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The Velocity Gradient (G) is a measure of the mixing energy (S‘l) thatis present
during both the flash mix and the flocculation stages of water treatment velocity

gradient (G)=(P/uV)1/2 For

Where;
P = power dissipated.
M = water viscosity.

V = volume of the raw water.
impeller (3l e ,u) 5 velocity gradient (dejud) jlasil) o A8Dal) eage SV Jaiall
Dl GalSl 8 dsdacd) ddlaadll cVall G sk il glall cilayy & speed

(Hudson Jar
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Escherichia coli Heterotrophic bacteria dj—‘.ﬁ
Temp CT | Temp CT 1
Disinfectant pH (°C) mg min. | pH (°C) mg. min.| s
Hypochlorous acid 6.0 5 0.04 7.0 1-2 0.08 £0.02
Hypochlorite ion 100 5 0.92 8.5 1-2 33+1.0 Gl
Chlorine dioxide 6.5 20 0.18 7.0 1-2 0.13£0.02
6.5 15 0.38 8.5 1-2 0.19 £0.06 =
7.0 25 0.28 )
Monochloramine 0.0 15 64 7.0 1-2 94.0+£7.0
8.5 1-2 278 +£46.0
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Residual Chlorine after ......
Dose
1 min 15 min 30 min 60 min 90 min 120 min
1 0.66 0.3 0.1 0.06 0.03 0.02
2 14 0.87 0.56 0.37 0.06 0.04
3 2 1.46 1 0.64 0.1 0.06
4 2.7 2.14 1.63 1 0.63 0.53
5 3.1 2.7 2.14 1.6 1 0.75
6 3.6 2.9 2.7 2 14 1.1
7 4.1 3.2 3.1 25 1.9 1.6
8 4.55 3.8 35 2.9 2.2 1.9
9 5.3 4.6 4.1 3.6 3 2.7
10 5.7 4.9 4.7 4.1 3.8 34
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ion 11 Formation of ! Monochloramine ' Free Available Chlorine Residual
' monochloramine & v destroyed forming  « (HOCI = H" + OCI)
H organochloramines : dichloramine. H (50% of each specie @ pH 7.5)
1 L] n
e i ;
by b ! (Thesecancreate !
e, b ! taste and odor '
o ol ! ! issues at low levels !
— ' ' down to 0.8 mg/l) '
S fee : i
.c HMitrite. : i i : :
7 1 (5:1Cl: NH.-N Ratio by weight) | H i
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© —_—— e — 1 tonitrogen gas, nitrate,
c RN »  or nitrogen trichloride
= L 1 (trichloramine).
° H %% "
— 1 ’b;,,,\ 1
. J O “ .
© : . %, :
- 1 Combined % 1 Free Chlorine Residual
] H °° 4 Chlorine - NH, © '
(=} o o Residuals '
= : Q° < : .
L - y Trichloramine
0 3 5 6 7.6
(Numbers on this scale indicate the ratio of chlorine to ammonia N, not total chlorine)
More Chlorine Added 7=
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(Biological film) Zada o<l lgaliag Jawal
Backwash Water Turbidity Analysis Form

Backwash Water Backwash Water . - aa S 00 bt a
Time, minutes Turbidity Time, minutes Turbidity UjJ u\:‘ju:’sj DQAJ MLE Jé""“u Y (5"; ~9 4:’)“"“
1 16
2 17 . .
S dile
3 18 )S -
4 19
5 20 .
6 2 JuPXY
7 22
8 23
9 24 o
10 25 aley) de b . 1
11 26
12 27 .
: Z; (Grab Sampler) cilie calu .2
14 29
15 30 - PO
HlSe ld g .3

Ja 100 clie dals) 30 2 .4
(G9) doe 255 -5

S oy B9 -6

At what time did the backwash water turbidity fall between 10 NTU and 15

NTU?

: & gladll)

(30-1) e clalall ad s o8 .1

Aady JSde byl ehlidl)y gl Clum asid Y] ol acad 2
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Lyl Jaesdd Al ram gy SN bl JSall

_______________________________________________________

750
700 ,/'\\
e50 /
coo /
550
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aso /
400
350
300
250 N
200 N
~N
150

100 I 10 NTU r. at 4.5 mi
J .,

= e ||| | | |

o 1 2 3 4 5 (-3 7
Backwash Duration, minutes

bt

Turbidity, NTU
S~
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Evaluation of Bed Depth _auijilllaugl ges (ubd 4325 .3.5.4

tuand

Yol Jal b 8 agr o Bjeal caadill o)l (3ac dbjra g

1 ghadl)

Bdle el Jac gl s i (gginnal (g olaal) (po rdiyall fyiiy 8 .1
Pl a5l das gl imga aaalg dule (L idpall ha Ao adl) #lll auag o8 L2
i g bl gl Adall G 8.3

