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Water Treatment

Basic Concepts Related to Flowing Water and

Measurements

2 SR

AR S ARG TR
1. Introduction

Experiences with the Bureau of Reclamation’s Water Management
Workshops, held each year in Denver, Colorado, have indicated a need
to explain fundamental concepts of flowing water and its measurement,
The workshops have also demonstrated the need to present concepts in
simple terms using step-by-step development (Schuster, 1970). Because
of more recent water measurement developments and the new chapters
and sections added to this edition, this chapter has expanded the
previous edition’s appendix material into a more complete form. Thus,
many more equattons are mncluded to maintain step-by-step development
of the new material Readers who have difficulties with algebra or the
technical writing should skim the text to provide exposure to concepts
and terminology related to water measurement. More experienced
water providers and users can use this chapter as a quick review of
hydraulic principles related to water measurement. )

Eventually, operators may wish to furthér investigate and seck
more advanced references n hydraulics and flund mechanics. Streeter
(1951) has a chapter on flow measurement that covers tube-type flow
meters Bean (1971) has full information on fluid meter theory and
provides detailed material for determining coefficients for tube-type
meters King and Brater (1963) have a thorough discussion of general
eritical depth relations and detailed relationships for most common
hydraulic flow section shapes. Bos (1989) covers the entire field of
open channel water measurement devices
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2. Kinds of Flow

Flow is classified into open channel flow and closed conduit flow.
Open channe! flow conditions occur whenever the flowing stream has a
free or unconstrained surface that is open to the atmosphere. Flows in
canals or in vented pipelines which are not flowing full are typical
examples. The presence of the free water surface prevents transmission
of pressure from one end of the conveyance channel to another as in
fully flowing pipelines. Thus, in open channels, the only force that can
cause flow is the force of gravity on the fluid. As a result, with steady
uniform flow under free discharge conditions, a progressive fall or
decrease in the water surface elevation always occurs as the flow
moves downstream.

In hydraulics, a pipe 1s any closed conduit that carries water under
pressure. The filled conduit may be square, rectangular, or any other
shape, but is usually round. If flow is occurring in a conduit but does
not completely fill it, the flow is not considered pipe or closed conduit
flow, but is classified as open channel flow.®

Flow occurs m a pipeline when a pressure or head difference
exists between ends. The rate or discharge that occurs depends mainly
upon: (1) the amount of pressure or head difference that exists from the
inlet to the outlet; (2) the friction or resistance to flow caused by pipe
length, pipe roughness, bends, restrictions, changes in conduit shape
and size, and the nature of the fluid flowing; (3) the cross-sectional
area of the pipe.

3. Basic Principles of Water Measurement

Most devices measure flow indirectly. Flow measuring devices
are commonly classified into those that sense or measure velocity and
those that measure pressure or head. The head or velocity is measured,
and then charts, tables, or equations are used to obtain the discharge.
Some water measuring devices that use measurement of head, 4, or
pressure, p, to determine discharge, Q.

(1) Werrs

(2) Flumes

(3) Orifices

(4) Venturi meters

(5) Runup measurement on a flat ““weir stick”

Head, A, or depth commonly is used for the open channel devices
such as flumes and weirs. Either pressure, p, or head, A, is used with
tube-type flowmeter such as venturi meter
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Pressure, p, is the force per unit area as shown on Fig 1 1 that acts
in every direction normal to containing or submerged object boundaries.
If an open vertical tube is inserted through and flush with the wall of a
pipe under pressure, water will rise to a height, A, until the weight, 1,
of water in the tube balances the pressure force, F,, on the wall
opening area, a, at the wall connection These tubes are called
piezometer. The volume of water in the piezometer tube is designated
ha. The volume times the unit weight of water, y haq, is the weight, W.

