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What's Hydrology ?

Hydrology is the science which deals with the waters of

the earth, their occurrence, circulation and distribution on
the planet, their physical and chemical properties and
their interactions with the physical and biological

environment, including their responses to human activity."
(UNESCO,1964)
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Schematic view of hydrologic cycle
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Distribution of Earth s water

Reservoir Amount (%)
Oceans 97.2
Ice caps and glaciers 2.14
Groundwater 0.62
Freshwater lakes 0.009
Saline lakes and inland seas 0.008
Rivers 0.0001
Soil moisture 0.005

Atmosphere 0.001




Schematic view of hydrologic cycle
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Schematic view of hydrologic cycle
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Major processes Iin the hydrologic cycle include
Precipitation ,Evaporation, Transpiration, Infiltration,
Groundwater flow, and Runoff.
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Precipitation occurs when water vapor in the atmosphere
condenses on small particles, called Condensation Nuclel.

Evaporation is the transfer of water from the liquid to vapor state.

Transpire water vapor through small plants leaf openings called
stoma.

Water that reaches Earth’s surface Infiltrates rock and soll.

The depends upon soil texture, degree of

compaction, and ambient moisture content



Faster infiltration rates are usually associated with loose, dry, sandy soils.
Compacted, wet, clay soils absorb water at a very slow rate.

Worm tunnels, cracks, and other openings in soil can
substantially increase infiltration rates.
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Groundwater flows through the subsurface and discharges to springs,
lakes, rivers, and oceans. When groundwater flows into a river, the river
Is effluent or gaining , When a river into groundwater, the river is Influent
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Gaining Stream
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Hydrogeology is the study of underground water.
Underground water occurs in two different zones

The vadose zone ,which immediately underlies the land surface, contains both water and
air. Beneath the vadose zone lies the saturated zone, in which all of the interconnected
openings are full of water. Water stored in the saturated zone is called groundwater.

Soll

Unsaturated
Weathered zone

bedrock
Water and

air in pore

Porous spaces

bedrock

(sandstone)

Groundwater
table

Water fills
all pore
spaces

Saturated
zone




s Groundwater flows due to the force of gravity
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The water table:

the boundary below which all pore spaces are filled

The boundary between the
a Saturated Zone and the
. Zone of
Z 0/ Y aeration Unsaturated Zone

The unsaturated zone=the vadose
zone = zone of aeration

Ll Zone of
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The water table
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1. Groundwater as a resource
2. Groundwater contamination
3. Geotechnical problems

4. Geological processes




S99 99599 38 peo b 4>

1. Groundwater as a resource
Exploration
Extraction
Evaluation (Yield)
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2. Groundwater contamination
v Identification

v" Forecasting

v Monitoring

v Remediation
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3.Geotechnical problems

» Slop stability

» Seepage

» Subsidence

» Dralnage engineering
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Geological Processes

» Earthquakes
» Petroleum deposits
» Qre deposits
» Soll genesis
» Landforms
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WATER QULITY MEASUEMENTSSERIES
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Groundwater
Monitoring

Edited by
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Principles of Hydrogeology

Second Edition

Paul F. Hudalk, Ph.D.

