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Solution Piping
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(Jar Test)

Jar test ( )
pH test

Turbidity test

Filterability test

Zeta potential test

Streaming Current test

AN N N N N N N

Particle counting test

( ) ()

(Optimum

doses)

(AWWA) Manual M12 {Simplified procedures for Water Examination}

(Wwss)



Turbidity, ntu

30

20

10

Optimum Coagulant Dosage 35 mg/L

[ 1 ¥ ¥ | | | - 1

0

10 20 30 40 50 60 70

Chemical Dose, mg/L Aluminum Sulfate

(-)

(Wwss)




(),

(Pilot Filter)

(Wwss)



(Colloids)

.(Filterability index)

|

(Wwss)



.(zP)

:(SCD)

(Electromotive Principle)

(Wwss)



cysts
(Gryptosporidium) (Guardia lamblia)

—————————— Algae |

|— Bacteria ———
F—— Viruses

I Fungi -
F———1 Giardia Cysts
- Cryptosporidium Oocysts
F———— Colloids ———
F———— Suspended Particless ——
F——— Dissolved Particles
F———— Humic Acids

F——- Colloidal Color
|————— Post-Filtered Particles

———— Flocculated Particles ——M

A -y | 1 | ! |
0.01 0.1 1.0 10 20 30 40 100

(um)

Source: McTigue and Cornwell (1988).
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25 Cat-Floc

20+

Settled Turbidity, ntu

Settling Velocity, cm/min

Test Conditions:

Alum = 25 mg/L

Polymer = 1mglL

pH Adjustment = Lime

Rapid Mix = 14s@ 400 1/s
Flocculation = 14.7 min @ 18 1/s
Raw Turbidity = 11.3 NTU

Raw pH = 72

Settled pH = 70

Source: Environmental Engineering & Technology, Inc. (1989).
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Differential pressure flow meter or

Orfice plate

Velocity flow meter
Magnetic flow meter

Ultrasonic flow meter
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’ Treatment Processes O

Chlorine Solution Ehlur_ine
Coagulant Solution
BR TS M F S GF CW
o WS WS
Raw
Water to Distribution
System
FP
Filtrate "H"“ Sludage
BR. Bar Rack Cake F Flocculation CW Clear Well
TS Traveling Screen S Settling HSP High Service Pumps
M Mixing GF Granular Filltration FP  Filter Press

Screening = Pre-chlorination =» Coagulation = Flocculation =

= Sedimentation = Filtration = Post-chlorination
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Postchlorination

Multiple Chlorination
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NOTE:. ALL TYPES CAN BE SUPPLIED WITH THREADED OR SOLVENT WELDED PIPE CONNECTIONS.
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Chlorine
Solution Piping

* Solvent Weld
PVC

Flexible
Connection
(Rubber or PTFE)

Steel Insert Connection
ClL,
or
S0,

l

i

Perforated PVC

Continuous Weld

Blind Flange

Steel Sleeve

Sample
10

Analyzer

II= 60 Pipe Diameters
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Floc

Algae

Turbidity
Bactena
Colloidal Clay
Color

Virus

Molecule or Atom

Visible Invisible

Gravel ]
Coarse Sand l
Fine Sand
Human Hair |
Silt |
Tobacco Smoke Particle l
Carbon Black |
Polio Virus 1

Millimeters — 10 0.1 0.001 0.00001 0.0000001

1 0.01 0.0001 0.000001 0.00000001
Micrometers ——a 10,000 100 1 0.01 0.0001

1,000 10 0.1 0.001 0.00001
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Velocity Gradient
The Velocity Gradient (G) is a measure of the mixing energy (measured in S-!)
that is present during both the flash mix and the flocculation stages of water treatment.

velocity gradient (G)=(P/nV)12
Where; P - power dissipated, p - water viscosity, V - volume-
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Polymer
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* Optimize filtration and backwash

* Improve filter effluent quality

* Reduce filter ripening time

* Reduce turbidity / particle count spikes
* Meet lower turbidity standards

Prevent exceptions reportin




* |dentify filter operating problems

* ldentify current media conditions
* Define proper bed depth

« Establish operating adjustments

* Predict media replacement needs

Optimize particle/microbial removals




Agenda

1.Filtration Rate Analysis
2.Backwash Flow Rate Analysis
3.Backwash Bed Expansion Analysis
4.Backwash Water Turbidity Analysis
5.Sludge Retention Profile

