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h =head loss (ft)

B = bar shape factor
= 2.42 (for sharp - edged rectangular. )
=1.83 for ( rectangular semicircular upstream )

=1.67 rectangular semicircular upstream face & down
stream face .
=1.79 for circular bars.

w = max. cross sectional width of bars facing direction of
flow (ft)
b = min. clear spacing width of bars (m)

hy = velocity head of flow approaching rack (m) —-;—2—
g

© = angle between the screen and the horizontal plane.
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F o
~ = Q (Lj-Lo)/MLSS (1) : S
EVE = Food to microorganism ratio id! oIl I« i i
Q, = Design flow m3/day RRRPPOUROL] | U JO |
v Reactor volume m?3 il o oo
'Li =  BOD to reactor gm/m3 o saet! S gl
Lol Jog> Jd i AL
Le = BOD required gm/m? o St DN Lz
MLSS q,,.Jl o dag oball
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T =_Y - (2)
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T = M F B3 -
(Li-Le)/ Ay *MLss
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(¥) o3, Waladl Jlaazaly 5030 sLod) Ol o = £

Excess sludge production sl sl

W omaw Y

F
M,, = aF - bM (3)
Mw = E<xcess solids produced (kg / day) oyl b AW sl
F =BOD removed = Q (Li - Le) (gm / day) gl it
(a) constant =0.7 <ol
(b) - constant = 0.075 b

B &L (£) o, Baladl Jlwzay 3Ll < by o Wl o0 = 0
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Sludge retention time (SRT) sd) Wy o

Total MLSS in aerator M
SRT = = x
Excess sludge produced Mw
M
SRT = ——
aF - bM
Recirculation rate of sludge R) st ! 3alel Jas
C2R =C1 (R+Q)
Cl1 = MLSS in reactor gm/m? Lyl s AW 5181 58 5

C2 = MLSS in returned sludge gm/m® o sl i sl 55
= 10000 gm/ m3 (max)

R = return sludge 100% of Q m3/hr.
Q = flow rate - m/hr.
C2= mg/lit
SVI or sludge volume index
U5 oy 5,58 oy datill aladl o ol daly) 2l ]
= A ol e e (el

nv/ settled sludge * 1000
mg/lit suspended solids (MLSS)
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Oxygen requrment Gulhall oSN LS (1)

Oc=[aF/M+b'IM

a = constant 0.55 for domastic wastewater

b = constant 0.15 for domastic wastewater

/

bl 348N (V) (o, Dslall o o llall oSl 2aS Ol o2y = ¥

Aoz g ey L5 1) AU & puaall

(7)  For nitrification

Opit = 4.6 Q ( NH3)/ 10>

Onit = Qxygén required for nitrifiation

= 4.6 kg of Oy for NH3 to NO3
NH3 = (Inf NH3 as N - Effluent NH3 as N') gm / m>
= NH3 gm/ m°
DO = dissolved oxygen (1 -2) gm/ m’
- =2.0kg02 / kgBOD removed for extended

=(0.9-1.2)kg O2/ kg BOD Removed for conventional

AN

(6)

M



! bl Ut Bl o] paten

Sl ll a8

Tl cuts o4y C[.ufh_r Prt_r\thfh&urtrﬂlhmg_ s (V)

bl cus e (V)

NIECY Vo IRl RTOTPRRES BUP95) B VR R Y il 2y | M 2 otabl | g s
JSS i | ST} 28 | sl sl | Jerdl | gyt | %8/ | @WW W eSdond] |
paSi S| @) WY s | Akl | ol |y | oS FOIRERIL ey g idlal
we |BOD | BOR| wan | (pn) |BOD@ms| w | [T ,
s | (aallgh cd| T [ e et Yl BOD pos| awwn | /0™
2 e ; R A‘\...._
(¥2) igzd! podlonS /| 2801
(W) (Vo) | (W) (A) (v) ) (o) (¢) (" (1) ()
-t V- Ao - Ao o—-.Yo| Yoo v-.v | A-t¢ L ] Y T LATEE R TTR R o) @l
-0 Vo= y|Vo-Ac] .o~ Yo] Voo A=Y | A=t Y.t A v e | g2y paili
Gyl o¥aad
~ e Voi=+.V|%o—-Ao]..Vo-..Yo] Vo—0 V. .-V ] 0o-Y Ye .t A Yoo =¥ S N..LP.V.H-.E .
LV K YR Y SR vo—o vy (MmYye-ro] Y=o A foreove] e | oueditl sl
mI-Y V=Yoo
C- 0. Voo—oV|%e—Ao V.- Yo] Yo—-0o |Y..=-+.A] o-¥ Y—. 1 A Teee ¥ ,pﬁ.r.r.v _vra-:._n._.v__
6.~ Yo A= tfve-o ) o vo-.e]e - Y[Y E-NVY FY -V @ld Lygall
Vo- .0 <A Ao ¥ e | gaalt Jaadl
DTN A AU TN I LI IO R AT o-V.of =g A mr| pka | BSes Ly
(TS [JCR

¥ il oo (V)

.._ ." —m,{_xnx__uﬂ—m_w _...v. h —%—gm%{—puﬁ— ( Jl4vlewt

AY



S et 1 Jalgaf -0

039l g g ilf 1-0
bt ol o] Sl 55 A, L bl sl o -

. iladd

t 18 95 (M cpan 2 oy s g

le: u.a",al —;.)

Plol IS Gl ST allsy a5l ol sl Juady -
- o e A

: Badn ol uligfo - Y-0
P FER POV RPN

:Mf uﬁui Y-0

PYNTIH TP TR Y
e fo=Yo oo Jykll -
AN =N e Al -
Ao V0 =¥, e oldl Gas -
Ll ¥, - = V50 e Sl -
: godaad! ezl Jias -
, et g o diy Gl o 7 g o - |
Lol Gradl b 5 ¥e/ pudl /¥ Y0 -V = okl Joodd] Jibns
Y Oyl D Ye/osdl /¥ 0 ~t. pa=

AY



RENSRER/AAT N WC,|ﬂCﬂiJ|»J&MIJM
(dzad | 4y gl p U5 Jui2s Yilod! bodss Joyo day S g g > —o

. -, £J°_ ‘,)0
Lokl ¥, - Y,

oL:.U oF
RV

byl G ol Ul 3 Yo psdl / ¥ YO - YO = bl faret)] Jdas
iVl G el Ul 3 ¥ psdl /Yp 00 - £ =

okl el Jose [ Xp VO =N e sl G)&I;I»@;Mldm

s Kyl ol -Y-Y-o
p 0 - Y0 oo ol Gas -
gt - Yo pe—"Y|
N0/ =N /N g e -
ezl 3 WS ol Joall Jibna -
L Jebaall LS e e Jeandl Jaas -
sl 3 LS e e -
LT Tl 35y T by il Jpamll i oo Gl 5k =

(L2 / poe) 2SI TN 5111 iaS

. = LW allL Jeend!
(V- % Y8 ) Casladl/p) rdl Joandlldins (20 L1/Y,/ oS

=t oo A1 3l el Joima 2y
s dayill Gl W ¥, -
eV Ol Ul A, -

AL



('S\ludge Treatment) 8 boa// daflo M
: b AW Jolg olad! idlas Ldes i
(Thickening) ;S < -\
.(Stabiliz'ation) Stz =¥
.(Dewatering) »Ldl Jfuas -¥

(Thickening) (YVENIRVIgvER)

755 s sledl sl Sl pmadl ol J] Sup Ldas 25
s Gl ikee S slaol) IS | o] I 5350 & L acall 511
VR O JRCAVSIR JUNIET: | JCTIN e WSS S el el e gy L oL
= dadszall G AU ol an]

(Thickeners) duia )1 il 0ol S 3 gl 9T -1 -

U DY PLPPTIFY W SUAPONT EUPS PREESCHPE, [P PO P

AT sleodd BUSYI ol doeas Jopdl o Ji¥l « 51 5 oLl 58 5 55055

S Wslels bl oa lall 5l (G s bl oLl 735 ey < LI LS
L Sl Ll 585 o o (VF=¥) (3, JSlly Aol Jote

(Thickners) dua ¥l awilal o'Wal! juS 5 Jalgad maoid! i -1-1-9
: S Saa -
(Sludge Volume Ratio Je i,y e V0 535, pm ¥ - N o gl
{SVR})
: o] Jeasmzl| s —
Cpst Y ido g 028 (VY = AA) Slin] a5 ol o rars sl
e g gt e Do e s Al a5 gb':-’ilwiw slas %
- patf Yo ko slse oS (04 - £4)
Ao



220 . /
5‘:}! /
)
oLigns
oL
= vt
0 5t1-

s bl
: i

ALK DM e (W-$) 2SS

.
-

A



(= %) thiie sl oly] s 10l w2yl (0 droms olas 5
' ol Yo [ ado slse oS

Tl o 2l o dras s + L8] ey ol o ras sl
ol Yol aho slee S (08 - £4) dhine sls ol ol i

B T = A E YOV SRR ESTAFPN S [PV ISYY PO
VR

cp Y00 = Y0- e sl taldl Gas -

VAR IR VARIFINEAN | [ SRS [ SO

cee V0 e ks i Y s ol o By pule -

AV



(Air Flotation thickeners) 519! Al sl o 9! il 30 - Y-

Ko e s 0 bkl llams 5 UL o eyl i s
nns ooy o Lygll oo Bl plisnza] SULEL 0o oy 08 slad | oy
Sl e s Joiis Olphs o (Ve-Y) o3, Sl

=H&'mgn-u| V-¥-9
0= o ol ki I oladl a5 o byiall e Ll plasead -

Sotl psaddl G215 Y Wl 3 L sladl pn Jaiall 43,2 o olin Jals -

S iy Lok Jaiiall Ciind) Foreatiy gl 1o olad ! Josf amy -
Ul olad | S5y amndh | Lgiss A3 ¢ ol Lpands o adl ol ksl
Al il e 2 LS Cdl ) pllis plidiaaly Laref o2y I

S iU S B ol eyl U okt 5 US i oSt -
sl i e S 0L o dels 31 Ol sl pssia SV Ol 1S
ND72LY N PR R PPV W IR S| PP WS |

AA



ALt g L
ot e

-

A)U'i_l_é‘ *

APk IS -0y 2 0%

Al



2 ot19 W1 ol ) ot N1 i - ¥

iy piandl ol yad sauSTy conts Tdee Gl SV sl Ldee O
rON NN (FIOE_PERUC LT[ NV PR o [PUPY sladl b
Ll s sl gzl S A Jolis s s il o) 50 ] Ui s adeall
& S 155 Ol e sles Celid] o as peandl 0o o iy S I
Jeliddl Sldae IYs 5 apianll sl IS Connts o2 ¥y 0 Lplaall i oLl
L a3y iadl Dy gaall 3] Gamy sy s Tl el

: ne i I Ol paidlp il paniisy

: Gkl Lo | ot ~ - ¥
05 Wl g gty sl 5 ookl Bl g2y Y Slaidl g gl e 3
: W) i)l
aedadl a ol aid -
@Mﬁb@o‘l‘»d&—
. U,,.&J‘.Jo‘l.onﬁ.,b—
- i) oLl e ey (VoY) (3, Sl

:Mlgﬁ—ul\—\—\'
s i sl sl widl o Ol o
V=V - 23 (V- Ve ) Ty

(¥)) il e =V

(psdl /%) Ly dilall sldl e = Vg
(eed) 7 ¥p) Loass apmndl sl s = VCl
(o) Yo ¥ pu gl oy = T

losd s ph | ool gy simlpdl alo Al 53 2l 3 oled ass oS

ﬂ .



;lidlg:)*I
/r‘ ~ -
(I‘J'Sl)'dau-..w aslbai- }ww'-w’zf

-

,,/

_,./'ol)’g/

c£ulad Zf,{',/":(\o-f) ‘,\éy

9.



