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TestNumber.F).

sIahme ID: ½-4

la ww W44gin t Toai Ot.sn o"A Room AROO

~~~ (f" I MWnm .v~ Me 0 ~w

11-4-1 N/ .. A __7 __ 73_ ký LL r

2if,~L A- e C 2 0'

Co...... ...

NOTEh A cop of this par should be used fo.- tach filter b~ag. The Tent Coordinator -should sign this
documem when the corrmpanding filter hu been fully pro-=cda per the instructions in Appendix 2 -
Filter ft Proceaang Checklist.

JEFF ?G 5 _XA

Test Coordinor ___________ ate_______

Lise or dhdocuie gz* dwkummn is wja Wtoe dm mvniw on the Cowe Aj.
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BWROG ECCS Strainer Bypass Test Report

A LIO N Page:
SCI N N Document No: BWROG-ECCS-TA I3-004 Revision: I M-182

of M-219

Filter BUg "arapr~n, aw Procaging Procedur

*H~E -Docume~nt No: AIJON4PP-LAS-23524O0 Revi3iw= I Pap,~ 81 of Wf

ATTACHMENT 3 - FILTER PROCESSING LOG

Oate. W
Filter t0o.

Test Numb.,f

. alance 0,

L...........~2~ NIA

+vi- ; /R..._IN

it-.I- --. i-----.-.- -

....... . ...

TOW~ DOn'jkx 0VM
T-11P.

I
0 d1q :~j ~(~1

A13

..........................

..... . .............

.....................

.....................

.................. . ......

1(79 12-

. .... ......

. .. .........

Cmments:

NOTC A copy of dthe pape shoutd be used for exhi Mlter bag. The Test Coordftmtor should sog this
documecnt when the conoapondina 61tr his been Mu~y processed per ths mstructions in Appendix 2 -
FI'ker 8" Processing Checdlist.

J6EFF ~x ~ /Ž
Test Coordnai-or Oat ., -9-, 1

PaFi

Use~ w dWtd r*a cfn tM ocumw~t is 10ýe t the restnkon on dsc Cow Pape.



BWROG Report - GEH Class I

BWROG ECCS Strainer Bypass Test Report

A L ION Page:
SC I A N Document No: BWROG-ECCS-TA 13-004 Revision: I M-183

of M-219

Fifter SM Prep tidon and Pro*.sng Procedure

A L IO N .......... .. . .......

ATTACHMENT 3 - FILTER PROCESSING LOG

Daw: L±
F1ke

Tea Numb~er

12-er-fl A ilqA 7

WW~iI PA- rkg tm [eo iS.
Th'. rf 9 1Y4WOI Hwtt&kd

W0 j(hws) M~P l( K)
N"A 0 2/v$

-4ý4 I0/ 5 SS0NIA '4'. . .. .;... .-.

.. ................ ..
/?,r, - -7

- - - .... .........

. .................... .. ..... ..............

4 .,3 17AI 7.t / ? Is165w
•7 12

4. 4. .4.

...................................

.... ............ ..............................---- - ------ -- 4 -- .................... ..+ -..... ........ . .. .. .. .. .. .

Conmems:

NOTL- A topy of thi pWg shuld be used for each fitter beg. The Teog Coordinator shouldd sign this
4ocumetnt whien the corresponding litter has been ful procesed per the instructions Us Appenix 2 -
Fitter OM~ Pr~ccming Checkltst

NUF S
Test Coordmnator Duate//

Um or dmsre of dus4wmn~en nc ugp ote mnomo the Coer Pag



BWROG Report - GEH Class I

BWROG ECCS Strainer Bypass Test Report

A LIO N Page:
SC IE A OLDN Document No: BWROG-ECCS-TA I3-004 Revision: I M-184

1 of M-219

QDFilter Sag Preparation and P*rocou~ng Proceduv.

ATTACHMENT 3 - FILTER PROCESSING LOG

Oaw. LLJ
Filter 0: F. 7

Tast Nujmber.L

swurzce 10: 5i

.~ . .h~ . . ......

2-f.j .i .. ......

la Lt. j... ............ ...

... . ........... -----

W*4* 'raw or""n
Tin"
hOWUr)

on" Room
.d

NIA
.. .. .. .. .

i -,)

23 1 1 !•- t'ie'

__........4-...

....... ..

22.-

4

.... ....... -

NOTM A copy of this pop should be used for ewch filter bag. The Test Coordinator shiould sipn this
document wh~en the corresponciing f~iter Msz been Muly processed per the instructiws i n Appenixdl 2 -
Filter BMg P ocessin4 COe~ist.

JEFF P09
Test Coordirater Date____

U.~e or ~dacks of±A M= dMent It suAct w e rh esvkuwe on the Cow'c POg.*P
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BWROG ECCS Strainer Bypass Test Report

A L ION Page:
SC I A N Document No: BWROG-ECCS-TAI3-004 Revision: I M-185

of M-219

Filter US Prep"Wtin and ProceulnS Procedure

IAL ION R.lOft Bof
Document No. 5LO 4LA .3 2. Rvson w a fa

ATTACHMENT 8 - FILTER PRtOCESSING LOG

Fitker 0O: Xz

Tes Nube*r- E'I

8 .abwe~ to: ________

IWA NI __

-11 N/A
...........jC 4 2  . ...... .

014 0,0

_ _4 .I.. .....~ ~ .~~t ............. .... . ..... .... ..........

Twnp."WW

78
70

... .. ..

I. ......
.' .7.......

...............

Connotsi:

NOTE- A copy of shts pape shoud be used far each filter bag. The Test Coordinator should sign this
docwnent whim the correpondvin filter has been fully processed per the instructions in Apper~dx 2 -
Fiker 5tg rvc~singCOtecitst

JEFFP POSKA
Test Coordinator_ ___ - -- Dat 1%?/ -/

U"e or dikw ofth docummri a tubp to the reuwwof VV th con p'ar-
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BWROG ECCS Strainer Bypass Test Report

A LION Page:
I O N Document No: BWROG-ECCS-TAI 3-004 Revision: I M-186

of M-219

Filter Sag Preparation anid Procosmiag Procedure

A L 10 0ocument No: AIJON.SPP-LAB-73S2-70 Revision: I 'age: 81 of 8l

ATTACHMENT 5 - FILTER PROCESSING LOG

Daw: 2291

Filter 0. 5 01

Test Number. I_ ___I_

Balance 1O: 5e___-_0___

Ulm* a TI"e
(2)

NfA

weif
Tani ('F) (qT-Wp.

(VP) ("F)

2Y.3 0014NJA

NIA

0 01

0
265

V1O
2 / 1 -3 M I

4,610 "73 4 rý- / LX & I AM
-- 4.'-~---=--~-..-.4 - - ~

__~] .___ __ _ __ _ ....... i--

1-~'-

-A-- 4----~ 4

NOTM A copy of ens page should be used for each ftter ba& The Test Coordinator shJoud sign this
document when dte corresponding filter has been fully proessed per the instructions In Appendix 2 -
Filter Bag Procesing ChecldisL

JEFF POSKA
DawTest Coordinator

Piirn

Uw r ~Adiscfse of this drowment issbec i the restrkdion an the Cowe Fq&e
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BWROG ECCS Strainer Bypass Test Report

Page:
SCL I 0 N. Document No: BWROG-ECCS-TAI3-004 Revision: I M-187
SCIENCE &AND TECHNOLOGYM-8

of M-219

FUIer Bag Preparaion and Procesing Procedure

A L 1, 0 -neat No: AU DoN.SFP-LAS-2320 sicaon I Page: 81 of 8

ATTACHMENT 8 - FILTER PROCESSING LOG

Date;( - 24-1i

Simi- 11); -. 12

Test Number .

Balance "0: 3e- - OV

NOTE: A copy of this page should be used for each filter bag. The Teit Coordinator should sipn his
document when the corresponding filwr hs been fully processed per the instuctions in Appendix 2 -
F lter Bag Processing Checkist.

JEFF POS~h

Print
oate '7// //1--Test Coordinator

Use or adsdaswie of this doru.w~s is subject to th~e resitkiion on the Coye' Pop'.
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1a) BWROG ECCSStrainer Bypass Test Report

A L ION Page:
S AN TECHNOLOGY Document No: BWROG-ECCS-TA I3-004 Revision: I M-188

of M-219

4& Fk~te Bag Pmpratinton and P5oe"shng Pmcodwue

ATTAHMET 3 - FI!LTIER PROCESSING LCZ

D~ate 22$-1

Shter JD:

Test Nurter. 51

Wam,&$D: -.- 5C--___

___________T rnw~' I___

j1-1:91i q j2T _ 2A4 2V

.. . .. ......~ , .. .. .......... . ..... _ __

... I...............

._________ ..1 .. ......................

.. . ..... 4 --.... .. t. . .

... .......... ...
9.04M
Tenw

f43...... . .....

- ...... .. v... .. ... .

3) VIkt

....... .....

Comments-

M~OTE: A coy of thiý p ý~ houW bmt uwA for c~ filter bag The Test Ccordnator 4houli sgn this
diinn hen the crrzspandin filr lias been ifuly piqce~cd per the Insrumons in Apoxodix 2

Tfkst Coc~s g -;or

NiM ____rii

of ~ i docure 1, ýwjcthe rein~ j odw Cc- Par
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1BWROG ECCS Strainer Bypass Test Report

4 L 10 NPage:
SC L I 0 N Document No: BWROG-ECCS-TA I3-004 Revision: I M-189
SCIENCE ANO rECNNOCOGV - 8

of M-219

I Pikr B - rat s adProcessingPro edure

ATTACHMENT 8 - FILTER PROCESSING LOG

Dae -A: 91
Test Number: _ ___

Daft & ThE'I ^n hisg'dw_7, NIA 0
-NIA

/2 ~ ~ .~ ......... . • .. ...

....__ ..... . { ..... ....

........... I- . .. I-..............

.............. ..... .. . . . . .

. . . ........... 1*...
. .. .................. .~l 1 ....... ....

Vyl I_(IF) (19)

2iz 603 N3t),''

2v3 Z. 3~6 3

... .. .. ... .

._ ....... I ...... .... _

HOYS.: A copy of chis p.ge stwud Lbe used for each fiter beg. The Test Coorit-dnrxr should sigjn thkz
00tUM~nt whien tte corresponding f~k&~ hzs been fuily procesusd pet- the histrucsions in Appendix 2 -

F~m Gg Processkq ChetddisL.

T >4-t Coordinator..

;Jri iv$ c~lawe qf~ Oh d=nn Ausý to~CC wem%*Ow on the Ccwzr iqL
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BWROG ECCS Strainer Bypass Test Report

Page:
SC L I 0 N Document No: BWROG-ECCS-TA 13-004 Revision: I M-190

of M-219

Docum~ent No: AUON SFp-L-Ag'2352. 0 RPzoi~i: I SI: 81

ATTACHMENT 8 - FLTER PROCESSING LOG

ODam,22

4~e ~
Tent Nuimber: !r I

Ha-Ica IDOf

I.> N/ /fA

______~. .o ........~N

........ .... ... ..~ ... ....

.. ........- --
I . _..... _......._......_ _ .......

0-

~2-

Owmp

top -7g.
2. m
3/. 4

4M
...t...i

. ......... I ~ . _ _ _

....4.....

.... ............

C~ ~~~~~~~~~ .ns ....._____________ ....._ .._

NOCTE. A coipy of t~Wi pap 5houlI be used for ýsch filmr &eg. The Tm, C.er-tordia shoold sign~ this
domeiit wthen corspnt fi hm, bý-n itiluy prcc.eass4 per rhte imtructons in Appndix 2 -
Rl~ Ba .---.--. heds

JEFF ~r:
-- Dam, //ý /,a-

&.e r 4 k 'i ftha d0Ctxirnt4 ~SVC to.i thu reswew 41 Un. Ca NifPte.
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BWROG ECCS Strainer Bypass Test Report

A LIO N Page:
SCI A N Document No: BWROG-ECCS-TAI3-004 Revision: I M-191

of M-219

4D iltor Sag Preparudon and Fraces~sng Pr@.ceduro

A L ION Docurniea No: Al-ON4SPP-LA1-352-7O Revision: -I page: al *111 1
L

ATTACHMENT B - FILTER PROCESSING LOG

Date. 0~-21-11

Filter ID. 502 5.

Test Number. 5?

8atan-e 0. 5e:-Qq

1 oeta Dqhn Ow4.n I Moe RtOW"
DaeATim. -E O4feplbj. TIM. Temp. Temp. Hu" tdaI ____ _ _ __ _ _ __ _ _ _ (IF 4(*r-) ) I_ _

... _ _ .. *~ .... . ...

ge*7 112.

___/___ /A K2,Zz /V4 'E~ A AIL

./ 2 ....... .I 4 ..... ........ .

NOT.ýA op o tispae soud e se fr ac -iterbg h etCodntrsol inti

document__ when______ the______ corresponding Iite haee___poeseerte___cd n pedi

_____ Sag Processing _______1ddi____ ___

,JEFF PflSKR oate I/i/•_ATest Coordistor
prim

Fat or4domtre ofI the mocimnet is tub'dto the f rtsralcdn 00 the Caw. pcze.
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BWROG ECCS Strainer Bypass Test Report

A L ION Page:
SCI N N Document No: BWROG-ECCS-TAI 3-004 Revision: I M-192

of M-219

Iite Ba Pneparadon en r-ngPadr

A-TrAdCIN NT 0 -FLTER PROC~SSING LOG~

keHO: ____

Test Number: S)

Balace ID: ,,-C> V

,- iO.C.-- .
9:30 NIA NIA 0 :4 21,
~ &% i~9Yy~ N/A 4i I31. 7

_ _ . . . . . .......... ... __ .. _ _ .... ..

.......... ... ._.._ ... ..... --.
---------- ---- r--- ........

.... ...... . _ _ .... ~f

I __................. ..........i.......__

.. .. ....

.. ...... . .....

MOTE:A copyo -a thspgshould be 4e for e hfker bag. Th eTea CoodawsouWsignthis
docupwnt when the acr~rmondtng Aiker ~sb- n fufly procestvtd We the instucicons fn Appendix 2 -
ý7,ker BagPrmmirg Che~is

JEFF . ~ .-
4ý

Tu-,t C'Orfnao - Dat_/b___-

Woo 4iddeie o~f 0M d'c<;,mit ý sjaztt the m~ctiw on the Cawi Pop.
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1BWROG ECCS Strainer Bypass Test Report

A L 10 NPage:

S L I 0 N Document No: BWROG-ECCS-TAI 3-004 Revision: I M-193

of M-219

Fitter Sag Prepaatlon an~d Processiog Pvocedur*

Aeio L~v 8I ON

ATTACHMENT 8 - FILTER PROCESSING LOG

Date ),-2<- - Te~st Number- L~

San'e1 le-pS

O*~£ hadi wJ rfwom~ T~m Temp. I TemP. *44ntw ý4jj

~ i2.z9-J IWNA f NIA i 0 :240_____9.
'Vý- ' 51i± Jil±!L.. NJA 1 2. 112 eir 3 31-, tiI

---- .-- _ ----------- -- _

Comments:--

NOTE- A co"y of Othi page sohould be used for each filter bag. The Tes* Coordinator should sign this
documenot w$ben the corresponding filter has been fully processed per th instructions in Appendix 2 -

Hiker Nk Procvstin& Checklist. ___

JEFF !SK A
'-a-

Date_____I.LTest Coordinator

We7 MCofisdw Of thS daCUivesl i$ S0 Ccl 20 ?1i4 rdeslC~f 143 $0d COW~ Pots
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BWROG ECCS Strainer Bypass Test Report
Pagye:

ACL I 0 N Document No: BWROG-ECCS-TAI3-004 Revision: I M-194
I NO TEC INOLOGY

____________of M-2 19

40Filer Sag Preparatha1 and Proceesng Procedure

A A JI O N. .................................-vso :I Pg :R of6- ~Document No. AUON4SPP-LAB-23S2.7O Reiso: Pn SdI

ATTACHMENT B - FILTER PROCESSING LOG

Date- 12. -2'f

Filter I0; -5 OaL

Test Number: . I

Balance 0D: C-2%(

... * .. ....

N/A N/A

Tehul Dior
Yb"

(OeUM)

0

(Y~
OF)

JV5.1 I W/A
-i-Lv - " i, •,• ,

61-/ 4
.o3./ -'-

3
~ ~1

(4?

H.'.¶1. Inh4~k"

34.7 1I.~
r'I.4 f

J

----------- 4----- +

_______ r--,--------4---~ -- 4

NOTE:. A copy of this page shrukl be used for each filter bag. The Tist Coordinnao shoud sign this
docunsent when thse corresponding filter has been. fully processed pe the instructions in Appendix 2 -
FIkter Bag Procesing Checklist.

JE2FF
Teat Goordinator

print

()so Of d~adr.aure of Cho doawnemt is wle~ct fo d:., mukswi an ile C0'M Port
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QD BWROG ECCS Strainer Bypass Test Report

A LIO N Page:
SCI O N Document No: BWROG-ECCS-TA I3-004 Revision: I M-195

IC of M-219

Filter Rg Preparmbon and Procezing Pro~cedure

A L 0 N Docum~ent No: AUON-SPP-L.AB-23S2470 Revi~n Pate SIoBI

ATTACHMENT 3 - FILTER PROCESSING LOG

03tir 1,?2 'f/ TL-t Number: _ _ _ _ _ _ _

Filter ID. . BtalancelD Q '

flf1 .?l 21A Z0 43 f C '52. M

21~~~~. .~L7 _........9 _

NOTE, A copy of this page should be used for each filter bag The Test Coordinator should sign this
dounmerntwhen the corrcmponding filter has been fully procassed per the instructions tn Apperdix 2 -
Filter &~g Processing Checkfist --------------

JEFF apSKj DaeL-//,-Test Coordinatr

Lhe or diudosure of this cfmeig Js tu*jss t* Ce fewietion on die Cover Pace.
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BWROG ECCS Strainer Bypass Test Report

A LIO N Page:
SCI N N Document No: BWROG-ECCS-TA I3-004 Revision: I M-196

of M-219

•ter Sag Prepatradai and Pnxssing Piecedure

A N Document No- AUON-SPP-LATE3R2-70 RevSiSNG PLgeO at

ATTACHMENT 8 - FILTER PROCESSING LOG

Du / -29 1

Filter 10. ig I

Ten Numiber: S)

Ueance 10: 5< - cl'

Comments:

NOTE: A copy of this page should be used for each fitter bag. The Test Coordinator shoed sign this
document when the corresponding filter has been fully processrd per the insructions in Appendix 2 -
Flter BUg Processing Checklist.

JrFF
~. C DateTest Coordinator

Print " -

Vthw (hstOr1*re th ris t antn is Swbted to th~e fe tntie on th~e Cowe Pcge.



BWROG Report - GEH Class I

BWROG ECCS Strainer Bypass Test Report

A LPage:
S L I 0 N Document No: BWROG-ECCS-TA 13-004 Revision: I M-197

of M-219

Docmen No: AUlQN-SPP-LAB-23S2-0 ----~ o'~ -------- of

ATTACH'MgNT ~3 - MLTS ROCESSNG INQG

Damit, 1727i
Test Number: '

Ba~anca10: &oy'

.il:3.) N/A ý zYc
...~ ~ ~ ~ .....---- J. ... ..

