the
replica may be exam ned using an optical mcroscope to exanmine the hills

and vakhe¥sed! &t AByaper hdety gl asukkpgpt 814di {gIencemfel ween the
hi ghest eaks and | owest valleys to forma netric for conparison. The 7

PA-0002Z75e Usppb glrag invevaniiad tagea siaperheaché dohpasean it h acceptable
Him sy uhed o rﬁg& el d %ﬂ*%’é‘é%ﬁ%g{ﬁ%éi-ktg%ﬁég% .dgta such as

i nt ernal engi neeti notTces or technical work packages. acceptable 1 GA
dept hacseptabledI®y @sgimei stlriucingdalbyerpginenseruchecadnexpdr prroperty

testin nd.overall structure calcul ation_.(nmaxi num operati stress |evel
e AR P T et T e S g B M B L O R Dt o T shimg
may theaxbeuheshorgdindgiséing:H ffdisilonnr aaicAgubi 1€re FughOFémantd) wel di ng
(step 330). If necessary, the restored material may then be machined to
return the conponent part back to the original part dinensions. [ 0026] Thi s

invention elimnates the need to sacrifice parts, or weld restore |arge
regi oreoggl eatrey wztariabouwtndvbaObd pdCIYhing may then be restored

using diffusicn brazing (i.e., TurboFIX') or welding (step 330).
If necessary, the restored material may then be machined to

return the component part back to the original part dimensions.

[0026] This invention eliminates the need to sacrifice parts, or
weld restore large regions (greater than about 0.5x0.5 inch)
removed by prior art IGA examination methods. The invention
allows each component part, if necessary, to be examined for IGA
in a manner such that material removed for inspection may be
restored using the same braze procedures the parts were exposed

to during manufacture or repair.

[0027] O©One or more embodiments of the present invention have
been described. Nevertheless, it will be understood that wvarious
modificaticns may be made without departing from the spirit and
scope of the invention. Accordingly, other embodiments are

within the scope of the following claims.



removed by prior art |GA exam nation nmethods. The invention allows each
conponent part, if necessary, to be examned for IGA in a manner such that
mat erial renoved for inspection may be restored using the sanme braze
procedures the parts were exposed to during manufacture or repair. [0027]
One or e_enbaodi nent s %f the present invention have been descri bed.
NeverPﬁggé%%?7?TU 99-%e 'under st ood that various nodifications may be made
wi t hout departing fromthe spirit and scope of the invention. Accordingly,
ot her enmbodinents are wthin the scope of the following clains. 8

PA- 0002275- US(06-371) CLAIMS Wiatcisrwd ained is: 1. A nethod for

deternm ning corrosion in a conponent part conprising: choosing an area of
t he cBhpbnentclaited ors exani nation; renoving a predeternined anount of

material fgomi éggfﬁﬁﬁxgp aj a.tg,crgate r ; polishing
sai d new sur aégﬁ%o a pre etéfﬁiﬁgggggpf 8?05 c%é%?gggﬂ%é?is ed surface;
det er pompnygstoy r osi on in the conponent part; and restoring said polished

surface back to, original diqgn ions. 2. The ne%h d according to claiml
wher ei n saf Py BHYI Fy S1G oot PBESPERDVPAGS bt Br PRI OMHI d surf ace to
a depth of redbeiig &b Ghdr 3:nd2Rd R&Bunt of material from the
gsurface of said area to create a new surface;
polishing said new surface tc a predetermined depth to
create a polished surface;
determining corrosion in the component part; and

restoring said polished surface back to original dimensions.

2. The method according to claim 1 wherein said remcving step
comprises removing material from said surface to a depth of

about 0.010 to 0.020 inch.

3. The method according to ¢laim 1 wherein said polishing step
comprises polishing said new surface to remove additional
material from said new surface to a depth of about 10 to 15

microns.

4., The method according to claim 1 wherein said determining
corrosion step comprises evaluating corrosion by examining said

polished surface.

5. The method according to claim 4 wherein examining said
polished surface comprises creating a replica of said polished

surface microstructure.

6. The method according to claim 5 further comprising
examining microstructure peaks and valleys of said replica to

create a metric of corrosive effects.
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3. The method according to claim1 wherein said polishing step conprises
polishing said new surface to renove additional nmaterial fromsaid new
surface to a depth of about 10 to 15 mcrons. 4. The nethod according to
claiml wherein said determning corrosion step conprises eval uating

corro 'Q%o%¥2%§@HE?5893§§]d poli shed surface. 5. The nethod according to
clain1£‘wherein exam ning said polished surface conprises creating a
replica of said polished surface mcrostructure. 6. The nethod according to
claim5 further conprising examning mcrostructure peaks and val |l eys of
said replica to create a netric of corrosive effects. 9

PA- 0002275- US(06-371) 7. The nethod according to claim6 further conprising
conparii'ng ggﬁdmﬁEgP%caﬁF?ﬁg-%%i??cﬁﬂay%éhﬁ%§7 TdECEPHAE™Pf  corrosion

exi st Sdnipat-hegCegRangbt rpar it enier iihed RA¢Qr dbngetermiabm ¢ wherein
said restoring step conprises applying additional material conpatible with
sai d cegFpeAehHt epaftst onshihd POITRPEIRIT: ftarftace. 9. The met hod according to
claim8 further conprising machining said additional material back to said
original dinensions. 10. The nethod according to claim9 wherein the
conporient [Taet metbod tucbrdengane.claim 7 wherein said restoring step

comprises applying additicnal material compatible with said

component part to said polished surface.

9, The method according to claim 8 further comprising
machining said additicnal material back to said original

dimensions.

10. The method according to c¢laim 9 wherein the component part

is a turbine vane.

11. A method for inspecting gas turbine component parts for
distress comprising:

selectively removing a small amount of material from the
component part;

determining whether grain boundaries are depleted where
gald material was removed; and

restoring said removed material using the same procedures

as when said compconent part was manufactured.

12. The method according to claim 11 further comprising
polishing the surface where said material was removed prior to

said determining step.

13. The method according to c¢laim 12 further comprising
creating a replica of said polished surface prior to said

determining step.

1¢



11. A method for inspecting gas turbine conponent parts for distress
conprising: selectively renoving a snmall anount of material fromthe
conponent part; determ ning whether grain boundaries are depl eted where
said nmaterial was renoved; and restoring said renoved nmaterial using the
sane PPoleeF e VA&t )sai d conponent part was manufactured. 12. The
nmet hod according to claim 1l further conprising polishing the surface where
said material was renoved prior to said determ ning step. 13. The net hod
according to claim12 further conprising creating a replica of said
polished surface prior to said determ ning step. 10 PA-0002275- US(06-371)
14. Theé . neThednaichot dagprtding diomcldimhéBeiwhesaid daiérderermyinistep

conpri ges exan ni ng sai d. r.erpl [ cadt Q dcit.er i nedij: rain .Poundari es were
depl e? ap Timprlse cXaminirg sal replicCa O ete ine 1 grain

boundaries were depleted.
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