V=Volume of water in
tube

W=Weight of water 1n
the tube supported by
the pressure

=Area of piexometer

F,=pa=yha
Thus, p=yh

Fig. 1.1 Pressure definition

The pressure force, F,, on the tap connection area is designated
pa. The weight and pressure force are equal, and dividing both by the
area, g, gives the unit pressure on the wall of the pipe m terms of head,
h, written as:

p=y h
or
h=ply

Thus, head is pressure, p, divided by unit weight of water ory .
When the head principle is used, the discharge, O, is computed from an
equation such as the one used for a sharp-crested rectangular weir of
length, L:

0= CLK"

A coefficient, C, is included that accounts for simplifying
assumptions and other deficiencies in deriving the equation The
coefficient can vary widely in nonstandard installations, but is well
defined for standard installations or is constant over a specified range
of dlscharge.@

The flow cross-sectional area, 4, does not appear directly in the
equation, but an area can be extracted by rewriting this equation:

Q= CLhh"?
in which-
A=Lh

normal n [FHEME,EH
.3:

piezometer n JE 13t
EiRit
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assumption n HE
deficiency n BZ. RA



In this form, C also contains a hidden square root of 2g, which, | square root FJifi
when multiphied by 42, is the theoretical velocity. This velocity does | theoretical velocity 384
not need to be directly measured or sensed. Because the weir equation | #F
computes velocity from a measuring head, a weir 1s classified as a head
measuring device

Some devices that actually sample or sense velocities, v.

(1) Float and stopwatch float and swopwatch 4R
(2) Current and propeller meters. Rk
(3) Vane deflection meters. current n KA

These devices generally do not measure the average velocity, V, | propeller » il 8%
for an entire flow cross section. Thus, the relationship between | deflection »n fR¥%
sampled velocities, v, and the mean velocity, V, must be known as well | mean veloaity 39 it
as the flow section area, 4, to which the mean velocity applies. Then,
the discharge, O, sometimes called the flow rate, 1s the product, AV the flowrate M B

Discharge or rate of flow has umts of volume divided by unit | product » iR
time. Thus, discharge can be accurately determined by measuring the
time, £, to fill a known volume, ¥,

O=V/t

Water measurement devices can be calibrated using very accurate | cahbrate v AZdE

volumetric tanks and clocks Mote commonly, weight of water in the

tanks is used by converting the weight of water per unit volume.

Notes

@ If flow 1s occurring in a conduit but does not completely fill it, the flow is not considered pipe
or closed conduit flow, butis classified as open channel flow ' INF 4 HR TR, MUAET
BWRTE R, 13 8RER.

@ The coefficient can vary widely in nonstandard installations, but 1s well defined for standard
installations or is constant over a specified range of discharge  TEIEATHERGES I, B3y C
MEARSEREIR K, BEEESHT CERESE X, LE— BR BEHKEE
SEMY.

® aknownvolume, Vo Vo R—ANTMMAE, MIEAENTS.

Practices

1. Translate the following terms into English.
K% ko WER #HaEW kEE
XEERGRET g FHAE PR KA



2. Describe the basic principles of water measurement briefly.
3. Translate the following paragraph into Chinese.

Public concepts of how to share and manage the finite supplies of water are changing.
Increasing competition exists between power, irrigation, municipal, industrial, recreation,
aesthetic, and fish and wildlife uses. Within the United States, critical examinations of water
use will be based on consumption, perceived waste, population density, and impact on
ecological systems and endangered species. Water districts will need to seek ways to extend the
use of their shares of water by the best available technologies. Best management measures and
practices without exception depend upon conservation of water. The key to conservation is

good water measurement practices.
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Wastewater Treatment

23R

AN BV K A AR FEARIE.

