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Water Quality Management

 Critical component of overall IWRM
 Water bodies serve many uses

– transport and assimilation of wastes
– assimilative capacities can be exceeded WRT intended uses

 Water quality management measures
– Standards

 minimum acceptable levels of ambient water quality
– Actions

 insure pollutant load does not exceed assimilative capacity while
maintaining quality standards

– Treatment
 not an option for irrigation water or maintaining natural aquatic

ecosystems (bathing, fish and other organisms)

Water Quality Management Process
 Identify Problem
 Identify Indicators and Target Values
 Assess Source(s)
 Determine Linkages Between Targets and Sources
 Allocate Loads
 Monitor and Evaluate
 Implement
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Water Uses

Dissolved oxygen, bacterial qualityDissolved oxygen, bacterial qualityShellfish harvestingShellfish harvesting

Sodium content, total dissolvedSodium content, total dissolved
solidssolids

Agricultural water supplyAgricultural water supply

Suspended and dissolvedSuspended and dissolved
constituentsconstituents

Industrial water supplyIndustrial water supply

Dissolved oxygen, chlorinatedDissolved oxygen, chlorinated
organic compoundsorganic compounds

Fish propagation and wildlifeFish propagation and wildlife

Turbidity, bacterial quality, toxicTurbidity, bacterial quality, toxic
compoundscompounds

Water contact recreationWater contact recreation

Turbidity, total dissolved solids,Turbidity, total dissolved solids,
healthhealth--relatedrelated inorganizinorganiz andand
organic compounds, microbialorganic compounds, microbial
qualityquality

Public Water SupplyPublic Water Supply

Typical quality parametersTypical quality parametersUseUse

Dissolved oxygen, bacterial qualityDissolved oxygen, bacterial qualityShellfish harvestingShellfish harvesting

Sodium content, total dissolvedSodium content, total dissolved
solidssolids

Agricultural water supplyAgricultural water supply

Suspended and dissolvedSuspended and dissolved
constituentsconstituents

Industrial water supplyIndustrial water supply

Dissolved oxygen, chlorinatedDissolved oxygen, chlorinated
organic compoundsorganic compounds

Fish propagation and wildlifeFish propagation and wildlife

Turbidity, bacterial quality, toxicTurbidity, bacterial quality, toxic
compoundscompounds

Water contact recreationWater contact recreation

Turbidity, total dissolved solids,Turbidity, total dissolved solids,
healthhealth--relatedrelated inorganizinorganiz andand
organic compounds, microbialorganic compounds, microbial
qualityquality

Public Water SupplyPublic Water Supply

Typical quality parametersTypical quality parametersUseUse

Irrigation Use

> 5000> 5000Little value forLittle value for
irrigationirrigation

3,0003,000--7,0007,0002,0002,000--5,0005,000No effect onNo effect on
tolerant cropstolerant crops

1,5001,500--7,0007,0001,0001,000--2,0002,000Adverse effectsAdverse effects
on most cropson most crops

750750 –– 1,5001,500500500 –– 10001000Adverse effect onAdverse effect on
sensitive cropssensitive crops

< 750< 750< 500< 500No adverseNo adverse
effectseffects

ElecElec CondCond..
((micromhosmicromhos/cm)/cm)

TDSTDS

(mg/L)(mg/L)

ClassificationClassification

> 5000> 5000Little value forLittle value for
irrigationirrigation

3,0003,000--7,0007,0002,0002,000--5,0005,000No effect onNo effect on
tolerant cropstolerant crops

1,5001,500--7,0007,0001,0001,000--2,0002,000Adverse effectsAdverse effects
on most cropson most crops

750750 –– 1,5001,500500500 –– 10001000Adverse effect onAdverse effect on
sensitive cropssensitive crops

< 750< 750< 500< 500No adverseNo adverse
effectseffects

ElecElec CondCond..
((micromhosmicromhos/cm)/cm)

TDSTDS

(mg/L)(mg/L)

ClassificationClassification

Total dissolved Solids
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Municipal Wastewater
After 2ndaryAfter 2ndaryBeforeBefore

0.30.3--1717

22--5050

1010--5050

00--66

1010--6060

55--3535

1515--100100

100100--450450

100100--400400

300300--800800

250250--800800

450450--12001200

100100--200200

RangeRange

3030

3030

2020

220220

530530

AverageAverage

44FecalFecal ColiformsColiforms

3030ColiformColiform ((mln/100 ml)mln/100 ml)

5050Phosphate (Phosphate (mg/L)mg/L)

22Nitrite+NitrateNitrite+Nitrate

2828Ammonia NAmmonia N

2020Organic NOrganic N

5050Nitrogen (Nitrogen (mg/L)mg/L)

180180BOD5 (BOD5 (mg/L)mg/L)

300300SuspendedSuspended

500500DisolvedDisolved

400400VolatileVolatile

800800Solids (Solids (mg/L)mg/L)

