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INTRODUCTION

L

Model definition

V. Models might be specific objects (mathematics or
equations), systems, or concepts (thoughts) that replace
the Original (Claude Shannon, 1948).
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1. Model definition
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1. Model definition

V' Models are substitutes for natural systems for natural
systems (but only essential processes);
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A model is a tool for testing hypotheses and doing
guantitative research for decisionmaking;

It is also a critical legal tool for managing, protecting,
and resolving consequences.

Model definition

Background Load
* Naturally occurring from
wetlands, forests
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Waste Load Allocation
* Municipal Wastewater
* Industrial Wastewater

Load Allocation
* Runoff from the landscape
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Principles of
Modelling

U The best models are connected to reality;

U Every model may be expressed at different levels
of precision;

U Always requires simplification;
U No single model is sufficient;

8 8 R
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Mathematical models are used in quantitative analysis to make

decisions
1. Understanding 2)) 2. Establishing
task model
PP
® Read the text precisely and imagine the ® Look for the data you need. If
situation clearly necessary: make assumptions
® Make a sketch ® Look for mathematical relations

G e,
4. Explaining 3. Using ‘ /
result mathematics A“ '

® Round off and link the result to the

*vU iat d
task. If necessary, go back to 1 5¢ APPTOPTIALE Proceures

® Write down your mathematical result

® Write down vour final answer
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2. The necessity of model @

o To better understand the system we are developing
o To visualize a system;
o Provide a f rramewor k f gr data ag

0 Better understanding of éomg[gx Interactions (what
happened?);

0 Forecast scenarios (optimal choice - what's best?),

o Communicate information/visualize.
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T e

3. Purpose ofenvironmental modelling

A To identify processes dominating water quality issues and
magnitude of problems;

A To develop and evaluate management strategies; and
A To monitor compliance with water quality objectives.




4. Scale of model
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Space-scale area: large or small
Time-scale: short or long;

Validity of the model: The model has been pre-set with
the scale of space and time.

Do not apply outside of the above setting.




Co-funded by the
Erasmus+ Programme
of the European Union




Co-funded by the
Erasmus+ Programme
of the European Union




5.2. M'athematical
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modelling

Uses mathematical equations to describe a system

Mathematical modelling

f From: The little Prince

Numerical modelling

Models allow us to find

factors interact

From: The little Prince

structure in complex systems _
and to investigate how different

Often the traits that we
can measure are not the
most informative traits
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Precipitation

1 Transpiration
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l Deep drainage
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ne output of the Conceptual model is a flowchart or diagram

How the Drainage Basin
works as a System

Evaporation

Surface runoff
or overland

Percolation ,

Groundwater il bl iR G'°Uf’|‘:::'atef

Key EJINPUT -STORAGE @ FLOW -OUTPUT




Co-funded by the
Erasmus+ Programme
of the European Union

The output of the Conceptual model is a flowchart or diagram

Evapotranspiration Precipitation
- Interception Creerland flow

Infiliration

- U fmalu_mlud —D-| Interflow
sonl moisiure

Ground water
recharge

v

- Salurated " Rase Mow

ground water

'

Channel network
of streams

N

Schematic diagram of the Hydrologic Cyele (after Domenico & Schwartz. 1990)
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5.2.2. Numerical modelling

Numerical modelling is composed of variables and a mathematical
representation of the relationship between them.

Mass Balance: Input -~ Output = Change in Storage

Input (precipitation )

!