Gl S aaling) (Sarg (e il sl (3ee=) Gpjall 4l Caliay 3 Gaall Gl o5 .4

10riginal
1 Media
Depth
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(filtration rate analysis) ma& il Jira ubd 4425 .3.5.5

aad
Q\g.ﬂ\
il el .1
J.;JJA@BBJLM 2
(é&f)@ﬁ)ﬂ\ cw ‘._?J:dj\ u)aﬂ\ t_iLu.\;Cq}u .3
s dl 4
i ghadll)
c«lﬂ\ckm&;w\ w“;\:\.\:\:\éé .1
zd il Guna (lag 8.2
dnaaAll W\ e‘)ﬂ‘élc (e sl @}LML;‘}[ 3
3.59333\; ()) L)A‘)S\ Ca 15 Dl:\AS\ ij.'\mk}.\.@l ejﬁ\ &;15‘53\ L_ahq;j@ﬁ)ﬂ\ L}u.\;.ac-_"\m ('53 4

by 6l Lgie lag as el mdace daliss ileny 8.5
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Filter Bay Length () Dae:

Dimensions | Width (f) - clibal)
i Length (f)

Fl}ter B.ed 1e Atea (@)

Dimensions Width (ft)

Drop Time Tl T2 T3 Average fime

Filtered Water Filter Bay Length, ft x Filter Bay Width, ft x Water Drop, ftx x 7.48

Volume (gallon)

Filtration Rate | - gjj4tion Rate gal/min = Volume, ga
(gal/min) ' Average Time, min
Filtration Rate, gc:l/min/fw‘2 = Filtration Rate,zgal/ min
Areq, ft

Meter Accuracy | Flow Meter Accuracy, % = Flow Meter Reading, gal/min_ y 150
Calculated Filtration Rate, gal/min

Allowable Limits? Ves No &
2.0 gal/min/ft: (5 _mh _

(?015 X 2? c&).d\ Aaliw ) PEEROA| a\zmh P

= 320 i) old) (385 Jona
2, i yall Galise
a1 el e ) Jine il (s e
o 0.003-0.002 (e toladl Ja) mipdl -

Y o 720.13-0.08 e gyl Jajll miipall -

Back wash flow rate analysis Jsdd! slsa (3835 Jare 43325 .3.5.6

1o
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laill Jansal) olead (il Caleon 58

JRAPRN
cala) delw .1
dadednds Bl W2
(3a) Jaerdl ool rill Capocill o 3945 .3

s Al 4
& ghadl
Filter B;]\ Length Dite CH&)A\ ‘-51; e eé 1
Dimensions | Width f) ' i el 3 8asasall elaall Capm o8 .2
FilterBed | Lenghit
: Area (R 28 datacs (§od
Dimensions [ 1idth () e Lo A5 5
Drop Time Tl v K] Average time ij e g gl ey Jeh oluas e .3
Backiwash Water | Fiter Bay Length, t Fiter Bay Wicth, x\Water rop, 1748 bl cadsg Jids
Volume 2l
= — Lussll s e Al ylaedl ity 5 .4
F:;nl;i‘;)“ShR““ Backuash Rafe,gal/min:—,’g , _
g Average Time, min s>l
0.9 Backwash Rate, gal/min .
BackwashRa’re,gal/mm/w‘tz:Tﬂzg(1 L shawedll 5l 330 28 .5
Meter ACCuracy | o etehargy = iclerResdig il _, plaaly Jacsal) (usna ity o8 .6
Caleuloted Filtration Rate, gal/min
Alovable Linis? T d o d | 25 eld) xS gl Qs 5.7
1875 sal min'e ( 368 mh)
.......... (L, + 15cm)) L, =~
()
Llall S5 8.8
rbilead)

3.393.33\ ‘éﬁ dﬁi\.«“ Bw\ e ub.u; us.g I.GJAJ
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Back wash Bed Expansion _a.ijill gl aaai Jaa 4425.3.5.7

1ol
clslall (pa aldily aai il ansgl) Gl SIS a1 o) 305 Jae Ja ilia
JRAPRN
(Secchi Disc) juds dslshud . 1
lshanl Aliagl Jayyi .2

2200 Slase -3

>l gl 20 Jana z3gai L4
: & gladl)
sladll (e 0638 g Cgia medipally Ja)ll hawe Je Secchi Disc J auag o8 .1
Lydll Jsla Gubiy 8.2
obaalls Jowsl) Jaaiiy 8 .3
Blacsall aladiuly Laydll 8 (A5 il DISC Ul daiiy 53 Jshall Gl o8 .4
(2s120) s il Jacs gl 3uc 8 yeay Slldg pripall anaill L iluns 8.5

ribibeaal)

o a5 Y At Jag 3 i) J 5ha

Expansion Percentage =
28l oand Al o ) ac
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Backwash Flow Rate Bed Expansion, % Interpretation

