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Water Quality Control

Water quality control concerns the engineering strategies that are used to treat and/or prevent pollution.

It encompasses (in principle) everything from stormwater management to drinking water treatment to

wastewater treatment.
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Figure 1. Schematic of Natural and Engineered Water System Orientation
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Drinking water — SDWA requirements include various MCL standards for chemicals, radionuclides,
microbiological indicators & “secondary standards’ Very few, if any raw sources meet al these

standards so some form of treatment is required.

Typical Treatment Technologies

1. Screening — to remove gross pollutants, trash, and flotables (see picture) - used in both drinking
and wastewater industy.

2. Mixing coagulant chemicals (to improve settling rate) — uses a high-shear mixer and vigorous
mixing.

3. Flocculation (low shear mixer) gentle mixing

4. Settling — the water rich durry separates from the solids rich slurry. The solids rich dlurry is
sent to sludge handling facilities (later).

5. Filtration of the water rich durry to further remove solids — usually uses a media (deep bed-
type) filter.

6. Disinfection — inactivates pathogens.

7. Digtribution (send water to customers).
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Figure 3. Mixing Vessel

Figure 4. Circular clarifier

Figure 5. Typical Media Filter Vessel
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Screening

Coagulation/Flocculation

Natural solids have a negative surface charge. Coauglaunts nuteralize this surface charge so that
particles can come together to form “flocs’ that settle because of density differences (relative to the
water). Common inorganic chemicals used are:

Alum
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Ferric Chloride (FeCls)
Also many organic polymers are available for the same application, and work on the same generd
principle (functional groups handle the charge neutralization). Polymer dosage is still an area of serious
vendor-user contention. Some polymers may not suitable for drinking water applications.

These chemicals “work” by binding ions so that particles no-longer repel each other — as in the

drawing below.
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Figure 6. Coagulation process

Sedimentation
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Once the flocs are created, particle size isincreased and gravity forces overcomes the hydration effect
and the flocs settle. Settling basins are designed so that the floc settles to the basin bottom before the
water exits the basin (clarifier). The hydraulic retention time (V/Q) and the basin geometry are the basic
design parameters controlling the size of particles removed and the overall efficiency of the clarification

step.

Figure 7. Generic clarifier concepts

Settling concepts — ideal basin.

Particle size determines Vp. Flow rate and geometry (Q,H,L,W) establish V¢, and the relationship of
Vp and Vc determines the particle sizes that will be removed. The goa of sedimentation is not to
remove al particles, but to remove particles of a certain size (and larger) then filter the rest. Complete
particle removal by sedimentation is impractical if not impossible. The ideal basin assumes continuous
particle remova from the bottom of the basin. In addition it assumes horizontal flow in the settling
zone, uniform concentration of particles at the inlet. Particles are assumed to be removed from the
basin, continuously, when they reach the bottom. Particles are assumed to settle discretely, without

interference from other particles.

D:\Courses\CIVE_3331\CIVE3331_ABET_ Format\Week 06\Lecture 010\CIVE3331_Lecture 010.do
c



Theodore G Cleveland Page 6 3/17/2003
CIVE 3331 Environmental Engineering

Vcisthe “critical” velocity and is based on the surface loading rate, Vc = Q/Asurf. In the above sketch
Asurf = L*W. Vp isthe particle settling velocity, a function of the particle size. For particles with the
property, Vp>Vc, the basin will remove all these particles. For particles with Vp<Vc only a fraction of
these particles will be removed, Xr = Vp/Vc. As the particles get smaler, the fractiona removal
becomes negligible.

Example

Suppose a settling tank is fed with a water with a durry of grit sizes in the table below. The loading
rate is 100,000 gal/sq.ft./day (Q/Asurf). Find the %-grit removal. Consider first, only particles with Xr

=1 are removed, then consider fractional removal.

Vp(ft/min) | %-smaler | %-larger
10.0 54 46
5.0 45 55
2.0 35 65
1.0 20 80
0.75 10 90
0.50 3 97

Convert the surface loading rate into the cross flow (critical velocity) value:

Q/A =100,000gal/sq.ft./day* 1cu.ft./7.48ga* 1day/1440min=9.28 ft/min

Thus the V¢c=9.28 ft/min. So particles falling faster will be removed while those falling slower will not
(remember first part is to ignore fractional removal). Now 9.28 falls between the 5.0 and 10.0 range of
fall velocities so the fraction removed will be between the 46-55% lines (note, we need to look at %-

larger because they fall faster).
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Figure8. %-removal calculation
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Figure9. Fractional removal calculations

Particle Fall Velocity
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The next obvious question is how to determine fall velocity. Two considerations are used, the first is to
assume Stokes Law is valid, calculate the vecloity and check the Reynolds number. If it is on the order
of 1, then Stokes law isvalid, of not then a more complicated modd is used.

Figure # is a sketch of the force-balance concepts used.
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Figure 10. Force-balancefor particle settling

Once the settling velocities are established for different size ranges, then calculations like those above

can be used to estimate clarifier performance.
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Figure 11. Examplefall velocity calculations
[Insert more particle theory and quadratic formulas from MWA Design manual in next update]
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Disinfection
This process inactivates pathogens. The chemicals used are Cly(gas),NaOCl,Ca(OCl),. They are
thought to work by denaturing proteins and enzymes in pathogens because of a strong oxidization
action — but no-one really knows for sure. The principal disinfectant is hypochlorous acid.
Cl, + H.O <&  HOCl + HY o+ Cl
HOCI & HY  + ocCr
The concentration [HOCI] and [OCI] is called the free available chlorine. The chemicals are added so
that thereisresidua (excess) free chlorine in awater system. To increase duration of the residual
ammoniais often added to create a chemicals called chloroamines (which are also disinfectants) that
last longer is the distribution system. Residual chlorine bound to ammoniais caled combined available
chlorine.

Chlorination produces harmful by-products (suspected carcinogens) called tri-halomethanes
(THM) and other disinfection by-products (DBP). Current strategy to limit these chemicasisto
disinfect just before release of the water into the distribution system. On a side note, the number of
people spared from disease by chlorination is millions of times larger than the number of people who
might experience an adverse reaction to DBPs — on arisk weighted basis chlorine is the single most
important contribution to public health ever. (DDT might be a close second).

Alternativesto chlorine are O3 (ozone), ClO,. Both are powerful disinfectants but Os; has no
residua and ClO, may produce toxic by-products. lodineis aso alegitimate disinfectant, but a
significant number of the population is allergic to iodine, and it is rarely used for non-emergency
disinfection.

Hardness and Alkalinity
[ Typeset next revision — use scanned notes for time being]
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Carbonate and Non-Carbonate Hardness

Softening
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