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Table 1.2. Major freshwater quality issues at the global scale'

Issue | Water body
|Rivers |Lakes |Reservoirs |Groundwaters

|Pathogens | xxx | x| X’ | X
\Suspended solids | xx | na | X | na
\Decomposable organic matter® [ xxx | x | x| X
\Eutrophication* | x| oxx | oxxx | na
INitrate as a pollutant | x| | 0 | XXX
Salinisation | x| | x | XXX
Trace elements | x| x| x| XX°
|Organic micropollutants [ xxx | xx | x| xxd
\Acidification [ x| x| x| 0
IModification of hydrological regimes®| xx | x | | X

A full discussion of the sources and effects of each of these pollution issues is available
in the relevant chapters of Meybeck ef al., 1989
xxx Severe or global deterioration found
xx Important deterioration
x Occasional or regional deterioration
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Figure 3.1. The relative proportions of different forms of inorganic carbon in
relation to the pH of water under normal conditions
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Figure 3.4. Relative concentrations of the different forms of sulphide in relation to
the pH of pure freshwaters
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Table 2 LABORATORY DETERMINATIONS NEEDED TO EVALUATE COMMON IRRIGATION WATER QUALITY PROBLEMS

' Water parameter [ Symbol Unit! Usual range in irrigation water

'SALINITY -

Salt Content

'Electrical Conductivity EC, dS/m 0-3 dS/m

(or)

'Total Dissolved Solids TDS mg/I 0-2000 mg/I
Cations and Anions

Calcium ca” me/I 0-20 me/I

'Magnesium mg™ me/I 0-5 me/I

'Sodium Na* me/| 0-40 me/|
Carbonate CO7; me/| 0-.1 me/|

'Bicarbonate HCO;5 me/| 0-10 me/|

'Chloride cr me/| 0-30 me/|

'Sulphate S0, me/| 0-20 me/|
NUTRIENTS?

'Nitrate-Nitrogen NO;-N mg/I 0-10 mg/I

'Ammonium—Nitrogen NH4-N mg/I 0-5 mg/I

'Phosphate—Phosphorus PO,-P mg/I 0-2 mg/I
Potassium K mg/| 0-2 mg/|

' MISCELLANEOUS

'Boron B mg/I 0-2 mg/I
Acid/Basicity pH 1-14 6.0-8.5

Sodium Adsorption Ratio® SAR (me/I)l, 2 0-15
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Chart B: Turbidity Test Results
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(Note: If phosphate > 10.0, Q=2.0)

|Water Quality Index Legend|
| Range || Quality |
| 90-100 | Excellent |
| 7090 | Good |
| 50-70 || Medium |
| 2550 ||  Bad |
| 0-25 || Very bad |

Q-value

Q-Value

Chart 4: 5-Day Biochemical Oxygen Demand (BOD) Test Resulls
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(If Mitrates = 100.0, Q=1.0)

| Water Quality Factors and Weights |
| Factor ||Weight|
| Dissolved oxygen || 0.17 |
| Fecal coliform | o.16 |
| pH Lot |
|Biochemica1 oxygen demand” 0.11 |
| Temperature change || 0.10 |
| Total phosphate || 0.10 |
| Nitrates || 0.10 |
| Turbidity | 0.08 |
| Total solids || 0.07 |
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Figure 6.1 A. The relationship between stream orders and hydrological
characteristics using a hypothetical example for a stream of order 8: (1)
Watershed area (A); (2) Length of river stretch (L); (3) Number of tributaries (n); (4)
Slope (m m™); B. Stream order distribution within a watershed
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Figure 6.3 Comparison of daily discharge and daily rainfall for the Venoge river in
1986, measured at Ecublens-les Bois, Switzerland (see also Figures 6.28 and 6.29)
(After Zhang Li, 1988)
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Table C-2 Henry’s law coefficients for several gases that are slightly

soluble in water

H x 10~*, atm/mol Traction

T,°C  Air Co, CO H, H,$ CH, N, 0,
0 432 00728 352 579 00268 2.2 529 255
10 549 0104 442 536 00367 297 6.68 327
20 664 0142 536 683 00483 376 8.04 4.0
30 771 0.8 620 7.29 00609  4.49 9.24 475
40 370 0.233 696 751 00745 520 104 5.35
50 9.46  0.283 761 7.65 00884 577 113 5.88
60 10.1 0.341 821 765 0103 626 120 629
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FIGURE 20.7 Velocity (mps)

BOD Jlg; culi —Y-Y-A
BOD ¢lgl -l

cutS 0)93 >l olge (So5elsn i sl 5l 5,90 ¢3S :CBOD )

