% 570 9% 04}

Drainage Evaluation

XZAIZ / [EAHD|

L A8 8H

Paper machine®] wet end°l|A] forming
fabricel AMA L5 AF &H L paper
machine®] 252 Azt vl$ 783}
t}. HA3lE wet ende Fold, Fo| Y8 A
2%, dlUR] A&, paper clothing life cyclesell
R} o},

Fvbabe] Zhal WARA AR (back scatter
gamma radiation device)E AMg-sle] A=Y
B9 A%S SR FE AFHolgE @
< F W1 Wil o] WP ol vl vt
Holoh,

H 7} o] AR paper machine A4t B
e FA gu AHEH

Ut A dolepyt FHHA dolgEe A
=3 FEH(flowrate) @ £49 73 (material
balance) 2 FAAAFE .w_xﬂa(percent
solids) & ALY th2<] W82 tlo]EfoA]
E3 7% (material balance)& AAIs= W
=

148 =3 - 2000. 11

2. 59| Ay

Paper machine?] wet end FHoA 2
st Fodior & RE obd BAS KAk
g},

SRole 7IAFHAA QT o) AAL &
71839 ¢k 3 TFIIA FYol 3P

£ 34N 275 59 91 $3EL X
#Hof 3},
A% 3% e A PAPIRE A8

BrlA0 kA £F oz 2439} Federal
Nuclear Regulatory Commissionsel| 4 %84
= THES 53 dfof gt

A AHE 7Hed At AE S R, A
ojA7} thE LR o|FE Wl %E’l &
7V E F53lof gt

agm ZHe #Y Zzd FREHE
ground fault interrupter® ¥F=A] QA o}
gt

ol FE s BAE & U B (short
circuit)oll 2|3+ A7] £AE A3,



UZAY 22t gt

3.2 A

o] 7€ A B so]H= (TIP. Technical Info-
rmation Paper)e 2% &% Alo|AE 73
paper machine®! wet end®] ¥l4-8 33
WS AFE] A AEE dAES Ve
3t givt. 71s€ WH-& TAPPI TIP 0410-07
A 7]&= o] & blow sample W Z= thigt
A vlgH Al WHolt), HlolH Aielre
ol AZ3)ALAHF ‘ﬁx} Wire/clothing
HEUAE AloldMe A% Ale|A) 7k 4
g AMSE 3 Qi) o] Al OIZ]E—: Ag=e o
o|E7} 71AIZR Wit A (retention),
flatbox BFg9] #A3}, aid formation A7,
headbox flow 23 52 2UEd = /‘]*%5]

7] W&ol de] RFEositt, ol A% &4
AlolA e AREA} B vl 2RSS Bad)
= BF el 8757 WEelth. oo W

< paper machine Bl=E B7}5l7]1 814
AHEElE AN B 5 Qle oo B2
HAE FAslshet] £40] Qint.,

4. B8

consistency®} ash percent® ZR3=He
(consistency and percent ash determina-
tion) headbox (=& headboxs)® AE3, 2
ZF A7} QARIE Z71<] HiF elements®
white-waterdl| Al €ojzl& AZo] FQ st}
AEEL F3H] Zetad AdloluRtel] A%
sojof 3t} low BHE-RUEY flatboxes T3

Zo| Zztel i EAQ AFo| AAHA e
clements$9.2 (For those elements where
an individually representative sample
cannot be taken, such as low vacuum units
or flatboxes), seal pitt} pits =& trayol A &
AR MEL 7 clements& 2.2 AME 4 Y
t}. Consistency 9} ash 232 2427 TAPPI
test Methods T240% TAPPI T 211¢ we}