: oo JA g2 g il | el 1 -
AR Y ) oyl e sl =

B L T L PUVS JUN | PR S REy | slad | s — o

r

s Joeoand] okt -
ol oyl o dmadl sladl 5] ASam Y o I ol a Lk -

cpml Yol oS V0 - ¥ Al Sl '

: g ! Jazed 193 0°0! yodet - ¥-¥

G T Leals s s Sy gl il 55 oinald sl Sl
aiio dony eainll Kdae o WIS G e Balel o b o 5] LSS
| ol adas gz Ul Gl 5 0 S paaSly Joomy dlad jasnd| s o
Slop gt = V) (ellynd LSl
.‘,luld.\..ll,ssul,»c.a; (V- o3, JSaly
5 el S 25 1o 0y bl Sy B 3l e
| : o sl
i LAl dib -
abid) e eldl olb -

oabl ds 035 sled | CatSS W (g 0,2 oy ¢ Ul (o i oS85

e VO = Ve Il ey S AU e By /N ] L 4kl
o5 Sy (VY=Y 03, g ol A1 53 | Jball s e Jaiins
sen oo g /Yo A Yo 0,05 U e oE U sl | Sl do o JSI
W eall Gl

iy



St cpabt_s> ol F DL (M- Y2

Y



s I ~ Zlfl‘l.

.,1,’4‘;',,, — > oliedy
>

L ;fé’_b,l? —_—» _..az:.i;ll

: l ;/C’i’

e sile 3 sy BLON S o (W-S) S5

At



~1 ptunil! gl -A-Y-Y

V1=V¢-Th : oall paa
V11=Vi +2/3 (V§-V@ T.

(Ya) A dlajll jeds pan = V1
(Ys) Ll dhayll yade paa = V11

(psall/ ¥p) Lags ilall slaall ama =V
(psdl/e)  Las tguallsbaall paa = Vg

(o Ve llom Bule ) Ll Ayl g elsue) = T
(‘.\,:.‘\o—\ﬁ oo AV dajll jede i eStisa= Th

Lo ol3 Lallall lane Laf Jili ags / Ya £+ 0+ Laso dallall cullaal elll
o Loy Lia JS sl gl Uabl 03 G yadias 4435 asy/Ta £ v v o S
oY
iall slae o psa/Ya Yoo oo Lipual o daslill slaall Gepins
Al aall

JJAfJ‘A‘\Oc&.@a” ‘:\JA;'};!YIuQJ_J ‘a-\—iJO‘}AJJJ.Auj OL;\.L"SA_&’_
bt Lo Tigaas OAN sl sing sbdl o 93 yadll ¢ L]
L OlAl elbi psig JSib ~
sl el b peaill Hlall biua e -



Gy ao gl of Gl Lbaly slaall BN i p Lin¥l i oy

31 015 LS il Y ol il il Lowillyy 8 o maS) S
slaill &BI3al Lol o ay\ Ga e SEo Lailly skl ks o 4 g ¢ L
SRl edge b LS 0 A Jloa g Y1 138 (0S5 cull 6T pelacs (63 o Unis

(VA-Y) a3,
gl Slgll o aaS/¥a =58 0,8 baugsiag JGd sl £ YY) Juna Huks -
. dllast) s, Lkl

Jegeadl el Y: Y e ol T 5 ¥ s Jilo JS it yaill g U pams —
. staall Lo

by ol 48 S e dalid] Gluall o culs JS& b saidl lad pacay =
elail] prasas O iy oheall o (43Sud el yaill e Unill Lol o 3] elacs
on gl LA o g0y p Y = ALY uE Lilaaa gl e il
On aans padll elld aging bkl rhaus o p V dilosa e 4S50 g olali
aoeoVo e dadill Hhi Jii ¥ Qo oSats g Ji5 Y 3l Sluall clads
) . dlacall Jlaed Jagua! el

gl 3382 4335 p Yo e Lajki s ally opaSIl Suadill (alsad Lol -
- ! Sall Jeail olazill sia audiody JIYI e Gluall olaii

stealshl b slaall e puall £yl jTigpo Yoo e JiB Y sloall Jii yuialga i -
4wl e Yy0 = Vy0 o

i Oadadl clall 4i paladl waadl f a5l woaall e GsSS LN salys —
b5 po Ve o Sl smlll i IS 131 s Lbilall Jlasiils yraalsll by,
saealsll g iy ¢ sacalsll alal aispa Voo o JBT yaaalye pladiioal Ula
A (Kue edbay Jlasiwhs o Y] mhw @ad il

a1



SHATR RIS BYUREY
| bl | ilhe (O

ASNE e sthi
z-é-’.d/i}:

I
L

i} ;
(u" adatl o Ay olis LES ol & D
2 ~ &

\/

AL S A7 i oaes) 2

AV



sdlagd! Deall yodng <Y~

U PP 1P P A TN U IR U ST S YT NP Grhas

aE W sl l 5l adlgdly asliz ¥l omme D G2l gl o ablindl Ll ol

i) Uil s il cancay oS ( daih algd] s3Il Jolsal 0

O[S PR PN SRR S TPWITER [ FONIET e P PP LU OPY
(St skl pods g (VA-Y) (3, JS8ly b piias g5 o Uss

: :Miuﬁui\—f—
NP VA PRI T SRS T WL JPIVY
. e Y ol ilad] Gas -
: S oo

. b‘. Y° 0)'?2?)3“ r‘,!\“— \'
.Dr\ 3J|J’Z’J5 ur_,)r'—“'

Y

Y

’lfrlﬁdgm‘jlr’/r’ J\ —\JV —én.‘__..“ M'A__.S—

. AZte Ay piab
( adlos sles) fr/ql,,L,fVY - ¥ =;L..J|.Lg,dr.\su_.1|zswldm

A e (Y= V) = il OU S nanSYT 5857 -

( Sludge Dewatering) 'beal ! o blud ! Juai

Sl JSisy 78 iy Il S oboe e ke 0 pmindl sl gpas
0355 sl o oS8T HaS Joaadd (531 Gb pbintas ) 7V - g sl

-y

cooledl S5

bl ppmtdl drlys 5y olesk ] Cinions) iy oS I I ol pdiias,y
‘L..,'Yuj}UloL...llJ.a‘,.a phs Ul Gy 0 adaall 2da o LiS Je Loyl
Lo oldl o o2y o3 Wl WolasS st | g oy Ciiinnsl! Upl_,.sl

AT sl sy ) e St Jia 2SSl 3l izl

aA



« . ,' .
abslsadla2bllslr & 1 (M-0) Z S5
O elAAL o

49



oolsal ol Y NI e Loul 5 api Uil g 1l o ploall poe 1in
W o il aie Kbzl o)y Leloads oSe (. cheinsll
. el

:0"load | i 2l V-V
winh U ool e Lpmss o ol i oy i all ods b oLl i o
ikl Vo oLkl i sapmdl ol O s alls e Latys U0 Ll
St G Jol ol g (YY) (3, YKy sl I BLYL ka1

~:Baagdl GiligSe V-

Golain LI 0800 e ¥ = V0 o LIl ki Gas po s WM AR -
Vo oo Y p iyl oldl iy pas ad 53 Ll gigmy o) = ¥ 0 ]
sl didal

o W g iy 0,y el ol i 0555 0l on = Joa 1 i -
L oy o Vo = V0 I ke Jlaidall Gas gl 0y (e JYO — - 50)
ke I adbal) (g gl o]

PORC eI W] 3 R S UG EH PO RS JO TR VNG J pUSE-
e Vo = Ve e sl BSOS 05 dspde ot SVo U5
eV oy Yeaslas Olilis o palill eds pos,

o £ gl DLl T Quhall g s Bl Wi = ol Y1 Jailyo -
C o gl G JSY e

sy W 5 DLl Bl Al e i o ol Y1 ¢ S dity 1 ol Y16 B -
o Saar I 0los 018 Vo 3y ol sV i oyt (0 2y 5 g ols
.u;,l,,‘wtuL,ssmu;z,ﬁlywtzﬁ@;guab,mcb



N DL i)
sl iren s 7

siALLS dutiasd

ARIRERRRNRUARERRAI g INRRRARRRREI AOEE

Elx NN\ E

ol;”‘*"’:"'?:‘olﬁbflclﬁt\bj

"o oot | Cashond ol g+ (8 =1) K5



POVOSTRL S O

e V0 =V el bl Sl b e -

el £ T ARy bajed S 3L G Lol 5,0 ) S Bae -

Eﬂ:MlyﬂMlelepM!ylyibu—
. o2l

Skl by s Jlasel g3 (ol O b < Lt o -

s iy paddl olee -
T e 3 ol I il ol 03lel o

S | ulad ! il bl | b Y-
. (Mechanical Dewatering)

skl plsza] o Y Lt l o oLl o) LSS IS Ooliall  lasca] e
. iuskasS 5 & eud pr <ilS ¢ | (Coagulants) &, !

—: L G b rde ) oz

- fuadll Jass (Al Ol o -

( Filter pressing) . Juall Joxs 2l olad | Ol 0 - ¥

(Centrifugal) . ¢S A1 3,k 5l ¥

(Belt Pressing) P ok sl D0 Gl o VY- ¥
o dasiad o0 (Belt) (oot 5 s Lpde oS0 0050 il o 0055
c 1Y sl gasl
ez - elial GLINT - 5L - ol - Gyall -
Taall 16 el el e 82 —



: iMUJ.,U,,&Jh_..LAIoQL,IIO‘JUJ—
=+ Y1 e W JI LYY,
S P11 JOT FRO
c o U ol Oloeias -
- dgyb )l silan -
cdon b oLl ol -
<Lt oLl Jas ey oLt i s e -
a1l sl i) Slelansy ity 28,5 -

 oetaaal! pusa] 4-9-Y-Y"
=1 gt 2 s -1
. °r-"’4'°L-4~'J-aiJuL../Yr/ﬁ.S\.._
'J'*Q?'wﬂ'ubwobwuu/vr/ﬁ;o. -
aele /¥ /xS Vo Solews a5 s iz ke,
—: Gl ¥ide jor =
caele /) (£.-Y) -
coSiee V0. - 0. =gkl had -
:J.,.i..:.:.llot:t.:a.\.s—
coml/ Yp o> axulabdlolhau,_,i&,,.l/ub% ~
coSl Ollaadl (S [ aslu Yoo
s aod ol b ayyb M R -
A .run‘ulgs /Aw
sl %.,...,:Jlubl_,,ic,..,.ﬂl Wl 5 /Y- *
el i Jans gl oLl e o (YY) (3, JSLI,

A\



Maturation Ponds (DS 1 bl ) Quiadd! il pid - ¢
Lr ) o 2SI a0 Sl oy ) Sl 0 sy
03l mul’oumh 3352 okl Oly ey 5Ll LSl iolsy il S,
0559 3Ll LSl e« Laddl Juas o S 20 1,0 = Y e Ly olidl G
85553 o LT ¥ o L S0 iy uatll Gl L sl Gandl i ST

ey By IS S ST e Slisy W e 5,le



A
. 7 LAt
9 27 T A% A
S S S 5

- g — /J';f,’-:;c'
e ?
fl__ =1 -
e -

:,._-J/b, oM Jur\o 1 (€1-€ )?/Jf’}

Y\



O Y | o e (i e § i 950 0
Anaerobic ponds 2 o 19 ST Bttt 4 il ptit V-0

TR | N UYR SR Fr-p Ut o 1 YO [ R JCIS PO
Loy
(BODs5): i yiaadl 51yl 8151 Jume -
/0 A Loy N,
/‘\ FUO RN VIVERE ST
SV h Ly 0,
bl oleal) B yia 5,1 Ol s die WY e cond] 000 535
e 0,0+ I e Y500 gl Bdlss W30S Gy 5 oLl Gae =
Bl ks WS el Golall o M islae o olls Cipnyy - (7Y o e
ols 1 Gas
pdl (o et 2l 12 lS VY0 e sl (B.ODS) gpiaall Jad | -
ol Sl L LS I
Sl 2l ( B.O.DS) olaphsS 8- e gpuaall Jud 5l D i -
A Sl ) s e sl S
b Al G panil) caSe e oY e pala el @*;JW‘
Al B el S e
0b s jly Lodis caly J1 o LSl 50N 5oy o i b LS -
Sl Gas chai Sy il I
N Y N Y Garha G el dob i 080 of o3k -