125125Daily flow (Gal/cap)Daily flow (Gal/cap)

AverageAverageVariableVariable

After 2ndaryAfter 2ndaryBeforeBefore

0.30.3--1717

22--5050

1010--5050

00--66

1010--6060

55--3535

1515--100100

100100--450450

100100--400400

300300--800800

250250--800800

450450--12001200

100100--200200

RangeRange

3030

3030

2020

220220

530530

AverageAverage

44FecalFecal ColiformsColiforms

3030ColiformColiform ((mln/100 ml)mln/100 ml)

5050Phosphate (Phosphate (mg/L)mg/L)

22Nitrite+NitrateNitrite+Nitrate

2828Ammonia NAmmonia N

2020Organic NOrganic N

5050Nitrogen (Nitrogen (mg/L)mg/L)

180180BOD5 (BOD5 (mg/L)mg/L)

300300SuspendedSuspended

500500DisolvedDisolved

400400VolatileVolatile

800800Solids (Solids (mg/L)mg/L)

125125Daily flow (Gal/cap)Daily flow (Gal/cap)

AverageAverageVariableVariable

Fish and Aquatic Life

< 70/ 100 ml< 70/ 100 mlColiformColiform

10%10%Change inChange in
SalinitySalinity

10105050TurbidityTurbidity

< 1.5< 1.5< 5< 5< 5< 5Incr. in T (Incr. in T (ooFF))

< 20 mg/L< 20 mg/L<20 mg/L<20 mg/LAlkalinityAlkalinity

6.76.7--8.58.566--9966--99pHpH

Marine andMarine and
EstuaryEstuary

Cold WaterCold Water
BiotaBiota

Warm WaterWarm Water
BiotaBiota

CharacteristicCharacteristic

< 70/ 100 ml< 70/ 100 mlColiformColiform

10%10%Change inChange in
SalinitySalinity

10105050TurbidityTurbidity

< 1.5< 1.5< 5< 5< 5< 5Incr. in T (Incr. in T (ooFF))

< 20 mg/L< 20 mg/L<20 mg/L<20 mg/LAlkalinityAlkalinity

6.76.7--8.58.566--9966--99pHpH

Marine andMarine and
EstuaryEstuary

Cold WaterCold Water
BiotaBiota

Warm WaterWarm Water
BiotaBiota

CharacteristicCharacteristic
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Models
 Advection + dispersion

 Where
C = concentration (M/L3)
V = Average velocity in reach (L/T)
D = Longitudinal dispersion (L2/T)

Steady-state Model
 Steady-state

– Where k = decay rate (1/T)

– Solution is

where
– W = loading (M/T) at x = 0

Steady-state w/o Dispersion
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Example1:
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 Wastewater containing
constituent C is being
discharged
at four sites
 maximum allowable

concentrations
of the constituent C are
specified at
each of those discharge sites
 estimate the necessary

reduction in
these discharges
 Divide the river into

reaches
 Each reach: constant A,

D, k, and v



Al Anbar University Water Resources Management & Economics Mr. Ahmed A. Al Hity
College of Engineering 4th Stage Lecture No: 9
Water Resources and Dams Dept. 2019-2020 Date: wed.29/04/2019
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&

6

 Find the waste removal efficiencies (x1, x2) that meet the stream quality standards at
sites 2 and 3 at minimum total cost. W1 and W2 are the amounts of pollutant prior to
treatment at sites 1 and 2.

 Without treatment, the concentration of pollutant, Pj mg/l, at sites j = 2 and 3 will
continue to exceed the maximum desired concentration Pjmax

 
xm

D

V

eTB

TBCR
Qm

W
C

)1(
2

1

121

1

1
1 )1(







   
 2

223111
2

Qm

QmTBCQmTFC
C




   
 3

33722233
3

)1(

Qm

QmTBCQmTFCRW
C






Al Anbar University Water Resources Management & Economics Mr. Ahmed A. Al Hity
College of Engineering 4th Stage Lecture No: 9
Water Resources and Dams Dept. 2019-2020 Date: wed.29/04/2019
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&

7

 Pj = pollutant concentration in the stream at site j
 Total mass per unit time of the pollutant (M/T) in the stream at site j will be its

concentration Pj (M/L3) times the streamflow Qj (L3/T)
 Each unit of pollutant mass at site 1 will decrease as it travels downstream to site 2.

Similarly each unit of pollutant mass at site 2 will decrease as it travels downstream to
site 3.