Waste water is not just sewage. All the water used in the home that
goes down the drains or into the sewage collection system is wastewater
This includes water from baths, showers, sinks, dishwashers, washing
machines, and toilets. Small businesses and industries often contribute
large amounts of wastewater to sewage collection systems; others
operate their own wastewater treatment systems. In combined municipal
sewage systems, water from storm drains is also added to the mumicipal
wastewater stream. The average American contributes 265~568 liters
(66~192 gallons) of wastewater each day. Wastewater 1s about 99
percent water by weight and is generally referred to as influent as it
enters the wastewater treatment facility. “Domestic wastewater” is
wastewater that comes primarily from individuals, and does not
generally include industrial or agricultural wastewater.

At wastewater treatment plants, this flow is treated before it is
allowed to be returned to the environment, lakes, or streams There are
no holidays for wastewater treatment, and most plants operate 24 hours
per day every day of the week.® Wastewater treatment plants operate
at a critical point of the water cycle, helping nature defend water from
excessive pollution. Most treatment plants have primary treatment
(physical removal of floatable and settleable solids) and secondary
treatment (the biological removal of dissolved solids).

Primary treatment involves the following steps.

(1) Screening to remove large objects, such as stones or sticks,
that could plug lines or block tank inlets

(2) Grit chamber slows down the flow to allow grit to fall out.

(3) Sedmentation tank (settling tank or clarifier) settleable solids
settle out and are pumped away, while oils float to the top and are
skummed off

Secondary treatment typically utilizes biological treatment processes,
in which microorganisms convert nonsettleable solids to settleable

¥
sewage n FIKH, HFK
sewage collection system
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solids. Sedimentation typically follows, allowing the settleable sohds
to settle out. There are three options.

(1) Activated Sludge. The most common option uses microorganisms
in the treatment process to break down organic material with aeration
and agrtation, then allows solids to settle out. Bacteria-containing
“actrvated sludge” is continually recirculated back to the aeration basin
to increase the rate of organic decomposition.

(2) Trickling Filters These are beds of coarse media (often stones
or plastic) 3~ 10 ft deep. Wastewater is sprayed mto the air (aeration),
and then allowed to trickle through the media Microorganisms
attached to and growing on the media, break down organic material in
the wastewater. Trickling filters drain at the bottom, the wastewater is
collected and then undergoes sedimentation

(3) Lagoons These are slow, cheap, and relatively inefficient, but
can be used for various types of wastewater They rely on the
mieraction of sunlight, algae, microorganisms, and oxygen (sometimes
aerated).

After pnimary and secondary treatment, municipal wastewater is
usually disinfected using chlorine (or other disinfecting compounds, or
occasionally ozone or ultraviolet light) An increasing number of
wastewater facilities also employ tertiary treatment, often using
advanced treatment methods. Tertiary treatment may mclude processes
to remove nutrients such as nitrogen and phosphorus, and carbon
adsorption to remove chemicals. These processes can be physical,
biological, or chemical

Settled sohds (sludge) from primary treatment and secondary
treatment settling tanks are given further treatment and undergo several
options for disposal.

Terms

(1) Activated sludge. Sludge particles produced by the growth of
microorganisms in aerated tanks as a part of the activated sludge
process to treat wastewater.

(2) Aeraion. Exposing to circulating aw, adds oxygen to the
wastewater and allows other gases trapped 1n the wastewater to escape
(the first step in secondary treatment via activated sludge process)

(3) Biochemical oxygen demand (BOD). A laboratory measurement
of wastewater that is one of the main indicators of the quantity of
pollutants present; a parameter used to measure the amount of oxygen
that will be consumed by microorganisms during the biological reaction

agitation n fHZ)
recirculate v BT, B
i B

trickling filter (& ¥E b

break down %

lagoon n “EALYE

mteraction » FAH.{EH
algae n 225, &

disinfect v+ (HFE

tertiary treatment =g 4b
3
advanced treatment 5%
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aeration n AR, MBS

circulating ar - {HFHE S



of oxygen with organic material.

(4) Biosolids. Sludge that is intended for beneficial use. Biosolids
must meet certain government-specified criteria depending on its use
(e.g., fertilizer or soil amendment).