s3g.
A Aol Aeludlo|E(x)a71 7
A7l ARIANDY, 2R AF

elements Ale]olA] AZE 243t} 7 349
AEY A7HE F88) Fol Zh YR tiEAQ
FAE dolin), dutd oz AR EHE MEY
A T~10% B=olH AEHY ATto| Lo
2| 2AEAle] 22 QA 7t EgE 5
Jorg Tgo| ket
element®] ¢+ EAE] A (near the in
going edge of an element)olA Al°IA & A%
& o) 2 Fo| g 7]gof d}, v R B
& =1 fabrico] Y2 28] A ARzt
w4 FUES SIFEI fabricktol2 HHE
(lodge®) = v}, PF7FA 2 element®] &7
Alo]=(on the outgoing side of an element)
QA YT 22 & F9 fabricol element®
A WA A =Hol o] -?47"]"“*1 vl WAAE
4= 9Jt}, wreko] 27l & 1 o)/4de) elements
Zte] 947k AF AR R &40l ¢ BrpH
237k elements= 31+e] Wi+ element®
ZFsh "t
AL S8 249 3% i°]E°ﬂ"1 %4
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A SHANE FI} wheo] SR +/-
2% °oldoZ pothd tA] 3l ARS 24
et AFL A2~ WE W (cross
direction variations)9] @& & iskst7] 913
A fabrice] B2 2RE 2 x| 245
ook g}, 12]1l deckleBREZE Q18] Lojgds
A A=A 53 Fafof gt} (Avoid
measuring in the wake caused by a deckle
board)

A 248 forming fabric®] 2%3 1 23t
Arele] E( in its voids) Z8]1 fiber, filler,
fabricE® e S 2% XA Eo.
Fabric®l®] A%e 23719814 forming
fabric/void water®] A#o] FAZF S| lA
Al e]=lolok g}, forming fabric/void water
A 23] FU=E consistency AlLte] A
Q1 ol AHAQ) FEgE vjHn

AHgE= fabric weightell el @3} error) &
=7 o] vl T3] wet endolA dry endZ &
Zlo}7] wiEel o AA F Urh. ol AMEEE
fabric weightollXl 22k error)7} #HAYSHCHA,
couchollA] AIXFEl = consistencyte] A#14 91
# 2 g F dvke AL on|gtt 4
sheet’} BFE dewatering elements¥ 2 &3
o]7] A2t fabric voidsete] Eo] ¥3lE
7] W Fo Bzt

5. Fabric & T93 2%

Fabricel A3k 2437 Aaie Be
WEEel gD ek o] W

150 == - 2000. 11

A S 7R 2 vl A AllR| 9] AREA}
machine HjX & 7|Wo 2 T WPEES A
g,

- couch ¥ showering@dll 39 £k

- fabric AAAZRH AFH = &

- return run®Eol & T XA SAH
=&

- B% fabricellA AeAEFoR AHHo=
blowingshe B¢t AF Ao & S HE g
291 dry weightgk

- fabric® dry manufactured weight®}
fabric 2EtLdl Wz} fabricel = watere]
correction factorg vk AlLke ¢t

- couch¥-ol] dolA|+= grab sample value <
Az 2329 A% @A 7125 HA AN
¥ fabric weight.Forming fabric®} void (3t
o TH-9) water weightE Z733p7] A3 Lt
Aol AEZYA+= couch roll¥ fabricd
showering o]t} o] X0l A fabric¥} fabric
o] Apolell (voidslol) A&shA Fob AUe
watere] A7} 27 €ct. Topformer! - 2
709 fabrics9] #2 ¥, showering@l top
fabric weight?} &7 =|ojof &tt. @2 71747}
ol gt YA EN FHsk= AL EVFE3]
uj 5oll ZhA}= e 5 e fabric weight
ol & & gt A3k Aol Frt

A2 o

6. 4%t fabric weight Z28%P1

A 23 Aox wl& SHLoE -9
fabric weight® 233k A& AlolA] 2dAt



A I3 54}

Z 717 iAo w2t HgEnt 2AdAle 22k
o) v Ao ) 5 gle IS golok
gt & Eof wheke] AE 3 o] ThE
WA EHT fabric weight7} B RoiH, vl &
o] o] Yx|elM 9] consistencyd] &3 23}
A7} ¥ ¥ fabric weight® 238 AEHT}
] g Aol 7422 fabric weightollA]
2e Y Fksld o E dEE derln Z
A O 2 basis weighte © Solric}, gk
consistency®| AoigtEe] 83kA] LotdA
fabric weight® Z2337199% A9 HHES
A& & Qi