~~~~. ..... - -...--._ .....-. .... . ......,... . ... ...... .

...._........ ._ - -I . ... .
.. ......----- - -

... __ .............

70w

TOM(,3

... ..... .... .
.. ..... . . . ..

NOTE-. A copy of tN , pag~e should be vu-d lfr each f3icr baa. Te Test Coordhiatn shcould sign ths
docurnent when the h wrr fite hs fulI pr~oms per the i ntictons in Appendbi 2 -

JEFF plFF
Test Coordinator Quo__

Mrin ~~wro

Me o isdsu~re zfzhis dwwrmr is Subjet w the mlakw n fm te (cow ftg,
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BWROG ECCS Strainer Bypass Test Report

Page:
A L I 0 N Document No: BWROG-ECCS-TA 13-004 Revision: I M-198

of M-219

;ALON
Filter aag Prepamiadon and Pnxmssing PeocaueduI

DcmnNo: AUON-SPP-LAB-2352-70 eiin I Pae 81 of 01

ATTACHMENT 8 - FILTER PROCESSING LOG

Filter ID: 613

Test Numnber. 5

Balance ID: $%c -0

NOTE: A copy of tis page shoe4d be used for each filter bag. The T= Coordinator should sign this
document when the corresponding filter has been fully processed per the instucton in Appendix 2 -
Fihxer SMe Processing Checiist.

JEFF V~)
Date__Test Coordinaor

We a c&sdoswr *f~hts dcume-nt Ls *t~bject to fte ýeatrk~io 00 the CoVe Par-
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9D BWROG ECCS Strainer Bypass Test Report

Page:
SC L I 0 N Document No: BWROG-ECCS-TA I3-004 Revision: I M-199

of M-219

Filter Sag Preparation and Prace~sng Pmocedvre
A L.O N .. ......... I...................

ATTACHMENT B - FILTER PROCESSING LOG

O~~e i~~'~I Test Number _______

r Ia
yi. e Wht mIw Time TehmS; Tamp. "ýIc~L blitmb

.(__) C ., ho-) (IF) (IF)L M

t NiA N/A 0 0 o Ž. <

.. ... ....................- ... .. - . - _

~~. .. .......... . .... I. . ---~
...... .. _._................._................................... .

- -- - --

Gammemnts:

NOTE. A copy of this page shouldi be used for each filter *a. The Test Coordinator should sign this
document wl-en the torre ponfi'M filter has been fully processed per the instruttions in Appendix 2 -
Filter Sal Prcsaing Checklist.-------

J E F F s K A a t
Test Coordinator . ... e.......L

Uo~e or d0aaosji. of rhdii oaeont is suba to the restrktom on the Cawe Page.
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BWROG ECCS Strainer Bypass Test ReportWPage:

A L I 0 N Document No: BWROG-ECCS-TAI3-004 Revision: I M-200
SINEAND TECHNOLOGY

of M-219

Filter Bag Preparation and Processing Procedure

Document No: ALION-SPP-LAB-2L5270 Revision: I Page: 8t of BI

ATTACHMENT B - FILTER PROCESSING LOG

Date: -7/3/Z -

Filter ID: 1/L.

Test Number. A /11- S PP - ?'W. P-"c> -7337- 6.5- 2

Baance ID: %-C -OV

Filter Weight Weight TotaJ Drying Oven Room RoomDate & Time Difference Time Temp. Temp. Humid., InitialsDae& ie(g) (g) (houni ') (*F) (IF )

ý"-2-/2 /1049' N/A NIA 0 2;O 7I7. ?/ I -

•-,/t " " •Zo,..L, i N/A Z V. ZC, q:&/ __"

-m t4-.06 I)-o'57 it 1 L L 0.1-1 f1q~2, caI ____/ -2.tc/l,o ý4 i oý.e 0. 1t .-.. i {¢2.ý (,Itsl~ --

_______.._ - 2'•,'• J .. Lk.. '* l$ 9W _ _

Comments:

NOTE: A copy of this page should be used for each filter bag. The Test Coordinator should sign this
document when the corresponding filter has been fully processed per the instructions in Appendix 2 -
Filter Bag Processing Checklist.

Test Coordinator
JEFF POSKA

Print
Date •4/L2-

Use or disclosure of this document is subjed to the restriction on tie Cover Page.
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Filter Bag Preparation and Processing Procedure

ALI 9N Document No: ALION-SPP-LAS-23S2-7 I Revision: I Page- B1 Of 61

ATTACHMENT B - FILTER PROCESSING LOG

Date: 3/ / 12.

Filter ID: W53

Test Number: 41,-o1 -5 ?,w2o-o _-&,37-657

Baance ID: s'_ _ _"-_.

Filter Weight Weight Total Drying Ovens Room Roo-
Date & Time Difference rrme Temp. Temp. Kunid initials

(B__________ (1) to (hours) 4 ('F) (*lF) (%)

2-J 2 toj __N/A N/A 0 0'~ ' %
-3-//)1 'Sý '701, S N/A Z. S 20.3 C~C YS 7 Fa

o-~ o> ~q t1 ~7 o .i o -z 75 11 4 77E7

Comments:

NOTE: A copy of this page should be used for each filter bag. The Test Coordinator should sign this
document when the corresponding filter has been fully processed per the instructions in Appendix 2 -
Filter Bag Processing Checklist.

