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o GLOSSARY OFVERBS // o A
s . ) BERS ‘ ’ . § . <
1 : . '

" 'Indicate. To state or éxpress without going into detail. The identi £y,

’ : : J

~_ "Flow Measurement Module No! -
~ € . h ’ : .
Q. < ¢ ‘ * . -

o L .

- Describe. To represent by words written ov spokefj, for the knowledge or -
understanding of others, to transmit an image -of"the identifying features,
the nature, and characteristics of objects, events apd actiog. .

Explain. To make plain or clear, to present in detail by words written or

\epoken for the knowledge 6r understanding of other,.to transmit an image
of the identifying features, the nature gnd characteristics of .objects.,
events and actions. o .

\

Identify. Toyestablish the identity of, pick out or single out an object
in reSponse to its name by pointing, picking up, underlining, marking, . . "~

. matching or other responses.
‘

,

pick out or single out an’object in response to its name by pointing, picking ~
up, underlining, marking, matching or other'responses. S ’
N ) . ~ - ‘, S ( 77/
Locate. To stipulate the position of an bbject in relation to othe'r objects. -
. ) X, . PR A ) {‘
Seléct.’ To choose something from«a“number or group usually by fitneSs, |

excellence, or other distinguishing features. ' 2
- ’- . . ‘ T ' 7 )

. o, -

-
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SUMMARY - | Page _ 4 of _78

Module Ho: . |-Module Title: ’
Flow Measurement , )
Submodule Title: - o
. 97" Liquid flow . a ;-
Approx.. Time: ~} 2. Flow Measurement Units Batch Process
. B 3. Flow.measurement Units Cpen Channel
. 12 hours 4. Flow Measurement Units Ful( Pipe . - .
. 5. Flow Measurement Units Prevehtive Mawntenance
6. Flow Measurement Units Safety . (
Overall Objectives: . . *
‘ . . N \

The ‘overall objective is the introduction to the principles of flow measurement
uni ts used in open.channels, full pipe, the preventive maintenance necessary to y
maintain proper functioning of meters and the. safety necessary to operate and
maintain the equipment. . s . p

3
i

[

Instructional Aids:

Handout Co ; v
AV (overhead transparancy) -
Calculators > '

o

. . .
3 - A S

Instructional Approach: . . .

Discussion’ \ S R -
Demonstration L I o
Exerc1se . . ‘g c Ty

» ot
‘ . .

- 0

References: - . 7 . s T + -t

Handbook for Monitoring Industr1a1 Wastewater, U S Env?ronmenfé] Protection
Agency Technology Transfer, August 1973 '
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Class Assignments: : " S L

Give handouts to be read . ) | . -
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Module Ro:
1 SUMMARY

Instructor Notes:'

Instructor Outiine:

L %
Charts, Jraphs and figures
are used as handouts and
overhead transparancies
masters. . i

L

I. Flow Measurement

A. Purpose «
B. Basic flow formula

Q=Axv
II.

Princib]es of Flow Measurement

A. Batch Process

Q:

B. Open Chennel
X v,
“ 1. Parshall flume
2. Weirs
a, Rectangular . -
b. Cipalletti .
c. Triangular

Level .detection

Float gauges

Hook gauge

Staff gauge °
Ultrasonic

Instream transmitter
Air bubbler

Q’ . -
. Partially filled pipes-

a. . Open end pipe~
b. California pipe flow ,
C. Pressure conduits (full pipe)
Venturi meter
Flow nozzle
%rifice meter
. Magnetic meter
., Pitot tube .
Ultrasonic
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{Module flo: « Topic: - ! .
. SUMMARY - R .
' ~ [|instructor Notes: * Instructor Outiine: - v &
’ . i ~~ .
o /- . - I11." Preventive Maintenance
I ¢ A Cleaning
R B. Checking for dgter:iora/tion
K C. Replacing components
2 D. Changing charfg
R | \_ V. Safety -
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Module Ho: \
Flow Measurement

Module Title: : L

;/(4 Submodule TitTe: .. B

Approx[ Tiﬁé:/}// Liquid Flow

Topic: SR \\
1 Hour Introduction -

e

1 crosg-sectional area of .flow and volume ‘af flow. -

i
< .

Objecyives: . o .

' Upon compfetion of this module the learner should be able to describe the basic

pringiple of flow'of liquid using the relationship of average flew y¢1ocity¢

H apook for Monitoring-lnduﬁffia] Wastewater; U. S. Environnénta] Pfd%ection

Adency Technology Transfey, August 1973.
. e ‘ .~
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Instfuctional Aids: . s
Handoug = * - . ) Jeoeo .
AV {overhead transparancy) —_ s,
Calgulators ‘ ) : e
: . ¢ { .
. ~ N . . _ .o Le
Instructional-Approach:* . - \g{_<r“f~\\ ) Ct e ,
L . N -
Disjcussion : ‘ : o - -
Denjonstration L y .
Exdrcise ‘ L - . e
. . - f, . ) L PR .
N T, . / \ { /
Relerencess:- . . -
3 : o

v D ' - - N

lass As<i gqn\enis:
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ive handouts to be read
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Page .8
[Hodule No; Topic: ) -
N Introduction o T
Instructar Notes: ' Instructor Outiine:
[y R -
&
Discuss the deri vation of I. Flow measurement
Q= AV . A. - Purpose
. . "B. Basic flow forniu'le_z' ¢
7/
. Q=A-y
3 II. Give'3 exercise problems. ~
¢
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quy‘e ho: .| Module Title:” . . .
" ) ' Flow Measurement ' .
. Submodulé Title: - .
. . v Flow Measurement Units '
Approx. Time: - t .
o v L ]
Topic: .o - . ‘
, . . ..
1 hour Batch Process
Objectives: ~~ . o h Ve : .
\ N -

Upon comp]et1on of this module the-ledrner shou]d ‘be able to determing ‘the flow
rate by the change in level of fluid in a fank.

.l

Instryuctional, Aids: .. . ' .

Handout : T S : '
AV (overhead transparancy) . . , -
Ca]cu]ators‘ ) .- :

A
L

Discussion f

Instructional  Approach: ]

bemonstration - ) .
Exercise ) , : '

. {References:

\ {

Handbook for Mon1t0r1ng Industrial Wgstewater, u. S E v1ronmenta1 Protect1on
Agenqy Technology Transfrr~ August 1973.
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Give handouts to be read v
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Module No: Topic: = ’
’ BatcH Process d
I o T . : - -
-[ Instructor Notes: . Instructor Outiine: ™~
Batch Process depends upon a I. Principle of flow measurement devices using
specific volume of water a batch process.
measured in a unit time. o © _—
) . Q=v . Q=Flow rate
. ’ gV = Volume -
- , t = Time
. "" rf( -~ P )
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Module Ho: - Module Title: o \ ' ' K
\ . Flow Measurement ' El

- Submodule Title: . _— , .- T

Approx. Time: » Flow Measurement Units
' . Jopic: ) t \

L 3 hours - Open Channel ° 1 T ' A . ,'

%b}ectives’:

Upon’ completion of this module the learner should be abJe to identify components,
explain’ the purpose of each component, how the compound works' and its importante

= " s
<

in flow measurepent units used in open channels. .
a.. ParshalV flu . ‘ C -
| b. Meirs -m% ' N\, \
c. Partially filled pipe . ' _ p N _
g I . L] ‘ ’ ‘ ' e \ Vo !
. . . . ) 1
Instructional Aids: =~ ) . { C
Handout 4 ' N / i oo . L
AV (overhead transparancy) .o : : ] .
Calculators ' . \ . .
! \ ‘ ) r J' ‘< ’ Al

Instructional - Approach:
 Discusgion
Demonsiation T

*

oy

e

o » - - 4
References: Ty . N

,%and'book for Monitoring Industrial Was.'tewat'er-, u. s. Envirbnm'érrtalkProtection
gency Technology Tramsfer, August 1973. .
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Class Assignments: \

Give handodts to be read
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Module No:, Topic:

e - Open Channel>

o ﬁﬂstructor Notes:

|

b ' \instructor Outifne:

|

1. Identify the primary unit. |

:i‘Ident1fy the secondary unit

" Discuss the di fference
between suppressed ‘and
unsuppressed weirs. ¢

Demonstrate use of
namographs R

-
[ 4 —

~

Give ai1 the fo}mu]ail

7

I. Flow in- openschannels .-

A. Parshall.flure _ °

B. Weir

" 1. Rectangular * -
2. Cipolletti "
3. Triangular e

s -
Level detection Unit§

.~ Float gauges
Hook gauges
Staff. gauges
; Ultrasonic Y
- 5. Instream %r%nsmitter
’ .. Air bubbler -

.