299 forming fabric FFAES A ZHE
dry weight ®'H-& ARE3HC} o] W& fabric
o dolSl= water weightw &l olj2i7} A2
& gtk 28y forming 349 dry endollA
714 HEHo] & (wettest) consistenciesE:
glzedhe FHe] glom mEki 7FgAS) o
2] (assumption error)e] AL & 4 it
290 AJAEL T3 caliperel 71Z2E F
dry weight$ correction factorsE A58kt
ol L gt -] mlR B M- niEe)
< ke Y wfie] AR o ks
< 7K 3 it

Eg d#ZE Couch roll HelA &33=
71412l 75 919 6% o] (W=A) vl v
HEE AREAD |, EF H PR correction factorE:
HEAUY] A AMEET o] Wyoz
fabric weightE& 2% 3= A& A% AlolA] A

o] <t 3 == grab-sample referenced]]

|

o

Ux)3h= couch consistency valueZ THEoU
£ =23t} Correction factores ¥o29]
A&AQ S 93] ot Correction
factore] A8 =& A7kl WE fabricd] v}= o
B QYEN HBEE FX1F 4 gle}. (F]
7 fabricoll M 9] Z-2& A|ZHEIEE Z g3t

Sheet®] 2A2e| )& couch sample <& A
Al couch moisture® NEE 4 glvhes AME
719 sfof gt

A fabric weightsh A8 WHE 2FH
ol i B EES] S HEo 7 A= AL G
A3, fabrice] ARAY] dry weight Eg 3
229 2|2 Ed| Z3E ojo} 3}, v AT}
Z1A1A e Hslg Brkshet) AR-Eha
fabric weight 23 & 22 WHoZ Z4z}9] A
Hjo]o]] ARg-E|ojof gt} Thekof uljS L ES)
A2} fabric weight® F€d AHesE W
ol tigt ARE 73 Johd, I FHE o
L Wako 2 consistencies”} AM (bias) &2 &
=X 233t 55 & Aolth. fabric
weight+ fabric®] 2Ed#} weight 2% "
o wle} 50% EE 1 o] gt}

TE A hxo) g T AR o|BE,
243 & L7984 fabricHle] SEI
clearance’} 831}, fabric, stock, waterol
Aol Agle} A 20 wpe} H A o] FE9
clearance’} ¥ 832 23 A},

7.4

paper machine®] Elo]EF#e| material&
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consistencies®} Ho| &3] F3S A8l
f3lA FHo] grolof 3t} ElementF$) &
elements 23 T #¥& FAI87 84
<, tables ®uhs solidsd#-2l B3 73S
A dlof g}, dwta o 2 o) &9 dry end?
AlA wEREto 2 Z7 % A& EAES} reelito)
A £45= solidse ficka 7F8 3} solids
+ ©A ®9¥ applicationsdl] Jaixiet Hrhg
ok the 278 WPo] HEH oo} AAkdr),
THA] D3R upstream element total solidss
downstream element®l] ©] FHEEQ] w42
A3 E4E solidsES & A (the total
solids lost) FYsich, BE AEHQ wjs
elements®] Z#X]2] A= forming tabled
AAAA A& A A=) vis Aldtel 28
gk H 4] dloE & v 2o}

.+ 2% 3t Fabric weight

- A|Zkr1 €] Fabric weight

- Zk27] 7€) sheet UH]

- Sheet width into presses

- Reeloll €] sheet 114]

- Headbox UH)

- Fabric Speed

- Reel speed

- Basis Weight

- Reel moisture

- Ream size

- F7H EH Ate] 9] weight (Weight of
surface sizing added)

- F714d Coat Weight (Coat weight added)

152 =3 - 2000. 11

Headbox consistency ( ash optional)

- Z}7}e] Wi element$-2] AF SHAE

- Z¥zb9] w4 elementol A LolA)E white
water consistencies ( ash optional)

