'. i

O

UNIVERSITY OF CALIFORNIA, DAVIS
DEPARTMENT OF CIVIL AND
ENVIRONMENTAL ENGINEERING
Lecture notes and hand outs

_ECI 146: Water Resources Simulation

Prepared by:

Prof. Fabian A. Bombardelli




-
O

N
£ ™,
/ ]

Preface

This is a basic compilation of hand outs and class notes that I have been gathering

“and preparing during the years of teaching of ECI 146, since 2004, at the Department of

Civil and Environmental Engineering of UC Davis. When I had to prepare the notes for
the course for the first time (starting from zero), I soon realized that there was not a single
book including all the needed material for a course on “Water Resources Simulation” (at
least, not with the perspective that I consider useful and interesting for such a course).

© This assertion is unfortunately true even today, in my modest opimion.

Thus, these pages assemble some portions of text from very well-known books, in

~ addition to notes I prepared for the course. The course initially reviewfmaterial from
‘basic numerical analysis in order to placg the application to water resources in the right

context, and in the proper understanding'the source of the different schemes. I humbly
consider this approach to be not common in usual books dealing with water resources.
Immediately after the explanation of each numerical technique, the course emphasizes its
application to solve problems in water resources engineering, ranging from flow in pipes
to the flow in open channels and transport of pollutants.

This compilation is expected to be improved in quality of presentation, content,
and number of notes prepared by myself. It was put together following some requests
from the students in order to have a unique repository on paper for all handouts, provided
up to now in electronic form in the course website.

I wilt particularly thank any comment, suggestion or direct collaboration to make
this a better compilation for ECI 146. :

Yours truly,

Fabian A. Bombardelli, Davis, CA
January.




UNIVERSITY OF CALIFORNIA, DAVIS
DEPARTMENT OF CIVIL AND ENVIRONMENTAL ENGINEERING

COURSE: WATER RESOURCES SIMULATION (ECI 146)
INSTRUCTOR: Fabidn A. Bombardelli (fabombardelli@ucdavis.edn, bmbrdli@yahoo.com,
febianbombardelli2@gmail.com)

OFFICE; 3105, Engineering III building
Class: Tuesdays and Thursdays-1:40 PM to 3:00 PM (Hutch 115)

Computer lab; Fridays-11:00 AM to 11:50 PM (Chem 166)

READER: Mr, Carlos Zurity (Ph.D. Student)

TEACHING ASSISTANT: Mr. James Kohne (M.S. Student)

P

- COURSE DESCRIPTION

This course focuses on the development and application of numerical simulation

techniques for the analysis, design and operation of surface water systems. The course

especially addresses problems associated with surface run-off, water quality in streams

and ponds, and management of reservoirs. The course possesses a strong emphasis on the

theory conducive to the development of simple codes to analyze different cases of
@ practical importance.

PREREQUISITES
ECI 141, ECI 145, and ECI 142.

TEXT

There is no formal text that covers what we cover in the course. Hand outs and
supplemental reading material will therefore be provided, compiled in a book.

SOME REFERENCES

1. Chapra, S. C., and Canale, R. P. (2006). “Numerical Methods for Engineers.”
Fifth Edition, McGraw Hill Higher Education Series. Only some chapters from
this book will be used.

2. Mays, L. (2006). “Water Resources Engineering.” John Wiley and Sons. Only
some chapters from this book will be used.

3. Mays, L., Ed. in Chief (2001). “Stormwater Collection Systems Design
Handbook.” MecGraw-Hill.

4. Chow, V. T, Mays, L., and Maidment, D. (1998). “Applied Hydrology.
McGraw-Hill.

5. Linsley, R. K., and Franzini, J. B. (1979). “Water-Resources Engineering.”
McGraw-Hill.

6. Burden, R. L., and Faires, J. D. (2004). “Numerical Analysis.” Brooks-Cole
Publishing, Eighth Edition.

7. lIsaacson, E., and Keller, H. B. (1966). “Analysis of Numerical Methods.” Dover.




8. Abbott, M. B. (1979). “Computational Hydraulics. Elements of the Theory of
_ Free Surface Flows.” Pitman, UK.
9. Koutitas, C. G. (1983). “Elements of Computational Hydraulics.” Pentech Press,
UK.
10. Press, W. H., Teukolsky, S. A., Vetterling, W. T., and Flannery, B. P. (2007}.
“Numerical Recipes in Fortran. The art of scientific computing.” Cambridge.