6.Mudball Analysis

7.Turbidity Analysis



1.Filtration Rate Analysis

Purpose
To determine the actual filtration rate in gal/min/ft2

Equipment Required
Stopwatch

Hook gauge

Filtration Rate Analysis Form
Calculator



Filter Bay Length (ft) Date.
Dimensions Width (ft) |

i | Length (ft)
F{lter Bjel e Area (@)
Dimensions Width (ft)
Drop Time Tl T2 T3 Average tume
Filtered Water Filter Bay Length, ft x Filter Bay Width, ft x Water Drop, ft x x 7.48
Volume (gallon)

i i : . : Volume, ga
Filtration Rate | - £i\tnqtion Rate, gal /min = 9T
(gal/min) Average Time, min

Filtration Rate, gal/ rnin/ﬂ‘2 = Filtration Rafe,zgul/mm
Area, ft
Meter Accuracy | Flow Meter Accuracy, % = o Meter Reading, gal/min__ /4350,
) " CaleulatedFiltration Rate, gal/min
Allowable !Jimits? Ves wd No =
| 2.0 sal/mintt (5 mp




Filtration Rate Analysis

Procedure:

0 N O O WIN -

. Secure the hook gauge to the filter.

. Close the filter influent valve.

. Record the effluent valve setting and flow meter reading.

. Start timing when the top hook breaks the water surface.

. Stop timing when the bottom hook breaks the water surface.
. Record the time required for the water to drop 6 inches.

. Refill the filter basin.

. Repeat steps 3 through 8 two more times.



Filtration Rate Analysis

Calculations

Determine the filtration rate in gallons per minute per square foot (gal/min/ft”).

Filtration Rate, 5|r:t1,-*’mir'||f“1':1'E — Filtration FErJ‘I'E,Egnlfmm
Area, ft

Allowable Rates:

Rapid Sand Turbidity Removal Filters 2.0 gal/min/ft2 (5 mv/n)

High Rate Turbidity Removal Filters 4.0 gal/min/ft2



2. Backwash Flow Rate Analysis

Purpose
To determine the actual backwash flow rate in gal/min/ft?

Equipment Required
Stopwatch

Hook gauge

Backwash Flow Rate Analysis Form
Calculator



Filter Bay

Length (f)

Date:

Dimensions

Filter Bed

Width (ft)
Length (ft)

Area (ft?)

Dimensions

Drop Time

Width (ft)

Average time

Backwash Water

Filter Bay Length, ft x Filter Bay Width, ft x Water Drop,

ftxx 748

Volume (gallon)

Backwash Rate | pocpwach Rate gal/min = Volume, ga
(gal/min) ' Average Time, min
Backwash Rate, gal/ min/f12 = Bachwash Rute,zgnlfmm
Area, ft

Meter Accuracy

Flow Meter Reading, gal/min

: . — X100%
Calculated Filtration Rate, gal/min

Flow Meter Accuracy, % =

Allowable Limits?
18.75 gal/min/ftz ( 36

Yes :I

.8 m/)




Backwash Flow Rate Analysis

Procedure:

. Drain the filter to within a couple of inches of the media.

. Measure and record the length and width of the filter bay.

. Measure and record the length and width of the filter bed.

. Secure the hook gauge to the filter bay railing.

. Begin the backwash.

. When the rising water reaches the lower nalil point, start
timing the rise.

. Record the time required to reach the top nail.

. Lower the water to beneath the bottom nail.

9. Repeat steps 6 through 9 two more times.

o O b WIN -

oo



Backwash Flow Rate Analysis

Calculations

£ . 1 hr el 18 ] ' | :
Determine the backwash rate in gallons per minute per square foot

+3_ Backwash Rate, gal/min

Backwash Rate, gal/min/f 5
Area, ft

Allowable Rates:

Design criteria calls for 18.75 gal/min/ft? for single media filters.



3. Backwash Bed Expansion Analysis

Purpose
To determine that filter bed expansion during backwash is
adequate to clean the filter media.