' Output

Storage (evapotranspiration

(soil, streamflow, ’
Surface waters groundwater outflow)

Groundwater)

» Water balance equation in its most fundamental form is given by
P-Q-E-AS=0

» Where, P=precipitation, E =evaporation, Q = runoff and AS =
change in storage
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5.2.2. Numerical modelling

900
0.408A(R, — 6) + Y 7573 tta (e, — €,)

A+y(1+0.34u,)

ETD —

Trong do
- ETo: bée hot chuin (mmy ‘ngay);
- R-n birc xa mat troi trén bé mat la ciy trong

(MJ/m*/ngay);
- G: mit do hap thu nhiét tmng dat (MJ/ m*/ngiy);
- T: nhiét dé binh quin ngay tai chiéu cao 2m tir mit dat
nohipeed [DC-]

- ua: toe do 210 tai chiéu cao 2m tir mat dit (m/'s);
- € dp suit hor nude bao hoa (kPa);

- €a ap sudt hoi nude thue té (kPa);
kh[ netng tho8ft hhi ne€ c _cAO¥j dik cith@p dulithBionudckiréR fbhg cong quan
hé nhiét do (kPa/ "C);

-y hiing s6 am (kPa/ °C).

tranggiration

CWR = Ete = ETo x ke (mm/thot doan)
Trong do:
- ETo: la luong boc hoi chuan va phu thu¢c hoan toan vao
cac yéu to khi tm:mg
- ke: 12 he s0 sinh ly cua cay trong tai thoi doan tinh
toan. Hé s6 nay phu thudc vao dic trung cdy trong
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5.2.2. Numerical modelling

Forcesus to formulate concrete ideas and assumptions in an
unambiguous way

Mathematics is a concise language
One equation says more than 1000 words

Mathematics is a universal language

Same mathematical techniques can be applied over a range of
scales

Mathematics is an old but still trendy language

The rich toolbox created by mathematicians over centuries Is
available at our disposal

Mathematicsis the language that computers understand best
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Mathematical Model
Area = length x width
A=Ixw

5km
<  J
- — Tién trinh Thone 1
Thong tin vao xit I théng tin 10ng tin ra
s: distance
t=slv =

V. speed
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5.2.2. Numerical modelling

"Feal World™
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Empirical >< Mechanistic
Deterministic >< Stochastic

Systems >< Molecular model
Static >< Dynamic

Linear >< Ndanear

Discrete >< Continuous

P

Classifying them into broad categories can tell you muc
about their purpose & scope and often require different
mathematical techniques
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Advection

Co-funded by the
Erasmus+ Programme
of the European Union

Water quality modelling

L —

L
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6. Environmental modelling

Water quality modelling
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6. Environmental modelling

Water quality modelling

L —
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modelling

Water quality modelling

L —

Dispersion
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6. Environmental modelling Oxygen

depletion
Copyright @ The McGraw-Hill Companies, Inc. Fermission required for reproduction or dispiay. In streams

(Jean Zone Decompesition Zome Septic Tane Recovery Zone Clean Zone

Troat. perch, bass; Carp: blackfly and Fesh absent; shudze Cape Hactfly sad Trout, perch. bass;
manvily, siomefly, and mudge larae worms; mdge ad nidx lavae may v, stonelly, and
caddidly larvae mosguino larva: coddedly larvae

W ocyzen demend |
b; . ... -— -
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Water quality modelling

Factors Affecting Amount of DO Available in Rivers

Oxygen demanding wastes affect available DO

Tributaries bring their own oxygen supply

Photosynthesis adds DO during the day but the same plants remo
oxygen at night

Respiration of organisms living in water as well as in sediments
remove oxygen

In the summer rising temperatures reduce solubility of oxygen

0 In the winter oxygen solubility increases, but ice may form blockin
access to new atmospheric oxygen

O O O O

o

@
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Water quality modelling

Modeling DO in a River
w ¢2 YRSt Iff 0KS SF¥FFSOiua | yR
w ¢KS aAYLI Sad Y2ZRSt F20dzaSa 2y

U The removal of oxygen by microorganisms during biodegradatio
(de-oxygenation)

U The replenishment of oxygen at the interface between the river
and the atmosphere (raeration)
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Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

10

Saturation Db (DO,)

8 Initial /

deficit (D) Deficit (D)//
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Steps in Developing the
A DOSagCurve &