o 2000 CRC Press LLC




h 9 (0 g : u-dbd

-. - l!.....vlo‘_,.‘ 0 9 3lde gl dlaie T syl uulhyf el ls #

P

" Slem T Sy
oy mty AN

e
S i
3

IPLF Jyle o9 ity

o ey e dpaine pame 455

98 J pow vnn Bl | vy Vb s ot


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwj7q73s3rnPAhXBnBoKHbReAwgQjRwIBw&url=http://ketab.ir/modules.php?name=News&op=pirbook&bcode=1985728&psig=AFQjCNGbm-GnFh_pYNRoaUAA2kAAPDoCMw&ust=1475415945657849
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwjBw7Tx3rnPAhUDHxoKHbeRBVgQjRwIBw&url=http://www.fardabook.com/%D9%85%D8%AF%D9%84-%D9%87%D8%A7%DB%8C-%D8%B1%DB%8C%D8%A7%D8%B6%DB%8C-%D8%A2%D8%A8%D9%87%D8%A7%DB%8C-%D8%B2%DB%8C%D8%B1-%D8%B2%D9%85%DB%8C%D9%86%DB%8C-%D8%A2%D9%85%D9%88%D8%B2%D8%B4-%DA%A9%D8%A7%D8%B1%D8%A8%D8%B1%D8%AF%DB%8C-%D9%85%D8%AF%D9%84-gms.html&psig=AFQjCNFaeBwOlwPEk11-E8I7gizZWclOwA&ust=1475415955966212

=

A o [ Qe a e LS

=) =y ska ‘.-J
Lo ylsal ) glgidls

—

-

o) 93 SleT Pl



http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiK0Nvt3rnPAhUIQBoKHXWEB2YQjRwIBw&url=http://www.wnn.ir/html/modules.php?op=modload&name=News&file=article&highlight=&sid=5123&psig=AFQjCNG0fmaWU8MBxtGME6R4QWqCzBwrtA&ust=1475415948413589
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwj0qd_u3rnPAhUGfRoKHV7PA20QjRwIBw&url=http://waterse.ir/post/426&psig=AFQjCNHwhWN6o8vEKK_jpGCaOMPE2F9V6A&ust=1475415950558866

9397 p SLiyy Elgi! amlio

STy o »
S dnb

e 3yl by it S

o T St g

D
SR aa P i
SN 30 e il


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiBoYTz3rnPAhVDCBoKHYriBtAQjRwIBw&url=http://ketab.ir/modules.php?name=News&op=pirbook&bcode=1880292&psig=AFQjCNED5Y8xwNITXpR3jzM5MJYPnhKgwQ&ust=1475415959715154
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwjD5r343rnPAhUEuBoKHRMsB10QjRwIBw&url=http://www.ibna.ir/fa/doc/book/233017/%D8%A2%D8%B4%D9%86%D8%A7%DB%8C%DB%8C-%D8%B1%D9%88%D8%B4-%D9%87%D8%A7%DB%8C-%D8%A8%D8%B1%D8%A2%D9%88%D8%B1%D8%AF-%D8%AA%D8%BA%D8%B0%DB%8C%D9%87-%D8%A2%D8%A8-%D8%B2%DB%8C%D8%B1%D8%B2%D9%85%DB%8C%D9%86%DB%8C-%DB%8C%DA%A9-%DA%A9%D8%AA%D8%A7%D8%A8&psig=AFQjCNEeuWgyBItc4UgoxkriWL5683NqQA&ust=1475415971101178

3

. & Ar

Gl S
i

0 9 ) ST alo o P
P3d wl>

935 (S plb elllsae 4S5 : (4ugad g el
g el uaigo

S ) Jouol 9 coalivi

o) ) sl -._.sT._él.aiﬁ.fl).)



http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiEvbL83rnPAhWC1hoKHc9aC20QjRwIBw&url=http://ab-shop.blogsky.com/tag/%D8%B3%D9%81%D8%B1%D9%87-%D9%87%D8%A7%DB%8C-%D8%A2%D8%A8-%D8%B2%DB%8C%D8%B1%D8%B2%D9%85%DB%8C%D9%86%DB%8C&psig=AFQjCNFO5vjogZOwoiVEInyB5Hm2YmyGjQ&ust=1475415979322606
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiBjsOF37nPAhXKfRoKHU-qByEQjRwIBw&url=http://shop-civil.ir/%D8%A2%D8%A8%D8%B3%D8%AF%D8%B1%D9%88%D8%AF%D8%AE%D8%A7%D9%86%D9%87/7878-shop-civil.html&psig=AFQjCNFXM974mGPcta7NAEfdOq_cyxF6SA&ust=1475415998386893

(3,5 54 o8ty 23 asSiils JLobiwl) (5 yab y93ld ) daxo Sgaxe (nlaz o m

P SV T PR Y )


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiBwc_s37nPAhVJlxoKHaM0BqkQjRwIBw&url=http://www.kianpub.com/book/1880&psig=AFQjCNGmtyqYVWHPVKGtkDQZGFT9ydUo3Q&ust=1475416214472717

Chapter 2. wUlg; 9 3 9T 49>
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Effects of stream velocity

high velocity low velocity

)

transportation

erosion deposition

pebbles

cobbles

boulders ..