Equipment Required

Secchi Disc

Tape

5-ft Ruler

Backwash Bed Expansion Analysis Form




Filter Bed Expansion

Step One: Take at least 10 media depth measurements at randomly selected sites. The more

measurements taken, the more accurate the results,

Filter Media Depth Measurements

Measurements Media Depth, inches Measurements Media Depth, inches
1 11
2 12
3 13
9 14

"l
—
H

0 16
7 17
8 18
9 19

Sum of Sum of
Measurements Measurements

Total Depth - Add the Sums of the Two Columns of Measurements

Average Depth - Divide the Total by the Number of Measurements

Step Two: Measure the bed expansion in inches.  Bed Expansion, Inches = inches




Backwash Bed Expansion Analysis

Procedure:

Calculations

Allowable Rates:

Secchi Disk

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




4. Backwash Water Turbidity Analysis

Purpose

To determine the desirable backwash duration. The desirable backwash
duration is defined as the time it takes for the backwash water turbidity to
drop to the 10-15 NTU range. The target duration is six to eight minutes.

Equipment Required

Stopwatch

grab sampler

Bench-top turbidimeter

Thirty 100-ml sample bottles marked in 1-minute intervals
Backwash Water Turbidity Evaluation Form

Pencil

Straight-edge

Single-cycle, semi-log paper, or two-cycle semi-log paper



Procedure:

1.

N

NOoO kW

8.

9.

Ensure all 100-ml sample bottles are marked in one-minute intervals and in
order.

Designate one person to keep time during the backwash, and another to
sample the backwash water.

Start the backwash cycle and the stopwatch.

At one-minute intervals sample the backwash water with the bucket.

Fill the 100-ml sample bottle to the line with backwash water from the bucket.
Dump the remaining backwash water from the bucket into the filter.

Repeat this sequence every minute until the normal backwash procedure is
completed. It is advisable to extend backwash and sampling for 3 to 5 minutes
beyond the normal backwash time.

Take the samples to the lab for analysis.

Shake each sample thoroughly before analysis.

10.Read the turbidity for each sample and record the results on the form.



Backwash Water Turbidity Analysis Form

Backwash Water Backwash Water
Time, minutes Turbidity Time, minutes Turbidity
1 16
2 17
3 18
4 19
5 20
6 21
7 22
8 23
9 24
10 25
11 26
12 27
13 28
14 29
15 30

At what time did the backwash water turbidity fall between 10 NTU and 15 NTU?
minutes Target: 6 to 8 minutes
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Backwash Water Turbidity Analysis

Procedure:

Calculations:

Allowable Rates:



Turbidity, NTU

Backwash Duration Tests

n

[=]

=]
b
—

100 l 10 NTU reached at 4.5 minutes

Backwash Duration, minutes

27




Turbidity, NTU

440
420
400
380
360
340
320
300
280
260
240
220
200
180
160
140
120
100

80

60

40

20

Backwash Duration Tests

N
| \ Too many rate changes in wash cycle
J \
A
™
N
| h .,
N
N
/ 4 10 NTU reached at 8.5
minutes
A
?I h
N
d "2
0 1 2 3 4 5 5] 7 8 9

Backwash Duration, minutes

28

10



5. Sludge Retention Profile

Purpose

The Sludge Retention Profile is a way of determining how much sludge remains
in the filter.

The retained sludge in a properly backwashed and adequately ripened filter
should be in the range of 30 — 60 NTU.

Equipment Required

24 to 36 one-gallon resealable plastic bags
Core sampler

100-ml graduated cylinder

Pint Jar

50-ml beaker

Tap water

Bench-top turbidimeter

1-liter Erlenmeyer Flask

Sludge Retention Profile Analysis Form



Procedure:

1.

ok owb

N

lo)
O.

Q.

Measure out 50ml of sample from the “Before Backwash Bag” marked“0-2 in” ,
using the 100-ml graduated cylinder.

Transfer the 50-ml sample to the 500-ml flask.

Add 100-ml of the tap water to the sample and shake vigorously for 60 seconds.
Pour the turbid water into the 1-liter Erlenmeyer flask.

Using the same media sample, repeat step 3 and 4 four more times until there is
a total of 500-ml of turbid water in the beaker.

Stir the 500-ml sample of the turbid water.

Pour the required amount of turbid water into the cell and read the turbidity of the
sample.

Multiply the turbidity reading by two and record that value on the Siudge
Retention Profile Evaluation Form.

Repeat steps 2 thru 10 for the remaining samples.

10. Graph the results. Plot turbidity on the x-axis and media depth on the y-axis, for

both the before and after backwash samples.