II. ,Three.pipes ffowfn&)parti& full

, ;A. Horizontal_or s]oped Qpen end pipe p
e .
B. California pipe f1ow method

-

1
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Upon completian of this modu]e the learner should be ab]e to
exp1a1n the purpose of each component how the..component work
in flow measurement units used in full pipe flow.

a. Venturi- meters

b. Magnetic flow meter .

c. Rotameter ;
d. Ultrasonic-= velocity sens1ng

>

/ﬁd
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I , ‘page 13 of 78.
Module HNo: Module Title: -t .
Flow Measurement .
Submodule Title:
‘ . ~
"| Approx. Time; _ Flow neasurement Units
‘ < 7 Topic: —
i v4’ﬁnurs ‘ 17 os?
A . Full Pipe
Objectives: : .

.

ent1fv components,
and:its importance

&
"

* [

Initructional Rids: “

Handout ~ g
AV (overhead tranéparancy)
Ca]cu]ators \

- i

~

T

Iastructional Approach: ’ T
Discussion )
Demonstration
Exercise

References:

~

. Handbook for Monitorfng Lpdustria] Wastewater, U. S. Envxronmenta] Protection

| Agency Téchnology Transfer, August 1973

I3

“y .
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» haTy

Claissignmentv )
handouts to be read
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Module Wo: | ) Topic: > .
‘ Full Pipe i '
Instructor Notes: Instructor'Out‘7.1ne:
. - N . N\ .
/’ . . &
1., Identify the primary unit I.. Pressure conduits (full pipe and flow) #
25 I'dentify the secondary unit A, Venturi meter ,
-)‘%K . . R . \A
3. Give the formulas to each B. Fltw nozzle ‘
flow measuring device - -
, ks C . C. Orifice meter )
) D. Magnetic meter
¢ E. Pitot tube
\ ) F. Ultrasonic
Y . -
a :
. & / o \ i
‘-; -~
" e ]
\ L
. \" - I -
V- (\/s {
1 i . . . "
£ J
: . - _
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Page - 15 of - 78 -

Module Title:

Flow Measurement

Submodute. Title: .

Module Ho:

-

:Approx. Time: -

Flow Measurement Units

Topic:

2 Hours

Preventive Maintenance

’ bbjectivgs:

v

Upon completion of the modyle the learner should be able to describe the
preventive maintenance procedures for flow measurement units.

{

~

a. _Parshall flume ! -g. Rotapeter .
b. Weirs - h. U]trasonic~ve1o;ity sensing - 7]
c.. Ultrasonic level sensing i. Orific . "
d.” Pneumatic (bubbler) j. Pitot tube .
e. Vegturi meters *
f. Magnetic flow meter
Instrdctional Aids:

Handout . .

AV (overhiead transparancy)

Lalculators e

\_,
Instructional Approach: - 2
. -|Discussion )
- {Demons tration )
[Exercise -
L4 i 4
» i N _

References: s

Handbook for Monitoring Industrial Wastewater, U. S. Environmental ﬁrotection
_Agency Technology Transfer, August 1973. ]

Class Assignments:

bive handouts t6 be read
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Do - " Page 16 Jﬁn_jgi_x

.

Topiq?

Preventive Maintenance

Instructor Notes:

AY

Instructor Outiine:
[ 4 -

Describe the process of pPe-
veéntive maintenance of each
unit described in this maoduTe.

4 >
L3

1. " Discuss the necessity for prevent

A, C]ganing )
B. Checking for deterioratior
C. Replacing worn cdﬁbonents
D, Changin§ charts

§

ive '~ —
maintenance of flow measuring-dév%&es.

.

)




Page 17 qQf _78.

o—d
- | Module Ho: : Module Title: - _ ) ’ -
- ¥ “ 7>+ | Flow Measfrement T )
' ‘ ,Submodule Title: -
' — . - , /
K Approx. Time: = Flow Measuremett.Uh1ts‘
e M . ‘ Toplc: - S .
. 1 Hour . 1 Safety . -
¢ > . S —
10bjectives:
“Upon completion of this module the learner should be able to describe the safety
procedures in operation and maintenance of flow neasurement units. ~
A \ a . kS o

Instructional Aids:

Handout . . i \\;,,

AV i{overhead transparancy)
Calculators

1 &)

Class Assignments: . : .

Instructional, Approach:
Discussion ' . ;
Demonstration

_Exercise
-t -

References:

.

Handbook for Monjtori ng Industrial Wastewater, u. S. Env1ronmenta] Protect1on
Agency Techno]o&&\yf;nsfer, August 1973.

Give handouts to Be-read
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Page 18 of _78_
¥ |Module Ho: ) Topic: " _
‘ Safety 2 . '
SR 7 - ) _ N
Instructor Notes "{ Instructor Qutiine: N .
- " e = . 4 ) ) ’
+ - 1. Discuss the need for safe operation of
:‘Vg;'v . . flow measuring devices, h »o
. “-' Y ~ - .
.. (_7 A.. Shock electrié¢ power R '
,}5 - B. Improper balance )
. (\_{ ; - C.  Improper entry into manholes : )
n . _ .4 .
Al . - -
S ’
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o, ~ P R
N /]
 d 1
- 4 .
)
[ \“ " v * 4 ’ / :
4 ) / Y . . =
N ~ . \
‘ .) ! ,\ \
{
. /-
o . - »
/ ) - -
. > » . B
. . /
. L-./ 18 / '
-
v \ 2 N =




< v
o . [} . \
‘ ’

Page 19 of 78 - !

" ment prpcesse;z;equfres.kndW1edge\of flow rates, fTow variability, and total
j

| as cost, type, and access1b111ty of the condu1t drau]1c head ava11ab1e,

FLOW MEASUREMENT
In operating treatment plants the need to know the flow rates 6f
the influent wateh\and the flow rates within the unit process is verv

.jmopntanf. The process_is verv important. The design and monitoring treat-

f]ow A var of flow measuring devites end methods is'avai]ab]e The

*

select1on of the prooer measuring method on dev1ce an depend on such factors,

Q

S e

type and characﬁFr of the water. 3

Most measuring devices measure the velocity of the flow or the »

s
=F

change in depth of water. The basic formula. ﬁsew the metering devices

us1ng velocity as the basis *for deterﬂnn1ng the flow raté\(ﬂ) is:

‘ f\" o gEAxv L ‘ . ’
, Where s ‘L',( ~ - . _ s .
/ Q = Flow rate in cubic fee'/se%%gd , "f
/;// \ A = The cross-~ sect1ona1 area ;f the cha;hei -containing the water -
in square feet . .
< v = The velpcity of flow in the channel in feet/seéondJ
Q“= A x v is a formula that is obtained by continuing 3 fonmu!ae: )
) 1..‘ Q=V \ L. Q= F1o§"rate S
. Lt ‘ : V = Volume of water delivered .
B - t = Time needed to deliver
2. V=Axl J A = ChoserectTonal area of channel
- And, S L = Distance the water traveled
3. L=vxt. T - Velocity \
y
2 ? ‘
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\ €
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U
By subst?ﬁutﬁng in equation #2 for L

Then v ?,A:x vVxt k
By substituting in equation #1 for v
Then Q = AxvVvxt K

. t

’

Cancelling t since it is in the numerator and ndminatoc:than
' 13

j
,.,.Q=Axv

The difficulty in'using‘this‘formu]a is on circular pipes Flowing -

partially full and only t@e deptﬁ of Qater in the pipe ;an be me;sured.

_Example ' '

' Water f]o&ing through a 12 inch pipe has ; velocity of 3 ft./sec.

N

N@at would be the rate of flow.

I RN
=785 x D2 x v -

785 x (1°ft.)2 x 3 ft./séc. =

Solution

785 x 1 ft.2 x 3 ft./sec.
2.36 ft.%/sec. *

Exercise - A

1. An 8" sewer line is flowing % full at. a velocity of 2.4 ft./séc.

. . \V4
Calculate .the flow rate delivered by the sewer.