VVY



31050 ot 0555 o Jut L e 5 il a1 B S 5 iy il 05 -
FPS U RS UG {5 W W W SL TIPS P VI B S SO
saaly ek ly Olaell 4é paady o oI el oLl 35 oylal oLl e

2l oy
bl BL A T T gl Sl T il ol ke o2 -
il oY,

DU 5 Lol 2 1, 03 o oyladll cats Loie g Ll okt o -
Ay plane Jils Zball sl o8 &yl

f S e adl Pl VI UL o W i 0580
byiiall pabdl oo Lraszin V- %

.J.,;,m,iox,;,_l‘;,gucuiy,i*

_ .c..:‘..filei.wk,l;,i*

Ll 25,0 oy il e Ny - o i oLl e oo el gl 0,55 =
gl il

Laa ¥ il e 058 Sl Slas Jas Wl -

Facultative Ponds | CUPIWES (XWX ¢ [P PPRR &1

AW = Ll 38N Ol oy b -

N N Y sl G e J_,bi.,...&g,&gi‘.}lﬂ-

e Vs 2 V30 oo ol LY s g 3 Ll s -

LIPS BIE It R R S c)'ﬂ*. ( B.O.D 5) gyl Jod! -
el PSS

VY



-Area = _Qxt
D

Where : Q = Flow in m3 /day
ot = Retention time in days

D = Depth of water in Pond (m)

- Asian _Institute of Technology Method

Ls = 8 x 1.054T (1)
Ls = permissible load of B.O.D5
- kg/hectare / day

T = temperature in (F°)

t =10xD =& an
Ls
Where :
t = detention time in days
Li =

influent B.O.D. mg/litre

AR}



Ls = allowed B.O.D. load kg/hectare

D = depth of water in pond in metres

Another Modified Formula :

Li - 60

T-20
18 x 1.05

where :

Li = Influent B.O.D. mg/litre
T = Temperature in ( °C)
60 = 60 mg/litre, the allowed B.O.D.

in effluent

Design Based on Mean Temperature of
Coldest Month :

| . A Qi-Le
T-20
- 18D (1.05)

Vo



Where :

A = Areain m2

Q = m3 Per day

Li =B.0.D5 of incoming liquor in mg/litre
Le = B.0.Dj5 etfluent

T =Mean temperature of coldest month in °C

D = depth of water in pond in metres

2- Empirical Method:

LixQ
2T - 12

Where :

A =aream’

Li =B.0.ds mg/litre

Q =daily flow m3/day
T = temperature in ( °F)

( average of coldest month )

3- Indian method :

As =375-625 L

AR



Where :

As =Loadin Kg/hectare

L = Latitude of the place in degrees

Temperature T by (1) T by (11

| st Formula 2nd Foemula

OC OF

15 59 27 24

20 68 17 19

25 77 10 15
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Short-dircuit categories

1EC 157-1 has two categories of short-circuit performance outlined

herein

khort-citcult

Rated operating sequence

Condition after

per férmance for short-circuit short-circuit tests
category making and breaking
capacity tests
Pl 0 - t- CO Required to be capable
of performing reduced
sexrvice
P2 O-t-~-CO-t=-CO Required to be capabl

of performing normal
sexvice

o represents a breaking operation.

CO represents a making operation followed, after the appropriate
opening time (or immediately, that is without any intentional
time delay, in the case of a circuit-breaker not fitted with
integral overcurrent releases) by a breaking operation.

t represents a specified time interval.

VA
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Tenperature-rise
Type of material, limit (measured by
description of part ) thgtmocouple)
Contact parts in air (main, control and
auxjiliary contacts):
copper 45°C
silver or silver-faced” (1)
all other metals or sintered metals (2)
Contact parts 4{in oil 65°C
Bare conductors including non-insulated coils (1)
Metallic parts acting as springs (3)
Metallic parts in contacts with insulating
materials (4)
Parts of metal or of insulating material in
contact with oil 65°C
Terminals for external insulated connections 70°C(S)
Manual operating means:
parts of metal 15°C
parts of insulating material 25°C
0jil in oil-immersed apparatus (measured at the
upper part of the oil) 60°C (6)

* the expression 'silver-faced' includes solid silver inserts as well
as electrolytically deposited silver, provided that a continuous
layer of silver remains on the contacts after the endurance tests and
the short-circuit tests. Contacts faced with other materials, the
contact resistance of which is not significantly altered by oxidat-
ion, are treated as silver-faced contacts.

(1)

(2)

(3)
(4)

(5)

(6)

Limited solely by the necessity of not causing any damage to
adjacent parts.

To be specified according to the properties of the metals used and
limited by the necessity of not causing any damage to adjacent
parts.

The resulting temperature shall not reach a value such that the
elasticity of the material is impaired.

Limited solely by the necessity of not causing any damage to
insulating materials.

The temperature-rise limit of 70°C is a value based on the con-
ventional test A cb used or tested under
installation conditions may have connections the type, nature and
disposition of which will not be the same as those adopted for the
test; a different temperature rise of terminals may result and
this will have to be agreed. VWV

May be measured by thermometer.
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KVA KVA KVA
5.0 31.5 200
6.8 40 250
8 50 315
10 63 400
12.5 80 S00
16 100 630
20 125 800
25 160 1000 etc.
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Losses in kilowatts at operating temperature:

No load 1/4 Load 1/2 Load 3/4 Load Full load
0il No load 2.8 No load 2.8 No load 2.8 No load 2.8
Askarel 2.8 Load 0.6 Load 2.3 Load 5.2 Load 9.1
Silicone Total 3.4 Total 5.1 Total 8.0 Total 11.9
Dry-type, 150°C 3.2 No load 3.2 No load 3.2 No load 3.2 No load 3.2
Load 0.8 Load 3.3 Load 7.4 Load 13.2
Total 4.0 Total 6.5 Total = 10.6 Total 16.4
Epoxy dry-type 3.2 No load 3.2 No load 3.2 No load 3.2 No load 3.2
Load 0.7 Load 3.0 Load 6.7 Load 11.8

Total 3.9 Total 6.2 Total 9.9 Total 1s.

.BIL = Basic insulation impulse level.
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1 2 3 4

Part Cooling method Temperature class M.iximum temperature rise
of insulation” - (°C)

Mindings (temperature rise Air, natural or forced
measured by the resistance
method)

60

7s

80
100
125
150t

nmwm»>

Cores and other parts
(a) Adjacent to windings All (a) Same values as for windings

(b) Not adjacent to windings (o) The temperature shall, in
no case, reach a value that
will damage the core itself
other parts or adjacent .
materials

Note. Insulating materials may be used separately or in combination provided that in any application each
material will not be subjected to a temperature in excess of that for whizh it is suitable, if operated
under rated conditions.

*
In accordance with IEC Publication 85, Recommendations for the Classification of Materials for the Insulation 2
of Electrical Machinery and Apparatus in Relation to their Thermal Stability in Service. -

1-

For certain insulating materials, temperature rises in excess of 150°C may be adopted by agreement between
the manufacturer and the purchaser.-



N3 2t G VA SN 4p B I, 20 1 (A =S Srus

1 2
Part . Maximum temperature rise (°C)
|Windings: 65, when the oil circulation is natural or forced non-
class of insulation A directed
(temperature rise measured by the
resistance method) . 70, when the oil circulation is forced and directed
Top oil (temperature rise measured by 60, when the transformer is equipped with a conservator or
thermometer) sealed
SS, when the transformer is neither equipped with a
conservator nor sealed
Cores, metallic parts and adjacent The temperature shall, in no case, reach a value that will
materials damage the core itself, other parts or adjacent matetigij

Note The temperature rise limits of the windings (measured by the resistance method) are chosen to
give the same hot-spot temperature rise with different types of oil circulation. The hot-spot
temperature rise cannot normally be measured directly. Transformers with forced-directed oil
flow have a difference between the hot-spot and the average temperature rise in the windings
which is smaller than that in transformers with natural or forced but not directed oil flow.
For this reason, the windings of transformers with forced-directed oil flow can have temperat-
ure rise limits (measured by the resistance method) which are 5°C higher than in other
transformers.
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= initial load power as a fraction of rated power '

= permissible load power as a fraction of rated powor
greater than unity)

= duration of K, in hours

§_ = temperature of cooling medium (air or water).
Note K, = §5,/5  and K, = S,/S, ‘where S, is the initial load power,
S, is the pcfmissible load power and S, is the rated power.

i

i
values of K, For given valves of K, and €

K, =0.25 |K, =0.50 |k, =0.70| K, =0.80 |X, =0.90 | K, =1.0
e = o5 +. + 1,93 1,83 1.63 | 1.00
L= ) 1.89 1.80 1.70 1.62 | 1.50 1.00
t = 2 1.59 1.53 1.46 1.44 1.32 1.00
L= 4 1.34 1.31 1.27 1.24 1.18 1.00
= 6 1.23 1.21 1.18 1.16 1.12 1.00
= 8 1.16 1.15 1.13° | 1012 1.09 1.00
e = 12 1.10 1.09 1.08 1.07 1.05 1.00
= 24 1.00 1.00 t.00 | 1.00 | 1.00 1.00

ONAN and ONAF transformers: ea = 20°C.

Note In normal cyclic duty the value of K, should not be greater
than 1.5. The values of K, greater than 1.5, underlined,
apply to emergency duties.

The + sign indicates that K, is higher than 2.0.
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Assuming lhe same service lile as for conlinuous operation al raled power and atl an
ambient air temperalure of 20" C, the lranslormers may be subjecled lo a load cycle

as shown by the curves below. '
2 1 05 =t 0}
1.5
1.4
A \
—————
K “ﬂ\
2
6 -
1,2 — ;] T —— u
12 [ ———
\_
24 o
1,0 ;_\’
~
O
©
0.9 «©
0.2 0.4 0.6 0.8 1,0 1.2

--K‘

The curves are in accordance with the IEC recommendaltion of 1972 which permils a
hol-spol temperalure in the windings of 140° C.

in which: )

Ky = inilial load relerred lo raling
Ky = max. permissible load relerred to raling
t = duration ol K; in h

Nole:

In certain cases the permissible overload oblained from the above curves may be
limiied by the tap changer and bushings_'Thereloce. if 1t is inlended to opcrale he
transformer with a load cycle involving overloads, the height of lihe lalter and the
nature of the toad cycle should be staled.

m-lf_r,‘(,\;‘_'#-r— K2 Ki O Al oo™ (So-¢ ) 7
g ‘*;Ul&_',:n‘—‘
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Material® Fire point (°C)
Silicone liquid 360
Midel 7131% 310
Cast resin 350
Class H t

*For comparison purposes mineral oil is
170°C. Askarel is non-flammable.

1'These designs are virtually fire proof.