Sludge Retention Profile Analysis Form

Date: Filter I.D.:
Ewvaluator: Evaluator:
Ewvaluator: Evaluator:
Ewvaluator: Evaluator:
Data
Before Backwash After Backwash
Core Measured Sludge Measured Sludge
Sample | Wash Water Retention Wash Water Retention
Depth Turbidity X NTU Level Turbidity | X NTU
0-2 m 2 0-2 1n 2
2-61n 2 2-61n 2
6-12 1in 2 6-12 in 2
12-18 m 2 12-18 1n 2
18-24 1n 2 18-24 1n 2
24-30 1n 2 24-301n 2
30-361n 2 30-361n 2
Total Retained Sludge Total Retained Sludge
Average Retained Sludge Average Retained Sludge




Sludge Retention Profile

Calculations:

Allowable Rates:

NTU/100 GRAMS MEDIA CONDITION ACTIONS NEEDED
Less than 30 \ery clean Bed is too dean — examine

the wash rate and duration-
this bed will not ripen quickly.

30 to 60 Clean A well cleaned and ripened
bed — no action needed.

60 to 120 Slightly dirty Slightly dirty bed — reschedule
a backwash retention analysis
SO0N.

Greater than 120 Dirty Dirty bed — re-evaluate the
backwash system and
operating procedures.

Greater than 300 Mud ball problems Mud balls are most likely
present -— consider filter
rehabilitation or rebuilding.

Greater than 2,000 Extreme mud ball Bed must be taken off line and
problems rebuilt to nevw specifications.




Bed Depth, inches

L= T R = ]

15
18
21
24
27
30
33
36
39
42
45

Floc Retention Profiles

100 200 300 400

NTU/100 grams

500

600

700

800

900 1,000 1,100 1,200

Less than 3,500

grams

MTUMA0O

Less than 150 NTUMOD

grams at midpoint

.

Mo apparent potential for

breakthrough




Floc Retention Profiles
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6. Mudball Analysis

Purpose

To determine the condition of a filter as indicated by the presence or absence of
mud balls.

Equipment Required

No. 12 (10 mesh) sieve
Mudball sampling device
1-gal resealable plastic bags
5-gal bucket

250-mL graduated cylinder




Mudball Analysis

Procedure:

Calculations:

Allowable Rates:

Interpretation
%0 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




7. Turbidity Analysis

Purpose

To evaluate startup spikes, filter profiles, and compare turbidity reduction to run
time.

Equipment Required

Computer with spread sheet software
Turbidimeter (inline or bench top)

85 to 150 100-ml bottles

Deionized water



Procedure:

Calculations:

Turbidity Analysis

Allowable Rates:

Filter Profiling

Turhidity, NTU
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Depth Evaluations Bed




Minimum bed depth

 Mono/dual media L/D10 Ratio 1,000
* Multimedia L/D10 Ratio 1,250

* Provides 15% excess - media loss

Original Depth
Media with
Depth Media

Loss




Filter Coring Techniques




Backwash Bed Expansion Analysis

Tube Samplar Parts
1) Hdin. elear plagtic
2) Flat plastic or won
) Epoxy glue

4) 2-in, wonden dowe
§) Screw(s)
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Sieve Analyses

Grain Size Distribution Curve
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Decrease in temperature decreases the
effective backwash rate

Change wash rate 2% for each 1°C
change

Lower rate in winter

Higher rate in summer




Temperature Effects on Washwater Rate

BACKWASH MODEL FOR RAPID RATE FILTRATION
RECOMMENDED MEDIA DESIGN BASED ON MEDIA AVAILABILITY

Deo/Dyo, Uniformity coefficient
P I R

Water temp. <
Water viscosity, g/(cm-s) 0.01676 0.00835
Galileo Number 3,881

Fluidization Velocity, Vs
Desired Bed Expansion, %
Backwash Velocity, Vi

Backwash rate, gpm/ft™ * | 82 | 152 |
Backwash rate, in/min




* Filter efficiency calculation

Gallens filtered — gallons backwash
Gallons  filtered

« Gross Water Production (GWP)

x 100="%

Filter run time * gpm/ ft* * 60=gall ft’ /run




* Filter efficiency greater than 95%

- GWP
« Monomedia 5,000 gal/ft?/run
» Dual media 10,000 gal/ft?/run




» Filter run times
* 48 hrs. monomedia
« /2 hrs. dual media or multimedia
* Marvin’s maximum - 150 hours

« Washwater usage
* 2% to 4% raw water pumpage
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