JEFF POSKA
Test Coordinator Date JZ12

Print <

Use or di-iclosure of this document is subject to the restriction on the Cover Page.
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CA) BWROG ECCS Strainer Bypass Test Report

AL ION Du tPage:
CIE A ON Document No: BWROG-ECCS-TA13-004 Revision: I M-202

of M-219

Filter Bag Preparation and Processing Procedure

A . Document No: ALION-SPP-LAB-23S2-70 Revision: I I Page: B of 1 ]
ATTACHMENT B - FILTER PROCESSING LOG

Date: 7Z.51 f- Test Number. /)L ov -s5 • P - 3O'. 7- ON

Filter ID: I j . Balance ID: .

Weighte Total Orying Oven Room RoomDaegT ie Filter Weight WegtRo Ro
Ol'e Timne Temp. Temp. H~mi.L, Initall~

D t&Ti e(g) (9) (hours) (•F) (*F) (%)

NIA N/A 0 2-.30 t0._ 2r _ AC- -4 _

_______0 NIA AZ.S Z0 S6 '/I Y F6

,•-3-2. 5 i o . I V2•`6 q9. ..z 27 .. S'

Comments:

NOTE- A copy of this page should be used for each filter bag. The Test Coordinator should sign this
document when the corresponding filter has been fully processed per the instructions in Appendix 2 -
Filter Bag Processing Checklist.

Test Coordinator JEFF POSKA Date
Print 1tr

Use or disdosure of this document is subjea to the restriction on the Cover Page.



BWROG Report - GEH Class I

Filter Bag Preparation and Processing Procedure

A--110IN Document No: ALION-SFPP-LAB-2352.70 Revision: I Page: Bi of 81

ATTACHMENT B - FILTER PROCESSING LOG

Date: 7Test Number. ~o-~e.

Filter 0D: (1 Balance ID: - C. -O

Date & Time filte Weight Weight Total Drying Oven Room Room

Difference Time Temp. Temp. Humid. Inriials
W__ (g) (hours) (VF) (*F) (%)

ir- t:N/A N/A 0 2 23&~~.

jlýý-/' I , SS 6-,.7 N/A o.'Z •- W z ,7 q5 F6

3~-5-3 T:22- PAL.-C0 al-m 'Zo4 0Jw(3y . 3 '2Y.7 &1II3,5,0 10.-5-1 2- .V - (. 07 , 61 6 Z.-6 HI

3-6, f.t n3 • n , ,19 " 58 ?(a 0,63 (1 1 r1 F- 1 "

_ _ _ ._ _ , _ _ I _ _

Comments:

NOTE: A copy of this page should be used for each filter bag. The Test Coordinator should sign this
document when the corresponding filter has been fully processed per the instructions in Appendix 2 -
Filter Bag Processing Checklist.

Test Coordinator -~JEFF PSam Date .45Z /2-
Print

Use or disclosure of this document is subject to the restriction on the Cover Page.



BWROG Report - GEH Class I

BWROG ECCS Strainer Bypass Test Report

A • L " O Page:

SCL I 0 N Document No: BWROG-ECCS-TA 13-004 Revision: I M-204
of M-219

9D Filter Bag Preparation and Processing Procedure

Document No: ALION-SPP-LAB-2352-70 Revision: I Page: BI of B1I

ATTACHMENT 8 - FILTER PROCESSING LOG

Date: 7/ / i.

Filter ID: / -

Test Number. RZd4ojU5eg('Jt.Za 6---)`337- 0-7-

BalancelID: 5e______0 ___

Fitr WihtU Weight Total Drin~g Oven Rtoom Room
Date & Time Difference Time Temp. Temp. H-.d, Initisals

N/A N/A 0 2 V3r -5~ 0.. 1 -f
I ~~N/A *-ZS' 2-11 137 I'YlqLF-f

'.yL 16;LQ LlSý.f 0. 2 ý1 ~ ___ . T

4 aý f,% __/_53_ 0.0(, 1 0il-. Vi ;? G

Commenrim

NOTE: A copy of this page should be used for each filter bag. The Test Coordinator should sign this
document when the corresponding filter has been fully processed per the instructions in Appendix 2 -
Filter Bag Processing Checklist.

Test Coordinator
JEFF POSKA

Date_____l
Print

Use or dtsdosure of this document is subject to the restriction on the Cover Page.
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%) Filter Bag Preparation and Processing Procedure

L|ON Document No: ALION-SPP-LA8-2352-70 I Revision: I Page: aI of BI

ATTACHMENT 8 - FILTER PROCESSING LOG

Date: 7 3t -7- Test Numberi•/4Lw -J-W ) 4O•3" 7 O"

Filter ID: 10 7 Balance ID: 6 - C7'

Filter Weight Weight Total Orying Oven Room Room

at & Time Odifferenco Time Temp. Temp. Humd. Initials
_ __ (g) (hours) ('F) ('F) (%)

)-2-ik12ib'• f N/A N/A 0 z 3v Tr -i C.i I -
j-1- /' I ... ..N/A I S- zoS V7 1 V Fts

---3 /0:5 210. S'0 0__0_ 1& f 6 1. 8 2 2. 6 Mi4

Comments:

NOTE: A copy of this page should be used for each filter bag. The Test Coordinator should sign this
document when the corresponding filter has been fully processed per the instructions in Appendix 2 -
Filter Bag Processing Checklist.

JEFF POSXA
Test Coordinator Dat~e .

Print 7ý,im;r

Use or disdosure of this document is subject to the restriction an the Cover Page.
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9Filter Bag Preparation and Processing Procedure

A. L 1 0N )Document No: ALION-SPP-LAB-2352-70 j evision: f Page: BJ of B1

ATTACHMENT B - FILTER PROCESSING LOG

Date. b73 2

Filter QD It 1

Test Number , -s P i-9 to A 7.37- &5

Balance ID: C • f 1

Data & Time Filter Weight Weight TOtW Drying Oven Room Room
() Differente Time Tormp. Temp. H~Nsa. Initials

*f'-2-I2,) / N/A NIA 0 2JC e 5,-40 *I A

(i-q-U. LJi4 IT'0 0-01 1 -ii q4.l ý :-t

A~~'~~ 0.03 ___ V
Pj'e.F. ýJ _:7e 2u'f 76.3f2q 7 1, 3

f /o -,-I' MOO 0,0( /6 1 0.3 2. 4 &

Comments:

NOTE: A copy of this page should be used for each filter bag. The Test Coordinator should sign this
document when the corresponding filter has been fully processed per the instructions in Appendix 2 -
Filter Bag Processing Checklist.

JEFF POSKA
Test Coordinator Date r-1V1/2

Prntz

Wes or disdosure af this darument is subjea to the restrictin an thie Cover Poge.
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QD t Filter Bag Preparation and Processing Procedure

AL1)N Doueto:ALONN-SPP LB~S-70 Revision- I Page: 91 of BI

ATTACHMENT 13- FILTER PROCESSING LOG

Date: "31 "*-

Filter ID: ... ..

Test Number 0 A)- -" .v'-CO "-O" 7357- 0 57--

Balance ID: 5, - 0 v

Dae& ' FitrWigt Wih Total Drying Tten Roorn Rooin

I_____(a)____ (8) (hours) 1,F) (7 M~~

2-?/ . (7 NIA N/A 0 23
1t2 ,Ot 1,q2. N/A 77 q-,'.. Lt4& . f

EL I', 14 ~1 1,- 5~ (W2 jj q)vJr 55ý

1-5-13 V2)2 P1,4CF0J3 kZeir. _00trŽA/ 209 76.3 2 IV.7 H -1

13s, /V0 v4.3v 0.t3 ___T 16) 9. ~ 2 2.

6,_3 o-05 __ _7 71 Q_ 0_ _S

Comments-

NOTE: A copy of this page should be used for each filter bag. The Test Coordinator should sign this
document when the corresponding filter has been fully processed per the instructions in Appendix 2 -
Filter Bag Processing Checklist.

Test Coordinator Date-ka
Print

Use or disdloture of this document is subject to the restriction on th.- Cn~. P-



BWROG Report - GEH Class I

GD •Filter Bag Preparation and Processing Procedure

Ao•LLION F--D; .......... No°•°° °: N-SP-L -2 2-7° I I Page: B' of ° 1

ATTACHMENT B- FILTER PROCESSING LOG

Date: - /3, /2-

Filter ID: _ _ _ _ _

Test Number- 1_L _, _5_,o- Z_ ,, ,73. 3_-

8alancelID: _ 5___ __ _ __ _

Dae&I- FlrWeight Weight Total Drying Oven Roomn Room -
t ,t &Tme o ~ e Differenc rim* Temp. Temp. Hurnki. Initials

_________________________ (g)"C (hours) CFi) (IF) M%

N/A N/A 0 73 0 býJ 30 ~i . a13

:1 =~-TTLf_ & ~1,,q N/A -'-E 1ZoS ?'7 Lz

3ý f--3 /-'0:3 11t~ Co~ 5 0 3 a -/(.1 (,./276

Comments-

¶l/i ,13

NOTE: A copy of this page should be used for each filter bag. The Test Coordinator should sign this
document when the corresponding filter has been fully processed per the instructions in Appendix 2 -
Filter Bag Processing Checkist.

Test Coordinator. JEFF DateO
Print

Uise or disdosure ofthsh docurnent is zuL~cr to the' restroimon on the Covi., P-'~
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Filter Bag Preparation and Processing Procedure

Document No: ALUON-SPP-LA8-23S270 Revision: I Page: 81 of 8,

ATTACHMENT B - FILTER PROCESSING LOG

Date: 7o31/2,.TestNumber. /LoO-,f("" 7vj1o -5-o'S

Filer ID: I 1 Balance ID: 5e ~ C

Weight Total Orng o'el Room RooM
atei ere. Time Temp- Temp. Humid. IniiW• (97 (hours) (*F) (-F) M•,

9'2-Z/: 7- N/A N/A 0 23V~ 1'3. 9 -ý /H

7-IlL 11Z-O .Z-1 NIA ?~- S- zoz-3 jýJg 4 EJ3
1.11 . ,'+V 0.02 iZ , •, 3 6,0 ,

_ _ _ _ _ r~ P.4 9K~

?-" - I'.; jq." •d,17 .3 .1. 0-0 1 q'.az ... •, c• .--(

3 3S' - Pz~cep j3 c/c I ; o Fpi -74-3 2V/' 7 M2j3 r , - l 'O f- - ;*3 1212 .3 0 0 .0 -7 3 ' /4 /... J..•r !22,(,4 ,'I
13-f•-[j a•,•Y Iol. " Q 0Z0 t' 177 7( !Q0 ;,,,

..... _ _

Comments:

NOTE: A copy of this page should be used for each filter bag. The Test Coordinator should sign this
document when the corresponding filter has been fuh, processed per the instructions in Appendix 2 -
Filter Bag Processing Checklist.

Test Coordinator JEFF POSKA Date 6 -/I,
//•e,2j•

Pnnt

Use or disdosurrt of this document n~ su~bject to the restriction on the Cover Poze.
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Filter Bag Preparation and Processing Procedure

-1- . .. Document No: AUON-SPP-LA82352-7O Revision: I Page: BI of BI

ATTACHMENT B - FILTER PROCESSING LOG

Date: "7/3 i3tz-.

Filter ID: L ,Z ,

Test Number. 9,11OMJ --• ee• ? o &0&0-7337- oS 2-

Balance ID: 5t- CY

Filter Weight Weight Total Drying Oven Room PRoovn
Date & Timeinece Time Temp. Temp. H1-44 Initials(9)e (g) T-m - -(• ((hourv) ... (*F) (*F) (%)

2 li/o. qq N/A N/A 0 230 8'3. TOA.1 L
3"/L/12,7 ~IVA, 7 N/A Z..?., -Ot _ " , '

14-l 16' Ib V~.0- 0.1 2 - 14).7 3. 4

I I•- -i) I,: c f 4-.Zi', , o..• 2.. . Iq qR,. 2- •71,

3 -5 -3 V~ -74L3 2I/L M-3IL_____ _ __ __ YL, 1 __Y_ 0 _ _ 1 _

Comments

NOTE: A copy of this page should be used for each filter bag. The Test Coordinator should sign this
document when the corresponding filter has been fully processed per the instructions in Appendix 2 -
Filter Bag Processing Checklist.