This diagram shows the effects that water flowing at different speeds has on different-sized
objects, in ascending order from clay particles to boulders.




wHow 3155 g 50

zo dats

time



b — dlog, SN g 0

<

time



b — dlog, SN g 0

<




A3y, suaT S




Stream Deposition

Flood plains A slgiid
Deltas Lo

u&'bsﬁs‘sﬁjﬁ‘suo}é
Alluvial valleys and fans



Meandering Streams
SN b b Aoy,
Rivers flow in a sinuous pattern
c disoud Csowgiuow S¢Sl SO sy W ailssg, b ,>
Turbulent flow & velocity changes eroded one bank,
deposit on the other
Sl Jobw guolw,d ccl weyw ol g aaswl ol,>

bg.wmﬁbwﬂdﬂﬁ%pgw



tS).Ui.D S qjl?"bS)

55 -
_~ _Floodplain *

7 ‘\\CL‘J!oﬁ

‘ )y et
(@ e
— \

e —— N
: f)( - .~ Oxbow lake
Yazoo s - e
~ streany Ly /o SO\
i ( Point bar \B,/j/
_—— Meander
neck

lMeand‘er bend

T \ t,
Natural levees }}

/




).UI.D )= tS)l.\s Ll G g p).ulS.o

© /7 .
A L _— Point bars

I‘ "’ :I‘

Oxbow lake










River at Flood Stage
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Alluvial Valleys
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terraces

(A) A stream cuts a valley by normal downcutting (B) Changes in climate base level, or other factors that reduce
and headward erosion processes. flow energy cause the stream to partially fill its valley with
sediments, forming a broad, flat floor.

(C) An increase in flow energy causes the stream (D) The stream shifts laterally and forms lower terraces
to erode through the previously deposited alluvium. as subsequent changes cause it to erode through the older
A pair of terraces is left as a remnant of the former valley fill.

floodplain.
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Alluvial Fans

Accumulation of sediment in a dry basin
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Alluvial fans in Death Valley



Salt flats

ALLUVIAL FAN IN DEATH VALLEY Along the western

foot of California’s Black Mountains, this alluvial fan formed where a stream leaves a canyon and
expands outward into Death Valley. The bent line in the lower left is a road that cuts across the
lower part of the fan. Infrequent floods on this fan drain into the white salt flats of Death

Valley, seen in the upper and lower left. (Michael Collier)



Cumberland River Floods On Monday, May 3, 2010, after heavy weekend rains
and flooding, businesses in Nashville Tennessee stand in flood water from the
Cumberland River.
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DOWNSTREAM FLOODING ON THE OHIO RIVER Downstream, Marietta,
Ohio, experienced its worst flooding in 40 years from the Ohio River because of
heavy rains from the remnants of Hurricane Ivan in 2004. The town had to use
snowplows to clear off the mud deposited by the floodwaters. (Washington

County Sheriff’s Office)




s Al Increase in
ﬁ flood heigh’r

gt
0.

. [

SN N S S N

o

1l

b s i Before development (it

BUILDING ON FLOODPLAINS

INCREASES HAZARD Development that

encroaches on the floodplain reduces the space available
for floodwater and can increase the heights of
subsequent floods. (From Water Resources Council.
1971. Regulation of flood hazard areas, vol. 1)



The Hydrologic Cycle



Major processes in the hydrologic cycle include
Precipitation ,Evaporation, Transpiration, Infiltration,
Groundwater flow, and Runoff.
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Aquifer
Aquitard

- Storage coefficient
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Aquifer slol 4% ¢ 4Ll ¢ il

A layer or zone in the subsurface capable of producing

water to a well
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Floodplain
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Groundwater occurs within the openings of
consolidated rock or unconsolidated sediment.