C':;'j‘u J’J‘;“,)l"“)&{" 9__')‘4:”‘)41;"“&)’)"‘:’: (MH—-¢) .'J_)_..;&

AN RHR
Material convective -radiative
(kW/m ) kW/m*)
Silicone 561 53 2?
Hiigh fire point hydrocarbon 546 36
Epoxy resin - -

VAY



Connections g gudl Vo-¥-¥
vaisl| il (ile (s sl OYd 45U L

sy aladdl 3his Gob oo pal )b o2 o ey (V) Sl oo,
6o agdl e Jpadl S 2o

(A Aoy Jl bl cils (s Al OUM Jeo o0y -
| PR O AR O [ X S

PO oy oS, TN TRy (COPPRRTEREIN (v e e
ooyl a5y, Dy 11, Dy 5 Or Dy 7 &gl sla¥l ol
AW G leges Y1 L L, Dy 11

A Mol I LY Syl sds (YY) (3, YK Gy -
) Ageke Jpad ! oSl
JoV iz JUl baall olids ol ascdl d35 JS2 L
i gy b ] aisill biaall olike 5 Bledl azyll oy
el

1 5Ly (Il Jaiall) Ll SUL aor gl i oY1 5 Les]
35t ol Jypms sl U il g3 i (Laisall i)
ol e U sy Jymn oo 28T e BSGAl cdexal 13 oSy L aakad!
0in Joas ol oSEY BU Yy am AN s L) SV gl e 00055

A g e 320 Lt Jio T 5030 e SNl

VAA



Designation
Clock hour figure

Veclor diagram

Wiring diagram @
HV Lv

<

D b

£ 3

<
x

)\

<
3

~

SUALL

<
b3

< = D

z

~

<
L 3

<

£ 3
~
w—-< ‘q
»

~
x

<
3

~

> e D
‘Ad.

<
B3

—ov a
AR 4!
ﬂ. 29
o |

o
£YE
¥ oy
—fou xq;
v
i L

"

<
€

T

<
L3

<
L3

\Y

<
L3

<

Vo e e
\-{_‘

L

<
]

l_'?
“EEE
W v
v vl
an—
==
e
W

@® 1 the neutral is brought out, the feller "N” must be added following the symbol for the h.v.

nding, or “n" following that ‘of the Lv. winding; e.g. I.v. neutral brought out =
@ 1tis assumed that windings are wound In the same sense.
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Current rating and protection for cables

laid in air with rubber, PVC or paper-
insulated conductors, in accordance

with NEN 1010 (2nd edition), Art. 152')

: Three- and four-cor
Nominal | Single-core cables?) Twin-core cables 'nree ng'e(:ur core
Cross
szf;'fz?l Highest Highest Highest
o Current nominal Current nominal Current nominal
coppet X : X .
conductor rating velue of rating value of rating value of
, the fuse the fuse the fuse
mm? A A A A A A
15 27 25 24 20 20 16
2.5 40 35 31 25 27 25
4 52 50 40 35 36 35
6 65 63 52 50 46 35
10 88 80 72 63 62 50
16 115 100 96 80 80 63
25 150 125 — — 105 100
35 185 160 — — 125 100
50 230 200 — — 155 125
70 280 250- — — 195 - 160
a5 335 315 -— — 235 225
120 385 355 —_— — 270 250
150 440 400 — — 310 250
185 500 450 — — 345 3i5
240 585 500 — — 385 355
300 670 630 — — 425 400
400 790 710 — — 490 450
500 900 800 — — — —
625 1040 1000 —_ — — —
800 1200 — —_ — —_ —_
1000 1360 — —_ — — —
e
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Current ratings and protection for

cables, laid in the ground with rubber,

PVC or paper-insulated conductors, in
accordance with NEN 1010 (2nd edition),

Art. 1531,
Nominal | Single-core cables?) Twin-core cables Three- :gglizur-core
cross _
ional -
s:f:ao:? Highest Highest Highest
copper Current nominal Current nominal Current nominal
conductor| 1ating value of- | rating value of rating value of
the fuse the fuse the fuse
mm? A A A A A A
1
1.5 34 35 30 25 25 2D
25 50 50 38 35 35 35
4 65 63 50 50 45 35
6 82 80 65 63 57 50
10 110 100 90 . 80 76 63
16 145 125 120 100 100 80
25 190 160 —_ —_ 130 125
35 230 225 — — 155 125
50 285 250 —_— — 195 160
70 350 315 —_ —_ 245 225
95 420 400 — — 295 280
120 480 450 — — 340 315
150 550 500 — — 385 355
185 625 500 —_ —_ 430 400
240 730 710 —_ —_ 480 400
300 835 710 — — 530 500
400 98s 900 —_ — 615 500
500 1130 1000 — —_ _ —_—
625 1300 — — —_ — —_
800 1500 — — _— — —_
1000 1700 —_ — —_ —_ —
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Current rutings an‘d'protection for
cables laid in air with
(cross-linked polyethylene) insulated

conductors.
g Three- and four-core
Nominal | Single-core cables* Twin-core cables ree ngiec;ur cor
cross b
S:f:;g?' Highest Highest Highest
copper Current nominal Current nominal Current nominal
congfctor rating value of rating value of rating value of
the fuse the fuse the fus
mm? A A A oA A A
t.5 30 25 30 25 25 20
2.5 45 35 40 35 35 25
4 55 50 52 50 45 ' 35
10 75 63 70 63 60 50
6 100 80 a5 80 80 63
16 135 100 125 100 105 80
25 . 185 160 — — 135 100
35 225 200 — — 165 125
50 270 250 — —_ 205 160
70 340 315 —_ : - 255 200
85 400
355 — - 310 250
120 480 400 — — 355 315
150 550 450 —_— — 405 355
185 ~ 615 500 —_ — 450 400
240 745 630 — — 505 450
300 850 710 —_ — — —
400 1000 800 — —_ — —
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Current ratings and protection for
cables, laid in the ground with
<ross-linked

polyethylene) insulated conductors?).

. , "“Three- and four-core
Nominal | Single-core cables?) Twin-core cables cables
cross
sectlon?l Highest Highest Highest
area o Current nominal Current nominal Current nominal
co([j)petr | rating value of rating value of rating value of
conducto the fuse the fuse the fuse
mm? A A A A A A
\
1.5 43 35 38 25 31 25
25 63 50 48 35 44 35
4 82 63 63 50 57 50
6 103 80 82 63 72 63
10 138 125 113 100 96 80
16 182 160 151 125 126 100
25 240 200 — — 163 125
35 290 250 — — 185 160
50 360 315 — — 245 200
70 440 355 — — 310 250
a5 530 450 — — 370 315
120 600 500 —_ — 430 355
150 690 630 —_ — 485 400
185 790 710 — — 540 450
240 920 800 —_ — 600 500
300 1050 900 — — 670 630
400 1240 1000 — — 775 710
500 1420 —_ —_ —_ —_ —
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Current rating in multicore cables laid
in air at an ambient temperature of

25°C,
Current per corein A
Number of Rubber or PVC-insulated an (XLPE)-
cores cables insulated cables
1.5 mm? 2.5mm? 1.5 mm? 2.5 mm?
6 15 21 18 25
7 14 19 17 24
8 13 18 16 23
10 12 16 14 20
12 11 15 13 19
14 10 14 12 18
16 10 13 12 17
19 9 12 11 16
24 8 1 10 !4
30 7 10 9 13
37 7 9 8 1
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Derating factors for the variation in
ambient temperature exceeding 25 "C.

temperalure 25°C 30°C 35°C A0°C 45" C 50°C 60°C 70°C
derating factor | XLPE | 1 1.00 0.95 0.91 0.87 0.82 0.76 0.6 0.50
derating factor | PVC | 12 1.00 0.93 0.85 1076 0.65 0.53

Derating factors for grouping of cables faid in air

number of cables 2 3 4 5 6
clearance equal to XLPE 5 0.83
coble dinmeter nmd P'VC 13 0.94 .90 0.87 083

eablo tnid aide by slde XLPE 0.75 0.7
withoutl interapace and PVC (4 001 0.79 on Y

Derating faclors lor grouping of cables laid direct in the ground (depth appr. 70 cm, distance between the cables appr. 10 cm)

munber of cores and cross sechonnt mrea

numbet of cobies .
of the conduclor 3

, three and lour
single core | cores 2 3 ¢ 5 6 ! ° i
i

35mm? and less 5 XLPE 0.90 0.82 0.78 0.74 0.72 0.70 0.68 0.66
50 and 70 mm? f6 and 088 0.80 075 on 0.68 0.66 0.64 0.62
95mm? and more | (7 PVC 0.87 0.78 0.72 0.68 0.64 0.62 0.60 | 0.58

95 mm? and less
120/300 mm? incl
400 mm? and imore

i
'
H
|

Deraling factor s for variations in thermal resistivity of the soll

specilic heal resizlance 50 150 20?
of the soil in "C.cm/W (domp) 100 (very dry)
. XLPE ‘ 0.7 0.6
derating factor and PVC 18 10 0.8 8
Derating Inclors for cables onrecls
number of fayers on reels 1 2 3 4 5
i XLPE 5 3 0.27 0.24
derating faclor and PVC g 0.56 0.38 0.32
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VOLTAGE CROP IN VOLTS

N 2 OO O

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
PRODUCT OF CURRENT INTENSITY AND CABLE LENGTH IN AMPERE.METRE.
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Voltage drop in a 3-core cable Cross-sectional area of the conduclor

3-phase alternating current, cos 8 = 0.8 inmm?
1.5 2, A G 25
30 5 25 6 10 16
28
26
24
22 35
20
18
50
16
14
|
12 l 70
!
10 Yo—
8 : : 120
150
6 185
4 240
2

‘JOLTAGE DROP IN VOLTS (MEASURED BETWEEN PHASES)

2000 4000 6000 B8000 10000 12000 14000 16000 18000 20000 22000 24000
PRODUCT OF CURRENT INTENSITY AND CABLE LENGTH IN AMPERE.METRE.
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'GRAB TYPE SCREEN WITH POWERED

ENGAGEMENT.

This screen is of similar design to the Hi-lift screen type
RM but incorporates a pivoting raking mechanism
powered by an electro mechanical actuator. The rake
descends with the actuator ram retracted and the rake
held clear of the grid. When the rake reaches the bottom

- of its travel, the actuator forces it into mesh with the grid

and the rake then ascends. If a blockage is encountered, a
current sensing device mounted in the control panel will
sense the current surge and give a signal to retract the
actuator ram.-When the current drops, the actuator ram

- will extend and re-engage the rake with the grid, giving a

Yya

profiling action around the obstruction.

The drive unit is protected by a second current sensor to
disconnect the drive in the event of a major obstruction.

.Control equipment
incorporating a P.L.C to ensure the correct operating
sequence is recommended, and can be mounted on the
screen headframe if required. :
Preferred bar spacings are 12mm and 18mm. Other
spaces can be accommodated to suit particular
requirements.



GRAB TYPE SCREEN FOR MEDIUM TO DEEP
CHANNELS. :

A reciprocating grab type screen suitable for light solids
loading. The straight bar screen is normally inclined at 75°
to the horizontal and the rake is positively driven on both
its downward travel, where it is held clear of the screen
grid, and on the upward travel, where the rake tines
engage with the grid bars.

Drive is by a single direct coupled motor, and the motor
reversing switches, which include the park out of flow
switch are readily accessible.

The screen drive is protected by a torque limiting
coupling fitted with a limit switch.

Preferred bar spacings are 12mm and 18mm . Other
spaces can be accommodated to suit particular
requirements.
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FOR MEDIUM TO DEEP CHANNELS AND HERUY
SOLIDS LOADING.

An inclined bar screen partlcularly suitable for
“applications where the flow is of high solids/liquid ratio.

The screen requires only a short lenght of parallel channel.
The grid is raked by robust tines, the number of sets of
tines can be varied to give very rapid removal of
screenings. '

Screenings are carried up the inclined screen
grid/deadplate to the discharge point. The raking action is
on the endless chain principle, although there are no
bearings or bottom sprockets in the flow.

The screen drive is shaft mounted and is protected by a
current sensor.

Preferred bar spacings are 6mm, 12mm and 18mm.
Other spaces can be accommodated to suit particular
requirements.
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COARSE SCREEN FOR LARGE SOLIDS

A multi back raked coarse screen of very robust
construction.