8. $oi2t Yol el

S = solids, Ib/1000 ft2 (g/n?)
M = APJR|oA BojR = A& ZHX]o &
Al, 1b/1000 ft2 (g/me)
FW = fabric weight, Ib/1000 ft2 (g/n2)
T = ZA#Ze] 4 (solid + water),
1b/1000 ft2 (g/m?) = M-FW
C = consistency, 1b solids/ (1b solid + 1b
water) = S/T (ke/ke)
Cw= white water consistency,
1b solids/(1b solids + 1b water) (ke/ke)
Aw = white watero419] ash&,
1b ash/1b solids (ke/ke)
t = total solids + water removed at
element, 1b/1000 ft2 (g/n?)
s = solids removed at element,
1b/1000 ft2 (g/m2)
(ol AMEE 2= 22 £A1] element
£ 717
AL o] A9 solids FA7F reel
(couch®t reelrtolo] H71E coating, surface
sizings-& A|9]) oAe] g} Zrhs 7Hg sl
WA dry endell 7 7172 elementE A2
g},

element®] 2 ¥ (material balance) &




He 3714 23k 520}

Ae TXEZ v 2o Ve i 2 wiA
A& FoE vepdtt,

Aol Y /1A AFEe] AAFCR
2449, A29 solids v v 2]
reel Hlo|El2] AHE A8l ALTET (o}
9] R reel$ 9Ju]3ic})

SR = basis weight in 1b/1000£t2
* (1-% moisture / 100)

Wet end formerg AW-= total solidsE Al
Ae7] SHBlXE reeldll Sle IAE°] surface
sizing and/or coating additions( adjusted to
1bs/1000 ft2) 3} shrinkage$} draw= €13t 2]
= Wzl gtA| wA g ojof it}

S, = (8, SizeCoat) *

Sheet Bl @ reel * reel %

Couchth&2] Sheet UH]* fabric &%

Material balanced] ‘FoRlE PAFEL ¢t
L3} o] ArMET} (element®] 7ZA$ S1AA
S Ao 2 9% (upstream) o2 AT}

Ti = Mi FW (1)
Ci = Si/Ti 2)
Ti+1 = Mi+l1 FW (3)
ti = Ti+1 T )
si = ti*Cwi (5)
Si+1 = Si+ sl (6)

A9 A whER oI HFE At HAE

3lt}. wheboll ash7} headbox$} white waterel
A Z2A9h 7} elemento] $1%= ash lost7}
919] 43 ALE F et

Total solids®t £ #A¢t 7 elementell A
A AP total solids,Zt element?t 9
consistencies®} solids A4t} =, headbox
flowe] Al4ko] forming boardellA el 7] w4
£ grlsket gasith

CH = headbox consistency, 1b solids /
( 1b solids + 1b water) (ke/ke)
TF = Solid + water after forming board,
1b/1000ft2 (g/m?)CW = tray water
consistency @ forming board,
1b solids / (1b solids + 1b water) (ke/ke)
SF = solids after forming board,
1b/1000/2 (g/m?)

1R ZEE-2 (The unknowns are):

SH = Solids in headbox, 1b/1000£t2(g/n?)

TH= Solids + water in headbox,
1b/1000/t2 (g/m?)

9] gkol BAlol ALt

TH
SH

Il

SH/CH (7)
SF + CW * (TH-TF) (8

Headbox® 349+ E2] A (total solids
+ water) A4t
SF (CW*TF)

TH = ®
CH-Cw
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Total solids + £<] water flow2] FAX+=
1b/1000ft2(g/m?) T2 U2t} o]& flow
rate® &2 4= 2131 headbox 292 H7}3}
71993l AME-Er,

9. AlAt : top formers

A= topformerZ B S 714 AR S|
2t} Top-formerdold A& £3< & 4= ¢l
oA topformere Bl & element2A4]
9 "g] 7led Ate] FHEHr} Fhek
top-former@ oAl AojxlE AF 23S0
A4E clearance’t JTHA top fabric weight
= bottom fabric weight$} Z©] top-former2
M) A SR FANAM FAI= ofof Fi}.
W s W] 9% weight o8&
Appendix B8} £330l Ui},