Openings In rocks can be classified as primary or
secondary

Primary openings are voids present when a rock
forms.

Secondary openings form afterward. Fractures and
dissolution structures are common secondary openings.

Most groundwater flows exceedingly slow, often
less than 10 m/yr.




Anatomy of an Aquifer

Types of Aquifers:

Unconfined Sedimentary

Confined Sedimentary L\, o i:?:m

in Basalt

Confined Fractured Lava Rock

VERTICAL EXAGGERATION = 100:1
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1.Unconfined Aquifer
2.Confined Aquifer

3.Leaky aquifer or Perched aquifer
4.1dealized aquifer
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The unsaturated zone=the vadose zone = zone of aeration
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Major known Karst regions of the world




Distribution of Karst

Frozen




Hazards in
Karst land

- Doline (sinkhole, cenote)

Solution

Subsidence

Collapse

Soffusion




(a) Solution

(b) Collapse

=

(d) Subsidence







100 m across

&

Winter Park sinkhole , Florida(1981)



Karst landscapes

Disappearing Limestone
Doline stream pavement

Ponor Uvala /

Y K

Subterranean Cavern with Resurgent stream
channels stalagmites with tufa bed
and stalactites

Fluting and grooving

Karst towers

Karst
cones

/

Cave in
karst tower




Karst Topography Summary

Disappearing stream

Sinkholes

Collapse

- sinkholex{ /
Wiy
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Sinkhole in the Kentucky
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The Yangshuo region's -china
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Cave
Patterns
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Branchwork
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Network maze

Anastomotic maze

Spongework maze




The development of Karst terrain depends on the interplay
of at least several important factors. These include:
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Karst Development Factors
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Structure

Limestones and dolomites at or near
the surface tend to deform by
brittle fracture.

This tendency to form complex
joint sets.
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Initially, atmospheric carbon dioxide
diffuses into the moisture within the
air or soil and simultaneously
becomes hydrated to form carbonic
acid;

CaCO, + CO, + H,0O <-> Ca2* + 2HCO*>

limestone dissolved
limestone

Additional acids include:

— organic acids from soils and
micro organisms

— sulphuric and nitric acids from
acid rain

\Stalactites
Stalagmites Cave Underground
\ drainage

|




Climate

Adequate moisture must be
present to allow karst formation.

The best-developed karst regions of
the world are found in

— tropical (e.qg., Jamaica)
— temperate (e.qg., Yugoslavia).
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deposit consisting of pebbles

0 P O1ros lty (c) well-sorted sedimentary

that are themselves porous, so

that the whole deposit has a very
high porosity

(a) well-sorted sedimentary  ('b) pootly sorted sedimentary
deposit having high porosity  deposit having low porosity

a)
g

(d) well-sorted sedimentary deposit
whose porosity has been reduced (e) soluble rock made (f ) crystalline rock made

by the deposition of mineral matter porous by solution porous by fracturing

(cementation) in the interstices




Porosity
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Porosity in rocks
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Porosity in sediments

A. 30% porosity in well-sorted
sediment

B. 15% porosity in poorly
sorted sediment

C. low porosity in well-sorted,
cemented sediment
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Sedimentary Special
rocks types

Cobble

Gravel Pebble Conglomerate Breccia

Granule

P

Sandstone

E
E
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Siltstone

Mudrock Mudstone
(Shale)

Claystone
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Water Content w (100%)

Degree of Saturation S (given in percent 100%, 65%)
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Percent finer (%)

Grain size distribution curve

™.