The raking mechanism is mounted downstream of the
screen grid and is protected by the grid which is usually

inclined at 80° to the horizontal. Screenings are carried
over the top curved section and delivered to the _

downstream side by rake tines which protrude through the

grid. The number of rake tines can be varied to suit the
solids loading and the tines are removable in sections
should replacement become necessary. ;

The screen drive unit is shaft mounted and is protected by
a current Sensor. ‘ '
Preferred bar spacings are 24mm upwards
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FOR SHALLOW TO MEDIUM DEPTH CHANNELS
USUALLY UP TO 2600MM.

A robust mechanically raked curved bar screen which
gives a large effective screening area. The raking
mechanism requires the minimum of maintenance and all
moving parts, with the exceptlon of the rake arm, are
above coping level.

The rotary motion of the drive is converted by a
simple crank and link arrangement into a profile action
which clears the grid on the upward stroke, disengages,
and returns to the foot of the grid when the cycle is
repeated. Screenings are discharged by a pivoting scraper
down a stainless steel hinged apron. -

The screen drive is protected by a torque hrmtlng
coupling in addition to normal starter overloads. The rake
arm parks out of the flow at the end of a running cycle.

Preferred bar spacings are 12mm and 18mm. Other
spaces can be accommodated to suit particular
requirements.
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FOR SHALLOW CHANNELS NORMALI.Y UP 0
1000MM DEEP.

A fully curved rotary screen of rugged construction
giving the maximum screening area for a g1ven w1dth of
channel.

Two sets of rake tines rotating through 360° ensure rap1d

removal of solids, which are lifted up to a pivoted scraper

and are discharged down an apron.

The screen drive is directly coupled and i is protected by

- either current sensor or torque limiting coupling. The rake
arms always park out of the ﬂow at the end of a running
cycle. ;
Preferred bar spacings are 12mm and 18mm . Other .
spaces can be accommodated to su1t partlcular
requirements. S
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APPENDIX 9 - MANDATORY
NONDESTRUCTIVE EXAMINATION

ARTICLE 9-1
MAGNETIC PARTICLE EXAMINATION

9-100 SCOPE

(a) This Appendix provides procedures which
shall be followed whenever magnetic particle ex-
amination is specified in this Division. V

(b) Article 7 of Section V shall be applied for
the detail requirements in methods and proceduresv,
and the additional requirements specified within
this Appendix. o

(c) Magnetic particle examination shall be per-
formed in accordance with a written procedure certi-
fied by the Manufacturer to be in accordance with
the requirements of T-150 of Section V.

9-110 CERTIFICATION OF COMPETENCE
OF NONDESTRUCTIVE EXAMINER

Personnel conducting the magnetic particle
examination shall be qualified in accordance with
AI-311.

9-120 EVALUATION OF INDICATIONS

Indications will be revealed by retention of
magnetic particles. All such indications are not nec-
essarily imperfections, however, since excessive
surface roughness,magnetic permeability variations
(such as -at the edge of heat affected zones), etc,
may produce similar indications.

An indication is the evidence of a mechanical
imperfection. Only indications which have any di-
mension greater than 1/16 in. shall be considered
relevant.

(b) A rounded indication is one of circular or el-
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liptical shape with a length equal to or less than three
times its width.

9-130 ACCEPTANCE STANDARDS
‘These acceptance standards shall apply uniess
other more restrictive standards are specified for spe-
cific materials or applications within this Division.
All surfaces to be examined shall be free of:
‘(a) relevant linear indications;
(b) relevant rounded indications greater than 3/16 in.;
(¢) four or more relevant rounded indications in a
line separated by 1/16 in. or less, edge-to-edge.

9-140 REPAIR REQUIREMENTS

Unacceptable imperfections shall be removed and
reexamination made to assure complete removal.
Whenever an imperfection in removed by chipping

or grinding and subsequent repair by welding is not

required, the excavated area shall be blended into
the surrounding surface so as to avoid sharp notch-
es. crevices, or corners. Where welding is required
after removal of an imperfection, the area shall be
cleanded and welding performed in accordance
with a qualified welding procedure.

9-140.1 Treatment of Indications Believed Nonrel-
evant. Any indication which is believed to be Nonrel-
evant shall be regarded as an imperfection unless it is
shown by reexamination by the same method or by
the use of other nondestructive methods and/or by sur-
face conditioning that no unacceptable imperfection is
present.
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9-140.2 Examination of Areas From Which Im-
perfections Have Been Removed. After an imperfection
is though to have been removed and prior to making
weld repairs, the area shall be examined by suitable
methods to assure the imperfection has been elim-
inated.

9-140.3 Reexamination of Repair Areas. After re-
pairs have been made, the repaired area shall be blend-
ed into the surrounding surface so as to avoid sharp
notches, crevices, or corners, and reexamined by the
magnetic particle method and by all other methods of
examination that ‘were originally required for the af-
fected area, except that, when the depth of repair is
less than the radiographic sensitivity required, rera-
diography may be omitted. '
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ARTICLE 7
MAGNETIC PARTICLE EXAMINATION

T-700 INTRODUCTION

The magnetic particle examination method may be
applied to detect cracks and other discontinuities on or
near the surfaces of ferromagnetic materials. The
sensitivity is greatest for surface discontinuities and
diminishes rapidly with increasing depth of subsurface
discontinuities below the surface. Typical types of dis-
continuities that can be detected by this method are
cracks, laps, seams, cold shuts, and laminations.

In principle, this method involves magnetizing an
area to be examined, and applying. ferromagnetic par-
ticles (the examinations medium) to the surface. The
particles will form patterns on the surface where cracks
and other discontinuities cause distortions in the nor-
mal magnetic field. These patterns are usually char-
acteristic of the type of discontinuity that is detected.

Whichever technique is used to produce the mag-
netic flux in the part, maximum sensitivity will be to
linear discontinuities oriented perpendicular to the
lines of flux. For optimum effectiveness in detecting
all types of discontinuities, each area should be -ex-
amined at least twice, with the lines of flux during one
examination approximately perpendicular to the lines
of flux during the other.

T-710 SCOPE

When specified by the referencing Code Section, the
magnetic particle examination techniques described in
this Article shall be used. In general, this Article is in
conformance with SE-709, Standard Recommended

Practice for Magnetic Particle Examination . This doc-

ument provides additional details to be considered in
the procedures used. ,

When this Article is specified by a referencing Code
Section, the magnetic particle method described in this
Article shall be used together with Article 1, General
Requirements. Definition of terms used in this Article
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may be found in Appendix (A) Glossary of Terms
Used in Nondestructive Examination, or SE-269.

7-740 GENERAL REQUIREMENTS
T-721 Procedure

Examination procedures shall be based on the fol-

lowing information:
(a) the materials, shapes, or sizes to be examined,

and the extent of the examination;

(b) magnetization techniques to be used;

(c) equipment to be used for magnetizaton;

(d) surface preparation (finishing and cleaning);

(e) type of ferromagnetic particles to be used: man-
ufacturer, color, wet or dry, etc;

(f) magnetization currents (type and ampersge);

(g) demagnetization.

T-722 Method of Examination

Examination shall be done by the continuous
method; that is, the magnetizing current remains on
while the examination medium is being applied and
while excess of the examination medium is being re-
moved.

T-723 Techniques and Materials

The ferromagnetic particles used as an examination
medium shall be either wet or dry, and may be either
fluorescent or nonfluorescent.

One or more of the following five magnetization
techniques shall be used:

(a) prod technique;

(b) longitudinal magnetization technique; .

(c) circular magnetization technique; '

(d) yoke technique;

(e) multidirectional magnetization technique.
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T-724 Surface Preparation

(a) Satisfactory results are usually obtained when
the surfaces are in the as-welded, as-rolled, as-cast, or
as-forged conditions. However, surface preparation by
grinding or machining may be necessary where surface
irregularities could mask indications due to disconti-
nuities.

(b) Prior to magnetic particle examination, the
surface to be examined and all adjacent areas within at
least, 1 in. Shall be dry and free of all dirt, grease, lint,
scale, welding flux and spatter, oil, or other extraneous
matter that could interfere with the examination.

(c) Cleaning may be accomplished using detergents,
organic solvents, descaling solutions, paint removers,

vapor degreasing, sand or grit blasting, or ultrasonic’

cleaning methods.

(d) If coatings are left on the part in the area be-
ing examined, it must be demonstrated that indications
can be detected through the maximum coating thick-
ness applied.

NOTE: Refer to T-100 for guidance for demonstration of the special
procedure/technique.

T-725 Magnetization

A suitable and appropriate means for producing the
necessary magnetic flux in the part shall be employed
using one or more of the techniques listed in T-722
and described in T-740 .

T-726 Examination Medium

The finely divided ferromagnetic particles used
for the examination shall meet the following require-
ment.

(a) Dry Particles, If dry particles are used , the color
of the particles (dry powder) shall prov1de adequate
contrast with the surface being examined. Additional
specific requirements on the use of dry particles are
given in SE-709, Standard Recommended Practice for
Magnetic Particle Examination. Magnetic particles ex-
amination shall not be performed if the surface tem-

0
perature of the part exceeds 600 F.

(b) Wet Particles. If wet particles are used, the color
of the particles shall provide adequate contrast with
the surface being examined. The particles shall be sus-
pended in a suitable liquid medium in the concenira-
tion recommended in SE-709, Standard Recommend-
ed Practice for Magnetic Particle Examination, which
contains additional specific requirements on the use of
wet particles. The temperature of the wet particle sus-
pension and the surface of the part shall not exceed

1350 F.

(c)-Fluorescent Particles. With fluorescent particles
the examination is performed using an ultraviolet light,
called black light. The examination shall be performed

as follows.

(1) It shall be performed in a darkened area.

(2) The examiner shall be in the darkened area
for at least 5 min prior to performing the examination
to enable his eyes to- adapt to dark viewing . If the
examiner- wears glasses or lenses, they shall not be
photosensitive.

(3) The black light shall be allowed to warm up
for a minimum of 5 min prior to use or measurement
of the intensity of the ultraviolet ligh emitted.

(4) The black light intensity shall -be measured
with a black light meter. A minimum of 800 pW/cm2-
on the surface of the part being examined shall be
required. The black light intensity shall be measured
at least once every 8 hr, and whenever the work station
is changed.

T-727 Magnetizing Field Adequacy and Direction

T-727.1 When it is necessary to verify the adequacy
or direction of the magnetizing field, the magnetic par-
ticle field indicator described in Fig. T.727 shall be
used by positioning the. indicator on the surface to be
examined. .

When. using thls indicator, a suitable flux or field
strength .is indicated when a clearly defined line of
magnetic particles forms across the copper face of the
indicator when the magnetic particles are applied si-
multaneously with the magnetizing force.

When a clearly defined line of particles is not formed,
or is not formed in the desired, direction, the magnenzmg
technique shall be changed or adjusted.

T-727.2 The magnetic particle field indicator is only
permitted for determining field adequacy when specifi-
cally . referenced by the magnetizing technique in
T-744.2(c), T-744.2(d), T-747.2 T-245.1(b) (b),
T-245.1(b) (6), T-745.2(a), and T-745.2(b).

T-728 Rectified Current

(a) Whenever direct current is required rectified cur-
rent may be used. The rectified current for magneti-
zation shall be either three-phase (full-wave rectified)
current, or single phase (half-wave rectified) current.

(b) The .amperage required with three-phase, full-
wave rectified current shall be verified by measuring
the average current.

(c) The amperage required -with single-phase (half-
wave rectified) current shall be verified by measuring

Yo
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FIG T-727 MAGNETIC PARTICLE FIELD INDICATOR

the average current output during the conducting half
cycle only.