Gl 5 ol b olyo a7 (I1) (0T g dpilgus s axe Slgo (335" ST (el S 3590 ()3T Y

(e Jseg IS (6 5) 033 )lojl o3le S5 jon b (59,00 00 Lol JISI a5 9 :NBOD Y
Cuwl CBOD 4 NBOD gg0ro yul s codis (65550511 5L5 5590 oy edguis odlaitol (glonsyla;h oole gun )31 Lol
Gy de BEe) ol pb ISL Ll BOD a8
Clay 5 Jg )l Has adgl Clun b pb NS > (nitrifying bacteria) jlucl s (slags Sl a5
2l Gar leoslbil 49l Cluy 53 CBOD (6Sojlul (slyy L9 e <l (3L Jlade 4 48
WWigas o3l

CBODs = 39,0 (slaolsylojlb b, BODs = 59,0 (slaossylojl ooy (31,5 solo doyd YO p> cuis)

\A




! bt ple gl - 5o il Joo

mass balances for BOD and dissolved oxygen .

dt 4
Viar = kaVitkiVlos—o) p_ o ar T
dD
V— = k;VL — k,V
- dt ¢ P

If L = Loand D = Qatt = 0, then Egs. 21.1 and 21.5 can be solved for

L = Lye k!

i kfd—L(;Cd (e‘kdt " e—k,,t)

; BOD
L
(a) K _
L]\

(b)

FIGURE 21.1
How (a) closed and (b) open systems are affected by BOD decomposition.
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L, = 2mglL™?

o, = 7.5mgL!

Q. = 5.787 cms
= 20°C

=~

L, = 200 mg L'
o, = 2mg L1

100 km Q, = 0.463 cms
T, = 28°C

' Channel slope

. Side slope

. Bottom width, m

Roughness L, = 5mg L
o, = 9mglL™
Q; = 1.157 cms
T, = 15°C

' Channel slope 0.00018

: Side slope 2
: Bottom width, m 10
- Roughness 0.035
0 km
T
FIGURE 21.3

A strefch of stream with two point sources and changing hydrogeometric characteristics.
Solution: First, the concentration of carbonaceous BOD can be calculated for each
stretch. A CBOD mass balance is developed at KP 100,

Lo = 40,000(200) + 500,000(2)
N 540,000

which then decays downstream according to

= 16.667 mg L™!

_0.514+0.25
L = 16.667e 34819

At KP 80 (that is, 20 km downstream from the point source) the value of BOD will have
dropped to
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P, = maximum rate (gm 3 d!)
o = angular frequency [= 7/(fT,)]
t,- = time of sunrise (d)
t; = time of sunset (d)
f = fraction of day subject to sunlight (the photoperiod)
T, = daily period (= 1 d, 24 hr, etc., depending on the units of time)
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P
l t—
0 T,
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[, — 1t
f _ ST r 1
P, usually 2 day
bt
" 2
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Ty
P(t) dt
LY,
Ty " o average daily rate
T,
J " P(t)dt ,
P, 0 = Py—
fTy m average daylight rate
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where kg, = decomposition rate in the sediments (d ). At steady-state this balance
can be solved for

ksH,,
Ly = L )
2 koH ™ (25.5)
where H = layer thickness (m).
A similar balance for NBOD can be written as
dL

VZd_?n = QpolonksVwly — kyaValy (25.6)
where a,, = stoichiometric yield of nitrogen from the decomposition of settling

BOD
ron = oxygen demand to nitrogen ratio due to nitrification = 4.57 gBOD

gN~!

k,» = nitrification rate in the sediments (d~!)

Note that, according to the stoichiometric relationships from Eq. 23.21, the nitrogen
yield can be calculated as

ok 16(14)
"7 107(32)
At steady-state, Eq. 25.6 can be solved for

ksH,,

Ly, (25.8)
knaH>
where we have substituted and combined the values for a,, and r,,. Thus we see
that according to our simple model, the settling particulate CBOD carries an addi-
tional 30% of oxygen demand due to nitrification.

Finally the oxygen deficit balance can be written as
dD
vzd—: = kpaValy + knaValon — ShA; (25.9)

where A; = area of the sediment water interface (m?). At steady-state this balance
can be solved for

= 0.0654 gN gBOD ™! (25.7)

Ly, =03

Sg = 1.3k;H,L,, (25.10)
It can further be simplified by realizing that
Jo = lgHyly = vyLpy (25.11)

where Jc. = downward flux of organic carbon expressed as oxygen equivalents
(g0m=2d™h
vs = settling velocity of particulate organics (md™!)
L, = particulate BOD concentration in the water (mg L™ 1)
Substituting this relationship into Eq. 25.10 gives
Sp = 1.3Jc (25.12)

Consequently the model yields the rather simple result that the steady-state SOD
should be equal to about 130% of the downward flux of ultimate BOD. Table 25.2
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Factory Atmospheric

Inflow loading loading
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A mass balance for the well-
mixed lake from Example
3.1. The arrows represent
the major sources and sinks
of the pollutant. The mass-
transfer rates have also
been included along with
the percent of total mass
inflow accounted for by
each term.