OFFICE HOURS _Toesdays and Thursdays affer class

Mondays and Fridays, 12:00 to 2:00 PM.'Klso, e-mail me to make special appointments
 (fabombardelli@ucdavis.edu or bmbrdllZvahoo.com
. .or fabianbombardelli2@gmail.com)

GRADING

Assignments 10%

Comiputer problems 20%

[ hourly in class exam 20% (individual effort)
1 special project 20% (individual effort)
Final exam (2 hours) 30% (individual effort)
NUMERICAL TOOLS

The codes can be developed in Fortran, Basic, C, Pascal, Matlab, or Excel (if applicable).
ASSIGNMENT, COMPUTER PROBLEM, PROJECT, AND EXAM POLICIES

The purpose of homework is to contribute signiﬁcaggy to the learning process. Students
are strongly encouraged to develop assignments? computer problems MRS in
teams. The total number of team members should not exceed three (3). The composition
of the team can be varied from homework to homework, but the students have to turn in
just one solution to the homework. Team members receive the same grade. Based on this,
it is mandatory that the students of the team share similar loads of work. It is pot
necessary to report the names of the team members to the instructor in advance. Just
make a cover page with the names of the members when turning in the homework
solution.

Normally, each assignment should be completed in 7 to 15 days. Assignments, computer
problems and projects turned in one (1) week after the deadline will be penalized with 30
points out of 100. After two (2) weeks, assignments, computer problems or projects will
not be accepted.

Examination and project solutions must represent the efforts of individuals only. It is

strongly recommended that the students have a copy of the graded solution before the

examination. Exams will be closed notes, closed books, and they may include the
development of code flow charts.




IMPORTANT DATES

Midterm exam (in class): Tuesday, February 17, 2009

Final exam (in class): Saturday, March 21, 2009, 3:30 PM to 5:30 PM
Review session for the midterm: Thursday, February 12, 2009 (half hour)
Review session for the final: Thursday, March 12, 2009 (entire class)

Computer Problem 1: Iterative solution of the Colebrook-White Equation and of
systems of non-linear equations for the design of pipes

Assigned: 01/08/09

Due with no penalization: 01/20/09

Due with 30% penalization: 01/27/09

Computer Problem 2: Solution of the water-quality problem in 2 lake by fimile
differences

Assigned: 01/29/09

Due with no penalization: 02/10/09

Due with 30% penalization: 02/17/09

Computer Problem 3: Sclution of backwater curves using the explicit and implicit
methods in finite differences (after Midterm)
Assigned: 02/26/09
. Due with no penalization: 03/05/09
) Due with 30% penalization: 03/12/09

Assignment 1

Assigned: 01/20/09

Due with no penalization: 01/25/09
Due with 30% penalization: 02/05/09

Assignment 2 (after Midterm)
Assigned: 02/19/09

Due with no penalization: 02/26/09
Due with 30% penalization: 03/05/09

Project

Assigned: 01/15/09

Due with no penalization: 03/12/09
Due with 30% penalization: 03/19/09

~




UNIVERSITY OF CALIFORNIA, DAVIS
DEPARTMENT OF CIVIL AND ENVIRONMENTAL ENGINEERING

COURSE: WATER RESOURCES SIMULATION (ECI 146)
INSTRUCTOR Fabidn A. Bombardelli (fabombardelli@ucdavis.edu, bmbrdli@yahoo.com,
[fabianbombardelli2@gmail.com)

OFFICE: 3105, Engineering I building
Class: Tuesdays and Thursdays-1:40 PM to 3:00 PM (Huich 115)

Computer lab: Fridays-11:60 AM to 11:50 PM (Chem 166)

READER: Mr. Carlos Zuritz (Ph.D. Student)

TEACHING ASSISTANT: Mr, James Kohne (M.S, Student)

w
SYLLABUS OF ECI 146, WATER RESOURCES SIMULATION

i. Introduction,

1.a) Importance of water resources (01/06/09).

1.b) Definition of simulation. Evaluation of simulation of water resources as a
tool for management (01/06/09).

1.¢) Classification of modeling approximations: 0D, 1D, 2D and 3D. Examples of
water bodies in California (¢1/06-08/09).

1.d) The Moody diagram (01/08/09).