Test Coordinator JEFF POSKA
Print

Date

Use or disclosure of this document is subject to the restriction on the Cow, P--
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0 Filter Bag Preparation and Processing Procedure

AL L 10 N Document No- ALIN-SPP-LA Revision: I Page: 81 of a I

ATTACHMENT B - FILTER PROCESSING LOG

Date- 13//1"L

Filter ID: / ; .

Test Number ID:. , :oo --- 7,;3 7 -/

Balance I0: # c Y

Dt&Tie Filte Weight Weighit Total Drying I vvn Room Room
Dt T eDifference Time Temps. Temp. Humid. Initials

_______ W g (hours) J*P) (*F) M%

5--i O~~ NI A N IA 0 23c0 73. 7'o,r m..c
'i _1-L. 12-0 tO0-z & N/A %v2S _YoI gy YZ, I

H'-[-L 17 L0b3 ,ý_- 0.11 27' t I2- q)9~ )5 __7

'~'-~-V'L0 203.27!. 0." m Y 1 ~ ~ -

Comments:

NOTE: A copy of this page should be used for each filter bag. The Test Coordinator should sign this
document when the corresponding filter has been fully processed per the instructions in Appendix 2 -
Filter Bag Processing Checklist.

Test Coordinator JEFF POSKA
Print

Date

Use or disscksure of this document is subj~ec to the restriction on rhii 'v'- b



BWROG Report - GEH Class I

9D Filter Bag Preparation and Processing Procedure

Document No: ALION-SPP-LAS-2352-70 Revision: I Page: 8I of BI

ATTACHMENT B - FILTER PROCESSING LOG

Date: 3412~

Filter ID: Y

Test Number 4I~e-Ic)- Pf-31W96 673.3 7 -o"

Balance 10:, c

Dm&Tm FitrW' Weight ToWa Dryi 9 Oven ~ o Room
O'tgA im Oiference Time Tropp. Temap. R=mk. 10nirU315

1hi2 0 : 44 N/A N/A 0 1;103 ?3-3~. V1.

-iIýLz/1i1 M .0-6 N/A Z-4 15 o M0 q 12:
~--~~ 4/ - c~.~ 2-Y, ~ (I~2 -L -O¶ 9j4.2- T

1ý '1:o 31 19 43 - 1j- q" P2. rq

IT__ __ 27 __ _____1 t ý __ _ 9_ 4,_ 1

Comments:

NOTE: A copy of this page should be used for each filter bag. The Test Coordinator should sign this
document when the corresponding filter has been fully processed per the inst-uctions in Appendix 2 -
Filter Bag Processing Checklist.

/Z-, 4,JEFF POSKATest Coordinator Date
Print

Use or disclosur-e of this deocument is subject to the restriction on the Cover Paee.
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Filter Bag Preparation and Processing Procedure

! L Document No:NAON-SPP-LAB-2352-70 j Revision:R I Page: 81 of 8,

ATTACHMENT B - FILTER PROCESSING LOG

Filter ID: -. L-

Test Number~ Lb)~P

Balance 10: -Y-

Dae 's. Filter Wegh Wegh Total Drying Oven Room Zoom
eDifference mTime Temp. Temp. HNld. Initial%

(_ (g) (hours) .. (. ) (IF) M)

0% 2-12 /to, ',-q N/A N/A o 12o- 90._, V _C. ,.-1__

-1I V J IA i VC>1 N/A Io -Z vrF
11-~- 1L4',1 01q. 0 1- 0,O 05 ~ 92 I

_ __ __ _ ga. I 0 )( < 202

ý3K-z:4-1 lOJ.I 17o 11 ýr, 05 9O ;' -I Q~

1-1-23 Pt2 .4 e CID '-Z.j QjJ 2oq -766.3 2YV7 N I

d---1, 3 0,SR /?1/qc. *o-0 1 J71 7/ -

Comments:

NOTE: A copy of this page should be used for each filter bag. The Test Coordinator should sign this
document when the corresponding filter has been fully processed per the instructions in Appendix 2 -
Filter Bag Processing Checklist.

Test Coordinator JEFF Pfýl(A
print

Use or disclosure of this document is subject to the restriction on the Cover Pcze.



BWROG Report - GEH Class I

10) Filter Bag Preparation and Processing Procedure

AIL-I1GN Document No: ALION-SPP-LAS-2352-7O R'evision: I Pae:B of 13I

ATTACHMENT B - FILTER PROCESSING LOG

Date.-: / /2.

Filter ID: I~

Test Number. 4; -•p~~ ob?- 7 e$

Balance 10: 0e

Date & Tl- itrWih Weight Total Drying oawen Room Room
Diffrence j Tnime Temp. Temp. Huid Initials

____________(__) (a)____ ______ (hours) (-F) (~F) M %

Vs-f2 7- /' N/A N/A 0 2loS V.3-1 6'-0., W
IL/j3g N/A -'ZS '70 P'LF

('p: ~ ~ 0 24 l-'.$12 l6 ~

142 i lqS I0F 2-1 .2, 4.

-7- ~-*~ (~S6j ____ ___ ~qc-

Comments.

NOTE: A copy of this page should be used for each filter bag. The Test Coordinator should sign this
document when the corresponding filter has been fully processed per the instructions in Appendix 2 -
Filter Bag Processing Checklist.

Test Coordinator JEFF OK
Date

Use or disdature of this document is subjeac to the restricton on the Cover Page.



BWROG Report - GEH Class I

9Filter Bag Preparation and Processing Procedure

.I 0 N Document No: ALION-SPP-LAB-2352-70 Revision: I Page: aI of BI

ATTACHMENT B - FILTER PROCESSING LOG

Damte ID J /2

Filter ID. /a~2 7

Test Number 4404) SC-i3L,>0O&-337 052"-

Balance ID: _ _ _ _ _ _ _ _ _

- Filter Weigmtn Weight Total Drvying Oven, Room Rtoomi
Date &. Tie Difference Time Temp. Temp. Humid. ZrntJAis

________)__ (Z) (hours) ( F) (IF) (%)

or .b:VI N/A N/A 0 2c,5 :63. 2 /a./ MiJ

12-IL LIS-70ZA34 N/A Z-t S ..O Lo 1I 9? -

q, 2-h q~i ~L201 2-o2 0.1 '4.q~ w

34,1~3 202-1/ 0.,0 5 3i2I 161 69.9' 22-6 /4

Z- - mq,0d-0 0_0a_ 6J 177 '7( .20 Is S1

Comments:

vv:J
7,'gh'3

NOTE: A copy of this page should be used for each filter bag. The Test Coordinator should sign this
document when the corresponding filter has been fully processed per the instructions in Appendix 2 -
Filter Bag Processing Checklist.

JEFF POSKA I)
Pontr

Use or disclosure of this document is subject to the restriction on the Cover Page.



BWROG Report - GEH Class I

Filter Bag Preparation and Processing Procedure o

.,L.,9.N Document No: ALION-SPP-LAB-2352-70 f Revision: I ( P~ge:BtoBlj

ATTACHMENT B - FILTER PROCESSING LOG

Date: 7 3. ,

Filter ID, ]30

Test Number A,--/•1 .-. i ,yl-6 ,-7 3 7- 7 ,

Balance ID: _ _ _ _ _ _ _ _ _

Date & Time Fife Weight Weigt Total brying Oven Room Rfoom
(9 DiffOerence Time Temp. Temp. Humid bnitiai(5) (g) (hous) (IF) (IF %)

.- y NIA N/A 0 ZCS Y3.. S' .l%/., J3

L-•-I/- Zz N/A " Z5 Z?~± .E .gJ N/A

of1 14~•l~6. 0.0 1 ____ 70- Q0,% 321 9
•-..•"•,•) R•.' f o.0o' ý' ;ýr AA.. •.. O•

3- 5ý-,3 tr2Z 7 pw-, 0ZOt ?A y:A -y -6. 3 1?Y. 7 H-cJ
3-5-/,3 IV:/ I /If ? r ._o .. 3€1 !_1 (?. f 22.6 M

5--1 Pq q O .0 -l 2.1i2ý
A'413 13 37 Z ' i- 0,.3 1/A L 4  ,

Comments:

NOTE* A copy of this page should be used for each filter bag. The Test Coordinator should sign this
document when the corresponding filter has been fully processed per the instructions in Appendix 2 -
Filter Bag Processing Checklist.

~~&Ai~tTest Coordinator .Irrr pnQVA Date
Print

Use or disclosure of ths document is subject to the testriction on the Cover Poge.
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BWROG ECCS Strainer Bypass Test Report

L• 10' 
Page:

A L I 0 N Document No: BWROG-ECCS-TAI3-004 Revision: I M-217
of M-219

9D Filter Bag Preparation and Processing Procedure

Document No: ALION-SPP-LAB-2352-70 Revision: I Page: B1 of 81

ATTACHMENT B - FILTER PROCESSING LOG

Date:

Fitter tD: iZ

TestNumber. Lo P o 6 ,733 ,5 Z-

Balance ID.- 0 .~4

Da e Filter Weight Weight Total Drying Oven Room Room
Difference Time Temp. Temp. Humid. Initials

(it) (hours) (F) (_F)_(%)

- 4/0-q N/A N/A 0 205 'S ),9 57 J'A

--/N/A L-1 ~~ Z0 F&_ III F

2, -ll 7 '.29  I &. . oo9 G, 2. C ,

Comments:

NOTE: A copy of this page should be used for each filter bag. The Test Coordinator should sign this
document when the corresponding filter has been fully processed per the instructions in Appendix 2 -
Filter Bag Processing Checklist.

Test Coor-dinator JEFF POSKA Date
Print 77~7~

Use or disclosure of this document is subject to the resuervan on the (:over Page.



BWROG Report - GEH Class I

BWROG ECCS Strainer Bypass Test Report
(• Page:

A L I O N Document No: BWROG-ECCS-TA 13-004 Revision: I M-218
.CIENCE A00 TEC.NODO. . M-2 18

of M-219

iFilter Bag Preparation and Processing Procedure

AL . N Document No: AUON-SPP-LAB-2352-70 Revision: I Page: 8I of BI

ATTACHMENT B - FILTER PROCESSING LOG

Date: -71/1t Z

Filter ID: i a'

Test Number:/0LIo#- 52P- b t. () D6 -37..3

Balance ID: e -0Y

ae & Time F h Weight Total ODring Oven R~oam Roomf Oa We&ht Difference Time Temp.. Temp- HOKtYi InitLaet

Ir-2 12 N/A N/A 0 2C.% l"3, LT 0C.,/ .#4

__-117- * I,9S3 NIA AI 457 7-&0 FL~£
_ _ 4_ _ _ :Z_ q (_7-f _ o.oId 2-_ _1 9 4.0 4: (-& ,

.;7.. I 1Tj3:0• q 7.* 3 o., t1 20 6. I4 2- 3 1-+LýS-- J:q. 5 -I C.+ 9 0 9-+ 1 0 - 9 0. 3 ,! L -t,ý

A _ _ I (. _ _ t 0_ _ _ _T12 , a-

.3.54-1 - 1).-,,,3 0 -7. '3 ...... .01, 31' 161[ 6 .5,, 22.1c, H fJ

_q.-L oq,01/,Z,,,3 / ,1, • 77 71 -20 -5 1 M

...... _ _ I _,,,_ I _

Comments

NOTE: A copy of this page should be used for each filter bag. The Test Coordinator should sign this
document when the corresponding filter has been fully processed per the instructions in Appendix 2 -
Filter Bag Processing Checklist.

Test Cooardinator JEFF P OS KA
Print

Use or disclosure of ris document is subject to the restriction on the Cover Page.



BWROG Report - GEH Class I

BWROG ECCS Strainer Bypass Test Report

Page:
A L I 0 N Document No: BWROG-ECCS-TAI 3-004 Revision: I M-219
.CIENCE -J. .EC.NO. 

oY

of M-2 19

9Filter Bag Preparation and Processing Procedure

A L IO .N Document No: ALION-SPP-LAB-23S2-70 I Revision: I I Page: BI of BI

ATTACHMENT B - FILTER PROCESSING LOG

Date:

Filter ID: J

Test Number. oU5Y d 67~

Balance ID. ŽL•Z

Date & TIM, Filter W~ Weight Total ODying Oven Room Roo.m
tDght Differenco Time Temp. Teorp. Hmnid, Inifab

(g) (hours) (*F) (*E) (%)

N/A N/A 0 2a.5 d3 ,ý 4C.

jq 17,7f N/A -IS Z-o' V LE

~--f~ Vh7ý 2 6c'1 3i .2-

Comments:

NOTE: A copy of this page should be used for each filter bag. The Test Coordinator should sign this
document when the corresponding filter has been fully processed per the instructions in Appendix 2 -
Filter Bag Processing Checklist.

