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Engineering Dimensions and Units 25

are that in the previous example the volome of water s added to the volume of
the beads. ¥ the plastic beads with a volume of 0.04 m? are placed into & 100-lirer
container and the container filied to the brim with water, the total voluwe {s

Va+ Va=1001

and the concentration of beads, Gy, is 4,800 mg/L. The concenrrarion of beads is
higher because the total volume is lower

Another measure of concentration is parts per sdifon {ppm). This ts numerically
equivalent to mg/l, if the fluid in question is water because oae mitliliter (mL) of
water weighs one gram {i.e., the densiry is 1.0 g/em?’). This fact is demonsteared by
the following conversion:

Tmg  0001g 080l 0.001g 1g

U T 1000 mL T 1000 m! ~ 1000 1,000,000 g
ar one gram in a million grams, or one ppm.
Sote material concentrations are most conveniently expressed as percentages,
usually {n terois of mas
My
Py e % 100 (2.2
A i (2.2}
where @y = percent of material A
My = mass of material A
Mp = mass of material B.

@4 can, of course, also be expressed as a ratio of volumes.

AE——
EXAMPLE
2.2 Probless A wastewater sludge has a solids concentration of 10,000 ppm. Express
this in percent solids {mass basis), assuming that the density of the solids is 1 gfem?.
Solution
. 1% 10% part 1.
10,000 ppi = o e L 0,04 0r 1%

I'%10 parts 100

This example illustrates a useful relationship:
10,008 mg/l. = 10,000 ppm (i density = 1) = 1% {by weight).

Many wastewaters are assumed to be dilute, so their density can be assumed to be
approximarely 1.

In air poflution control, concentrations are generally expressed pravimerrically
as tmass of pollutant per volume of air ar standard emperature and pressure, For
example, the national aic guality standard for sulfur dioxide is 0.05 pg/m® {fone mi-
crogram = 107 gram). Occasionally, air qualicy 18 expressed in ppm, and in this
case the cafeulations are in terms of volumefvolume, or one ppm = 1 volume of

26 Chopter 2 Engineering Caleulations

a pollutant per 1 % 10F volumes of ain Conversion from :Emw_?cm&zn c.ﬁ_i_ﬁ ta
volumefvolome (ppra) requires knowledge of the molecular weight of the gas. At
standaed condifions —0°C and 1 ammosphere of pressure —one mole of a gas oceu-
pies a volume of 22.4 L {from the ideal pas law). Cre mele s ﬁro.EEEE of gas in
grams numerically equal to its molecular weight. The conversion is, therefors,

1 m? pollutant moleculur weight (gimole)

y_ 1o pollutane moeounl WEED B w107 eale
pefm = 108 m? air X T34 % 10 md /mole ek

or siomplifying:

pgfm’ = (ppm % molecular weight » 10°)/22.4 ar0*C and 1 atmosphere.
1F the gas is ar 25°C at one ammosphere, as is common in air guality standards, the
ConvErsion is

regim’ = (ppm % molecular weight % 10%)/24.45 2t25°C and 1 uszcmm#ﬁwﬁwu

2.1.3 Flow Rate

[er engineering processes the flow rate can be either gravimetric _.:EV”&. flow rate or
volumetric (volume) flow rate. The former is in kgfs or lhw/s while .m._o latrer is
expressed as nfs or s, The mass and velumenic flow s are ot Eaﬁun:.%:m
quantities becanse the fnass (M) of material passing a point in 2 fow line during a
wnic Time is refated to the volume (V) of that makerial

ihiass] = [Density] = [Volumel.

Thus, a volumetric flow rate (Qv) can be converted to, a mass flow rate (O} by
mulplying by the density of che material:

Ot = Qvp {2.4}

where Q= mass fow rate
Gy = volume flow rare
p = density.
The syinbot O is almost universaliy used to denote flow rare. ]
“The relationship between mass flow of some component A, concentration of A,
and the total volume flow (A plus B) 5

O, = Ca % Qv (2.5

Note that Tauation 2.5 is not the same as Equation 2.4, which is applicable w only
one material or one component ina fow strearm. Equation 2.5 relates to tw'o %.\_‘.E.S;
quatetials or components in  flow, For exanmple, 2 mass fow rate of plastic balls
muoving alony and suspended in « stream is E@u%m.na.ﬁ kg of these ﬁm:m per second
passing some point, which is equal to aro,nc:nn::u.:c: {kg ballsim? total volume,
balls plus water) times the stream fow {m'/s of balls plus warer).
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required treatment efficiency, ere. Yet, the manager wants a preliminary estimate —
a smber —and quicklyt

In the face of such probiems the engineer has 1o draw on whatever informa-
ton might be available, For example, she might know that the popularion of the
comumunity to be served Is approximately 104,000, Next, she estimates, based on
experience, that the domesic wastewater flow might be abour 100 gallons per person
per day, thus requiring a plant of about 10 mpd capacity. With room for expansion,
industrial effluents, storm inflow and infiliradion of groundwater ineo the sewers, she
may estimate that & 15-mgd capacity may be adequate.