 The fraction a12 of mass at site 1 that reaches site 2 is assumed to be:

 Similarly for mass at site 2 traveling to site 3

Determine Transfer Coefficients

 To determine the transfer coefficients a12 and a23 requires concentration
measurements at sites 1, 2 and 3 during design streamflow conditions

 Concentrations must be measured just downstream of the site 1 discharge, just
upstream and downstream of the site 2 discharge , and at site 3

 Assume five pairs of sample pollutant concentration measurements have been taken in
the two stream reaches during design flow conditions

 assume that the design streamflow just downstream of site 1 and just upstream of site
2 are the same and equal to 12 m3/s

 SP1s = sample measurement s in the 1st reach (downstream of site 1)
 SP2s = sample measurement s in the 2nd reach (upstream of site 2)
 Es = error
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 If the absolute value signs can be removed, we will have an LP model
 Write each error term as the difference between two non-negative variables

 Objective function - minimize the sum of the positive and negative components of Es

GAMS Code for Example
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Scalar Q1 /12/;
Scalar Q2 /12/;

SETS s /1*5/;

Parameter SP1(s) /1 232, 2 256, 3 220, 4 192, 5 204/;
Parameter SP2(s) /1 55, 2 67, 3 53, 4 50, 5 51/;

POSITIVE VARIABLES
PE(s), NE(s);

VARIABLES
obj, a12;

EQUATIONS objective, error(s);
objective.. obj =E= SUM(s,( PE(s)+NE(s) ) );
error(s).. PE(s)-NE(s) =E= a12*SP1(s)*(Q1/Q2)-SP2(s);

MODEL Calibrate / ALL /;
SOLVE Calibrate USING LP MINIMIZING obj;

FILE res /Calibrate.txt/;
PUT res
PUT "obj = ", PUT obj.l,PUT /;
PUT "a12 = ", PUT a12.l,PUT /;
*

a12 = 0.25, a23 = 0.60, and
a12 a23 = a13 = 0.15
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Example2:
 Irrigation project

– 1800 acre-feet of water per year
– Crop A, needs 3 AF/acre, $300/acre, 400 acres max
– Crop B, needs 2 AF/acre, $500/acre, 600 acres max

 Decision variables
– xA = acres of Crop A to plant
– xB = acres of Crop B to plant
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3xA +2 xB < 1800

xB > 0

GAMS Code

POSITIVE VARIABLES
xA, xB;

VARIABLES
obj;

EQUATIONS objective, xAup, xBup, limit;

objective.. obj =E= 300*xA+500*xB;
xAup.. xA =L= 400.;
xBup.. xB =L= 600.;
limit.. 3*xA+2*xB =L= 1800;

MODEL Calibrate / ALL /;
SOLVE Calibrate USING LP MAXIMIZING obj;

Display xA.l, xA.m;
Display xB.l, xB.m;

(200,600)

Z=3600=300xA +500xB

Z=2000=300xA +500xB

Z=1000=300xA +500xB



Al Anbar University Water Resources Management & Economics Mr. Ahmed A. Al Hity
College of Engineering 4th Stage Lecture No: 9
Water Resources and Dams Dept. 2019-2020 Date: wed.29/04/2019
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&

14

GAMS Output

LOWER LEVEL UPPER MARGINAL

---- EQU objective . . . 1.000
---- EQU xAup -INF 200.000 400.000 .
---- EQU xBup -INF 600.000 600.000 300.000
---- EQU limit -INF 1800.000 1800.000 100.000

LOWER LEVEL UPPER MARGINAL

---- VAR xA . 200.000 +INF .
---- VAR xB . 600.000 +INF .
---- VAR obj -INF 3.6000E+5 +INF .

Marginals
 Marginal value, Dual price, Shadow price, Lagrange multiplier

– Marginal for a constraint = the change in the objective per unit increase in RHS
of that constraint.

– i.e., change xB
– Marginal for that equation is 300, so expect objective to increase to 360,300

New Solution
LOWER LEVEL UPPER MARGINAL

---- EQU objective . . . 1.000
---- EQU xAup -INF 199.333 400.000 .
---- EQU xBup -INF 601.000 601.000 300.000
---- EQU limit -INF 1800.000 1800.000 100.000

LOWER LEVEL UPPER MARGINAL

---- VAR xA . 199.333 +INF .
---- VAR xB . 601.000 +INF .
---- VAR obj -INF 3.6030E+5 +INF .

Note: Adding 1 unit to xB adds 300 to the objective, but constraint 3 says

and this constraint is “tight” (no slack) so it holds as an equality, therefore xA must decrease
by 1/3 unit for xB to increase by a unit.

600Bx 601Bx

180023  BA xx
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Example3: Assume that here are two sites along a stream, i = 1, 2, at which waste (BOD) is
discharged. Currently, without any wastewater treatment, the quality (DO), P2 and P3, at
sites 2 and 3 is less than the minimum desired, P

2

max and P
3

max, respectively. For each unit

of waste removed at site i upstream of site j, the quality improves by aij. How much
treatment is required at sites 1 and 2 that meets the standards at a minimum cost? Following
are the necessary data:

Ci = cost per unit of waste treatment at site i (both C1 and C2 are unknown but for the same
amount of treatment, whatever that amount, C1 > C2)

Wi = the amount of waste to be treated at sites 1 and 2

xi = decision variables, unknown waste removal fractions at sites 1 and 2
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Solution