JEFF POSKA
Test Coordinator Date i4422

Print

Use or disdosure of this document is subject to the restriction on the Cover Poge.
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11A) BWROG ECCS Strainer Bypass Test Report

SC L I 0 N Document No: BWROG-ECCS-TAI 3-004 Revision: I Page:.................. N- I of N-5

ATTACHMENT N

Fiber Bypass Results



BWROG Report - GEH Class I

9 BWROG ECCS Strainer Bypass Test Report

AL IO N Document No: BWROG-ECCS-TA 3-004 Revision: I Page:
N-2 of N-S

U 0.79 0.79
0.017 30.08 30.87
0.034 25.30 56.17
0.05 25.08 81.25
0.07 23.67 104.92
0.09 22.26 127.18
0.10 18.63 145.81
0.12 16.17 161.98

0.136 11.96 173.94
0.153 8.46 182.4
0.17 5.32 187.72

0.187 3.12 190.84
0.204 1.18 192.02
0.221 0.80 192.82
0.238 0.57 193.39
0.255 0.37 193.76
0.272 0.52 194.28
0.289 1.46 195.74
0.306 0.68 196.42
0.323 0.19 196.61
0.34 0.50 197.11

0.357 0.56 197.67
0.374 0.54 198.21
0.391 0.38 198.59
0.408 0.19 198.78
0.425 0.33 199.11
0.442 0.12 199.23
0.459 0.54 199.77
0.476 0.48 200.25
0.493 0.38 200.63
0.51 0.52 201.15

0.527 0.44 201.59
0.544 0.15 201.74
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* BWROG ECCS Strainer Bypass Test Report

A I 10 N Document No: BWROG-ECCS-TAI3-004 Revision: I Page:
.............. ADD u nN :1 0N-3 of N-5

U U.O I U.O0

0.0625 66.10 66.91
0.126 46.23 113.14
0.19 12.12 125.26
0.25 2.61 127.87
0.32 1.60 129.47
0.38 0.85 130.32
0.44 0.94 131.26

0.504 0.95 132.21
0.567 1.07 133.28
0.63 0.59 133.87

0.693 0.43 134.30
0.756 0.43 134.73

0 0.36 0.36

0.125 86.81 87.17
0.25 3.20 90.37
0.38 2.50 92.87
0.50 1.30 94.17
0.63 0.95 95.12
0.75 0.84 95.96

0 0.63 0.63
0.125 79.79 80.42
0.25 3.04 83.46
0.38 1.37 84.83
0.50 1.52 86.35
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* BWROG ECCS Strainer Bypass Test Report

A L IO N Document No: BWROG-ECCS-TAI3-004 Revision: I Page:
SCIENCE *NO TECHNOLOGY DN-4 of N-5

0.5 2.72 158.74
0.75 1.73 160.47

I U I U.ZZ I U.Z I

0.75 181.94 182.16

0.125 65.62 66.2

0.25 1.83 68.03
0.38 1.18 69.21
0.50 1.00 70.21
0.63 0.82 71.03
0.75 0.58 71.61

0.125 232.82 233.54
0.25 18.16 251.7
0.38 0.80 252.5
0.50 0.65 253.15
0.63 0.66 253.81
0.75 0.61 254.42



BWROG Report - GEH Class I

* BWROG ECCS Strainer Bypass Test Report

AL IO N Document No: BWRG-ECCS-TAI 3-004 Revision: I Page:..A.... .... L.ODo n o13 N-S of N-5

0 2.OU U.5
0.125 53.98 54.28

0.25 2.34 56.62
0.38 1.63 58.25
0.50 1.21 59.46
0.63 0.95 60.41
0.75 1.00 61.41

0 1.97 1.97

0.125 120.70 122.67
0.25 27.15 149.82
0.38 2.59 152.41
0.50 1.34 153.75

1 0.63 1.41 155.16

0.75 1.20 156.36

0 .00.30
0.125 75.37 75.67
0.25 3.07 78.74
0.38 1.58 80.32
0.50 0.40 80.72
0.63 1.09 81.81
0.75 1.07 82.88



BWROG Report - GEH Class I

9BWROG ECCS Strainer Bypass Test Report
SCIE CE ND CHN DGYR ev sio : IPage:

A- LlI ON Document No: BWROG-ECCS-TA 13-004 Revision: I - of P -154

ATTACHMENT 0

SEM Analysis



BWROG Report - GEH Class I

* BWROG ECCS Strainer Bypass Test Report

AL I ON Document No: BWROG-ECCS-TAI3-004 Revision: I Page:
SCIENCEADENO Dc nN.... 0-2 of O- 154

9
L I 0 N TECHNICAL DOCUMENT COVER PAGE

l111€.1 .816 T~t-OLOGI

Document No: BWROG-ECCS-TA 13-003 Revision: 0 Page L_ of 91

Document Tide: BWROG Downstream Effects Scanning Electron Microscope Analysis

Project No: 07337-007

Proiect Name: GEH: BWROG ECCS COMMITTEE TECH. SUPPORT

Client: General Electric Hitachi

Document Purpose/Summary:

The purpose of this document Is to determine the effects of various debris types and strainer hole sizes
and their correlation to the debris obtained downstream of the Bypass Test. Three samples were taken
from four filter bags. for a total of twelve samples. Each of the samples was analyzed to establish a
distribution of fiber debris length.

This test report is prepared Safety-related in accordance with the Alion Science and Technology ITSO
Nuclear Quality Assurance Program.

Total Page Count: I S3pages including Appendices and Attachments.

0 2012, Alion Science and Technology Corporation. All rights reserved.
Any distribution or unauthorized use of this content without the express written
permission of Allan Science and Technology Corporation is strictly prohibited.

Design Verification Method:

X Design Review

_ Alternative Calculation

Qualification Testing

Professional Engineer (if required) Approval: N/A Date:

Christian Bishop* 04 q ,• I Z

Prepared By: Matt Kielar** o4 T-.T t'7

Printed/Typed Name Signpaue Date

Matt Kielar** Mf i 1Z
Reviewed By: Christian Bishop*"" _ -___'____

Printed/Typed Name Signature Date

Approved By: Jeff Poska .

Princed/Typed Name o/20ignatu re Date
"Preaed Tednical Doconenat and meaauvd NUKON i/r and Tenp-Mal

Neaured Rodrkol and NUKON 3t32"
f Technical Documnt. NUKON f/8- and TempnPMat mweasurement
ftndewed• R mokd and NUKON 3V32" Meaiuraents

Form 3.3.1
ReAiaion I
tifecove Date 2/2=10



BWROG Report - GEH Class I

* BWROG ECCS Strainer Bypass Test Report

A II O LN Document No: BWROG-ECCS-TA 13-004 Revision: I Page:................. O-3 of O-154

L
A LIO0N REVISION HISTORY LOG

Page: 2 of 91

Document Number BWROG-ECCS-TAI3-003 Revision: 0

Document Tide: BWROG Downstream Effects Scanning Electron Microscone Anablis

Instructions:

Project Manager to provide a brief description of each document revision. including rationale for the
change and, if applicable, identification of source documents used for the change.

REVISION DATE DESCRIPTION

0 See Cover Original IssuePage

Form 6.1.3
Revision I
Effective Oute 2W2SW07



BWROG Report - GEH Class I

BWROG ECCS Strainer Bypass Test Report

L!HION Document No: BWROG-ECCS-TAI3-004 Revision: I Page:
............... . DcmnN:I 0-4 of O- 154

9 BWROG Downstream Effects Scanning Electron Microscope Analysis

oLION ocument No: BWROG-ECCS-TAI3-003 Rev: 0 Page 3 of 91

Table of Contents

TEC H N IC AL D O C U M EN T C O VER PA G E ........................................................................................................... I
Table of C ontents ........................................................................................................................................................ 3
List of A ttachm ents ................................................................................................................................................. 4
List of Figures ........................................................................................................................................................... 5
List of Tables .................... . . ............ . ......................... ............ . 9
A cronym s and D efinitions ..................... .................................................................................................................. I0
I - Background ............................................................................................................................................................ II

2 - Purpose ................................................................................................................................................................... II
2.1 - Scope .................................................................................................................................................... I....... I1

3 - M ethodology ............... ............................................................................................................................................... 12

4 - Procedure ................................................................................... ........................................................................ 12
4.1 - Receipt Inspection M RS and Sam ples ..................................................................................................... 12
4.2 - FE-SE. Process ......................................................................................................................................... 12

4.2.1 - Background .................................................................................................................................... 12
4.2.2 - Sam ple Preparation and H andling .......................................................................................... 12
4.2.3 - FE-SEM Instrum ent ................................................................................................................... 13

S - C alibration Process ....................................................................................................................................... 13
5. I - Scanning Electron M icroscopy ............................................................................................................... 14

6 - M easurem ents .................................................................................................................................................. 16
6.1 - FE-SEM M easurem ents ............................................................................................................................ 16

7 - C onclusions .......................................................................................................................................................... 18
8 - Im ages and Photographs .................................................................................................................................... 19

8. 1 - M acro-Photographs ................................................................................................................................. 19
8.2 - FE-SEN Im ages .................................................................................... . ......... .......................... 28

8.2.1 - O riginal Im ages from FE-SEM ............................................N............................ ..... 28
8.2.2 - Measured Images from FE-SEM .................................. .............. 59

9 - References ................................................................................................................................................. 9 1

Use or dsdosure of this docurent Is subieac to rthe retriction on the Cov.er Page



BWROG Report - GEH Class I
I

* BWROG ECCS Strainer Bypass Test Report

AL I O N Document No: BWROG-ECCS-TAI3-004 Revision: I Page:
SCIECE AND TECHLGY D u O-5 of O- 154

. BWROG Downstream Effects Scanning Electron Microscope Analysis

ALIO N Document No: BWROG-ECCS-TA 13-003 Rv- Page•4of 9

List of Attachments

Attachment A: Alion Procedure AUON-SPP-LAB-2352-24, Rev 3 ......... . . . 15 Pages
Attachment B: Receipt Inspection Logs ..................................................................................................... I I Pages
Attachment C: FE-SEM Image Logs ................................................................................................................... 5 Pages
Attachment D: FE.SEM Measurement Spreadsheets ............................................................................. 27 Pages
Attachment E- Geller Microanalytical Laboratory MRS.3XY Resource Guide (March 2011) ............ 4 Pages

Use or disclosure of dfs documenat Is subect to the restriction on theo Cover Page



BWROG Report - GEH Class I

* BWROG ECCS Strainer Bypass Test Report

ADocument No: BWROG-ECCS-TA13-004 Revision: I Page:
SCIENCE ...... ADo mnN :1 0RO-6 of O- 154