Correct <20 % Evaluate media for calcium carbonate

scaling or polymer build

Correct 20-30 % No action necessary

Correct > 30 % Check media effective size and

uniformity coefficient
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Sludge retention profile gijal 8 Sadiaall Gyl cuad 4425.3.5.8

tuard
o Baindl cul )l e 0585 o 3 D minall e Dhiiall g daeS Glal dijla
Gia) sae da A b et (Say (NTUGO — 30) e Jeessd) 3536 olgil pa gdisall

ondiil) Jacssl) Jaly 8Sa cilisjal

:&JJ‘Y\

[Em—

nS (Sl (S 36 2 .

daygdan 25 Jsh a3 -2 Hhi Lol Gecilie ad §oule 2
measuring cylinder 1000ml,100ml (e 1000 5 Je 100 4 e ilghau .3
A A alyy S 4

Je 50 daw alyy 8.5

e ld g .6

Je500 & 1 Jhgse Gyso .7

(309) dee g9 -8
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2. Push until the sampler is at the desired depth.

3. Gently swivel the top of the sampler to make a
cane at the top of the hole.

4. Placing a hand over the top of the sampler, stowly
raise it from the hole,

5. Continue to raise the sampler until it is clear of
the hole.

1
1
1
1
1
1
1
1
1
1
1
1
1
1. Begin by gently pushing the sampler into the media. 1
1
1
1
1
1
1
1
1
1
1
1
1

5. Empty the contents of the sampler in the correctly
labeled bag.

: i gladll)

Jastl 550 elgiil e Banly Aol dey Ll slaal) (o peadipall oo yiiy gt . 1

ooty 8y Sl (el lgaiaig A Lgie oy ) (A gy o8 8ypulall alasiinly 2
(doy do 50 = diall) Bypualall gy aladiosds ate diall 220 5 G2 el

A A bl dawgl) 8 Bsulal) clijas dacdg dall (8 dag Ae Jams 8.3

Lol gl Bans 2 e SSY ddeal) 02 S 8.4

slas (30 e 100 letle Cialy o 500 agyie (g0 3 (Rall) dafl (o Ja 50 gase i .5
bl

Bady culailly 8.6

AT Jbde (A Jae le 8 Al sldl) Ja 100 poa .7

S 5 (7 &6 85) clleall )y 5.8

A1 doaaal 5.9

2 X i) (apealy SR uliis a8 .10

Aﬁ‘aﬂ o pall g il sloal diaylall 4< L300 @;\L)“ Dbsall aalall 5 jlaty!



A Al — sl e

=| Juadal) @ las %

lelS a1 (5,6,7,8,9,10) &beall LS o .11

Ll die 1 (3 Gaally Bl (o ADle Jars o8 .12
Ll aie 1 (SN Gaally Bl (Al ansyl .13
Jaly B clisal 3l aag Ja adpead @lldg 4aY) cilges I ae bl bl sl 45 jlaas o8

L il bt ettt 1
! Sludge Retention Profile Analysis Form !
: Date: Filter I.D.: :
: Evaluator: Evaluator: :
: Ewvaluator: Ewvaluator: :
: Evaluator: Evaluator: :
: |
1 Data 1
: Before Backwash After Backwash :
1

: Core Measured Sludge Measured Sludge i
| Sample Wash Water Retention Wash Water Retention ||
1| Depth Turbidity X NTU Level Turbidity X NTU 1
: -2in 2 0-2 in 2 :
: 2-6in 2 2-6in 2 :
: 6-12 1n 2 6-12 in 2 :
: 12-18 in 2 12-18 in 2 :
i 18-24 in 2 18-24 in 2 E
i 24-30 in 2 24-30in 2 :
! 30-36in 2 30-36 in 2 :
: Total Retained Sludge Total Retained Sludge :
o Average Retained Studgel | | _ Average Retained udge | ———c |
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Interpretation
% Mudballs Filter Condition

0.0-0.1 Excellent
0.1-0.2 Very Good
0.2-0.5 Good
0.5-1.0 Fair
1.0-2.5 Fairly Bad
2.5-5.0 Bad

=5.0 Very Bad
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BACKWASH MODEL FOR RAPID RATE FILTRATION
RECOMMENDED MEDIA DESIGN BASED ON MEDIA AVAILABILITY
SAND SAND
Dy, effective size, mm 0.45 0.45
DDy, uniformity cosfficient 1.50 1.50
Dy, calculated, cm 0.09 0.09
Media specific gravity 2.6 26
Water temp, °C 2.0 2.0
Water viscostty, g/(cm-s) 0.01676 0.00835
Galileo Number 3,881 15,618
Fluidization Velocity, Vo 043 0.80
Desired Bed Expansion, % 30% 30%
Backwash Velocity, V,; 0.56 1.03
Backwash rate, gpm/ft” * 8.2 15.2
Backwash rate, in/min 132 244
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