Reaction
95.2kgd
{68%)

EXAMPLE 3.2. TRANSFER FUNCTION AND RESIDENCE TIMES. For the
lake in Example 3.1, determine the (@) inflow concentration, (b) transfer function, (c)
water residence time, and (d) pollutant residence time.

Solution: (a) The inflow concentration is computed as

W 140,000 s
Cin = E = 7500 = 18.67 mgL

(b) The transfer coefficient can now be determined as

Thus the removal processes act to create a lake concentration that is 32% of the inflow
concentration.
(¢) The residence time can be calculated as

(d) The pollutant residence time is

T, 50,000
O+ kV 7500 + 0.319(50,000)

Because of the addition of the decay term, the residence time of a pollutant is about
one-third the water residence time.

= 2.13d
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v is the apparent settling velocity (m yr 1)
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Loading plot derived from a phosphorus budget model (Eaq.
29.10 with v = 124 myr ).
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EXAMPLE 30.3. RELATIVE HUMIDITY, DEW POINT, AND AIR TEMPERA -
TURE. The atmosphere above a lake has an air temperature of 25°C, a relative humidity
of 60%, and the surface water temperature is 35°C. Use this information to determine
(@) the air vapor pressure and the dew-point temperature and (») whether evaporation or
condensation will occur.

Solution: (a) Equation 30.16 can be used to compute the saturation vapor pressure,

17.27025)
ear = 4.596€2373+25 = 23.84 mmHg

Therefore Eq. 30.15 can be used to determine the air vapor pressure,
~_ Rpe; _ 60(23.84)
€air = 100 - 100 = 14.3 mmHg

Then this value can be substituted into Eq. 30.17,

17211y
14.3 = 4.596237311;

which can be solved for
237.3
17.27 B
In(14.3/4.596)

(b) The saturation vapor pressure corresponding to the surface temperature of the water
can be computed as

Ty =

= 16.7°C
1

17.27(35)
e; = 4.596€2373+35 = 31.93 mmHg

Because e; > e, Dalton’s law indicates that heat (and water) will be lost from the lake
by evaporation.
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FIGURE 30.5
Daily totals of solar radiation for different latitudes as a
function of time of year (from Kreider 1982).
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FIGURE 30.6

Diurnal trends of clear-sky solar
radiation on a horizontal surface at
latitude 40°N on the summer solstice
(June 21), the winter solstice (Dec.
21), the vernal equinox (Mar. 21), and
the autumnal equinox (Sep. 21) (from

Kreider 1982).
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Ratio of reflected to incident solar
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Solar altitude (deg)

' radiation (albedo) as a function
of solar altitude. Both clear and
overcast sky conditions are shown

(Brown and Barnwell 1987).
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Reflection

where o = the Stefan-Boltzmann constant = 4.9 X 1073 J(m2d K*) ! or 11.7 X
1078 cal (cm? d K%)~!
Tyir = air temperature (°C)
A = a coefficient (0.5 to 0.7)
€, = air vapor pressure (mmHg)

R, = reflection coefficient(= 0.03)
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The recurrence interval is then defined as
T = — (14.14)

Probability paper can be used to pick off the 7Q10 as depicted in Fig. 14.4 and
described in the following example.

EXAMPLE 14.3. CALCULATION OF 7Q10. The following 7-d low flows were
compiled for a river:

1971 1.72 1976 423 1981 4.48 1986 5.39

1972 3.03 1977 4.11 1982 3,03 1987  3.00
1973 276 1978 192 1983 284 1988  2.50
1574 1.65 1979  2.14 1984  3.66 1989 2,47

1975 2.00 1980 1.48 1985 1.87 1990  3.07

Use this data to determine the 7Q1i0.

Solution: The data can be ordered and tabulated along with the cumulative probability
of occurrence and the recurrence interval:

Recurrence Recurrence
Rank Flew  Probahility interval Rank Flow Probability interval
1 1.48 4.76 21.00 11 2.84 52.38 1.91
2 1.65 9.52 10.50 12 3.00 57.14 L.75
3 1.72 14.29 7.00 i3 3.03 61.90 1.62
4 1.87 19.05 5.25 4 3.03 66.67 1.50
5 1.92 23.81 4.20 15 3.07 71.43 1.40
6 2.00 28.57 3.50 16 3.66 76.19 1.31
7 2.14 33.33 3.00 17 4.11 80.95 1.24
8 2.47 38.10 2.63 18 4.23 85.71 1.17
9 2.50 42.86 233 19 4.48 90.48 1.11
10 2.76 47.62 2.10 20 5.39 95.24 1.05

This data can be plotted on normal probability paper. As in Fig. 14.4 a value of
about 1.66 cms corresponds to the 7Q10.

6 ‘||j .
~ 4+ -’
-L: -
I
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1 ) FIGURE 14.4
. L | s i Frequency curve corres-
ponding to the 7-d minimum
1 W & 50_ LR " flow for the river from
Probability Example 14.3.
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