P P \ ) ‘)

v

i ‘I‘}' .t

2. A 6" sewer line is flowing % full. The distance distance, between each
.; ' LT e

manhole is 300 feet. The tracer dve placed in the upstream manhole took

2 minutes, 4 seconds to reaé% the next manho]e._ pa]cu]ate the flyw rate.

o

\ 3\




. Page’ 21 of .78

<

3. Calculate the average velocity in a 1" copper pipe if the timé needed “
to fill a 5_gatlon bucket 25 seconds. '

¢

. There are o bas1c types o.f flow systems F'low W open channe'ls

‘ such as 1n SEwers, “streams, r1vers, and channels and f'low 1n comp'lete'ly ~ b

. fﬂ'led press,ure condu1ts ”“ There are twd types- of open channel flow to__ ‘
.cons1der Steady f'low whtéi‘( indicates a constant rate of d1scharge, and
qnsteady flow which is indicati ve of a van'lab]e rate of d1scharge with t1me
:A flow is said to be’ un1forrﬁ1f the &e]oc*lty and depth are constant a'lonq the
condu1t and non-uniform 1f the ve'lg’t:wty, the depth, or both, change along the
conduit, The 1nsta'l]at1on of flow measum-ng dev1|ces should'be at a location
wh¥re the flow is uni form. - |

Batch Process ' e 7

A convement ﬂa{mﬁasurmg “method 1s to Be able to determine, the
~=rate of f'low a tank fills” up or empt1es The fofmular to use 1s/
»* ' Q =

Y Q 'low rate .
t

v Vo]ume of water emptjed or filled

t = Time it took to do so

This method, can be used also to determ1ne if pumps ar. (de'hvemng

a

at the pumpmg rate 1nd1cated

[N

/

S .
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N . v a N
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3 ~ ¢
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¢

" Example
- It has been determined th’§t th?etfén cuglegforwn A is’ 20 seconds.
The wet weH has/a-—dsrame,t r of 8 feet and the 1eve1 of water changes 3 ft.

when “the pump goas on and when 1t qoes off. Ca]cu]ate, the pumping rate.

~

Solution : ® ' e
L— ) . \'i» R ' ‘/o'- . \4
_ Calculate’the rate of discharge ' -

. . . ad

,Q=

y N
t c ,
. /
= .78 x8x8x3 R A -
. 20 ~. // e ‘A ¢ / - -
oo =15 ftdsec. T 5.
\ * % P4
. The pump is pump1nq at a rate of 7 5 ft3Lsec “or 56 GPS .

»

This type of measurement shou]d be undertaken ‘when measur1ng the

g:hange i.n level of- the liquid in <the tank is not a dangerous gperation and

~ ' ) - ’ t el
when~the flow.into the‘ well is slow and steady.
. » o

Flow in Open Channels ' .

» * — o % \' I - A

‘ ..The flow in open: channels such S sewers, streams- and -partially
. ol : = j
fﬂ]ed pipes can be measured byg// \Qp/ 2o Y
./ s ’

a. Usihg_the fonnu'la Q=AxVYand [ - .- - ,
b. Usfﬁg rneasurlng devi ces (f'low meters) o

-t
'7

\ The -operating methods,fp and makes of ﬂow meterspare ‘oo
h

numerous yto’*count and explain e most common ‘in lﬁ,ﬁe that cou]d be used 3,,_
,l.i R é){’ LA

in water nd wastewater stems is:.- ‘;3 R o
.f/*’z /%g’ f{/ . , R Lo
oA Périhall-flume R A ATCR "/._/:' %

-4 . ! & - P o 1

=

/% The parshall flume is made up of 3 sectiorf (Fid‘hre ) \ - ‘

v - v S CY B . [4
2 A 7
i . -
¢ f . .
& s .
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- A ; \
1." The converging section - §
. 2. The throat & % ™~ q - .
- ¢ ~ } ) 3

3. The diverging section. \ ; .
a ) ) o ) )

q Although there are other segtions to the flume they are basikally

attachments that provide easy of opération'aﬁd data interpretation. St}ch |

..] attachments alé a: - T -

1. Stilling well with fleats ) : { ' (
2./ Instream transmitter N . oY
Ultrasonic level change indicator ) ¢ f’

The basic principle of operati_on'of the parshall flume is that’Ehg

.. (' ] : 4 h‘quid' has to converge to(’the throat so as to pass through. This convergence
| causes a rise in the depth of the ‘liquid in the converging section whjch can
" be.measured ‘and use)‘ ca];u]ating.the flow rate using the formula -
-, ) . Q=4 "}’Hh . ) | - ‘ ¢ ‘
_ N , _Nhere ‘ b o | -
. . - S Q = Flow rate in cubic fee/second
,\6 *© ' W= Width of the throat in feet - 4

L Y » <
Height of wateg in the >0r_1vergipg section in feet

H =
h = 1.522 W0.026 .
— r’ ‘ . ’ 4
\ a The size of flume instaTled should be comparable to the flow rate _

anticipated. -That is a 3" flume will nc;t-provide an accuraie_f]o;v rate if

the head is above 18 inches .. 1% inch flume or larger is preferable. BN

In placing a flume it is essemtial that the liquid entering the

convergin}throgt is not turbulent. The flow should be free flow and not

under-pressure.

14
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A Flow turve 1s prov1 ded .to facilitate the determinat1on of the f'low

L
o AL » -

" rate usimwa parsha'l'l f1ume See Figure 2. ,‘;.‘» o -~
. ',Aﬁ ‘ ' SN

B. ‘4°1rs S ‘e ] . ' J

» i k < T —— o %

|

- The weir 1s a commly used device for measur1ng waste f'lows 1nasmuch

<as it is ge:eral'ly easy to 1nsta'l] at Tow cost Es§ent1a'|]y, 1t is a dam, or
L other obstruction placed\in a part'ly filled pipe, channe'llor stream. ;¥he
»ﬁater level at a gi ven d1stanc91pstream from the weir is proport1ona] to the’
Y flow. Conmerga’l'ly ava1'lab1e weirs consist of a verti ca”‘l p'late w1thha sha,rp
,\c‘rest ‘the top\of the plate being e1ther strai ght or notched Weirs can be

* .
1nsta1'led * pipe outlets, in manholes or in open channe]s F1gu're 3  shows. 4

S -

three common types of sﬂharp crested we1r5’ﬁi/th/comp'lete end contract1ons “f

- 7 PR

‘-—-w-
\-whﬂe Fi gure a shows a sharp crested weg\ profﬂe Proper form of the crest
h

is 1mportant for accurate measurements, e water flowing over the crest )

being ca'l'led the nappe. T,be/am prob]em assoc1ated wi Mectawu]ar we1rs
is that the Flow wi 'lﬁ be cantracted when it passes Qver the weir. Thus, the

effective width of the Weir is smaller tthth of. »%h(\—st The -

. ) .

Cipo'l'lett'i weir, which h ]opﬁg_sides, was. deve'loped in order to. compensate

for this contraction and th\be able- to use the width of the crest for f'low

catculation. [In quer to des1gn a wejr that\operawtes satisfactorﬂy, the

. {
fo'l'lQ'ing genera'l requirerﬁents shou'ld be consider d

-1. The weir should consist of a th1n plate about 1/8. to 1/4 inch th*nck with
a straight edge or.a thick p'late w'ith a knife- edge, the sharp edge being

1mportant for preventing the nappe from adhermg t¥ethe crest The v

.y height of the weir from the bottom of the channel to the crest -should be
‘ i : // ‘ ' o ¢

..at least 2 times the expected head of water above the \crest, this ratio

y 26 _
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Xat least'2H

L at-least 3y,
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CIPOLLETFI WEIR"

Figure 3 ,
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L at least 3Hp,y.
X at least 2Hp,,y.

TRIANGULAR.OR-V1N0TCH WEIR

Figure 3
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! being necessary to lower the velocity of approach.

" quiet section of the sewer away from all disturbances.

. chem1ca]1y inert cement or asphalt type roofing conpound

‘with little or no -slope.

Also,, the‘upstream
velocity of flow should be greater than 0.3 ft/sec.

It is important to ventilatd the:weir to prevent a vacuum‘from forming»

_on the underside of the falling water. .

-

The connection of the weir to the channel should be waterproof. Therefore,

the joint between the weir plate and channe] should be packed with-.a
Grease
compounds should not be used if o0il concentrat1ons are to be measured

The weir must be exact]y lTevel to insure a uniform depth of flow.

" The crest of the weir must be kept cleam. Fibers, stringy .materials and

¢

larger particles tend to c]ing to the crest and should be removed .

periodically. In water w1th high"suspended so]ids con,entrations,

considerable sed1mentat1on 1n the channel of approach will take p]ace.
Sediment- 1nf]uences the measurements and makes repreJentative samp11ng
more. diff1cu1t . .

The device for measur1ng the head should be p]aced upstream at- a distance.
of at ]east 2 5 times the head on the weir andsshould be located in a

~
The weir should be located at the end of a straight stretch of the channel

The ve]oc1ty of approach shou]d be Jow and

‘uniformly divided over the channe] however, ‘the weir will usually lower _

the velocity sufficient]y for measurement

*

Yy .

The weir, size should be selected after the preliminary surveys haveo
determined the expected flow rates in the sewer. .

~ ¥

|
|
1
|
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The comhon formula for flow over a weir is: .
q = 2/3 JZg- HY/2
Where -

q =, Flow per unit of w1dth, cfs.

o7 g’- Grav1ty (32 ft/sec. 2) C v ttf
> H = Head above crest (upstream), feet .
*l A coefficient C, is usually included to compen@ate for the non-

Thus, the equation for the fldw per unit of width

)

unifonnity of flow.
becomes : :
= Gy 2/3 JZg W32
Where ,
Cy = Non-uniformity coefficie;t (€1)
[ AR 4
“ inasmuch as coeff1c1ents in.the weir formu]as may vary due to many factors.