Interference®l] €3t weight &4 gtol] dold
T Sde e HAER 3P 2} for most
weights when the clearance is 6 in, or
more.) 3 23] dlgl& 9 in & 2L o] A
2o A $1x]3} interferencedl] ]3] ¥y},

10. 71t : secondary headbox

secondary headbox”} primary headbox$}
2L vl "o Eoll A& wf 24249 headbox
29 weight flowE Us 4 Jo™ w7t H
71 4= it} Secondary headboxolA] solids
100% +217F 78|t} ©] 782 base sheet
7} %3] 459 secondary headbox flow&

154 =&A - 2000. 11

9 4g w/Az 858 o FIsitt. &
headbox?t(less any recirculation)® base
weight splite total flow&olA Ztzhe]
headboxZ 7= EY flowe] HAlEe]A] -2
Z}z}+e] headbox®9) thick stock F+#(flow
rate)$} consistencies2 24 At

Thick stock flowE AH8-3l%] Secondary
headbox weight ¥]&< ARt 542 ok
I 2,

CTVT
CTVT + CBVB

%secondary fraction = * 100

C,C, = thick stock top, bottom ply
consistencies

V.V, = thick stock top, bottom ply
volumetric mass flowrates

Secondary headbox solids weight+
secondary headbox@el| viR|gto g HM 28
vl <=elementll solids AlxhE Fshat] A€
ok UeR] ARMEL gA A 7]t 2 5P €
ot 23U R F(flow rate)& ANE o
forming boardo|Al pond 18]S} sheetqH]<]
Zjolel] )& 714 of gt

1.3 3%

paper machine®] wet end’de] vjse] A&
SABhE B F83 BFE0] vt $AA 7
&3 ARt AFE B2 e o) Zkzke] A A
¥ elementol] Wt the] FEEo| Vehtol



H o) oz w520}

- Total mass , solids + water
(1b/1000£t2) (g/m?)

- Consistency, (1b solids /
1b solids + water ) ( kg/kg)

- Sheet weight

(1b solids / 100 ft2 ) (g/m2)

- Total volumetric flow on
fabric (gal/min/in.) based on the
total sheet width before
couch (I/min/cm)Solids flow on
fabric (Ib/min) (kg/min)

- Solids lost (Ib/min) (kg/min)

- Solids lost (% of total)

- Ash lost (Ib/min) (Optional) (kg/min)

- Ash lost (% of total) (Optional)

- Total volumetric flow lost
(gal/min) (I/min)

- Total mass lost ( i.e. first-pass

retention reported in % of total)

Headbox pond VH|E 7|22 9 gallons
@92 Yehde headbox flow & flows &
total retention, total ash retention 3t 211
sjojo} 3t} Retention Al4h FAEH 1 i
W 27 7 A5 AHEEE standard first
pass retention A4t vl&sh 2R FT.
Secondary headbox7} Sl& 714 B X e
2E solids loss7} primary sheetol ¥rd® T},
APACl ZFE ZT2aYPe g =HIH g

AR+ Appendix Aol 3= gict,

12, Sx=9Q1 AAt o
(Potential calculation errors)

A% 24 AN Z &g A o 24T
T e 7K $483t dlg] 921 271R] & fabric
weight$} white water solidsell 31t} Fabric
weightoll A 2] ol & & A4E couch
consistency®l 8% J¥& Foh. White
water consistencylA9] olzje 1A &4
(solids loss)# F#F(flow rates)dll Y &
o}, 4@ 29 17 paper fabricollA ThFd W
WS 234 dojd & & fabric weightE ¥l
3 E wf, AXFE couch consistencyol P13
& de JE v 2t}

Fabric Weight
(1b/1000ft2 )  Sheet consistency off couch
80 152
88 16.4
90 16.7
100 18.6
110 20.9
120 23.8