SBVWROG Downstream Effects Scanning Electron Microscope Analysis

Document No: BWROG-ECCS-TAI13-003 Rev: 0 Page 5 of 91

List of Figures

Figure 5. 1. 1 - 50 pm Pitch Pattern, Grid_ Mo (25x Magnification) ........................................ IS
Figure S. 1.2 -SO 5im Pitch Pattern, Grid_MOI (SOx Magnification) .................................. I 5
Figure 8. 1.1 - NUKON Fiber from 1/8" Strainer Hole Size 5 Micron Filter Bag ..................................... 19
Figure 8.1.2 - Temp-Mat (W hite) 5 Micron Filter Bag .......................................................................................... 20
Figure 8.1.3 - Rockwool 5 M icron Filter Bag ...................................................................................................... 21
Figure 8.1.4 - NUKON Fines from 3/32" Strainer Hole Size 5 Micron Filter Bag ...................... 22
Figure 8.1.5 - M rs-3xy Grid Receipt Inspection .................................................................................................... 23
Figure 8.1.6 - Cl. C2, and C3 Samples Mounted On Carbon Tape And Penny ....................................... 24
Figure 8.1.7 -D l. D2, and D3 Samples Mounted on Carbon Tape and Penny ................................... 25
Figure 8.1.8 -R I, R2, and R3 Samples Mounted On Carbon Tape And Penny .................................... 26
Figure 8.1.9 - SI. S2, and S3 Samples Mounted On Carbon Tape And Penny ............................... 27
Figure 8.2.1.1 - MRS-3XY Grid Serial Code Verification ................. ........ 28
Figure 8.2.1.2 - MRS-3XY FE-SEM At 25X Magnification (GRID 25X_'01.Ti) ......... ........................ 28
Figure 8.2.1.3 - MRS-3XY FE-SEM At SOX Magnification (GRID 50X_MO I.Ti) .................................. 29
Figure 8.2.1.4 - NUKON Fibers 1/8" Strainer Hole Size FE-SEM At SOX Magnification (c IMOI.Tif)...29
Figure 8.21.5 - NUKON Fibers 1/8" Strainer Hole Size FE-SEM At SOX Magnification (ci I..M02.Ti) ..... 30
Figure 8.2.1.6 - NUKON Fibers 1/8" Strainer Hole Size FE-SEM At 50X Magnification (c I M03.Tif) ... 30
Figure 8.2.1.7 - NUKON Fibers 118" Strainer Hole Size FE-SEM At SOX Magnification (c I_.M04.Tif) ... 31
Figure 8.2.1.8 - NUKON Fibers 1/8" Strainer Hole Size FE-SEM At 25X Magnification (c I_-MOS.Tif) ... 31
Figure 8.2.1.9 - NUKON Fibers 118" Strainer Hole Size FE-SEM At SOX Magnification (c2_.M01.Tif)...32
Figure 8.2.1.10 - NUKON Fibers 1/8" Strainer Hole Size FE-SEM At SOX Magnification (c2_M02.Tif) ...32
Figure 8.2.1.11 - NUKON Fibers 118" Strainer Hole Size FE-SEM At SOX Magnification (c2_M03.Tif) ...33
Figure 8.2.1.12 - NUKON Fibers 118" Strainer Hole Size FE-SEM At SOX Magnification (c2_M04.Tif)...33
Figure 8.2.1.13 - NUKON Fibers 1/8" Strainer Hole Size FE.SEM At 25X Magnification (c2_MOS.Ti) ...34
Figure 8.2.1.14 - NUKON Fibers 118" Strainer Hole Size FE-SEM At SOX Magnification (c3_MOI.Ti)...34
Figure 8.2.1.15 - NUKON Fibers 1/8" Strainer Hole Size FE-SEM At SOX Magnification (c3_.M02.Tif) ...35
Figure 8.2.1.16 - NUKON Fibers 1/8" Strainer Hole Size FE-SEM At SOX Magnification (c3 M03.Tid)...35
Figure 8.2.1.17 - NUKON Fibers 1/8" Strainer Hole Size FE-SEM At SOX Magnification (c3_M04.Tif) ...36
Figure 8.2.1.18 - NUKON Fibers 118" Strainer Hole Size FE-SEM At 25X Magnification (c3_MO5.Tif) ...36
Figure 8.2.1.19 - Temp-Mat Fibers FE-SEM At SOX Magnification (d IMOI .Tif) ................................. 37
Figure 8.2.1.20 - Temp-Mat Fibers FE-SEM At S0X Magnification (d I_.M02.Tif) ......................... 37
Figure 8.2.1.21 - Temp-Mat Fibers FE-SEM At SOX Magnification (d I_M03.Tif) ........................................... 38
Figure 8.2.1.22 - Temp-Mat Fibers FE-SEM At 50X Magnification (d IM04.Tif) ........................................... 38
Figure 8.2.1.23 - Temp-Mat Fibers FE-SEM At 25X Magnification (d IMOS.Tif) ................................. 39
Figure 8.2.1.24 - Temp-Mat Fibers FE-SEM At 50X Magnification (d2_MO1 .Tif.......................................... 39
Figure 8.2.1.25 - Temp-Mat Fibers FE-SEM At 50X Magnification (d2_M02.Tif ................................. 40
Figure 8.2.1.26 - Temp-Mat Fibers FE-SEM At SOX Magnification (d2_M03.Tif) ...................................... 40
Figure 8.2.1.27 - Temp-Mat Fibers FE-SEM At SOX Magnification (d2_M04.Tif) ................................. 41
Figure 8.2.1.28 - Temp-Mat Fibers FE-SEM At 25X Magnification (d2_M05.Tif) ......................... .41
Figure 8.2.1.29 - Temp-Mat Fibers FE-SEM At SOX Magnification (d3_M01..Tif) ................................. 42
Figure 8.2.1.30 - Temp-Mat Fibers FE-SEM At SOX Magnification (d3_M02.Tif) ..................................... 42

Use or dhdcosure of ENS documnest Is subject to sthe retoriction~ on ftt Cover Page



BWROG Report - GEH Class I

* BWROG ECCS Strainer Bypass Test Report

I O 0 N Document No: BWROG-ECCS-TAI3-004 Revision: I Page:SCENCE N TCNN Documento:O-7 of O- 154

0BWROG Downstream Effects Scanning Electron Microscope Analysis

A-,L ,,OoN Document No: BWROG-ECCS-TA 13-003 iRev 01 Page 6 of 91

Figure 8.2.1.31 - Temp-Mat Fibers FE-SEN At 50X Magnification (d3_MO3.Tif) . ............................ 43
Figure 8.2.1.32 - Temp-Mat Fibers FE-SEN At SOX Magnification (d3lMO4.Tif) ........................................... 43
Figure 8.2.1.33 - Temp-Mat Fibers FE-SEM At 25X Magnification (d3_MO5.Tif) ......................................... 44
Figure 8.2.1.34 - Rockwool Fibers FE-SEM At SOX Magnification (rl_..MO .Tif). ........................ ................ 44
Figure 8.2-1.35 - Rockwool Fibers FE-SEN at SOX Magnification (rIMO2.Tif) ........................................... 4S
Figure 81.1.36 - Rockwool Fibers FE-SEM at SOX Magnification (rlmO3.Tif) ............................................ 45
Figure 81.1.37 - Rockwool Fibers FE-SEM at SOX Magnification (rl-m04.Tf) ........................................... 46
Figure 8.2.1.38 - Rockwool Fibers FE-SEM at 25X Magnification (rlmOS.Ti .............................................. 46
Figure 8.2.1.39 - Rockwool Fibers FE-SEM at SOX Magnification (r2._mOI.Tif) ........................................... 47
Figure 8.2.1.40 - Rockwool Fibers FE-SEM at SOX Magnification (r2_m02.Tif) ............................................. 47
Figure 8.2.1.41 - Rockwool Fibers FE-SEM at SOX Magnification (r2_m03.Tif) ............................................. 48
Figure 8.2.1.42 - Rockwool Fibers FE-SEM at SOX Magnification (r2..m04.ri ............................................. 48
Figure 8.2.1.43 - Rockwool Fibers FE-SEM at 25X Magnification (r2_mOS.Tif) ...................... 49
Figure 8.2.1.44 - Rockwool Fibers FE-SEM at SOX Magnification (r3_mol .Tif) ....................................... 49
Figure 8.2.1.45 - Rockwool Fibers FE-SEM at SOX Magnification (r3_m02.Tif) ........................................... 50
Figure 8.2.1.46 - Rockwool Fibers FE-SEM at SOX Magnification (r3_m03.Tif) ............................................ SO
Figure 8.2.1.47 - Rockwool Fibers FE-SEM at SOX Magnification (r3_mO4.`1if) ........................................... 5I
Figure 8.2.1.48 - Rockwool Fibers FE-SEM at 25X Magnification (r3_m05.Tif) ............. ............................. 5I
Figure 8.2.1.49 - NUKON Fibers 3/32" Strainer Hole Size FE-SEM at SOX Magnification (s I m01 .Tif) ..52
Figure 81. 1.50 - NUKON Fibers 3/32" Strainer Hole Size FE-SEM at SOX Magnification (s I.m02.Tif)..52
Figure 8.2.1.51 - NUKON Fibers 3/32" Strainer Hole Size FE-SEM at SOX Magnification (s I m03.Tif)..53
Figure 8.2.1.52 - NUKON Fibers 3/32" Strainer Hole Size FE-SEN at SOX Magnification (s ImjO4.Tif)..53
Figure 8.2.1.53 - NUKON Fibers 3/32" Strainer Hole Size FE-SEN at 25X Magnification (sl .m05.Tif) ..54
Figure 8.2.1.54 - NUKON Fibers 3/32" Strainer Hole Size FE-SEM at 50X Magnification (s2_r.nO1.Tif)..54
Figure 8.2.1.55 - NUKON Fibers 3/32" Strainer Hole Size FE-SEN at SOX Magnification (s2_m02.Tif) ..SS
Figure 8.2.1.56 - NUKON Fibers 3/32" Strainer Hole Size FE-SEM at SOX Magnification (s2_m03.Tif) ..55
Figure 8.2.1.57 - NUKON Fibers 3/32" Strainer Hole Size FE-SEM at SOX Magnification (s2_- m04.Tif) ..56
Figure 8.2.1.58 - NUKON Fibers 3/32" Strainer Hole Size FE-SEM at 25X Magnification (s2_m05.Tif) ..56
Figure 8.2.1.59 - NUKON Fibers 3/32" Strainer Hole Size FE-SEN at SOX Magnification (s3_m01 .Tif)..57
Figure 8.2.1.60 - NUKON Fibers 3/32" Strainer Hole Size FE-SEM at 50X Magnification (s3_m02.Tif) ..57
Figure 8.2.1.61 - NUKON Fibers 3/32" Strainer Hole Size FE-SEN at SOX Magnification (s3_m03.Tif)..58
Figure 81.1.62 - NUKON Fibers 3/32" Strainer Hole Size FE-SEN at SOX Magnifcation (s3_m04.Tif) ...58
Figure 8.2.1.63 - NUKON Fibers 3/32" Strainer Hole Size FE-SEN at 25X Magnification (s3_mOS.Tit)..59
Figure 8.2.2.1 - MRS-3XY FE-SEM At 30X Magnification (GRID 25XMO I meas.Tif) ................................. 59
Figure 8.2.2-2 - MRS-3XY FE-SEN At 50X Magnification (GRID 50XM OI _meas.Tif) ...................... 60
Figure 81.2.3 - NUKON Fibers 1/8" Strainer Hole Size FE-SEM At SOX Magnification (c IMOI.Tif) -...60
Figure 8.2.2.4 - NUKON Fibers 1/8" Strainer Hole Size FE-SEM At SOX Magnification (c I €lM02.Tif). ... 61
Figure 8.2-2.5 - NUKON Fibers 118" Strainer Hole Size FE-SEM At SOX Magnification (c I M03.Tif) -...6 I
Figure 81.2.6 - NUKON Fibers 1/8" Strainer Hole Size FE-SEM At SOX Magnification (c I_.M04.Tif) -...62
Figure 8.2.2.7 - NUKON Fibers 1/8" Strainer Hole Size FE-SEM At 25X Magnification (c IM05.Tif) .... 62
Figure 8.2.2.8 - NUKON Fibers 1/8" Strainer Hole Size FE-SEN At 50X Magnification (c2_-M01 .Tif) .... 63
Figure 8.2.2.9 - NUKON Fibers 1/8" Strainer Hole Size FE-SEN At SOX Magnification (c2_.M02.Tif) .... 63
Figure 8.2.2. 10 - NUKON Fibers 1/8" Strainer Hole Size FE-SEM At SOX Magnification (c2_M03.Tif) ...64

Use or disdosure of Nis document is subject to the restriction on the Cover Page



BWROG Report - GEH Class I

*0 BWROG ECCS Strainer Bypass Test Report

A L I 0 N Document No: BWROG-ECCS-TAI3-004 Revision: I Page:
SCIENCE AND .ECNOOGY D O-8 of O- 154