S

1.000

0.100
Grain size (mm)
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Table 3.3 Ranges of Values o [Adapted from Anderson and
Woessner (1992)]

Arithmetic
Mean

Sedimentary Clay 0.01-0.18 0.06
Silt 0.01-0.39 0.20
Sand (fine) 0.01-0.46 0.33
Sand (Med) 0.16-0.46 0.32
Sand (Coarse) 0.18-0.43 0.30
Gravel (fine) 0.13.—-0.40 0.28
Gravel (med) 0.17-0.44 0.24
Gravel (coarse) 0.13-0.25 0.21
Siltstone 0.01-0.33 0.12

Sandstone 0.02-0.40 0.21
{(fine)

Sandstone 0.12-0.41 0.27
(med)

Limestone 0-0.36 0.14
Wind Deposits Loess 0.14-0.22 0.18

Eolian Sand 0.32-0.47 0.38
Metamorphic Schist 0.022-0.033 0.026
Igneous Tuff 0.02-0.47 0.21

Material Class Material Range




Porosity

Specific Yield
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Subsidence 1n areas having organic soils

Survey marker

flush with
Water table land surface

Water well
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Subsidence 1n areas having organic soils

cat compressed Water draining

ﬁfﬁ by gravity Drainage
Original land surface | gy Water table fcanal
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(a) Henry Darcy in 1821 ; (b) Henry Darcy in the later years of life
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Permeability
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Description of K in geologic formation
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Homogeneous Kz =Kz:
K:., K: 3 K= Kx:
Isotropic EKx =Kz
£, K,
Homogeneous Kz =Kz:
K:.. K: 3 K= Kx:
) Anisotropic Ky = K-
K‘.\'_,— K‘_

Heterogeneous Kz = Kz:
K: ) K: N K= K
) Isotropic KEx =Kz
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Homogeneous
|sotropic

Heterogeneous Kz = K=z
= K, Kxi = Kx:
X X, Anisotropic Kx = K-
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Anisotropic

K

Isotropic




Homogeneous, isotropic Homogeneous, anisotropic
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Heterogeneous, isotropic Heterogeneous, anisotrophic
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Darcy’s Law in Three Dimensions

k,,. water out

re

, waler out

k}i}l

Kyx

kzx

Kyy

k}'l'r"

ks

General permeability matrix
with respect to x,y,z axes

L

Mohr’s circle
for permeability

20

ko
MNormal flow

0

Principal permeabilities,
no cross flow




Darcy’s Law in Three Dimensions

_ Gh_K Gh_K oh
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Total specific discharge vector
q and its components gx,

qy, and qz
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Principal components of K




Measuring Hydraulic Conductivity
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— 2
K =C dj
where K  Hydraulic conductivity [m/s]

d;p 10 percent grain fraction [mm]
C  factor (120 107% =>C =60 10™%).

It should be mentioned here that already in 1880 Seelheim developed an empirical for-
mula. which relates K to the median grain-size d;; as follows (6):

K = 0.00357 d3, (6)

The US Bureau of Soil Classification recommends (after Mallet and Pacquant, 1954):

K = 0.0036 d35 (7)

from Bear, 1972):

where K Hydraulic conductivity [m/s]
porosity
50 percent grain fraction [m]
weight density of water [N/m’]
dynamic viscosity [N/(s m?)].
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Kinetic energy
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Bernoulli equation
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Hyé_raulic head is the elevation of the water table at a given point




Hydraulic gradient defines the water table slope

where Qs is discharge in the s direction. The
constant of proportionality Ks is the
Datum (z = 0)

hydraulic conductivity in the s direction,

a property of the geologic medium.

The sign of ds/dh is negative because as s increases, h decreases







Groundwater flow is described by Darcy’s law.
This type of flow is known as advection.

Linear flow paths
assumed in Darcy’s law

True flow paths

The deviation of flow paths from
the linear Darcy paths is known
as dispersion.

Figures from Hornberger et al. (1998)
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Laplace’s Equation of Continuity
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Laplace’s Equation of Continuity

(’U: +(?9£" dz) dx dy

Y




Laplace’s Equation of Continuity
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Effects of Boundary Condition on Shape of Flow Nets

Streamline

— — — Equipotential line
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Pattern of flow lines near

constant-head and no-flow

boundaries.