(5) Decomposition. The process of breaking down into constituent
parts or elements.

(6) Domestic wastewater. Wastewater that comes primarily from
individuals, and does not generally include industrial or agricultural
wastewater.

(7) Effluent. Treated wastewater, flowing from a lagoon, tank,
tfreatment process, or treatment plant.

(8) Grit chamber. A chamber or tank used in primary treatment
where wastewater slows down and heavy, large solids (grit) settle out
and are removed.

(9) Influent Wastewater flowing into a treatment plant.

(10) Lagoons (oxidation ponds or stabilization ponds). A wastewater
treatment method that uses ponds to treat wastewater. Algae grow
within the lagoons and utilize sunlight to produce oxygen, which is in
turn used by microorganisms in the lagoon to break down organic
material in the wastewater.”’ Wastewater solids settle in the lagoon,
resulting in effluent that 1s relatively well treated, although it does
contain algae.

(11) Municipal. Municipal wastewater, which relating to a
municipality (city, town, etc.), is primarily domestic wastewater.

(12) Primary treatment. The first stage of wastewater treatment
that removes settleable or floating solids only; generally removes 40%
of the suspended solids and 30%~40% of the BOD in the wastewater.

(13) Secondary treatment A type of wastewater treatment used to
convert dissolved and suspended pollutants into a form that can be
removed, producing a relatively highly treated effluent. Secondary
treatment normally utilizes biological treatment processes (activated
sludge, trickling filters, etc) followed by settling tanks and will
remove approximately 85% of the BOD and 7SS in wastewater,
Secondary treatment for municipal wastewater is the minimum level of
treatment required by the Clean Water Act.

(14) Sedimentation. The process used in both primary and secondary
Wwastewater treatment, that takes place when gravity pulls particles to
the bottom of a tank (also called settling).

(15) Settling tank (sedimentation tank or clarifier). A vessel in

8
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which solids settle out of water by gravity during wastewater or drinking
water treatment processes.

(16) Siudge Ar;y solid, semusolid, or liquid waste that settles to
the bottom of sedimentation tanks (1in wastewater treatment plants or
drinking watér treatment plants) or septic tanks. septic tank b 353

(17) Tertiary treatment. Any level of treatment beyond secondary
treatment, which could include filtration, nutrient removal (removal of | filtration » it4&, ik
nitrogen and phosphorus) and removal of toxic chemicals or metals,
also called “advanced treatment” when nutrient removal is included.

(18) Total suspended solids (TSS). A laboratory measurement of
the quantity of suspended sohids present in wastewater that is one of the
main indicators of the quantity of pollutants present.

(19) Trickling filter process A biological treatment process that
uses coarse media (usually rock or plastic) contained in a tank that
serves as a surface on which microbiological growth occurs. Wastewater
trickles over the media and microorganisms remove the pollutants
(BOD and TSS) Trickling filters are followed by settling tanks to
remove microorganisms that wash off or pass through the trickling
filter media.®

(20) Turbidity. The cloudy or muddy appearance of a naturally | turbidity » (fiF

clear liquid caused by the suspension of particulate matter

Notes

@ There are no holidays for wastewater treatment, and most plants operate 24 hours per day
evely day of the week  {5/KALEEIT 2 AT, KEEI5KAHET 24 /NHEST, &2
ftx.

@ Algae grow within the lagoons and utilize sunlight to produce oxygen, which 1s in turn used
by microorganisms in the lagoon to break down organic material in the wastewater 5 b i
HERZE A AR B YEREAL KRB AR, S Nl P B SR AT R B K PR IO A HLAD.

® Trickling filters are followed by settling tanks to remove microorganisms that wash off or
pass through the trickling filter media. #UEMZ/EHIIEM, BRFEREGES T #iEH K
A ST T P U T 5.

Practices

1. Translate the following terms into English.
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