2. Basic concepts on numerical techniques, Part 1.

'2.a) Heuristic classification of equations (01/08/09).

2.b) lterative solution of non-linear equations by the methods of Newton-
Raphson, bisection, Regula-Falsi, and iteration of a point (01/13-15/09).

2.¢) Advantages and disadvantages of each method (01/15/09).

2.d) Iterative solutions of systems of non-linear equations applied to the sohution
of flow in pipes (01/15-20/09). '

2.¢) Computation of normal-flow depth (01/20/09).

3. Basic concepts on numerical techniques. Part I1.

3.a) Introductory ideas on the solution of ordinary differential equations by finite-
difference methods. Forward, backward or centered schemes (01/22/09).

3.b) Approximation of first and higher-order derivatives by finite differences.
Explicit and implicit solutions of Ordinary Differential Equations (ODEs) (01/22/09).

3.¢) Euler and Runge-Kutta methods (01/22/09).

3.d) Consistency, convergence and stability of numerical solutions (01/27/09).

3.e) Notions on the finite-clement method (01/27/09).

3.f) Computations of backwater curves by finite differences (01/27-29/09).

4. Zero-order models for water-quality simulations in water bodies.

4.a) Phenomena associated with pollution in water bodies (01/29/09).

4.b) Reactor models for the simulation of the time evolution of phosphorus and
nitrogen in lakes. Lake model (02/03/09).

4.¢c) A simple sedimentation-resuspension model for rivers (02/03/09).




5. Simulation of water retentmn in ponds and reservoirs.
5.a) Methods for flood-wave routing in reservoirs and. rivers (02/05/09)
5.b) Hydrotogic reservoir modeling (02/05/09).
5.¢c) Reservoir flood management (02/05/09).

6. One-dimensional hydrodynamic models.

6.a) Hydrologic river routing. Muskingum method (02/ 10/09).

6.b) Derivation of the one-dimensional equations of fluid motlon in rivers
(02/10/09).

6.c) Hydraulic river routmg (02/12/09).

6.d) Kinematic wave model. Kinematic wave model for overland flow (02/12/09).

6.e) Different numerical schemes used to solve the flow equatlons (02/17/09).

6.f) Muskingum-Cunge method (02/19/09).

7. Ome-dimensional models of water quality in streams.

7.a) Basic equations of one-dimensional advection-diffusion (dispersion} of
pollutants (02/19/09).

7.b) Transport models including reactive terms (02/19/09).

7.c) Transport models for organic matter in streams (02/24/09).

7.d) Transport models for suspended sediment in streams (02/24/09).

7.e) Transport models to assess pollution in water bodies (02/24/09).

7.f) Numerical schemes to deal with transport equations of the advection-
diffusion type (02/26/09).

8. Introduction to two- and three-dimensional, flow and water-quality models.
8.a) Basic concepts and models most used in practice (03/05/09).
8.b) Description of case studies (03/05/09).
8.c) Shallow-water equations (03/05/09).

Note: Dates for each topic are subject to change.




N

HAND OUT 4: Importance of water resources (Chapter 1 of our syllabus)
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HAND OUT 2t Jmportance of water resources (Chapter 1 of our syllabus)
Source: Mays, L. (2006). “Water resources engineering” John Wiley and Sons




Chapter 1

1.1 BACKGROUND

Introduction

Water resources engineering {and management) as defined for the purposes of this book includes
engineering for both water supply management and water excess management (see Figure 1.1.1).
This book does not cover the water guality management (or environmentel restoration) aspect of
water resources engineering. The two major processes that are engineered are the hydrologic
processes and the hydraulic processes. The common threads that relate to the explanation of the
hydrologic and hydraulic processes are the fundamentals of fluid mechanics. The hydraulic process-
es include three types of flow: pipe (pressurized) flow, open-channel flow, and groundwater flow.
The broad topic of water resources includes areas of study in the biological sciences, enginee-
ing, physical sciences, and social sciences, as illustrated in Figure 1.1.1. The arcas in biological
sciences range from ecology to zoology, those in the physical sciences range from chemistry to
meteorology to physics, and those in the social sciences range from economics to sociology. Water
resources engineering as used in this book focuses on the engineering aspects of hydrology and
hydraulics for water supply management and water excess management. '