However, reasonab]e f]ow estimates for the varf\us types of wéirs are ﬁée

ﬂ available, and when used properly, produce-11tt]e error.

/ - .
Rectangular Weirs R /

Recfangu]ar<weirs'may be straight or"nofched.(
is‘ca]]eq a suppreseed weir without end contractions.- A notched weiF may
have one or two end contractions. If the crest he1qht is greater than 5 H,

" the approach ve]oc1ty maY*be neglected. In a suppressed we1r, the water

S

" forms under the nappe.
The most common type of rectangular wéir is thé}notched weir with

-?ﬁd cbnt}axtions.} If the ena contractions are standard,; tRat is, the width

%

1

B 32

Permanent]y installed weirs should be calibrated after installation \

A straight weir .

“' flows over the‘fu]] width of ;?g’?eir and problems may develop when a vacuuri |
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"ofheacﬁ‘end'coﬁtfaction‘is at ]eagt 2.0 times the head above the crest, the -

Francis formula is applicable .in computing the flow as follows:

Q = 3.33 LH3/2

wheye : ' . ¢

Q = Flow, cfs , f

L= . d '

Effective width of the weir, ft, Q\\\\‘/ '
: A
Head, ft. ~

! H .
. Figure 5 presents a nomograph of the Francis Formula and can b;\;ked

for a suppressed weir or a weir with standard end contractidns. The
. . - . {. . e ’
conventional calculations are not applicable when estimating dischakges with

; very low heads tﬁa@ cause the nappe to c]{ng to the weir face.
Cipolletti Weir

The Cipolletti wefﬁ/;;'of trapezoidal fofm with end sldbes of one’

horizontal to four vertical, which corrects for the slide contractibh of the

-

. nappe over'the crestl Thus, no correction is necessqry'for the crest width’
as in the‘rECtangu]ar contracted weir. .The general equation -for the Cipoltetti
type of ngr is: .
= 3.367 LH3/2 S v
\ 0 6)7 ) | ,
Where : ' -

Q= stcharge, cfs. . | o

>3

L= Length of the weir opening at the base, feet -

l “H = Measured héad, feet

r

Velocity Head Correction. o : | Lo N*\ﬁ

Whep the velocity of approach for a suppressed, contracted, 6r

Cipolletti weir is-too high to ﬁeg]ect, a correction factor can be introduced

© . 33
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.

Triangular Weirs

e N

into the flow equation. The correction factor exténds the use of the Basic

-

formula for weirs to include the velocity head as follows:

N N '
2g . o
. e s
.. Where . : -0 o
. h'= Velocity head, ft. “ 7 *
V= Approach.velocity; ft./sec. "y
. g = Gravity (32 ft./sec.z)é— ® '
~ Then the term K32 in the basic equations is CQ”Vérted to: ‘
H3/2 = (44 n)3/2 - p3/2 _ ‘ 3 : R
s

" being 90°.

The triangular weir of V-notch type is of va]ue in meas uring\Jow

-

flows. - It should be used for f]ows less than 1 Afs (450 gpm) and is not

recommended i f Eye flow is greater than 2 cfs. The V-notkh weir may be '
constructed of any ang]e, the host commonly used-anble, 0, for V-notch we;rs
The second most popular V-notch weir has an ang]e oﬁ 60°. The
end contract1on of the weir should be at ]east 3/4 L, where L is the W1dth
- (Figure 6).

The formula for the 90° notgh weir is: | .

Q-

The API manual (3). recommends against the Use of V-notch weirs if

of the water surface at max1mum elevation.

2.49 H2 5 where f]bw, Q 1s in cfs.

HC0.3 ft. since the possibi1ity of forming a vacuum be‘comes too great.

B ~
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3.

2.

the Jevel chamge.

. In defermining the level change of water in a flume or wéir'thére
’ - . ] . . .

are mapy-devices used to do so. Y
1.

Staff gauge - Th1s is a ruler marked in %" of an inch increments.
Commerc1a11y ava11ab1e gauqes are generally made of 18 gauge metal cpated
with ename], white background with batch numerals. They come in aﬁy
length desired. In uging a staff gauge one's eye should be level with th?
water surface so as to prov1de proper observation. Tﬁ‘Eya1n d1sadvant§gé
of this method is that the flow cannot be read on a continuous bas;s
inasmuch as tée system'cannot be converted to a control system or

totalizing device. ' .

¢
It is a means of continuously indicating 1jquid

%

It co%§ists'of a-metal float, a pulley mounted on a standard,.

Float gauge - Figuré 7.
levels. .
and a counterweight. The pulqéy is -usually attached to a set of gears
and recording chart. As the float rises and falls with the liquid

surface so does thé needle ‘upon the recording qhart ;oves'accordingly.
This movement i§'recorded~and according to the recorder-setting, speed

of movement of chart and chart graduation the flow rate can be

determined. R y : \.

]

Hook;géuge - Figure 8. This devicq‘is a very cheap mezzbd of recording

The gauge (Figure ) is manually brought to the water’

surface and the water level elevation read. It is preferred to Yse

The main disadvantage of this method-is that

e

gauges in a stilling well.

the flow cannot be read on a continuous basis inasmuch as éhe system

N . ,

cannot be converted to a contro'l system or totalizipg "devi ce. gg
37 : : {
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’

Air Bubbler - Figure 9. This device is a bubbler tube constrycted in a
side wall cavity of a fume (.Figure, 9). As the height of the water

surface changes, the resistance to the escaping air through the immersed -
< . \ . . . )
bubb]er tube’ thanges. The pressure differential,is sensed by a

trans]gtor which ac‘!wétes an a1r motor, wh1ch in turn, 's‘nesr a mi cro
J 3
switch over.a cam whee1= Thise act1 on op®ates the record1 ng chart apd
¥

‘pen. The bubbler can be installed at\jjy depth and 1t is poss1b1e t6

s s

. make(:he apoaratus portab]e us1ng a aw cyhndeA/for the air suo;ﬂv

5 s Instream Transm1tter - F1gure 10. Th1 device depends upon, 2 fyoat g

‘p aced in the channe& That wﬂ] rise| and faii wi h the 11qu1d surface .
* The fldat is attached to a ﬂoat\hne, a puHey and a counterwe'}ght ‘

The puﬂe is usuall attached to a.set of gears and recordﬁn ch/t
Y. Y et o g 9

As ithe ﬂ(/oat rises and fa]]s with the hqu1d surface so does gpe needle
4
upon “thé-Tecording chart move accord1ng]y Tﬁi’ﬁd/\/mnm: is recorde‘d.

-

\ and accord1ng to the recorder %etting, speed}fvmovement of c\\art,\and

chart graduat1on the flow rate can b& determ1ned ‘-

. U]tra Son1c - This device functions upon a unit that 'hm1ts antu]tr

2 >
sonic sound that is reflected back from' the surface of the wat)er By

setting the sensor at zero dischar e i.e.'base line, then as the level

of‘h‘qm‘d increasing, the sensor will det\ect the distance’ from ,.sens'or to

i ~

11qu1d level subtra]ct the distance from the zero d1sch rge settmg and

, v
*  the difference is the level of 1iquid in" the flume " or wed Most dev{;es

R T il -

that. ut1hze a float or u]trasomcs in detecting the change in’ the ]eve] 0
I

the liquid are also capa'b:le of.not only Jarov1d1ng/f)ﬁgw rates a S

(ofs) tinudlﬁ!y, basis but also have: the capability of.totalizing‘,‘the flow.

»

N
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An air bubbler will measure water depth in pipes and.clannels. The recordér

gauges for the bubbler must be selected for the depth of flow because of low
aif back-pressure. -

! 2
2l La T 7 22 32 T 371 1T T 777 7 T 17T I 7T L L L L T 277,

-

. Alr Supply

N .

s

: Q F' g Meter Box and
A Y _Recordar
Pressure gauges and reducing

valve - normally in meter
box as part of meter
{

Mo

§

!
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fo mossure dopth of tiow

N .
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This method can be veed. in c‘: - /7/
open chn‘n! or s1illing -.‘c ////

¢ AIR BUBBLER FOR M

7

Eigure 9
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EASURING WATER DEPTH
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RECORDER AND SCOW FLOAT USED IN SEWER MANHOLE (2)
‘Figure 10 ' -~
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Pipes Flowing Partly Full - , - &
Horizontal or Sloped Open- End1P1pe . . _'« ;*%n .