T-729 Demagnetization

When residual magnetism in the part could interfere
with subsequent processing or usage, the part shall be
demagnetized any time after completion of the ex-
amination. )

T-730 CALIBRATION OF EQUIPMENT
T-731 Frequency of Calibration

{a) Frequency. Each piece of magnetizing equipment
with an ammeter shall be calibrated at least once a
year, or whenever the equipment has been subjected
to major electric repair, periodic overhaul, or damage.
If equipment has not been in use for a year or more,
calibration shail be done prior to first use.
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(b) Procedure, The accuracy of the unit's meter shall
be verified annually by equipment traceable to a na-
tional standard. Comparative readings shall be taken
for at least three different current output levels encom-
passing the usable range.

(c) Tolerance. The unit's meter reading shall not’
deviate by more than +10% of full scale , relative to
the actual current value as shown by the test meter.

NOTE: When measuring half - wave rectified current with a direct
current test meter, readings shall be multiplied by 2.

T-740 EXAMINATION

T- 741 Direction of Magnetization

At least two separate examinations shall be per-
formed on each area. During the second examination,
the lines of magnetic flux shall be approximately per-
pendicular to those used during the first examination.



A different technique for magnetlzanon may be used
for the second examination.

T-742 Examination Coverage ‘

All examination shall be conducted with sufficient
overlap to assure 100% coverage at the required sen-
sitivity (T-727).

T-743 Prod Technique

T-743.1 Magnetizing Procedure, For the prod tceh-
nique, magnetization is accomplished by portable prod
type electrical contacts pressed against the surface in
the area to be examined. To avoid arcing, a remote
control switch, which may be built into the prod han-
dles, shall be provided to permit the current to be
tumed on after the prods have been properly posi-
tioned.

T-743.2 Magnetizing Current. Direct or rectified
magnetizing current Shall be used. The current shall
be 100 (minimum) amp/in. to 125 (maximum) amp/
in. of prod spacing for sections 3/4 in. thick, or greater.
For sections less than 3/4 in. thick. the current shali be
90 amp/in. to 110 amp/in. of prod spacing.

T- 743.3 Prod Spacing. Prod spacing shall not exceed
8 in. Shorter spacing may be used to accommodate the
geometric limitations of the area being examined or to
increase the sensitivity, but prod spacings of less than
3 in. are usually not practical due to banding of the
particles around the prods. The prod tips shall be kept
clean and dressed. If the open circuit voltage of the
magnetizing curent source is-greater than 25 V, lead.
steel, or aluminum (rather than copper) tipped prods
are recommended to avoid copper deposites on the part
being examined.

T-744 Longitudinal Magnetization Technique

T-744.1 Magnetizing Procedure. For this technique,
magnetization is accomplished by passing current
through a multi-turn fixed coil (or cables) that is
wrapped around the part or section of the part to be
examined. This produces a longitudinal magnetic field
parallel to the axis of the coil.

If a fixed, prewound coil is used the part shall be
placed near the side of the coil during inspection . This
is of special importance when the coil opening is more
than 10 times the corss-sectional area of the part.

T-744.2 Magnetic Field Strength. Direct or rectified
current shall be used to magnetize parts examined by

this technique. The required field strength shall be
calculated based on the length L and the diameter D
of the part in accordance with (a), (b), or as established
in (¢), below. Long parts shall be examined in sections
not to exceed 18 in, and 18 in, shall be used for the
part L in calculating the required field strength. For
noncylindrical parts, D shall be the maximum cross-
sectional diagonal. !

(a) Parts With L/D/ Ratios Equal to or Greater Than
4. The magnetizing current = shall be within ¥ 10% of
the ampere-turns’ value determined as follows:

35,000
Ampere-turns =  ------—---
I/D)y+2

For example, a part 10 in. long x 2 in. diameter has

an L/D ratio of 5. Therefore
35,000
————————— = 5000 ampere-turns

(b) Parts With L/D Ratios Less Than 4 but Not Less
Than 2. The magnetizing ampere-tumns shall be within

2+ 10% of the ampere-turns' value determined as fol-

lows:
45,000
Ampere-turns = ----------
(L/D)
(¢c) If the area to be magnetized extends beyond 6

“in. on either side of the coils, field adequacy shall he

demonstrated using the magnetic field indicator per T-

- 127.

(d) For large parts due to size and shape, the mag-
netizing current shall be 1200 ampere-turns to 4500
ampere-turns. The field adequacy shall be demonstrat-
ed using the magnetic field indicator per T-727.

T-744.3 Magnetizing Current. The current required
to obtain the necessary magnetizing field strength shall
be determined by dividing the ampere-turns obtained
in steps (a) or (b) above by the number of turns'in the
coil as follows:

ampere-turns
Ampere (meter reading) =  --------------—--
turns

For example, if a 5-turn coil is us=d and the ampere-
turns required are 5000, use -

5000
——————— = 1000 amperes * (10%)

ey



ARTICLE 7- MAGNETIC PARTICLE EXAMINATION

‘T-754 Circular Magnetization Technique

T-754.1 Direct Contact Technique

(a) Magnetizing Procedure. For this technique, mag-
netization is accomplished by passing current through
the part to be examined. This produces a circular mag-
netic field that is approximately perpendicular to the
direction of current flow in the part.

(b) Magnetizing Current. Direct or rectified (half-
wave rectified or full-wave rectified) magnetizing cur-
rent shall be used . The required current shall be de-
termined using the following guidelines:

(1) for parts with outer diameteres upto S in .
700 amp/in. to 900 amp/in, of diameter shall be used.

(2) for parts with outer diameters. over 5 in. up
to 10 in. - 500 amp/in. to 700 amp/in. of diameter
shall be used;

(3) for parts with outer diameiers over 10in . up
to 15 in. - 309 amp/in. to 500 amp/in. of diameter
shall be used;

(4) for parts with outer  diameters over 15 in . -
100 amp/in. to 330 amp/in. of outer diameters shall
be used;

(5) for parts with geometric shapes other than
round, the greastest cross-sectional diagonal in a plane
at right angles to the current flow shall determine the
inches to be used in the above computations;

(6) If the current levels required for (b) (3) and
(4) above cannot be obtained, the maximum current
obtainable shall be used and the field adequacy shall
be demonstrated by using the magnetic particle field
indicator per T-727. For noncylindrical parts and when
examining large parts by clamping contacts to the wall
thickness, field adequacy shall be demonstrated by us-
ing the magnetic particle field indicator per T-727.

T-745.2 Central Conductor Technique

(a) Magnetizing Procedure. For this technique, a
central conductor is used to examine the internal sur-
faces of ring or cylindrically shaped parts. The central
conductor technique may also be used for examining
the outside surfaces of these shapes. Where large di-
ameter cylinders are to be examined, the conductor
shall be positioned close to the internal surface of the
cylinder. When the conductor is not centered. The cir-
cumference of the cylinder shall be examined in incre-
ments and a magnetic particle field indicator, ap-
plied in accordance with T-727, shall be used to
determine the extent of the arc that may be examined
for each conductor position. Bars, or cables passed
through the bore of acylinder, may be used to induce
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circular magnetization.

(b) Magnetizing Current. The field strength required
shall be equal to that determined in T-745.1 (b) for a
single-turn central conductor. The magnetic field will
increase in proportion to the aumber of times the cen- -
tral conductor cable passes through a hollow part, For
example, if 6000 amp are required to examine a part
using a single central conductor, 3000 amp are required
when 2 turns of the through cable are used; and 1200
amp are required if 5 turns are used. When the central
conductor technique is used, magnetic field adequacy
shall be verified using a magnetic particle field indi-
cated in accordance with T-727 (see Fig. T-745.2).

T-746 Yoke Technique

T-746.1 Application, This method shall only be ap-
plied to detect discontinuities that are open to the sur-
face of the part.

T-746.2 Magnetizing Procedure, For this technique
alternating or direct current electromagnetic yokes, or
permanent magnet yokes, shall be used.

NOTE: Except for materials 1/4 in, or less in thickness, alternating
current yokes are superior to direct or permanent magnet yokes of
equal lifting power for the detection of surface discontinuities.

T-746.3 Lifting Power of Yokes v

(a) The magnetizing force of yokes shall be checked
at least once a year, or whenever a yoke has been
damaged. If a- yoke has not been in use for a year or
more, a check shall be done prior to first use.

(b) Each alternating current electromagnetic yoke
shall have a lifting power of at least 10 Ib at the maxi-
mum pole spacing that will be used.

(c) Each direct current or permanent magnetic yoke
shall have a lifting power of at least 40 Ib at the max-
imum pole spacing that will be used.

(d) each weight shall be weighed witha scale from
areputable manufacturer and stenciled with the ap-
plicable nominal weight prior to first sue . A weight
need only be verified again if damaged in a manner
that could have caused potential loss of material.

T-747 Multidirectional Magnetization Technique
T-747.1 Magnetizing Procedure. For this technique
magnetization is accomplished by high amperage pow-
er packs operating as many as three circuits that are
energizd one at a time in rapid successioin. The effect
of these rapidly alternating magnetizing currents is to
produce an overall magnetization of the part in mul-
tiple directions. Circular or longitudinal magnetic
fields may be generated in any combination using the
various techniques described in T-744 and T-745.
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T-747.2 Magnetic Field Strength. Only three phase,
full-wave rectified current shall be used to magnetize
the part. The initial magnetizing current requirements
for each circuit shall be established using the previously
described guidelines (see T-744 and T-745). The ade-
quacy of the magnetic field shall be demonstrated in
accordance with T-727, and a magnetic particle field
indicator shall be used to verify that an adequate field
is obtained in at least two nearly perpendicular direc-
tions. For areas where adequate field strengths cannot
be demonstrated, additional magnetic particle tech-
niques shall be used to obtain the required two direc-
tional coverage.

T-750 Evaluation

(a) All indications shall be evaluated in terms of the
acceptance standards of the referencing Code Section.

(b) Discontinuities on or near the surface are in-
dicted by retention of the examination medium. How-
ever. Localized surface irregularities due to machining

marks or other surface conditions may produce false
indication.

(c) Broad areas of particle accumulation which
migh mask indications from discontinuities are pro-
hibited, and such areas shall be cleaned and reexam-
ined.

T-760 Reports

T-761 Multidirectional Magnetization Technique
Sketch

A technique sketch shall be prepared for each dif-
ferent geometry examined, showing the part geometry,
cable arrangement and connections, magnetizing cur-
rent for each circuit, and the areas of examination
where adequate field strengths are obtained. Parts with
repetitive geometries, but different dimenstons, may be
examined using a single sketch provided that the mag-
netic field strength is adequate when demonstrated in
accordance with T-747.2.

AR



ARTICLE 9-2
LIQUID PENETRANT EXAMINATION

9-200 SCOPE

(a) This Article describes methods which shall be
employed whenever liquid penetrant examination is
specified in this Division.

(b) Article 6 of Section V shall be applied for detail
requirements in methods, procedures and qual-
ifications, unless specified within this Article.

(c) Liquid penetrant examination shall be performed
in accordance with a written procedure certified by the
Manufacturer to be in accordance with the require-
ments of T-150 of Section V.

9-210 CERTIFICATION OF COMPETENCE
OF NONDESTRUCTIVE EXAMINER

Personnel conducting the liquid penetrant exami-
nation shall be qualified in accordance with Al-311.

9-220 EVALUATION OF INDICATIONS

An indication is the evidence of a mechanical im-
perfection, Only indications with major dimensions
greater than 1/16 in. shall be considered relevant.

(2) A linear indication is one having a length greater
than three times the width.

(b) A rounded indication is one of circular or el-
liptical shape with the length equal to or less than
three times the width.

(c) Any questionable or doubtful indications shall
be reexamined to determine whether or not they are
relevant.

9-230 ACCEPTANCE STANDARDS

These acceptance standards shall apply unless other
more restrictive standards are specified for specific ma-
terials or applications within this Division.