Determine the initial conditions

2. Determine the deoxygenation rate from BOD test and stream
geometry

Determine the reaeration rate from stream geometry

Calculate the DO deficit as a function of time

Calculate the time and deficit at the critical point (worst conditions

b

il G
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1. Determine Initial Conditions

MassBalancdor Initial Mixing

Q, = waste flow (rs) DQ,= DO in
waste (mg/L) L= BOD in waste (mg/L)

AR i : Qix= combined flow (ifis) DO = mixed DO (mg/
c_gr = river flow (nd/s) [_)Q.— DO in L= mixed BOD (mg/L)
river (mg/L) L= BOD in river
(mg/L)

A 4

»
»
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1. Determine Initial Conditions
.

Initial dissolved oxygen concentration:
5o =PQ,+QDQ
Q,+Q,

Initial DO deficit:
D,=DO,- DO

where:
D_=initial DO deficit (mg/L)

DO =saturation DO conc.(mg/L)
\
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1. Determine Initial Conditions

Therefore,the initial deficit after mixingis

DO, +Q DG,

Da — DOS - QW
Qmix

where D)is the initial deficit (mg/L)
Note: DQIs a function of temperature, atmospheric
pressure, and salinity. Values of [a€® found in tables.

o R
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1. Determine Initial Conditions

Solubility of Oxygen in WateKbos = Dosaturation)

DO, is a function of temperature, atmospheric pressure and salinity

o S [

Chloride concentration in water (mg/L)

Temperature ( °C) 0 5000 10,000 15,000
0 14.62 13.73 12.89 12.10

5 12.77 12.02 11.32 10.66

10 11.29 10.66 10.06 9.49

15 10.08 9.54 9.03 8.54

20 9.09 8.62 8.17 7.75

25 8.26 7.85 7.46 7.08

30 7.56 7.19 6.85 6.51

Source: Thomann and Mueller (1987).
\ /
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1. Determine Initial Conditions
.

Initial ultimate BOD concentratianf, the BOD data for the
waste or river are imermsof BOLR, calculatelfor each

. = BOD,

1_ e kt
Therefore, initiaultimate BOD concentration

 =QuL+QL,
" Q+Q

- —
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2. Determine de-

genation rate

\_

rate of de-oxygenation = k4L,

where: ky= de-oxygenation rate coefficient (day-!)
L= ultimate BOD remaining at time (of
travel down-stream) t

If ky(stream) = k (BOD test) and Lkt =L
0

rateof de-oxygentatior= k L g /
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3.Determine Re-
aeration Rate

rate of re-aeration =k, D

K, = re-aeration constant (time -1)

D = dissolved oxygen deficit (DO.,-DO)
DO, = saturated value of oxygen

DO = actual dissolved oxygen at a given

K location downstream /
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3.Determine Re-
aeration Rate

1/2
: =3
h3/2

where k. = re-aeration coefficient @ 20°C (day-1)
u = average stream velocity (m/s)

h = average stream depth (m)
Correct rate coefficient for stream temperature

K, = kr,onW

\ where U = 1.024 /
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4. DO deflc:lt as a

'

DO as function of time (Streetéthelps equation or oxygen
sag curve)

Rate of increase of DO deficit = rateadoxygenatiorg rate of
reaeration

dD

=k k D
dt ob

Solution is:

\ D = Kqlo Skt e—krt)+ Da@-krt) /

t kr- kd
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Critical Point = point where steam conditions are at their worst

t = : In —”(l—Dﬂ X, kd]
k,—k, |k;\ kil, )

D = dissolved oxygen deficit
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DATA COLLECTION & PROCESSING
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| STEPS FOR MODEL DEVELOPMENT ’

L.

. 4

GTypes of data (Water | evel, dhs

o Determine thetimest ep (dai ly, hourly, )

0 Determine the period of the data series simulate
(hours/day/month/year ortensofy ear s, )

o Determine time to collect/measure data
0 Assess the level of reliability, assess the possibility of frequently

k of the collected data. J
< Remember:%uacﬁt.)qnt output data is no better

than the quality of Input data [