* It is possible to estimaté the f]ow from filled or part]y f1]]ed
pipes by measuring two characteristic 1engths of the stream after it ‘has Teft
the pipe and is freely discharging intg the air. This situation is common for
the outfall of elevated sewers. The method lacks the precision and accuracy-i
of conventional meters. ;r weirs but is often sufficiently accurate for rough E
f]ow estimates and is re]at1ve]v 1nexpens1ve F%gure 11 shows a partly filled
sewer freely discharging 1ntp the air. The/two characteristic lengths to be
measured are X and Y; The X-<axis should always be parallel to the line of the

sewer and the Y-acis should be perpend1cu]ar to the. ground. The formula for

ca]cu]ated f]ow is: / _ ’ )
Q = 1800A X in'gallons per minute - ,
~ ) \ X ,
Where
. LS
A = Het cross- sect1ona1 area of 11qu1d in the p1pe in sq. ft.
X= D1stance between end of -ipe and the vertical gage, in ft.,
measured para]ﬂelvtg pipe .
Ny Vertical distance fiﬂé water surface.at dvscharae end of the
pipe and intérsection of water surface with vert1ca] gage In ft.
- When the pipe is flow1ng full, A equals the cross-sect1ona1 area of

the pipe. A modification of this method is shown in Figure 11 where Y is.
measured from the mid-depth -of the liquid and is-equal to: 1 ft, X is )
measured to the center of the stream, and the velocity of the 1qufd leaving th
sewer js. | c . ' S ¢

S V=4.0 X jn feet per second ‘

The flow of water discharged from the‘piﬁey?é determinred from:

44 A
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Qe
. A = Créss-sectional - e’ 2 BN
: - area (sq ft) o : .
) . water in pipe
B A=y
E\Q.\\\\\ € 7 .
J 4 2 \\\\\\
| TETNNNN
=R NN
When Y = | fi = ~\\\\ \\\
. = AN
Velocity (V) T \\\\ \\
= 4.0X [3 WL
. Di;chars}e i;' GPM - | T . l T l . L ' l . ,
= 450 AV . _ ] F .
v &\ (a X (ft) to center of stream ' b h
| 1 | | - | -3

HOW TO MEASURE DlSCHAR(?E FROM A PIPE -

Fi&ure 11
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. p \
Q = 450 AV = Gallons per minute 1‘

-
c 4

Where A is the wet cross-sectional area in sq. ft. This method

is known as the coordinate or trajectory method.

J BN
The Califorhia Pipe Method is used to measure the rate of flow in

California Pipe Method *

4

a partly filled horizontal pipe having free discharge. The horizontal part

|
|
|
|
|
1
1
|
|
|
|

of the p1pe shou]d be at 1east 6 times the d1aneter If ‘the pipe 1s not
horizontal, a horizontal section can be added as shown in Figure 12 Once
the d1ameterdof'the pipe is knoyn, only the d:;tance from the top of the
sewer to the water surface is reﬁu1red in order to obtain the flow rate.

The outfall depth is related to the “critical depth thus making the flow

determinable. Thé flow may be ca]cu]ated by the following eq\at1on

Y Q= Tw .Gallons per minute <
Where \ f) i
," " T=3,900 {1 - a) 1.88
N d )
. d a‘Diame@er of sewer, in ft. "o
a = d minug, water depth; in ft. \\>
W= 248 ‘

> Va]ues for T and W may.be obtained from Tables 1. An air bubbler

“ﬁor a water 1eve] recorder may be used for the cont1nuous measurement of the

a

-

watér surface e]evat1on;, ) v

-

¢ o‘ , . .! . " . ‘!‘ . w
. ’ r .




0.10
0.11
0.12
-0.13
0.14

L, 0is

0.16
0.17
0.18
0.19

0.20
0.21
0.22
0.23
0.24

0.26
0.27
0.28

‘029

0.30
/ O...
" 032
0.33
0.34

025 °

TABLE 1

/ ‘ ) '.
¢

VALUES OF T FOR CALIFORNIA PIPE FLO\_I\; FORMULA (4)

L)
T = 3900 (1 -g) 1.88
a ‘ ' "2
T . T . T ' d
? ) {
% . .
3900 035 1740 Jo10 .
3830 . 036 1690 0.71
3760 037 1640 - 0.72
3690 " 038 1590 0.73
3610 0.39 1540 0.74
3540 0.40 149 0.75
3470 0.41 1;38 0.76
3400 - 0.42 1400 0.77",
3330 - 043 1350 .- 0.78
- 3260 : 0.44' 1310 b.79
3200 045 1270 0.80
3130 0.46 . 1230 081, ~
3070 ° 0.47 1180 0.82
3000 048 ' 1140 083
2930 049 1100 0.84
. 2870 0.50 © ' 1060 0.85
2810 : 051 1020 0.86
2750 052 - 930 0.87 W
2690 053 - 915 0.88
2630 0.54 905 0.89
2570 0.55 870 - 090
2510 | 0.56 830 w091
2450 . 057 800 092
2390 058 . . 760 —093
2330 ° 0.59 . - 730 094
2270 ﬁ 0.60 700 095 .,
2210 0.61 660 ' - _ 096 °
2160 - . 062 - . 630 097
2100 063 600 : 098
2050 0.64 570 0.99
1990 0.65 540
1940 0.66 510
1890 0.67 480 )
1840 0.68 460 . -
1790 ‘ 0.69: 430 '
é‘ .
’ K M
- Y T |

e}

+

410"
380
360
330 -
310 -

290
270
250 .
230
210

100.
170
160
140
125

" 110 -

T 97
85
73 5
61




TABLE 2

VALUES OF W FOR CALIFORNIA PIPE FLOW FORMULA (4)

5

:#"Pipe Diame ter -

f\/ Inches

d 3o

W = g2.48

\

feet

T25
033,
. 050
0.67
0.83

1.00
1.17
125
133 7
1.50

167

1.75 .
1.83
200

f 235
.

2.50
275
3.00

48

>

' 0032

d.06a
0.179
0370
0630

1.00
148
1.74
203

273

357"
4.01
448

558 .

747

9.70
12.29
1525°

hd3
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inclined pipes should be connected to
a horizonkal length of pipe by hoss.
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'/ *  CALIFORNIA PIPE FLOW METHOD .

Figure 12
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Summary R X : 4 . .
Flow measurement in opgn channels is not ‘a difficult t@é},to
undertake. The equipmeiit is easy to build, install and operate. Figure 13.
By knowing thé flow to the plant operation will be a lot more comprehensive..
Most of the flow.measuring devices used in open channels detect the changess
in level of the depth of water by the devices'Whexe\yisuél observation is.
done. -Staff gauge, hook gauge or floats or electronic ultrasonic, or
. . O . g
pneumatic air bubbler that record the flow rate and tgtal flow automatically.
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Baffle to quiet the flow

Ca]ibrated.staff gauge

Weir Plate

Weir Stilling Box
Figure 13

\ /

1]




‘Flow in Pressure Condn}ts

Flow in pressure conduits is also known as full flow. The dev%ce;

used in determining the flow rate depend upon the flow velocity througn the

o

pipe. . : ..
Depending on the type of liquid, solid content of liquid, the )
temperature, the liquid, the type of flow measurement device i§ pséd. The

most typical flow meters are:

1. Venturi Meter - Figure 14. This device is a pipe segment con§ﬁsting of °

a converging section, a throat, and a drverg1ng section. In the/yentur1

tube, a part Of;:::/j;at1c head is transferred into velocjty head. - "

Therefore, the ic head in the throat of the tube is {Sjs than the
static head in the channel. This difference in head is directly re]nted
to the }]ow. The principle that thg venturi meter operates is the
conti::::z/;héory. This theory states that a volume of liquid enterin§

. = . v
the piyge at one end per unit time, must leave the other end in the same

time. If the principie did not apply thenf less liquid leaves ‘the
\v\/

pipe than enters 1t; the volume wil q u&ﬁand the p1pe wi]] bursx
+ If more liquid leaves the pipe than en‘ers it, the pipe w1]] eventua]]y

o«

empty.

Assum1ng that two. different diametered pipes are connected then -
* from the cont1nurty pr1nc1p]e: \\
’Ql..z Qz i

Whére Q is the volume entering the pipe

Substitutind for Q

=AWV

~

N\
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And
. 7 02 = A2 v2 ) - ‘ N , 8 . . - N . N
. : g ! «
Therefore S
A1 V=AY k)]
. 2 2 . , §& e

In a venturi meter since the cross sectional area of the pipes are
different(converging section angvthroat) then to make the above equat1on

equa] the velocitjes will be d1fferenb &y increasing the ve]oc1t1es

. the pressure exerﬁed will decrease. By decreaslng the velocity the

-—

“Pressure wil] inérease.*

Example:
diameter.