9J BWROG Downstream Effects Scanning Electron Microscope Analysis

,,,L..,O N Document No: BWROG-ECCS-TA 13-003 Rev: 0 J Page 7 of 91

Figure 8.2.2.11 - NUKON Fibers 1/8" Strainer Hole Size FE-SEM At SOX Magnification (c2_M04.Tif) ...64
figure 8.2.2.12 - NUKON Fibers 1/8" Strainer Hole Size FE-SEM At 25X Magnification (c2_M05.Tif) ...65
Figure 8.2.2.13 - NUKON Fibers 1I8" Strainer Hole Size FE-SEM At SOX Magnification (c3_M01 .Tif) ...65
Figure 8.2.2.14 - NUKON Fibers 1I8" Strainer Hole Size FE-SEM At SOX Magnification (c3_M02.Tif) ...66
Figure 8.2-2.15 - NUKON Fibers 1I8" Strainer Hole Size FE-SEM At SOX Magnification (c3_M03.Tif)...66
Figure 8.2.2.16 - NUKON Fibers 1I8" Strainer Hole Size FE-SEM At SOX Magnification (c3_M04.Ti) ...67
Figure 8.2.2.17 - NUKON Fibers 1I8" Strainer Hole Size FE-SEM At 25X Magnification (c3_MOS.Tif)...67
Figure 8.2.2.18 - Temp-Mat Fibers FE-SEM At SOX Magnification (d I_-M0 I.Tif) ................................. 68
Figure 8.2.2.19 - Temp-Mat Fibers FE-SEM At 50X Magnification (d I_.M02.T7) ...................................... 68
Figure 8.2.2.20 - Temp-Mat Fibers FE-SEM At SOX Magnification (d I_.M03.Tif) ................................. 69
Figure 8.2.2.21 - Temp-Mat Fibers FE-SEM At SOX Magnification (d IMG04.Tif) ................................. 69
Figure 8.2.2.22 - Temp-Mat Fibers FE-SEM At 25X Magnification (d IM05.T7f) ................................. 70
Figure 8.2.2.23 - Temp-Mat Fibers FE-SEM At SOX Magnification (d2_MO1 .Tf) .................................. 70
Figure 8.2.2.24 - Temp-Mat Fibers FE-SEM At 5OX Magnification (d2_M02.Tif) ...................................... 71
Figure 8.2.2.25 - Temp-Mat Fibers FE-SEM At 50X Magnification (d2_M03.Tf) ... .... 71
Figure 8.2.2.26 - Temp-Mat Fibers FE-SEM At SOX Magnification (d2_M04.Tif) ........................................... 72
Figure 8.2.2.27 - Temp-Mat Fibers FE-SEM At 25X Magnification (d2_M05.Tif) ..................... .... 72
Figure 8.2.2.28 - Temp-Mat Fibers FE-SEM At SOX Magnification (d3M 01 .T.) .................................. 73
Figure 8.2.2.29 - Temp-Mat Fibers FE-SEM At 50X Magnification (d3_M02.Tif) ...................................... 73
Figure 8.2.2.30 - Temp-Mat Fibers FE-SEM At SOX Magnification (d3_M03.Tif) .................................. 74
Figure 8.2.2.31 - Temp-Mat Fibers FE-SEM At 50X Magnification (d3_M04.TiQ) ................................... 74
Figure 8.2.2.32 - Temp-Mat Fibers FE-SEM At 25X Magnification (d3_M05.Tf) ............................................ 7S
Figure 8.2.2.33 - Rockwool Fibers FE-SEM At SOX Magnification (rIlIMO .Tif) ................................... 75
Figure 8.2.2.34 - Rockwool Fibers FE-SEM at SOX Magnification (r I_.M02.Tif) ........................................ 76
Figure 8.2.2.35 - Rockwool Fibers FE-SEM at SOX Magnification (r I mo3.Tf) ....................................... 76
Figure 8.2.2.36 - Rockwool Fibers FE-SEM at SOX Magnification (rl-mO4.Tif) ........................................ 77
Figure 8.2.2.37 - Rockwool Fibers FE-SEM at 25X Magnification (r I-mO5.Tif) .................................... 77
Figure 8.2.2.38 - Rockwool Fibers FE-SEM at SOX Magnification (r2_m01 .T.) ................................... 78
Figure 8.2.2.39 - Rockwool Fibers FE-SEM at SOX Magnification (r2_m02.Tr) .........-.... . ............ 78
Figure 8.2.2.40 - Rockwool Fibers FE-SEM at 50X Magnification (r2_m03.Tif) ........................................ 79
Figure 8.2.2.41 - Rockwool Fibers FE-SEM at 50X Magnification (r2_m04.Tff) .................................... 79
Figure 8.2.2.42 - Rockwool Fibers FE-SEM at 25X Magnification (r2mOST ..................................... 80
Figure 8.2.2.43 - Rockwool Fibers FE-SEM at SOX Magnification (r3_mo I.Tif) ....................................... 80
Figure 8.2.2.44 - Rockwool Fibers FE-SEN at SOX Magnification (r3_m02.Tif) ........................................ 81
Figure 8.2.2.45 - Rockwool Fibers FE-SEM at SOX Magnification (r3_m03.Tif) ........................................ 81
Figure 8.2.2.46 - Rockwool Fibers FE-SEM at SOX Magnification (ri3m04. ......... ........................... 82
Figure 8.2.2.47 - Rockwool Fibers FE-SEM at 25X Magnification (r3_m05.Tf) ................................... 82
Figure 8.2.2.48 - NUKON Fibers 3/32" Strainer Hole Size FE-SEM at SOX Magnification(s Im0 I.Tif)....83
Figure 8.2.2.49 - NUKON Fibers 3/32" Strainer Hole Size FE-SEM at SOX Magnification (s ILmO2.Ti ..83
Figure 8.2.2.50 - NUKON Fibers 3/32" Strainer Hole Size FE-SEM at SOX Magnification (s 1Im03.Tif) ..84
Figure 8.2.2.51 - NUKON Fibers 3!32" Strainer Hole Size FE-SEM at SOX Magnification (s I_m04.Tif)..84
Figure 8.2.2.52 - NUKON Fibers 3/32" Strainer Hole Size FE-SEM at 25X Magnification (s ImO5.Tif)..85
Figure 8.2.2.53 - NUKON Fibers 3/32" Strainer Hole Size FE-SEM at SOX Magnification (s2_m01 .Tif) ..85

Use or discosure of iNs documsent Is su~bject to the restrictioni on fte Cover Page



BWROG Report - GEH Class I

* BWROG ECCS Strainer Bypass Test Report

SCI N N .Document No: BWROG-ECCS-TA 13-004 Revision: I Page:................. O-9 of O-154

go BWROG Downstream Effects Scanning Electron Microscope Analysis

A.,L., I IoN Document No: BWROG-ECCS-TA,3-003 1 Rev:O 0 Page8 of 91

Figure 8.2.2.54 - NUKON Fibers 3/32" Strainer Hole Size FE-SEM at SOX Magnification (s2_mO2,r) ..86
Figure 8.2.2.55 - NUKON Fibers 3/32" Strainer Hole Size FE-SEM at SOX Magnification (s2_m03.Tif) ..86
Figure 8.2.2-56 - NUKON Fibers 3132" Strainer Hole Size FE-SEN at SOX Magnification (s2_mO4.Ti) -87
Figure 8.2.2.57 - NUKON Fibers 3132" Strainer Hole Size FE-SEM at 2SX Magnification (s2_mOS.Tif) ..B7
Figure 8.2.2-58 - NUKON Fibers 3132" Strainer Hole Size FE-SEM at SOX Magnification (s3_mmO .Tif ..88
Figure 8.2.2.59 - NUKON Fibers 3132" Strainer Hole Size FE-SEM at SOX Magnification (s3nm02.Tif) -88
Figure 8.2.2.60 - NUKON Fibers 3/32" Strainer Hole Size FE-SEM at SOX Magnification (s3_m03.Tit) .89
Figure 8.2.2.61 - NUKON Fibers 3/32" Strainer Hole Size FE-SEN at SOX Magnifcation (s3_mO4.Ti ..89
Figure 8.2.2.62 - NUKON Fibers 3/32" Strainer Hole Size FE-SEN at 25X Magnification (s3_m05.Ti) .90

Use or dsdosure of Niis doacnent Is subject to the restric•ion on dfe Cover Page



BWROG Report - GEH Class I

BWROG ECCS Strainer Bypass Test Report
DocumenN Page:

CIEC A EN, Document No: BWROG-ECCS-TA 13-004 Revision: I 0-10 of 0-
1 1 154

9) BWROG Downstream Effects Scanning Electron Microscope Analysis

AL IO N Document No: BWROG-ECCS-TA 13-003 Rev: 0 Page 9 of 91

List of Tables

Table 5. 1. 1 - MRS-3XY Grid Length Comparison Summary ............... . . ........... 16
Table 6. 1.1 - FE-SEM Visible Fiber Length Size Distribution Percentages .................................................... 17
Table 6.1.2 - FE-SEM Fiber Length Measurements ........................................................................................ 17
Table 6.1.3 - Fiber Diameter Analysis ............................................................................................................. IS

Use or clsdosure of Nsi docussem is sx~ect to the rticcos oun fte Cover P~e



BWROG Report - GEH Class I

BWROG ECCS Strainer Bypass Test Report

A L 10 NPage:

CL D ENO Y N Document No: BWROG-ECCS-TA 13-004 Revision: I P-ae of 0-
154

9 BWROG Downstream Efc ScannIng Beco Mkroscope Analysis

AL ION Document No: BWROG-ECCS-TA 13-003 P". 0 Page 10ofgl

Acronyms and Definitions

ECCS Emergency Core Cooling System
FE-SEM Field Emission Scanning Electron Mkroscopy
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GIMP GNU Image Manipulation Program
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LOCA Loss of Coolant Accident
MRS Measurement Reference Standard
NPSH Net Poskive Suction Head
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UNL Unversity of Nebraska - Lincoln
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I- Background

An assessment of a hypothetical Loss of Coolant Accident (LOCA) at Nuclear Plants has determined
that there is a possibility that containment insulation materials dislodged by the high-energy line break
could transport to the containment sump and interfere with the ability of the emergency core cooling
system (ECCS) to provide adequate cooling to the reactor core This assessment is referred to as the
GSI-l191 issue. It is necessary to estimate the types and quantities of such insulation debris transported
to the sump screen, as well as the pressure drop associated with the flow of cooling water through this
debris layer. The goal of such an assessment is to demonstrate that adequate sump screen area is
available relative to the types and quantities of debris generated such that the debris pressure drop does
not challenge the available net positive suction head (NPSH) of the ECCS pumps.

An additional issue related to GSI-191 is the evaluation of Downstream Effects. The Downstream Effects
relate to material that can potentially flow through a sump screen and be entrained downstream of a
sump strainer. Since the particulate portion of post-LOCA debris is much smaller than the perforations
of ECCS suction strainers, the bypass testing will only consider fibrous debris. In order to assess
material that could potentially pass through a sump screen, a debris bypass test was conducted in the
Alion hydraulic laboratory. The test was performed such that material that passed through the sump
screen was captured in filter bags, and was collected for further characterization. The scope of this
report will be to perform a characterization of the debris obtained downstream of the BWROG Bypass
Test. Four tests were conducted for this testing with the first being NUKON fibers with a strainer hole
size of I/8", the second using Temp-Mat, the third using RockwooL and the fourth and final utilizing
NUKON fibers with strainers holes of 3/32". Three samples were taken from four filter bags, one from
each test, for a total of twelve samples. These twelve samples were analyzed for Material
Characterization using scanning electron microscopy.

The filter bags used in the BWROG Bypass Test were polyester multifibment mesh filter bags with a
ring diameter of 7" and bag length of 32" and had a 5 micron opening. Two filter bags were used to
sieve NUKON debris from the recirculating water, and two filter bags were used as a control.

The NUKON used in testing is consistent with the fiberglass, Temp Mat, and/or Rockwool material that
is installed at BWROG, as described in the BWROG bypass test plan (I). This NUKON had an as-
fabricated density of 2.4 lbm /ft3, the Temp-Mat has an as-fabricated density of 11.8 lb../ft". and the
Rockwool has an as-fabricated density of 4 to 10 ibm/ft2 .

2- Purpose

The purpose of this report is to document the measurement of the characteristic size of the materials
from the Bypass Tests conducted at the Alion hydraulics laboratory.

2. 1- Scope

Alion tested the samples for material characteristics (fiber length) under the Alion SEM Examination
Procedure (2). The material characterization was performed by Field Emission Scanning Electron
Microscopy (FE-SEM) imaging. The purpose of FE-SEM is to substantiate fiber length. Fiber lengths can

Use or disclosure of this document Is subject to the restriction on the Cover Page



BWROG Report - GEH Class I

BWROG ECCS Strainer Bypass Test Report

A L 10 NPage:

A I A 0NG Document No: BWROG-ECCS-TA 13-004 Revision: I 0-13 ofPg

1 1 154

9) BWROG Downstream Effects Scanning Electron Microscope Analysis

/& L IO N Document No: BWROG-ECCS-TAI 3-003 Rev: 0 Page 12 of 9I

be measured directly from FE-SEM images that have been caibrated with a known measurement
reference standard (MRS).