WATER RESOURCES MANAGEMENT

Water supply Water excess Envirenmental
management management restoration

{ ' {
I | I

Biological sciences Engineering Physical sciences Social sciences
Ecclogy Agriculture Chemistry ‘Economics
Entomology Chemical Climatology Education

Fisheries Civil Computer science Geography

Faod technology Environmental Geology History

Forestry Industrial Hydrology Law

Horticulture Mechanical Mathematics Planning

Limnology Systems Meteorology Political science
Marine science Oceanography Public administration
Microbiology Physics Resource development
Plant science ' Soil science Sociology

Public health Stafistics

Zoology

Figure 1.1.1 Ingredients of water resources management (from Mays (1996)).
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2 Chapter ]

Introduction

Comparatioe Ireigation Patterns in Upper Egypt and Mesopotamia

¥ (enrars Wonr

Mesopetamia .
A.D. {0 )

AN
s‘;','
s

Upper Egypt
A.D. 1850

—— Canals tweerener
COMUEENt wilk Rebgq) **"

~-eee- bty

e AKHMIM

Figure 1.1.2 Comparative irrigation networks in Upper Egypt and Mesopotamia. (a)
Example of linear, basin imigation in Sohag province, ca. AD 1850; (&) Example of
radial canalization system in the lower Nasharawan region southeast of Baghdad,
Abbasid (A.D. 883-1150). (Modified from R. M. Adams (1965), Fig. 9. Same scale as
Egyptian counterpart). (¢) Detail of field canal layout in b. (Simplified from R. M.
Adams (1965), Fig. 10. Figure as presented in Butzer {1976)).

Water resources engineering not only includes the analysis and synthesis of various water prob-
lems through the use of the many analytical tools in hydrologic engineering and hydraulic engi-

neering but also extends to the design aspects.

Water resources engineering has evolved over the past 9,000 to 10,000 years as humans have
developed the knowledge and techniques for building hydraulic structures to convey and store
water. Early examples include irrigation networks built by the Egyptians and Mesopotamians (see
Figure 1.1.2} and by the Hohokam in North America (see Figure 1.1.3). The world’s oldest large
dam was the Sadd-el-kafara dam built in Egypt between 2950 and 2690 B.C. The oldest known
pressurized water distribution (approximately 2000 B.C.) was in the ancient city of Knossos on
Crete (see Mays, 1999, 2000, for further details). There are many examples of ancient water sys-

4

tems throughout the world.




1.1 Background 3
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Figure 1.1.3 Canal building in the Salt River Valley with a stone hoe held in the hand without a handle. These were

the original engineers
clusters of wild huts (from Turney (1922)). (Courtesy of Salt River Project, Phoentx, Arizona.)
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4 Chapter 1 Introduction

1.2 THE WORLD’S FRESHWATER RESOURCES

Y

Among today’s most acute and complex problems are water problems related to the rational use
and protection of water resources (see Gleick, 1993). Associated with water problems is the need
to supply humankind with adequate clean freshwater. Data collected on global water resources by
Soviel scientists are listed in Table 1.2.1. These obviously are only approximations and should not
be considered as accurate (Shiklomanov, 1993). Table 1.2.2 presents the dynamics of actual water
availability in different regions of the world. Table 1.2.3 presents the dynamics of water use in the
world by human activity. Table 1.2.4 presents the annual runoff and water consumption by conti-
nents and by physiographic and economic regions of the world.

Talﬂe 1.2.1 Water Reserves on the Earth

Percentage of
global reserves

Distribution —
area Volume Laver Of total  Of fresh-
(1P km?  (10° kmd) {m) water water
World ocean 361,300 1,338,000 3,700 96.5 —
Groundwater 134,800 23,400 174 1.7 —
Freshwater 10,530 78 0.70 301
Soil meisture i6.5 02 0.001. 0.05
Glaciers and permanent snow cover 16,227 24,064 1,463 1.74 68.7
Antarctic 13,980 21,600 1,546 1.56 61.7
Greenland 1,802 2,340 1,298 0.17 6.68 -
Arctic islands 226 835 369 0.006 0.24
Mountainous regions 224 40.6 181 0.003 0.12
Ground ice/permafrost 21,000 300 14 0.022 0.86
Water reserves in lakes 2,058.7 17604 857 0.013 —
Fresh 1,2364 91 73.6 0.007 0.26
Saline 8223 854 1038 0.006 —
Swamp water 2,682.6 1147 4.28 0.0008 0.03
River flows 148,800 2.12 0.014 0.0002 0.006
Biological water 510,000 1.12 0.002 0.0001 0.003
Atmospheric water 510,000 12.9 0.025 0.001 0.04
Total water reserves 510,000 1,385,984 2,718 100 —
Total freshwater reserves 148,800 35,029 235 2.53 100

Source: Shiklomanov (1993).