Two pipes, one 4 inches in diameter and the second 6 inches if

The velocity in the 4 inch pipe is 8 ft/sec. Calculate the

velocity in the 6 inch pipe. T )

3 -

- Solution

M %=hA o - ' ‘ _ )

.785>g4x4x8-4.785_6_6 Y :

12 x 12 12 12 : "

- l y oy ' ,
Vo = 3.57 ft/sec. .\ .

»

The venturi meter also utilizes BernoufTﬁ s theory. which states that
at any point in -a liquid system, the sum of

“ <oy .
¥ o . o
1, Pressure head _ ‘ ! %ggg“
- KaliPd g .';( “'u
, PR :
<2. Ve]ocity head o - - e
. . L e, :
+ 3. Potential head 0 o
b

But through exper1mentat1on it was also determined that between two points
{

in a ]1qu1d system these three sums weré not equal the d1fference was
due to friction. In a venturi meter the head loss due to friction is
minimal, that in many calgulations it is ignored. ‘

/ 55 i ‘ | ;QI.‘ ’




v

]

P
W

Height of liquid in feet

Ve'locity in ft/sec.

Gravitatioha'l fuel (32 ft/sec_.z)

1

‘ [
Pressure in psi L

/?

specific weight of liquid in 1bs/ft3

T

"

(4 .
- v * Page 54 of 78 N
—_ ¢ . %
Ber:nou'l'h"s formula is:
hy +~vi% + P1= by + w2 + Pz - 3
29 W . 29 W ... , S ..
N @ " > '
Where
h = ‘ ’ ne

h1 and hy are equa'l since the venturi mete)shou]d be used on’a horizontal

plane. ~ . "

Bernoulli's- formu]a becomes

A

3

2 = v+ P
V1 *.Ex. 2+ P2
79 W\ 29, W l
vl ovi2=p - Py x2g. * '

4 L2 . B
Since ’ ) .‘ . - &
Q:KIAXV . . - o , L 7 .

. " ' t‘ ¢
Then .
Q. ALx Ag ;72 PT = Pa) ‘ - - .
JAE - RE W :

Since the croés-sectiona'l ’areas of a neter does not"'change/ﬁut the

pressures ghange due to change in velocity- then a constant can bé

, obtamed for: ~

‘
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K=h xhy /25 Where: ’
he - Ry M ' " - Aj Cross-sectional area of
. o ) converging area
SO P H ' ) ) ¢ )
- Ao Cross-sectional area of T %
Q=Kx /Py - Py . throat ] R |
- .. . <y v
: : Q = Flow rate in cubic feet/sec. ° ] ¢

'Examgle: A venturi meter has an input diameter of 6 inches and a small
diameter of 3 inches. The input pressure (P1) is 9 psi and the throat
Pressure of 5 psi. Calculate.the flow rate.

2

Solution d

. Solve for K using the formula:

= . e >
K= A x Ao X /%9_
IRZ = Ry?

AL = .785 x (6 )2 “ a
'é_l_)Z ) - .

= .196 t2 ' Co N

, Ay = .785 x $_3_%2
: ] 7)<

- = .049 ft2

.

Ay x A = 195 t2 x .049 ft2 | S -
| = .01 fté L
. © /W% - A2 = /(.196 ft2)2 - \(.049 ft2)2  *
= /.036 ftd ' \ - -

, - = 189 ft2.

\\ :
Apx B - =0.1fth :
,K—i“z.—,\zz 189 ft2 = 0.53 ft?

-
<

. )
‘ 4 - . N .
- . N i -
. - LN 57 . ‘o . — .
. . . .
.
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Example 2

. ‘Using the same venturi meter .converging area 6" and throat 3", calculate -

Solution 1

1887 7% 32 ft/secl - .
62.4 1bs/ft3 ., : T J

/T.086 Tt4/sec?
1.023 ft2/sec.
K= 0.53 ft2 x 1.023 ft?/sec. -’

K= 0.54 ft%/sec. .
or ‘ ’ . ' . . o
R = 6.48 ft3/sec/in. Chan?i’ifzﬁgl = Py)

Q=Kx /Pp - Py

N . . )

/Pi - P2 =/9-5 - . . :
-l L ’ I A

Al

M

2 inqh change

Q=6.48=ft3 x in. x 2-
Sec.

Q = 12:96 ft3/sec. y

*

the flow rate if: - )

L)
~

1. Pl = 11 psi -
=5 psi

N

o o

Ll n
1] il

8 psi

o
[aV]
It

3 psi

Q»"'"K X /pl - PE ;
=6.48 x /TT -5 -
6.48 x 2.45

15.87 f19/sec. . 58
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Solution 2 *
‘ Q= K’/pa‘t‘?é"
6.48 /8- 3 °
- 14.49-ft3/sec.
This pressure diffegential is-detected by a translator which inlturn‘is
recorded to a recording chart. "

Venturi meters are frequent]y e oyed where high pressure recovery
is essential or where large amounts of solids in the flow stream uou]d
tend to cullect 1n fropt of an orifice plate.

.qThe meter.must be 1nsta]1ed downstream from a section of stra1qht
and uniform pipe and the required length of stnajght section depends on
the'ratjo of throat diameter and nipe diameter andishqu]d be from 5 to
15 pibéwdiametens Manufacturers of venturi-metecs will routinely size
their meters for-a speC1f1c use It is important’ houever,-that the

e

meter be'1n§ta1]ed accord1ng to the1r 1nstruct1ons

The pr1nc1p1e of the venturi’ meter is applied to many di fferent

-dgvices in measuring the flow rate.

a. Flow Nozzle - Or flow tube. F1gure 15. This device is used witn

| s11ght]y moderate amounts of suspended solids. There are different_
types of nozzles that manufacturers provide spec1f1cat1ons, equafions,
and capacity taE}es.or charts.
Orifice Meter - An orifice meter (Figure 16) ts a re]atiye]y
inexpensiVev easy to install and reliable f]ow ‘measuring device.
The thin p]ate orifice being most zommonIy used BasicaT]i, an
orifice is an obstacle placed in the path of the flow 1n a p1pe.u

59
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{
The orifice is quite useful with variations in f]ow accommodated .
by varying the throat width. The main disadvantage to the or1f1ces
is the large head +PSS that occurs across the ‘section.

Two magnet1c f]ouﬁmeters - Several types of magnetic meters (Figure 15)

that can be used successfu]]y in p]aces where other types of meters would
become c]ogged by solids. The magnetic flow. meter operates according to
Faraday's law of %nduction‘ THE VOLTAGE INDUCEb BY A CONDUCTOR MOVING
AT RIGHT ANGLES THROUGH A MAGNETIC FIELD NILL BE PROPORTIONAL ,TO.THE
VELOCITY OF THE CONDUCTOR THROUGH THE FIELD. In the magnet1c flow meter,
the process liquid is the conductor, and a set of e]ectrofmagnetiC'coi]s
in the flow meter oroduces the field. The induced voltage is draun-off,
through'the flow meter electrode-whtch are in contact wdth the liquid,
and then transmitted to a-converter foresignal conditioging._ In asgjven
meter, the induced voltage is a function only of 1tqu1d vélocity, and

is not affected by temperature, viscosity, turbulence,'orzéonductivity
(above°a minimum threshﬁo]d S%-s micro-ohm).
values of 0'- 17to 5 micro ohms, a special signal converter is needeei, .
when the pipe diameter and measuring the average velocity are known, ‘
Q=AxV.
can be used in pipes withf”diameter as small as 0 1 inch.

the flow rate can be determined.. The magnetfc flow meter

The accuracy. of the meter increases with increases in velocity,

a one percent accuracy being obtainable for flow velocities from 3 to

~ 30 ft, per second ' The’mabnetie f]ou'meter'does not result in head ]oss;
the pressure ]oss 1s no greater than for flow through an equ1va]ent

. .
. -
, .
.

]ength of stra1ght pipe

2

62
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3. Rotameter - . ‘Rotameters are ‘tapered tubes in which the fluid

~f'lofis' vertically upward’ A meta} float in the tube comes to equilibrium
at a point where the auxiiiary flow js such” that the vélocity increase
has produced the necessary pressure differengg. Rotameters are simple,
inexpensive and accurate devices for measuring relativeiy small rates

I of flow of clear, clean liquids. For this reason.they areﬁ!g;en used to

measure the water rates. ; L . e

' 3

4. “Pitot Tube - The p{tot tube (Figure 18) operates upon the principle that

the velocity of the flow is lculated from,the- difference in head *
. measyred- on the manpmeter The pressure in the left tube measures .the

static pressure in the pipe and the right tube-measures-the stagnation

- pressure, or the pressure whére the velocity is zero. Conmercially

available pitot tubes cons1st of a conbdned piezometer and total head
, meter. Pitot :3be measurements should be made in_ a straight section :
upstream free ofgvalves, tees, elbows, and other fittings with;a
minimum distance of 15 to 50 times the pipe diameter when a straight
section is not possible; a velocity profile should bf determined

i experimentally. Pitot tubes are not practical for use with lfouids with
" large amounts of suspended $olids because of’the possibi]ity of plugging
In large pipes, the pitot tube is one of the mos t etonomicai means of
measurtng flows.