Each of the samples was analyzed to establish a distribution of fiber debris length. Digital Images are
provided in this report from the FE-SEM examinations (Section 8.2).

Note that three samples were taken from four filter bags, for a total of twelve samples. Each of the
samples was analyzed to establish a distribution of fiber debris length. The samples were taken from the
top, middle, and lower portions of each bag. Each sample from the filter bags was able to be gently
extricated without any pulling or cutting.

3- Methodology

The methodology utilized for each insulation sample using FE-SEM measurement shall comprise of first
performing a receipt inspection as noted in Section 4. 1. Then for each sample, a sample preparation shall
be performed in accordance with Section 4.21. Next, the FE-SEM calibration shall be performed to
ensure accurate and traceable measurements in accordance with Section 5. Individual sample
measurements will be performed in accordance with the guidance provided in Section 6.

4- Procedure

See Attachment A for the actual procedures utilized for the data acquisition and receipt inspections.

4. 1- Receipt Inspection MRS and Samples

Receipt inspection was performed on the MRS and is documented in Attachment B. Receipt inspections
were noted and documented on individual forms for each Filter Bag sample, and are provided in
Attachment B. Unique ID numbers were provided for each sample. A material control log was
completed for each sample. These logs are for sample inventory and control only and not relevant for
actual testing.

4.2- FE-SEM Process

4.2. 1- Background

FE-SEM process for image acquisition was documented per the Alion SEM Examination Procedure (2).
Images were collected on a UNL Micro-Biology Laboratory Dept., Field Emission Scanning Electron
Microscope system on March 2, 2012. Three samples were taken from four filter bags, for a total of
twelve samples. Each of the samples was analyzed to establish a distribution of fiber debris length. Five
images were taken from each sample. The first four sample images were taken at SOX magnification. and
the last sample image was taken at 25X magnification.

4.2.2- Sample Preparation and Handling

Prior to performing FE-SEM imaging, small samples were extracted from each filter bag and noted as, for
example, ID "el ", "DI", "RI ". or "SI" specimen which correlates to NUKON fines at 18" strainer
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size, Temp-Mat, Rockwool, and NUKON fines at 3132" strainer size respectively. The sample extraction
was logged on sample control logs noted per Attachment 8, page B-4.

Each sample group was mounted on carbon tape and then mounted onto a penny to be put in the FE-
SEM holder. They were also sputter coated with a -20 nm thick platinum coating that is required for
using a FE-SEM. The MRS was inserted into the FE-SEM holder with the samples for measurement
calibration purposes. Sample holder x-y positioning is controlled by software that is configured for the
type of sample holder installed.

4.2.3- FE-SEM Instrument

The FE-SEM instrumentation at UNL was powered up by Alion contracted personnel in accordance with
the process noted in the Alion SEM Examination Procedure (2). This procedure is provided in QA files
in order to establish imaging capability (i.e. to ensure electron lens focusing and preventing astigmatism).
The instrument was operated at a vacuum condition that does not cause charging of the sample
(Attachment A). Double sided carbon tape was applied to each stub to minimize charging.

The scale bar depicted on FE-SEM images is generated from the instrument, and cannot be used for
analysis because it is not QA certified. To conduct an accurate analysis of fiber length, the QA certified
MRS was scanned to verify the serial number and grid pitch dimensions. Figure 8.2.1.3 shows the MRS
grid pattern that was utilized.

The MRS grid pattern itself is accurate to within +/- 0.104 pm for the 50 pm pitch pattern, thus,
providing a high level of accuracy in measurements. Information regarding the MRS accuracy and
certifications are provided in the Geller Micro analytical Laboratory Resource Guide (3).

All image digital files collected were documented with a unique ID number for traceability. The ID
number for each image is provided on a form which also includes the image file name and relevant
information regarding date, magnification for the scan, voltage and working distance of the electron
beam. See Attachment C for the logs used to record this information.

Image files were collected at various magnifications as noted in the Alion SEM Examination Procedure
(2). The images were collected in order of sample location on the carbon tape. Figure 8.2.1.4 thru Figure
8.2.1.63 are the actual raw images from FE-SEM imaging of the samples. The 50 pm pitch pattern was
used to analyze the SOX and 25Xmagnification images.

5- Calibration Process

The digital images collected on the MRS, noted as Figure 8.2.1.3, were subjected to a measurement
process such that each bar on the calibration grid is a direct write semiconductor pattern which is anti-
reflective chromium over quartz at a known width of 25 pm +/- 0.052 pm (Attachment E). The MRS is
also certified to be accurate to within +/- 0.104 pm for the 50 pm pitch pattern (Attachment E). Figure
8.2.1.2 provides a view of the 50 pm grid that is used for FE-SEM scale bar calibration at 25X
magnification, and Figure 8.2.1.3 provides a view of the 50 pm grid that is used for FE-SEM scale bar
calibration at SOX magnification. The 50 pm grid is also shown in Figure 4 of Geller Micro analytical
Resource Guide (3). Hence. the Figure 8.2.1.3 collected on the FE-SEM instrument matches Figure 4 of
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the Geller Micro analytical Laboratory Resource Guide (3). A verification of the serial number was also
performed and is shown in Figure 8.2. 1. 1.

The MRS-3XY is coated with a proprietary material which allows for Image observation at any
accelerating voltage. Using pitch measurements cancel edge to edge locations as long as like positions
are measured. This removes error from measurement of a single line or a space width because
illumination can cause edge effects to lead to uncertainty in the edge locations.

5. I- Scanning Electron Microscopy

A digital pixel process method was utilized to measure the number of pixels from a digital image created
by the FE-SEM and convert them to a length in micrometers. Utilizing the MRS images from FE-SEM.
measurements were made of the pitch patterns, and then converted to pixel lengths (see Figure 8.2.2.1
and Figure 8.21..2).

Commercial software (GIMP) was utilized to determine the number of pixels within the lengths of fiber
from the FE-SEM images. From a magnified sample of a fiber image, the number of pixels was manually
counted and compared to the reported pixel quantity. Agreement between the manual pixel count and
the quantity reported by the software was established to be +/- I pixel (accounting for partial pixels).
This allowed for the digital examination and categorization of the fiber length samples as the slide images

were taken at difference magnifications. This process was repeated for each magnification.

Pixel length measurements of the two MRS pitch patterns were taken, and an average ratio of the
known grid length to pixel count was calculated to determine the actual length of each pixel at SOX and
25X magnification. The results are displayed in Figure 5.1.1 and Figure 5.1.2. Copies of the original,
unaltered images are located in Section 8.2. 1.

It is noted that the grid has observable abrasions. However, the limits of the overlaying segments can be
observed such that the scaled lengths can be determined.
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Table S.1.1 shows how the conversion factor was calculated between pixek and length. Lines of a
mnually coumned pixe lengh were drawn over a knwn distance on the MR. By diding the known
distance by the number of pixds required to sm that lengt the length per p was determined.
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6- Measurements

6. 1. FE-SEM Measurements

In order to perform fiber measurements, various images were taken at different magnifications on the
FE-SEM instrument Measurements were made utilizing the GNU Image Manipulation Program (GIMP
2.6.11). This program allowed for lines to be drawn over the selected fibers with a pixel count displayed.
A manual count of the pixels was performed periodicaly for each sample Image to ensure the
measurements made by the GIMP were correct. All direct data measurement sheets are located in
Attachment D.

Ten sample fiber lengths were examined from each FE-SEM image, for a total of 600 fiber lengths
examined. Measurements were made of whole fibers, provided that both ends of each analyzed fiber
could be easily discerned. If the fiber went off the page or the end was otherwise Indiscernible, it was
assumed to be the maximum length of >2500 pm. Of the 600 sampled fiber there were 4 of 15 from
NUKON I/8', 6 of 62 from Temp-Mat. I of 17 from Radcwool, and 7 of 27 from NUKON 3132" that
measured >2500 pm in length before going olfthe page or the end of the fiber losmt and II of 15 from
NUKON I/8', 56 of 62 from Temp-Mat. 16 of 17 from Rockwool. and 20 of 27 from NUKON 332"
fibers measured <2500 pm in length before going off the page or the end of the fiber lost. These fibers
<2500 pm in length before going off the page or the end of the fiber lost were assumed to be >2500 pm
In length. Utilizing the MRS images. the relationship between the lengths of a single pixel to micrometer
length was determined. The establishment of this relationship allowed the length of the sample fiber
lengths identified in the FE-SEM images to be determined. Table 6.1.1 and Table 6.12 show the results
of the visible fiber length measurements from the FE-SEM images.

Use or dsclosur. of INS dopmrierm is eh~ect w die restricoto can the C~ve Pag



BWROG Report - GEH Class I

BWROG ECCS Strainer Bypass Test Report

A L 10 NPage:
0 N Document No: BWROG-ECCS-TA 13-004 Revision: I 0-18 of P -

1 1 154

9 BWROG Downstream Effects; Scanninrg Electron Microscope Analysis

Ii! N Documnent No: SW1ROGECCS-TA1 3-W Iker 0 pa 17 of' I1

V.A LA aI - "-AWM go-,I i, L.& a" M.h&

Maximum Length (prm) 3904.3 4655.5 5697 3881.2 4534.5

Average Fiber Length (pm) 1126.1 1589.3 853.7 1135.8 1176.2

Number of Measurements ISO ISO ISO ISO 600

The analysis involved taking measurements of rarndm fibers within the image to get a distribution of
lengths. Attempts were made to capture fibers with both ends visible, however a number of fibers can
extend beyond dt edge of the Image or either or both ends distinguishable. It can be assumed that
any fibers continung past the image edge or the end indistinguisble from the oder fibers are
>2500pm in length.

The average fiber diameter of NUKON 1/8" was found to be 7.650 pm. Temp-Mat was found to be
&641 pm, Rockwool was found to be 5.715 lim, and NUKON 3/32" was found to be 7.275 pmo. This
diameter was found by measuring three cross section measurements on two fibers in the first image of
each sample set, for a total of 72 measurements. as shown in Table 6.1.3. The diameter analysis was
conducted In a similar manner to the fiber lengft analysis, I.e., comparing pixels to a known length.
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4 -- 4 .1. I
5 3.2 3.2 3.6 33 6.831

7.650
Pm

1 3.2 2.2 IS 5.191
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3.6 2.8 3.6 33 6.831 m

1 3.6 3.6 4.5 3.9 7.992
- 3. 3. 3.2 3.2 6.557

1 2.2 22 2.2 2.2 4.508
S 3.6 2.8 2.2 2.9 5.874
1 3.6 3.6 4.0 3.7 7.650 5.715
S 2.8 2-8 2.8 28 5.738 Pm
S 3.2 20 2.0 2.4 4.918

5 2.2 3.2 2.8 2.7 5.601
1 4.5 4.1 4.1 4. 8.675
5 212 3.0 3.2 2. 5.738
1 4.0 4.0 4.0 4.0 8.197 717S

S 3.64.5 484 F pm
2.2 22 2.2 2.2 4.508

S 3.6 3.9 3.6 3.7

I Averae Diameter (pm) 7.320 I Fiso M L.049P Wm
- a - I - a -

7- Conclusions

Based on the results of the F-EM measuremets, It can be concluded that the majority of fibers
trapped in the bypass filter bags are less than I=00 microns in length. The predominant visible fiber
length sizes are provided In Table 6.1.1 and Table 6.1.2. It can be seen from Table 6.1.2 that the sma•st
fiber measured was about AU microns. Overall based on the results shown in Table 6.1.1. it Is
concluded that the fibers in the NUKON I/8 filter bags have an average of J1.1LL microns. the Temp-
Mat have an average of 1J. microns. the Rockwool have an average of f3U microns, and the
NUKON 3132" have an average of 1135.8 microns. These general fiber lengths allow for a further
undersanding of bypass fiber characteristics.
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8- Images and Photog'aphs

I. I- Macro-Photrarpbs
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8.2. 1- Orilgkl Images from FE-SEM
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