Table 1.2.2 Dynamics of Actual Water Availability in Different Regions of the World

Actual water availability (10° m? per year per capita)

Area E

Continent and region {10 km?) 1956 1660 1970 1980 2000
Europe 10.28 59 54 4.9 4.6 4.1
North 1.32 392 36.5 339 327 30.9
Central 1.86 3.0 2.8 2.6 24 23
South 1.76 38 35 3.1 2.8 2.5
European USSR (North) 1.82 ' 338 20,2 26.3 24.1 209
Buropean USSR (South) 3.52 4.4 4 3.6 3.2 2.4
" North America 24.16 37.2 30.2 25.2 21.3 17.5

Canada and Alaska 13.67 384 294 246 219 189
United States 7.83 10.6 8.8 16 6.8 56
2.67 22.7 17.2 12.5 94 71

Central America




1.2 The World’s Freshwater Resources  §
Table 1.2.2 Dynamics of Actual Water Availability in Different Regions of the World (continued)
Area Actual water availability (10° m® per year per capita)
Continent and region {108 kn?) 1950 1960 1970 1980 2000
Africa 30.10 20.6 16.5 12.7 9.4 51
North 8.78 2.3 1.6 1.1 0.69 021
B South 5.11 12.2 10,3 7.6 57 3.0
g East 5.17 5.0 12 92 6.9 37
' West . 6.96 20.5 16.2 124 9.2 49
Central . 4.08 92.7 79.5 59.1 46.0 254
Asia 44.56 9.6 7.9 6.1 5.1 3.3
North China and Mongoha .9.14 38 3.0 23 1.9 1.2
South . 449 4.1 34 2.5 2.1 1.1
West 6.82 6.3 472 33 2.3 L3
South-east ' 717 ¢ 13.2 11.1 8.6 7.1 4.9
Central Asia and Kazakhstan 243 7.5 35 33 20 0.7 -
Siberia and Far East 14.32 124 112 102 96.2 95.3
Trans-Caucasus 0.19 8.8 6.9 54 4.5 30
South America 17.85 165 80.2 61.7 48.8 283
North 255 179 128 94.8 72.9 374
Brazil 8.51 115 86 64.5 50.3 322
West 2.33 979 77.1 58.6 458 25.7
Ceniral 4.46 34 27 239 20.5 104
Australia and Oceania 8.59 112 91.3 74.6 64.0 50.0
¥ Australia 7.62 35.7 284 23 19.8 150
” Oceania 1.34 161 132 108 24 735
: Source: Shiklomanov (1993).
7 E Table 1.2.3 Dynamics of Water Use in the World by Human Activity
i 1980 1990° 2000°
i 1900 1940 195¢ 1960 1970 1975
E (km® per (knt per (km® per (kut’ per (km? per {km’ per (km’® per (km® per (km?® per
;f Water users® year) year) year) year) year) year) year) (%} year) (%) year) (%)
£
Agriculture
Withdrawal 525 893 1,130 1,550 1,850 2,050 2,290 69.0 2,680 64.9 3,250 62.6
Consamption 409 679 859 1,180 1,400 1570 1,730 887 2,050 869 2,500 86.2
Industry
Withdrawal 372 124 178 330 540 612 710 21.4 973 23.6 1,280 247
Consumption 35 97 14.5 248 38.0 472 619 32 885 38 117 40
Municipal supply
Withdrawal 16.1 36.3 52.0 82.0 130 161 200 6.0 300 7.3 441 85
Consumption 4.0 9.0 14 20.3 29.2 34.3 41.1 2.1 524 22 64.5 22
Reservoirs
Withdrawal 0.3 37 6.5 23.0 66.0 103 120 36 170 4.1 220 43
Consumption 03 37 6.5 210 66.0 103 120 6.2 170 72 220 16
Total (rounded off) )
Withdrawal 579 1,060 1,360 1,990 2,590 2930 3,320 100 4,130 100 5,150 100
Consumption 417 701 804 1,250 1,540 1,760 1,950 100 2,360 100 2,900 100

2 Total water withdrawal is shown in the first line of each category, consumplive use (irretrievable water loss) is shown in the second line.
b Estimated.