All surfaces to be examined shall be free of:

(a) relevant linear indications:

Y&o

(b) relevant rounded indications greater than 1/16 in.
(c) four or more relevant rounded indications in a
line separated by 1/16 in. or less (edge-to-edge).

9-240 REPAIR REQUIREMENTS

Unacceptable imperfections shall be removed and
reexamination made to assure complete removal
Whenever an imperfection is removed by chipping or
grinding and subsequent repair by welding is not re-
quired. The excavated area shall be blended into the
surrounding surface so as to avoid sharp notches, cre-
vices, or corners. Where welding is required after re-
moval of an imperfection, the area shall be cleaned
and welding performed in accordance with a qualified
welding procedure.

9-240.1 Treatment of Indications Believed Nonrel-
evant. Any indication which is believed to be nonrel-
evant shall be regarded as an imperfection unless it is
shown by reexamination by the same method or by
the use of other nondestructive methods and/or by
surface conditioning that no unacceptable imperfection
is present.

9-240.2 Examination of Areas From Which Imper-
fections Have Been Removed. After an imperfection
is thought to have been removed and prior to making
weld repairs, the area shall be examined by suitable
methods to assure the imperfection has been elim-
inated.

9-240.3 Reexamination of Repair Areas. After re-
pairs have been made, the repaired area shall be blend-
ed into the surrounding surface so as to avoid sharp
notches, crevices, or corners and reexamined by the
liquid penetrant method and by all other methods of
examination that were originally required for the af-
fected area. except that, when the depth of repair is
less than the radiographic sensitivity required, rera-
diography may be omitted.
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ARTICLE 6
LIQUID PENETRANT EXAMINATION

T-600 INTRODUCTION

The liquid penetrant examination method is an ef-
fective means for detecting discontinuities which are
open to the surface of nonporous metals and other
materials. Typical discontinuities detectable by this
method are cracks, seams, laps, cold shuts, lamina-
tions, and porosity.

In principle, a liquid penetrant is applied to the
surface to be examined and allowed to enter disconti-

nuities. All excess penetrant is then removed, the part

is dried, and a developer is applied. The developer
functions both as a blotter to absorb penetrant that
has been trapped in discontinuities, and as a contrast-
ing background to enhance the visibility of penetrant
indications. The dyes.-in penetrants are either color
contrast (visible under white light) or fluorescent (vis-
ible under ultraviolet light).

T-610 SCOPE

When specified by the referencing Code Section, the
liquid penetrant examination techniques described in
this Article shall be used. The following listed SE Stan-
dards provide details which may be considered in the
specific procedures used:

(a) SE-165, Standard Practice for liquid Penetrant
Inspection Method.

(b) es-1209, Standard Test Method for Fluorescent
Penetrant examination Using the Water Washable
Process.

(c) SE-1219, Standard Test Method for Fluorescent
Penetrant Examination Using the Solvent removable
Process. :

(d) SE-1220, Standard Test Method for Visible pen-
etrant Examination Using the Solvent Removable
Process.

When this Article is specified by a referencing Code
Section, the liquid penetrant method described in this
Article shall be used together with Article 1, General

Requirements. Definitions of terms used in this Article
may be found in Appendix A, Glossary of Terms Used
in Nondestructive Examination, or in SE-270.

T-620 GENERAL REQUIREMENTS
T-621 Procedure

T-621.1 Initial Procedure. Liquid penetrant exam-
ination shall be performed in accordance with a pro-
cedure. Such a procedure shall consider at least the
following information:

(a) the materials, shapes, or sizes to be examimed.
and the extent of the examination;

{b) type (number or letter designation if available)
of each penetrant, penetrant remover, emulsifier, and
developer;

(c) processing details for pre-examination cleaning
and drying, including the cleaning material used and

minimum time allowed for drying;

(d) processing details for applying the penetrant; the
length of time that the penetrant will remain on the
surface (dwell time), and the temperature of the surface

. 0
and penetrant during the examination if outside 60 F

to 1250F range;

(e) processing details for removing e),(ce‘ss penetrant
from the surface, and for drying the surface before
applying the developer;

(f) processing details for applying the developer,
and length of developing time before interpretation;

(g) processing details for post-examination cleaning.

T-621.2 Procedure Revision. A revised procedure
may be required:

(a) whenever a change or substitution is made in
the type or family group of penetrant materials (in-
cluding developers, emulsifiers, etc.) or in the pro-
cessing techniques:

(b) whenever a change or substitution is made in
the type of precleaning materials or processes;

e
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(c) for any change in part processing that can close
surface openings of discontinuities or leave interfering
deposits, such as the use of grit blast cleaning or acid
treatments.

T-622 Techniques

Either a color contrast (visible) penetrant or a flou-
rescent penetrant shall be used with one of the following
three penetrant processes:

(a) water washable
(b) post-emulsifying
(c) solvent removable

The visible and fluorescent penetrants used in combi-_

qatipn with these three penetrant processes result in six
liquid penetrant techniques.

T-623 Penetrant materials

The term penetrant materials, as used in this Article,
is intended to include all penetrants, solvents or clean-
inig agents, developers, etc, used in the examination
process.

T-624 Technique Restrictions :

Flourescent penetrant examination shall not follow
a color contrast penetrant examination. Intermixing of
penetrant materials from different families or different
manufactures is not permitted. A retest with water
washable penetrants may cause loss of marginal indi-
cations due to contamination.

T-625 Control of Contaminants

The user of this Article shall obtain ceértification of
contaminant content for all liquid penetrant materials
used on nickel base alloys, austenitic stainless steels.
and titanium. These certifications shall include the pen-
etrant manufactures batch numbers and the test re-
sults obtained in accordance with (a) and (b) below.
These records shall be maintained as required by the
referencing Code Section.

(a) When examining nickel base alloys. all materials
shall be analyzed individually for sulphur content as
follows.

(1) An individual sample of the penetrant mate-
rials with exception of cleaners shall be prepared for
analysis by heating 50 g of the material in a 150 mm

nominal diameter glass Petri dish at a temperature of -

194%F t0 212°F for 60 min.

Yey

RECAUTION: Provide adequate ventilation to dissi-
pate the emitted vapor.

(2) Analysis of the residue shall be as follows: If
the residue is less than 0.0025 g, the material is ac-
ceptable without further analysis. If the residue is
0.0025 g or more, the procedure shown in (a) (1) above
shall be repeated and the residue analyzed in accor-
dance with ASTM D 129 or ASTM D 1552. Alter-
nately, the material may be decomposed in accordance
with ASTM D 516 Method B. The sulphur content shall
not exceed 1% of the residue by weight.

(3) An individual sample of cleaner/remover ma-
terial shall be prepared for analysis by heating 100 g
of the material in a 150 mm nominal diameter glass

Petri dish at a temperature of 1940F to 2120F for 60
min.

PRECAUTION: Provide adequate ventilation to dissipate the
emitted vapor.

(4) Analysis of the residue shall be as follows : If

the residue is less than
0.005 g, the material is acceptable without fur-

ther analysis. If the residue is 0.005 g or more, the pro-
cedure shown in (a) (3) above shall be repeated and
the residue analyzed in accordance with ASTM D 129
or ASTM D 1552. Alternately, the material may be de-
composed in accordance with D 129 and analyzed in
accordance with ASTM D 516 Method B. The sulphur
content shall not exceed 1% of the residue by weight.

(b) When examining austeritic stainless steel or ti-
tanium, all materials shall be analyzed individually for
chlorine and fluorine content as follows.

(1) An individual sample of the penetrant materials

"with the exception of cleaners shall be prepared for

analysis by heating 50 g of the material in a 150 mm
nominal diameter glass Petri dish at a temperature of
194°F to 212°F for 60 min.

PRECAUTION: Provide adequate ventilation to dissipate the emit-
ted vapor.

(2) Analysis of the residue shall be as follows: If
the residue is less than 0.0025 g, the material is ac-
ceptable without further analysis. If the residue is
0.0025 g or more, the procedure shown in (a)(1) above
shall be repeated and the residue analyzed in accor-
dance with ASTM D 808 or SE-165 Annex 2 for chlo-
nine and SE-165 Annex 3 for fluorine. The chlorine
plus fluorine content shall not exceed 1% of the resi-
due by weight. "

(3) An individual sample of the cleaner/fremover
material shall be prepared for analysis by heating 100
g of the material in a 150 mm nominal diameter glass
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Petri dish at a temperature of 194 F to 212 F for 60
min.

PRECAUTION: Provide adequate ventilation to dfssipate the
emitted vapor.

(4) Analysis of the residue shall be as follows: If
the residue is less than 0.005 g, the material is ac-
ceptable without further analysis. If the residue is 0.005
g or more, the procedure shown in (a)(3) above shall
be repeated and the residue analyzed in accordance
with ASTM D 808 or SE-165 Annex 2 for chlorine
and SE-165 Annex 3 for fluorine. The chlorine plus
fluorine content shall not exceed 1% of the residue by
weight.

T-626 Surface Preparation

(a) In general, satisfactory results may be obtained
when the surface of the part is in the as-welded, as-
rolled, as-cast, or as-forged condition. Surface prepar-
ation by grinding, machining, or other methods may
be necessary where surface irregularities could mask
indications of unacceptable discontinuities.

CAUTION: Conditioning of surfaces prior to examination can
affect the results. See Article 24, SE-165, Annex 1, for general pre-
cautions relative to surface conditioning.

(b) Prior to each liquid penetrant examination, the
surface to be examined and all adjacent areas within at
least 1 in. shall be dry and free of all dirt, grease, lint,
scale, welding flux, weld spatter, paint, oil, and other
extraneous matter that could obscure surface openings
or otherwise interfere with the examination.

(c) Typical cleaning agents which may be used are
detergents, organic solvents, descaling solutions, and
paint removers. Degreasing and ultrasonic cleaning
methods may also be used.

(d) Cleaning solvents shall meet the requirements of
T-625. The cleaning method employed is an important
part of the examination process.

T-627 Drying After Preparation

After cleaning, drying of the surfaces to be examined
shall be accomplished by normal evaporation or with
forced hot or cold air. A minimum period of time shall
be established to ensure that the cleaning solution has
evaporated prior to application of the penetrant.

T- 640 EXAMINATION
T-614 Techniques for Standard Temperatures

As a standard technique, the temperature of the pen-
etrant and the surface of the part to be processed shall
not be below 60°F nor above 125°F throughout the
examination period. Local heating or cooling is permit-
ted provided the part temperature remains in the range
of 60°F to 125°F during the examination. Where it is not
practical to comply with these temperature limitations,
other temperatures and times may be used, provided
the procedures are qualified as specified in T- 648.

T-642 Penetrant Application

The penetrant may be applied by any suitable means,
such as dipping, brushing, or spraying. If the penetrant
is applied by spraying using compressed-air-type appa-
ratus, filters shall be placed on the upstream side near
the air inlet to preclude contamination of the penetrant
by oil, water, dirt, or sediment that may have collected
in the lines.

T-643 Penetration Time

Penetration time is critical. The minimum penetra-
tion time shall be as recommended in SE-Standards
referenced in T-610 or as qualified by demonstration
for specific applications. ‘

T-644 Excess Penetrant Removal

After the specified penetration time has elapsed, any
penetrant remaining on the surface shall be removed,
taking care to minimize removal of penetrant from
discontinuities.

T-644.1 Water washable Penetrants. Excess water
washable penetrant shall be removed with a water
spray. The water pressure shall not exceedOSO psi, and
the water temperature shall not exceed 110°F.

T-644.2 Post- Emulsifying Penetrants, With post-
emulsifying penetrants, the emulsifier shall be applied
by spraying or dipping. Emulsification time is critical,
and governed by surrface roughness and type of discon-
tinuities sought, It shall not exceed 5 min unless other
times have been qualified by actual tests. After emulsi-
fication, the mixture shall be removed by a water spray
using the same processes as for water washable pene-
trants. .