Neae, she evaluates the potential reeatment pecessary. Knowing that the available
warercourses For discharging the effluent are all small steeams that may dev up during
droughts, a high degree of weatment is required. She fgures that nutrient removal
will be needed, Such treatment plants, she is aware, cost about $3,000,000 per
million gallons of mfleent to constrnct. She calenlotes that the plant would cosy
about $45 million. Giving herself a cushion, she could respond by saying, “about
$50 million.”

This is exactly the type of information the manager seeks. He has no use for
anything more sccurate because he might be trying to decide wherher o ask for a
Lond fssue of around $100 nutlion or $200 million. There is time enough for more
exact caleulations fater.

2.2.1 Procedure for Caleulations with Approximations
Problens not requirtng exact solurions can be solved by
carefully defining the problem

inrroducing simplifying assumptions

calculating an answer

checking the answer, both systemarically and reafistic

B

Defining the Problem

The engineer in the previous case is asked for an estimate, not an exact figure. She
recognizes thar the use of this fgure would be for preliminary planning purposes,
and thes, valid approximations are adequate. She also recognizes that the manager
wants a dolfar figure answer, thus establishing the unies.

Simplifying

This step is pechaps the most exciting and chaflenging of the eatice process because
intuirion and judgment play ac important role. For example, the enginees has ro Arst
estimate the population served and then consider the average flow. What does she
ignore? Obviously, a great deal, such as daily transient flows, variability in living
standards, and seasoual variations. A thorough estimate of potential wastewater
flows requires a major study, She has to simplify her problem and chooss to consider
only an estimate of the population and an average per capita discharge.

3o

Chagter 2 Engineering Caleulations

Calendating

Tn the case of this probiem the caleubations ave strajghtforivard,

Checking

Mose impurtant is the process of checking, FThere are two kinds of checks: systemat
and realistic, In systemaric checking the unus ave frst checked to see (f they male
sense. For example,

patlons

1_ = [galion

prrsans |

[persons] x

miskes sense, wherias

fpersonst?

foms

5 Cil

its check out, the numbe be recafoulated to check for
it your units as you do your calealavions, making

is nonsense, 4 the
st e always to
¢his cheek as you go. )
Finally, o reality check 35 necessary. Possiliy no pracricing cnrghieer §
-cognize that they perforn reality checks day in and day out, bun such cheks
are central to good engineerivg, Cos siden, for example, i e englaeer liad made
. § chat & wastewafer treauuent plant of the type
pneeded by the community costs $3,000 per million g Hons of influeat. Hler calen-
fations would Bave checked, but her answer would have been $50,000 tnswead of
450 miflion. Such an answer should have wnmediately been considered fadicrous,
and a search for the error injtiated. Reality checks, when routinely perforined, w

O

save considerable pain and

2.2.2 Use of Significant Figures

Finally, note that significant fgures in the answar reflect the accuracy of the dara
and the assumptions. Consider how silly 40 would sound o say that the treatment
plant would cost about §35,028, 467,19, Many problems require answers to anly ene
at fignre or even to an order of magaitude. Nousignificant figures tend to
! lacions like mud on a boot and must be wiped off

s
acou
ar the end.’

Suppust you are

ilate in the course of ¢

ime the linear feet of fence posts needed for a
pasture and are be 87 poses with an average height of 46,30 ches.
You multiply and ger 333,673 fr. Now it is thne & serape the mud off since the must
accurate of your numbers has oady three significant fighres while your answer fras six
significant figires. 5o you report 336 feer. Or more Hkeby you say 340 fi, vecopnt
that it is better to crr slightly on the bigh side than to run ot of fence poses.

Significant figures are those that transfor nfuromstion based un che value of that
Jiwit. Zevos dhat merely Bold place are not sigaihcant Decause they can be eliminared

asked

!
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