TR TR

Source: Shiklomanov (1993).
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Table 1.2.4 Annual Runoff and Water Consumption by Continents and by Physiographic
and Economic Regions of the World

Mean annual Water consumption (km® per year)
runoff Aridity
" () per  index 1980 1990 2000 -
Continent and region (mm} year) (R/LP) Total kretricvable Total Imretrievable Total Iretrievable
Europe 310 3,210 o 435 127 555 178 673 222
North 430 737 0.6 9.9 1.6 12 20 13 23
Central 380 705° 0.7 141 22 176 28 205 33
South 320 564 14 132 51 184 64 226 73
European USSR (North) 330 601 0.7 18 2.1 24 34 29 5.2
European USSR (South) 150 525 1.5 134 50 159 81 200 108
North America 340 8,200 —_ 663 224 724 255 796 302
Canada and Alaska 390 5,300 0.8 41 8 57 11 97 i5
United States 220 1,700 1.5 527 155 546 171 531 194
Central America 450 1,200 1.2 85 61 120 73 . 168 93
Africa 150 4,570 - 168 129 232 165 317 211
North 17 154 8.1 100 79 125 97 150 112
South 68 349 2.5 23 16 36 20 63 34
East 160 809 22 23 18 32 23 45 28
West 190 1,350 25 19 i4 33 23 51 34
Central 470 1,909 0.8 2.8 1.3 48 21 84 34
Asia 330 14,410 B 1,910 1,380 2,440 . 1,660 3,140 2,020
North China and Mongolia 160 1,470 22 395 270 527 314 671 360
South 490 2,200 1.3 668 518 857 638 1,200 865
West 72 490 2.7 192 147 220 165 262 190
South-east 1,090 6,650 0.7 461 337 609 399 741 435
Central Asia and Kazakhstan 70 170 3.1 135 87 157 109 i74 128
Siberia and Far East 230 3,350 0.9 a4 11 40 17 49 25
Trans-Caucasus 410 77 1.2 24 14 26 I8 33 21
South America 660 11,760 — 111 71 150 86 216 116
Northern area 1,230 3,126 0.6 15 il 23 16 33 20
Brazil 720 6,148 0.7 23 10 23 14 48 21
West 740 1,714 1.3 40 30 45 12 64 44
Centrat 170 812 20 33 20 418 24 70 31
Australia and Oceania 270 2,390 29 15 38 C17 47 22
Australia 39 301 4.0 27 £ 13 34 16 42 20
Qcecania 1,560 2,090 0.6 24 1.5 33 18 4.5 23
Land area (rounded off) — 44,500 — 3,320 1,450 4,130 2,360 5190 2,900

Source: Shiklomanov (1993).

L3 WATER USE IN THE UNITED STATES

Duziegielewski et al. (1996) define water use from a hydrologic perspective as all water flows that
are a resolt of human intervention in the hydrologic cycle. The National Water Use Information
Program (NWUTI Program), conducted by the United States Geological Survey (USGS), used this
perspective on water use in establishing a national system of water-use accounting. This account-
ing system distinguishes the following water-use flows: (1) water withdrawals for off-stream pur-
poses, (2) water deliveries at point of use or quantities released after use, (3} consumptive use, (4)
conveyance loss, (5) reclaimed wastewater, (6) return flow, and (7) in-stream flow (Solley et al.,
1993). The relationships among these human-made flows at various points of measurement are
illustrated in Figure 1.3.1. Figure 1.3.2 illustraies the estimated water use by tracking the sources,
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HAND OUT 3: Algorithm for the Computer Problem 1




{ FD, =K,
FMIN FMAX

- iTER—-—xTERH -

-
1 FR=0.5(FMiN H‘-MX)

[ F1.0f SQRT(+m) % 0. 869« [
* ALOG (ED/S F4+2.51 /(RE:% SQRT(FR)))
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END




HAND OUT 4: Classification of modeling approximations (Chapter 1 of our
syllabus)
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- Examples of modeling:
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HAND OUT 5: The Moody diagram (Chapter 1 of our syllabus)