Couch, vacuum assisted foils, suction
boxesIAl AR & white water AEES £
Z A2t FALAY 209 elements®]

flow7} S3E Folxol dx2dTt P2
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A% ©] consistencies®] 7R= element ¥l
& L& sheet consistency A4t = Aol 3k
< FA et 28y o] 37k ashet 4%
A A4t (total retention calculations)ol] Z-&
3 error) & YoZFE Ut 17 FolF

ol2{gt o7} eljo] & 1o YEeRISITH

13. H|AE du]

TI PaperdlA 7]e=ol%le AF SHXE
det] F-83 U3 ACIXEL = A
Yo} Irwindaleel $1x3 NDC Infrared
EngineeringAtolA A|ztew 29L& 104F,
104PC, 104T, 5200Te]c}. o] RAz7ke] 2jo)H
< AR ZF(package)d ATt AolAE
AM(Americium) 241425 AHg3le] WabA
Al g g et 3 24 BEo] Az g
= A= A agd o8 WEEe U S
41+ photomultiplier tubedl] 28] €)= 3 1}
25 dUAe A% 3o Agdd.

24 104 AlolAE AR Al g AL
Y1 vk @A EAFHL Alelr)e] o) 7}
g o dodS U= zero drifto]th. A=
zero drift#A| & AT F UEE 25 BA
9 71%S T e BE Jadel=g ¢
Bt AR Abke tg3} 2t

A 7Fs3E 9 :0-9000 1b/100002

FEE © 2 1b/1000ft2 = 2329
2% & & FA|

2HE 2% 0 #4132 120F (049%0)

Z2H 132 160F (0-71%C)
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- AIZE 1%
AZY A7k 0-992(Z2ad7VF)
£9 : f¥E g LED UAZg 9],

T ol}2 1 &8 4-20mA Ex
0-10VDC

AHo] &0 2 Ao|R & AME-3l] Helle Hi=
Al Ae) B o] Edfok gt} Zero plus two-
point BA 2 AHo|Esl= Zo] o} A
gl 20| SAlE AMEAL vl el A E Sl
3 59 W8-S Fadt

1 @4 T2Hd ojf EAL ] T3
(no material on or above the probe) Al°]X]
£ AZE 9Eh HaEd=5t AEFe
zero53 X] ( no mass near measuring head)

7t e eARtEA] ERlslolgitt.

WA): Two-point Az Beold, Melng

2
old Fdo|Ex AR Easofo} sl 3
P 7 .9. }z'g:_gi IZ2H zéh:ﬁ_oﬂ l.--o:]olo]o} z‘ﬂ.

o} AMEARE o 2o A"t AJHES FH)3)
of 239 AFEC] O FAl oL A3}
A & 4 9ot o] standardsE T2 Ao
FEo] BXFgolojotEdgie 2dti=y
< 8Xg 4 Qi)

3 &4l Interferences. Al°) A& backscatter
modedl|A] 2HEet} melx SHEE e
AZFE 2R FS ¢ A} (FAAE
o EA). Table] & &4 interference
o] A& BN A X Z2H 2 HE



HEE2) 22k v}

o Az ¥ HoAe

14, HIAE MY

A thddt water level® 7F4 water
containers} 104P 9t} : F3H3e] A2 Al

Table I
(Ib/1000£t2 )

Error due to
steel place af (in)

Water Two Sigma

Level 3 69 12
0 12 20 0 0.2

1000 16 -1-3 -1 0.8

2000 15 65 -3 14

3000 31 18 1 6 2.5
4000 32 11 4 10 5.0
5000 68 12 5 -7 70
8000 164 6-9 -9

Eo|Edlr|o FE3 719 Hgto] Wiz}
T2 AMEE o] Fue TaH 23 ¥W
(probe measuring surface)ollA Thdgt $x] 9|
=

5.2 &

1.At 6 in. and beyond, (621%] ©]/3 o) =
agle=e] I FAR

2.919 Ave & Hvel Aol vpo|Zu}t
vl 22 A9 Z folle W WA & &
ojA] Jgke] vl A o o At}

x747] HolHe AF FaAR] NDCAIA
AFE.

2000. 11 - Z&#H 157