T-644.3 Solvent removable Penetrants, Excess sol-
vent removable penetrants shall be removed by wiping
with a cloth or absorbent paper, repeating the operation
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until most traces of penetrant have been removed . The
remaining traces shall be removed by lightly wiping the
surface with cloth or absorbent paper moistened - with
solvent. To minimize removal of penetrant from dis-
continuities, care shall be taken to avoid the use of
excess solvent. Flushing the surface with solvent, fol-

lowing the application of the penetrant and prior to -

developing, is Prohibited.

T-645 Drying After Excess penetrant removal

(2) For the water washable or post emulsifying tech-
nique; the surfaces may be dried by blotting with clean
materials or by using circulating air, provided the tem-
perature of the surface is not raised above 125°F.

(b) For the solvent removable technique, the surfac-
es may be dried by normal evaporation, blotting, wip-
ing, or forced air.

T-646 Developing

The developer shall be applied as soon as possible
after penetrant removal; the time interval shall not ex-
ceed that established in the procedure. Insufficient coat-
ing thickness may not draw the penetrant out of discon-
tinuities; conversely, excessive coating thickness may
mask indications.

With color contrast penetrants, only a wet developer
shalt be used. With flourescent penetrants, a wet or dry
developer may be used.

T-646.1 Dry Developer Application. Dry developer
shall be applied only to a dry surface by a soft brush,
hand powder bulb, powder gun, or other means, pro-
vided the powder is dustéd evenly over the entire sur-
face being examined. )

T-646.2 Wet ‘Developer Application . Prior to
applying suspension type wet developer to the surface,
the developer must be thoroughly -agitated to ensure
adequate dispersion of suspended particles.

(2) Aqueous Developer Applicatien, Aqueous devel-
oper may be applied to either a wet or dry surface. It
shall be applied by dipping, brushing, spraying, or other
means, provided a thin coating is obtained over the
entire surface being examined. Drying time may be
decreased by using warm air, provided the surface tem-
perature of the part is not raised above 1250 Blotting
is not permitted. ’

(b) Nonaqueous Developer Application. Nonagueous
developer shall be applied only to a dry surface. It shall
be applied by spraying, except where safety or restricted
access preclude it. Under such conditions, developer
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may be ap;}ied by brushing Drying shall be by normal
evaporation.

T-646.3 Developing time for final interpretation be-
gins immediately after the application of a dry develop-

-er or as soon as a wet developer coating is dry.

T-647 Interpretation ]

T-647.1 Final Interpretation. Final interpretation
shall be made within 7 to 30 min after the requirements
of T-646.3 are satisfied. If bleed-out does not alter the
examination results, longer periods are permitted. If
the surface to be examined is large enough to preculde
complete examination within the prescribed or estab-
lished time, the examination shall be performed in in-
crements. .

T-647.2 Characterizing Indication(s). The type of
discontinuities are difficult to evaluate if the penetrant
diffuses excessively into the developer. If this condition
occurs, close observation of the formation of indica-
tions during application of the developer may assist
in characterizing and determining the extent of the
indications(s).

T-647.3 Color Contrast Penetrants. With a color
contrast penetrant, the developer forms a reasonably
uniform white coating. Surface discontinuitles are indi-
cated by bleed-out of the penetrant which -is normally
a deep red color that stains the developer, Indications
with a light pink color may indicate excessive cleaning.
Inadequate cleaning may leave an excessive back-
ground making interpretation difficult. Adequate illumi-
nation is required to ensure adequate sensitivity dur-
ing the examination and evalution of indications.

T- 647.4 Fluerescent Penetrants. With fluores-
cent penetrants, the process is essentially the same as
in T-647.3, with the exception that the examination is
performed using an ultraviolet light, called black light.
The examination shall be performed as follows.

(a) It shall be performed in a darkened area.

(b) The examiner shall be in the darkened area for
at least 5 min prior to performing the examination to
enable his eyes to adapt to dark viewing. If the examiner
wears glasses or lenses, they shall not be photosensitive.

(c) The black light shall be allowed to warm up for
a minimum of 5 min prior to use or measurement of
the intensity of the ultraviolet light emitted.

(d) The black light intensity shall be measured with
a black light meter. A minimum of 800 w/cm2 on
the surface of the part being examined shall be required.
The black light intensity shall be measured at least once
every 8 hr. and whenever the work station is changed.
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T-648 Procedure for Nonstandard Temperatures
T- 648.1 General. When it is not practical to conduct
a liquid penetrant examination within the temperature
range of 60%F to 125°F, the examination procedure at
the proposed lower or higher temperature range re-
quires qualification. This shall require the use of a
quench cracked aluminum block, which in this Article

is designated as a liquid penetrant comparator block.

T-648.2 Liquid penetrant Comparator. The liquid
penetrant comparator blocks shall be made of alumi-
num, ASTM B 209, Type 2024 or SB-211, Type 2024,
3/8 in. thick, and should have approximate face dimen-
sions of 2 in. x 3 in. At the center of each face, an area
approximately 1 in. in diameter shall be marked with
a 9500F temperature-indicating crayon or paint. The
marked area shall be heated with a blowtorch, a Bunsen
burner, or similar device to a temperature between
950F and 975°F. The specimen shall then be immedi-
ately quenched in cold water which produces a network
of fine cracks on each face.

The block shall then be dried by heating to approxi-
mately 3000F. After cooling, the block shall be cut in
half. One-half of the specimen shall be designated block
"A" and the other block "B" for identification in subse-
quent processing. Figure T-648.2 illustrates the compar-
ator blocks "A" and "B". As an alternate to cutting
the block in half to make blocks "A" and "B", separate
blocks 2 in x 3 in. can be made using the heating and
quenching technique as described above. Two com-
parator blocks with closely matched crack patterns may
be used. The blocks shall be marked "A" and "B".

T-648.3 Comparator Applicrtion

(a) If it is desired tc qualify a liquid penetrant exam-
ination procedure at a temperature of less than 60CF,
the proposed procedure shall be applied to block "B"
after the block and all materials have been cooled and
held at the proposed examination temperature until the
comparison is completed. A standard procedure which
has previously been demonstrated as suitable for use
shall be applied to block "A" in the 60°F to 1250F
temperature range. The indications of cracks shall be
compared between blocks "A" and "B". If the mdica-

* tions obtained under the proposed conditions on block
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"B" are essentially the same as obtained on block "A"
during examination at 60%F to 125°F, the proposed
procedure shall be considered qualified for use.

(b) If the proposed temperature for the examination
is above 125"F, block "B" shall be held at this temper-
ature throughout the examination. The indications of
cracks shall be compared as described in T-648.3(a)
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+ ----- -~

L5 J
;—-—zm.——l ——l L‘-3I!in.

FIG. T-648.2 LIQUIO PENETRANT COMPARATOR

(NOTE : Dimensions given are for guidance only
and are not critical.)

while block "B" is at the proposed temperature and
block "A" is at the 60°F to 1256)lgtemperature range.

(c) A procedure qualified at a temperature lower
than 60°F shall be qualified from that temperature to
60811: shall be qualified from that temperature to
60"F.

(d) To qualify a procedure for temperatures above
125"F, the upper and lower temperature limits shall be
established and the procedure qualified at these temper-
atures.

(e) As an alternate to the requirements of T-648.8.39a)
and T-648.3(b) when using color contrast penetrants,
it is permissible to use a single comparator block for
the standard and nonstandard temperatures and to make
the comparison by photography.

(1) When the single comparator block and photo-
graphic technique is used, the processing details (as
applicable) described in T-648.3(a) and T-648.3(b)
apply. The block shall be thoroughly cleaned between
the two processing steps. Photographs shall be taken
after processing at the nonstandard temperature and
then after processing at the standard temperature. The
indication of cracks shall be compared between the two
photographs. The same criteria for qualification as T-
648.3(a) shall apply.
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(2) The identical photographic techniques shall be
used to make the comparison photographs.

T-650 EVALUATION

(a) All indications shall be evaluated in terms of the
acceptance standards of the referencing Code Section.

(b) Discontinuities at the surface will be indicated
by bleed-out of penetrant; however, localized surface
irregularities due to machining marks or other surface
conditions may produce false indications.

(c) Broad areas of fluorescence or pigmentation
which could mask indications of discontinuities are
unacceptable, and such areas shail be cleaned and reex-
amined.
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Compression Table on Acrators

(1) Table for various acrators

.

.

No restriction on the shape of
tank
Goad for Nocculation

+ Initial cost is a liule high

Acrator Features of Equipment Merit Demerit Application
Big bubble type | « Bubbles generated are big « Low Cost + Low efficiency of Oz transfer * Small scale treatment plant
» No cloggings (High cost of power) (for labour saving)
+ Low maintcnance cost * Turbulent flow breaks flocs
« Easy maintcnance
* Blower can be installed far away
from the acrators
(Less pressure loss)
Fine bubble type| » Bubbles generaied are small + High efficiency of Oz wransfer * Aircleaner may bencededto | « Large scale treatment plant
(Low cost of power) prevent cloggings on the
» Easy maintcnance acrators
* Turbulent Now brcaks Nocs
Ulirafine bubble | » Bubbles gencrated are smaller thanthat | « Efficiency of Oz transfer ismuch | + Air cleaner may be ncoded 10 + Treatment plant 1o reducce encrgy
type of finc bubble type : betier prevent clogging cost

Lo
Better ircauncnt
Treatment plant that requires
high nirrification

Ventical shafi

« There are two types of {loat type and

Low cost
High clficiency of Oz transfer

Maintcnance is not casy, if
numbers of unit are many

Treat plant that does not reguire
mitrification

agator type fixed type , .
* There arc turbinc type and propeller type | = Effcctive mixing + Insufficicmt nitrification + Treatment plant located in hot
* Not suited for cold arca arca
* Turbulent fiow breaks Nocs * Acrating lagoon
* Distribution of DO in the 1ank
. is not even
Horizontal shaft | » Waves caused by rotation of acrator * High cificiency of O2 vansfer + Limitation of tank shape « Oxdation diich
drive type transfer 02 *+ Low price + Not suited for cold area
(only for shallow tauks) » Low maintcnance cost « Insulficiem in nitrificauon
» There are two types of puddle type and * Turbulent flow breaks flucs
rotor type |
.| Combination type * Air is injected {rom spurjaring and + Good mixing « Reducer and air compressor are | + Treatment plant that requires
simultancously agitated by turbine + Elficiency of Oz iransfer is required - wide range of air supply
propellers equipped in the water ordinary + High price ° |+ Nitrification 1ank
* Supply of air is largely * High maintenance cost
adjustable * Turbulent flow breaks flocs ;
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(2) Comparison Table of O2 Transfer in Water
. /

You

Aerator 02 dissolving efficiency in | Power efficiency when O2 Required Energy -
water (%) transferred in water (kwh/kg02)
. (kgOvkwh)

B Big bubble type .
U Static aerator 0 - 16 14 - 19 0.5 - 0N
gT Big bubble double type 10 - 13 14 - 19 062 - 0.7
LY Big bubble single type g - 10 1.2 - 1S 060 - 0N
1 P | Fine bubble type .
NE | Circlingtype 15 - 26 19 - 33 031 - 055°

(C | Ulra fine bubbling type total acration type 20 - 3 30 - 46 022 - 033
M Low speed surface aeration type 1.5 - 22 046 - 0.66
& ‘
H A | High speed surface acration type 12 - 18 055 - 182
A

R
"a
cl
A

0
L <N |
8 Turbine spurjar 14 - 18 12 - 18 055 - 082
M. :
? Jet aerator 15 - 26 16 - 23 044 - 062
N
A
TT
1Y
oP
NE

* In case of mixed liquid in the aeration tank, it will be doubled.
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