L

5. Ultrasonic - A typical sonic flow meter comsists of:

a. Flow tube "
Al . .
- b, Two transducer assemblies
c. A transmitter with a cable to .each transducer o -
d. Flow totalizer or recorders. ,L_Js . ‘

64
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The operating principle of the ultrasonic flow meter (Figure~19) operates
¢ 8.
on ultrasonic’ puTses traverses the lTiquid. tb be meteredlat a. 45 .degree

,
angle to the d1rect1on of flow. Tha speed of sound from A to B g

represents the 1nherent speed oﬁifound of the ]1qu1d plus a contribut1on 1
%
due to the f¥Prate.

A representd the’inherent speed of sound of the ]1qu1d?m1nus th?§t§§§%

} contribuzion due to flow rate.
,
e1ectron1ca11y subtracted from the A to B determination thé speeﬂ\qi . 1

The v1rtua]]y simu) taneous measurement from B.to.
When the B to A'deserminatioh is

The d1fference is

sound 1nherent to the ]1qu19ﬂit§e]f cancels out.

proport1ona1 te_thelf]

oW rate a]ghe, independent of the spec1f1c ]1qu1d

S

“r

L

R being metered‘ \ & ~.
X_SUMMARY . ” (
P : ‘v —_ e
@ Flow measuremient inpipes flowing full are not difficu]t to ingta)]
and~operate Different f]ow rates and solids,concentration dictate the typo,

«

* size of f]ow meter,

Flow meters that are used in pipes flowing full depend

~—

upon the inverse relationship of vetocity and pressune. 4

1

Higher velocity = Lower pressure

) 4 .
:;2/mentioned in hisfhodule of
n either the rise in 1ev61 of watet

'y of water going thh0ugh a specific e}ea.

There are many types and makes

€i7~\\\£:ow meters. g}he basis for most operate

hind an obstructfsh or the velo

{
L 4 4
- . e
A .
PN 4
4 ) i
68 » » 4%)
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Preventige Maintenance - O v
. F]ow meters like any apparatus need constant ma1ntenance Although”
there are meters that need less attention than others -
- 1. Parshall flume - Parshall flumes a]thoudh are self=cleaning shou]d be
'cheohed ;or biological growths and chemical deposits. SﬁehTQrowth',
deposits can be removed using a brush and -water. 'Stt]]ing wells co11ect
. solids which should be reeved. ' Floats ‘should be cleaned. . ~
'> 2. we1rs - Weirs tend to allow so11ds to deoos1t behind them. These depos1ts
will change the height of the weir from the bottom of the_channel to the
crest. " Weirs shou]d be kept clean. F1bers, stringv mater1a1s and

.

J
1araer part1c1es tend to cling to the 2f£5t In‘water with high

X

suspended solids concentrations, considerable sedimentation in the

channel of'approach will %ake place. Sediments influence measurements f
and make'representative samp]ing,more“difficblt The comnection of the
weir to.the channel should be waterproof. . Therefore the joint between the
\\ weir plate and channel should be packed with a chemica11y.1nert cegent“

_ or asphalt.type roofing conpoggd.‘ Gredse qompounds:shob]d not be used,
Cif oi]°poncehtrations are to be measured. B .
Weirs should be kept level and to insure a uniform depth of flow.

3. Leve] sensing deV1ces such as: .

P2

a. Staff galiges need c]ean1nc B1o?691ca1 growths and chemical depos1ts~
‘should be remqted from the surface of the. gauge Do NOT scrub too
R hard ‘the surface’ of the gauae It could cause the removal of the
numbers.-- The surface of the gauge should be checked for rusting and

x

pittina. ’ {. S S
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Qx

' " be checked for’ any water 1ns1de the f]oat The wire attaching the

) broken wire strands In ma1nta1n1ng the recorder the manufacturers

frdm the water " By bending the*comoonent the accuracy of the gauge

use and p]ace in a protected area. . . /47-)3
2
Air bubb]er - The ma+ntenance necessary to prov1de the prooer y
, funct1on1nq oF this s system 1s tJ '?ﬂ-' 'i S ) B D
S v""n:
1. Make sure that b1o]og1ca1 _growths and chemica] deposits are . ‘' - <

. 3. "The st1111pg we]] shog]d be c]eaned of so]1ds that have 5

4, Fo]]ow manufacturers ouide11nes in ma1ntain1ng spec1fuc parts of
. <¢

N

N
F]oat gauge - F]oat gauge funct1ons in a stilling well. The we]]
shou]d be c]eaned of so]1d3 that have settled in the well. The float
should be checked for gust qu pitting. If any pa1nt1ng has to be done

’11ght coat of rust 1nh1b1t1ng pa1nt is preferred The float should )
float pulley and counter we1qht shou]d be checked for loose and

dlrectiohs shou]d be followed. The recorder that conta1ns’§nvfhh pen

o

should be checked for 1nk 1eve1 L R
Hook gauge - The component of the aauge that 1s p]aced be]ow the

water surface should not be m1shand1ed that is used to retr1eve obJect

1s reduced. -- Check the gauge for ease of movement vert1qa]¥ “Avoid*
» ‘4

hard scrubb1ng when c]ean1ng the gauge A]ways c]eap the unit after, 7

removed from the’ out]et of the air tube .

2. The air is supplied from 3 cy]1nder to make Eure/that air is m.7

suff1c1en¢ quantity and pressure L '_ . ”‘

. t e . Py
accumu}ated N "i o . P e
« - " > . . ¥ > .

L

. the zn1t . A

. - .
-
¢ 70) . P . /
< v t
. P
. . . .
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. . .
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1. . meters, u]trason1c ve]oc1tv sensing and or1f1ce meters need very. ]1tt]e

| fayg,*

Page™68 of 78
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& . evecEm—S
.

5. Check for signs of deterjérationksuch as rusting’and pitting.

e. 'Instream Transmitter - Since these units depend upon a:scow float
in the flow stream, rags and floating material cling to the floats -

and will change the accuracy of the floating mechanism.  Such

material should be removed. )Keep thesunit c]éan.and gheck any

[4
components for wear, Espec1a]]v swivel Jo1nts

‘f. Ultrasonic - This dev1ce needs very ]1tt]e ma1ntenance Check the

power input and output of the e]ectron1cs of the un1t Check for

corroded term1na]s and contacts.

B

T4, D1scharqe froth a p1pe

S

If one is measur1nq the free d1scharoe from a,

pipe the-outlet shou]d be-kept clean. The c1rcumference of the- ‘pipe

_should be smooth and void of jagged edges.

'9;' Units'that operate best full flow. such as venturi meters, magnetic flow.

' ‘ prevéntat1ve mafntenance Manufacturers maintenance gu1de]1nes should be

- :' fo]fowed Somet1mgs pressure taps get filled W1th solids wh1ch have to ’

be removed ,Agaln fo]]ow manufacturers gu1de]1nes 1n?c]ean1ng the taps

-~

6. ,iotameter§*anm p}tot tubes shou]d not be used for f]ows with.so]1d ‘.
'-contentf They should be checked occas*tona'l'ly fof‘ 5019d buﬂdup e

(4
-

™~

o

|
\
|
|
\
\
i
A]] f]ow meter1ng dev1ces be they the pr1mary‘un1t that i f]umes, '

u]ﬁrasonncs, ventur1 megers, maqnet1c flow meters and secondary devices<

L

such as staff gauges, f]oazji/}ecorders and power sources shou]d be checked &

for aceuraqy at-1ns;a!7at1 n and durrnq use. Reca]1brat1on may be necessary ?

X - . L .
on oc cas1on " . A N g

”

N

. ‘a a1 o H !
Afg /&77operat1ng %low meastrement, devices safe]y is an i rtant steo in an
. 5

e furn oL

, {71 ' Sk ,

. 5
."\

A ’ ca v T 14 h "',- '

T~ o - 2
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Jimportant step in an operator's duties:

While maintaining the unit all

power. sources Should be turned off to the meter or recorder. .

-
’

If the input {s placed in a confined area with poor venti]ation

i.e _@anho]es, then proper safetv precaut1ons in work1ng in manholes should be
<

2
taken such~as veﬁt1]at1on, checking of gases (HZS and metﬁane) in drop sewer

While cleaning f]umes and weirs 1nd1v1duals should make sure that

manholes <

safe work1no conditions” shou]d be practiced such as solid footing, improper .

. leaning into the channe?, not ﬁs1ng safety harness, 1mpioper use of too]s.

R

. " Safety practices shou]d be an’ 1mportant Cart-of the operators duties

Y

~

"Problems Related to Flow Measurement

e

LA %

~

¢

'1. A sewer ]1ne de]1vers a flow of wastewater 'to a wet we]]

The we]] has

. a dimension of a rad1us of 12 ft.

The, he1ght of watqr in therwe]] rises

4 ft. in 35 sec0nds.' Calculate the .flow rate of the wastewater. Ans. in

GPM.

L

o

oo, » '

L]

2. Ca]cu)ate the pumping rate from a well containing 6000\ gallons if the time

needed to pump the gallons is 150 seconds.

+

.
©
.
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L

>

4,

5.

d

6.

7.

- -

—
! ¢

A clear well 30 ft. X 12 ft. x 8 ft. gets filled to the 3 ft. level in -

2 hrs. 10 seconds. Calculate.the flow rate-into the well.

o™

€
v

> -

@

What size,pgrshe1]‘f]ume‘wou]d be used to provide’a recording 100 GPM up
. . L . N

to 3000 GPM. : (

R

2
\

Ca]cu]ate the flow rate through a 4" parshall flume if the he1ght of the

water in the converging sect1on is 3 inches.

.

A

: o '\\
Determine the approx1mate flow rate throuqh a rectangu]ar weir, 30 ft.

&

3

we1r~]enath and’ a head of 5 inches.- Use the namograph and check the

¢

answer using the formula for a rectangu]ar weir

&

4 +

. .

Determine the f]ow rates if a 90° we1r plate is used, and a head of '

7 1nches is deve]oped

&
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8. A venturi meter with a §" converging area and 2" ihroat develops a

’ , " pressure differential of 16 p%j. Calculate the flow rate.

-
.

3 . -

9. Using the formula for a c1po1ett1 weir w1th ab foot 1ength and a head
-~ 1

- of 1 foot, ca]cu]ate the flow rate ¢ . -

L]

R T
. h ‘A
. ’ ’

10. -A.venturi meter with a\9" diameter in the area-converging and 6" throat.

.. ' The difference in pressure at recording times are: ¢
8:00 . 6 psi
9:00 8B psi
- '10:00° . 10 psi }
12:00 12 psi .
100 - 13 psi - -
) 2:00 - 11 psi _
te . . s : . -
" Calculate the average flow rate between.8:00 to 2:00. -
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| Module No- Module Title:

v Flow Measurement A
’ Submodule. Title: . s
te” Approx.* Time: . ‘ .
1 hour EVALUATION  ~ . ' ’ :
Objectives: : . . )
< ’ ’ ~

" The 1earrner wﬂ] demonstrate the ab1'htv to determme correct’lv the

operation, and maintenance of f'low measuri nﬁ de\nces

. /“\‘
Circle the best aﬁnswer. , i )C

3 v ’ £
5

e| 1. Fﬁsw.measurement is
a. Awaste of time

f > N
b. Done because you °are~-to'ld to do so by the government

c. Important to provide operatmg control of treatment plants

‘ v
d. None of the above . b ) \ - ‘ %
2. Mdst»ﬂew medsuring 'devicels’depend upon ’ - '
a. Measurelment of velocity . . -
“ b: Measurement of depth of-liquid behi\nd an \obstruct’ion
c. A1l of the above ‘
‘.A " d. None of the above ° ' o - Ty

3. A 10" pipe flowing full has a flow velocity of 3.8 ft/sec. Calculate the flow"
. ?

T
rate -d(e?ivered by the pipe. ¢ .
a. 1.3 GPS R . . . ) ) .
" b, 2f1.3¢eeD | - ) L
) c. 52.0 GPS TR - R
- Y' ' e . . ¢ (\,‘: .
¢ | 7d. 15.5 &PS I
\ ) P . . ' y 9
¥ 75 . *
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A

-~ 7.

A volume of 1400 gallons is pumped at a rate of 20 GPS..

%
. b

number of seconds needed to pump the 1400 gallons.

-

]

Calculate the

d. A1l of the above .

. &

a. 1.17 seconds ¢ -

b. 466.7 seconds .

c.” 28000 seconds '

d. 70 seconds o )
A venturi meter detects @
a. Ve]oc1ty change between the conVerg1nq section and throat ,

0 - L 1Y

b. The pressure change between the converg1ng sections and throat

C. The height of the water in the converging area

s

d. The height of the water in the throat ,

. / a

To measure the flow rate through a parshall flume ‘ )
4 .

a: .The height.of water in the converging area is measured -

Oow

b.n The height of the water in the d1schar9e area is measured

. The_velocity of the water in the throat is measured

/
d. The use of spec1af/and complex equipment is needed
To measure the flow rate using a weir is to

a. Measure the height of the crest of the uater

‘b.' Measure the height of the water behind thé weir plate

c. Measure the Ve10c1tv//n _the weir boxy: " B
. g :

The position of the weir need not’ be 1eVe1 because the water surfaCe is-

8.
f]at é. Trug b. False . " ‘ s
‘9, Ident1fy the type -of we1r \ T, ‘ -
JRect ngu]ar a b‘ c f' . ) .. . ‘
' Cipolletti = a b ¢ i ’ . |
Triangular a b ¢, . .

N : | 6 -, -
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r{l'>{

10.

11.

: --b. ' False S ; ’ 1
1.

*

a *f\\f '. b L c
Magnetic meters are used to dete;mine the flow in open channels.

a. True

b. False : o , ¢

A float gauge should be p]qced \ '

a. The stream of the converé%ng area df a flume

b._ In'a stilling.well of a flume ° _ _ ' R

~ ~

c. In'a §ti]]ing well of flume on .the discharge side

4. A1l of the above

:,’ »’;.
Float gaugediare ‘connected to a.counter weight so as

-’

To provide tension tg the cab]e~connected to the float

b. Allow ?he float to f]éat on the surface of the hatef '

c. To cause the pulley to rotate prqpeé]y R

R 4

d. A1 of the above - o

A1 ubb]er system records the res‘stances caused by the height of the

a. Trse

. . ‘ /
In placing, removing or maintaining a flow meter in a manhole the operator

’
-

should

a. Check for dahgerou§¥gase

b: Check for oxygen deficiency -

77
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'118.

" . - . 7
¢c. Ventilate for 5 --10 minutes

g/ AH of the above ‘ <

15. M—1ntenance of flow meters is unnecessary becausg the flow rate scoures
‘ gfhe units ‘clean. . ax_ ) ’j} ‘
a. True ' ot
- b. False 5 ' .
16, Solids buildup in stilling wells does not effect the operat1on of the
float. o .
a. True ﬂ
b. False | ]
17. In flow charts and records a comnon operat1on and ma1ntenante mistake - |
fsto | b R
a. Forget to cffange chart N \ ' ’ L
!5. Forget to aed ink to the pen @
c. 'Add too much ;n ’
;. d. A1l of the above a
ater flows due tb the'fact that '

19.

Pitqt tubes are not used in wast
a. OR flows are not too fast

L
-

‘»

&y
-.ube openings

o

The soJ1ds bu1]d up at
c. ;%e gost-of the unit - -
d. A1 of thespove |
Using the fd?:i?j for a c1po]]et1 we1r with a 6 foot 1ength and a head
3.367 L*x.H3/2

,of 18 inches, ca]cu]ate the flow rate Q=

.




‘a o . N -
\ ‘e
“
.

a. 37.11 CFS

A%,

b. .26.47 CFS : ' A

c. - 1542.8 CFS

d. 276.76 CFS . .

AN \ .

20\ The weir head in a 90° weir is 0,375 feet. Determine the approximatéf

flow rate. Ans: shgde be + GPM of the time answer.

4

-

»

4
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o N \ - Page "- bf <J
) Module No: . — ~ ) )
‘ . EVALUATION ~ »
. . - -
| Instructor Notes: ] Instructor Outline: ,
. . P . :
A'nswe{'s::\, ’ ' Give evaluation questions '
T ¢ o » \ a
. C o / ] L N
) ¢« . - - 7
4 | aa : . :
" 4. d » 'S \A N . . —
X 4 ‘ : ) L
5. b ) ¥ . .
f
. //GT‘a .
~ . [ - :
7. b ¢ . : i
) 8. “b . S )
- e \ '\—‘ [
| kY J 2 *
. 9 c b. @ Y P L. . ]
J0. b T .o : >y .
1. b - . ’ (
- : R ~ '
12. d "~ " e ‘ ‘
_ . ) ) . ' . . . 0
13. a« . - )
- ~ R \
14. td l - . &\" C ,_/ (
15. b B . . .
T R . ya v S
16.. b : ,
. Ve e »
17., d \ * -
18. 8%, e
19. .a . |
20. 95 GPM . ) . ‘
A A 2 '
: E <y o ‘ .
M ~ . ’ a ‘:‘ ) i
~ e el - |
" . . ' < )
.~ ‘9 81 .3 vy, \)
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