(a)

Impermeable
boundary

(b)

Constant
head

boundary

» Flow line

Equipotential line

(c)

Water
table
boundary

Fig. 1 Simple rules for flow net construction for the cases of (a) an impermeable boundary, (b) a constant head boundary ( here shown

as a river) and (c) a water-table boundary.
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Homogeneous embankment with drainage

- blanket on impermeable foundation Seep age
7o Under
(6 =180°, Ay=0) Gravel D
ams

Concrete dam with cutoff
wall on permeable foundation

Equipotential line

Flow line

Earth dam with relatively impermeable
core on permeable foundation

Sheet piling
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Uplift Pressure under Hydraulic Structures

[mpermeable layer
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Figure 4.15. Three-point problem; water table elevations in feet above
mean sea level.
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Figure 4.8, Water table contour map for site in southwest Ohio, USA;
contours in feet above mean sea level (Hudak and others, 1993).
Reprinted with permission from the American Water Resources
Association.
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Figure 3.30 Water
table elevations in
Brooklyn, New York in
1903 (top) and 1936

(bottom). From Cohen
ATLANTIC OCEAN et al. (1968).
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Figure 3.30 Water
table elevations in
Brooklyn, New York in
1903 (top) and 1936
(bottom). From Cohen
et al. (1968).
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Horizontal flow net near gaining stream (also a
discharge zone) (top) and losing stream (also a
recharge zone) (bottom).
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tané, K,
tan6, K,

Example 4.5: A flow line approaches an interface at 34 degrees
(measured from a perpendicular to the interface). If the
hydraulic conductivity of the first layer is 7 m/d, and that of the
second layer is 1 m/d, calculate the angle between the flow line
and perpendicular as it travels through layer 2.

tand, K,
——=——=0=U, =1an
tand, K,

. ‘ K, tané, |

= 5.5 degrees
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Flow-line refraction near high-K and low-K lenses.






Plan view
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A spring 1s a place where groundwater discharges up to the ground
surface . At a spring , the water table intersects the ground surface.
Springs commonly occur near the base of a steep slope. Many are
located where fractures or the base of an aquifer intersects

the slope.
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Geological structures of the springs creating
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Geological structures of the springs creating
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Fig. 1 Schematic cross-section of the Lincolnshire Limestone aquifer in eastern England showing mechanisms of groundwater recharge
and directions of local and regional groundwater flow. After Rushton and Tomlinson (1999).




Geological structures of the springs creating
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igure 1.3. The sequence of water quality issues arising in industrialised countries
(After Meybeck and Helmer, 1989)
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Geometry of a water molecule

(up) and hydrogen bonding of

water molecules (down).

Fitts,2002
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Common Inorganic Solutes in Water

Cations

Calcium (Ca*")
Magnesium (Mg®")
Sodium (Na™)
Potassium (K™)

Iron (Fe?*, Fe®")
Strontium {5r2+]

Anlons

Majﬂr Constituents

Bicarbonate ( HCO3)
Chloride (CI7)
Sulfate (SO3 ")

Minor Constituents

Carbonate {Cﬂg_ )
Fluoride (F™)
Nitrate (NO3> ")

Dissolved CO; (H2CO3)
Silica (5102(aq))

Fitts,2002




Inorganic Chemistry of Typical Natural Water Samples (mg /L)

Source pH Ca** Mg®  Na’ K* HCO; SO cl- SiOpf  TDS
1 43 026 003 007 0.05 _ 3.03  0.24 _ 6
54 041 0.59 436  0.10 — 1.97 8.2 — 16
423 1,320 11,100 410 129 2,790 19,900 1—10 36,100
Rivers:
19 2.3 6.4 1.1 68 7.0 6.5 11.1 122
83 24 95 5.0 135 270 82 9.3 703
6 : 10 1.5 5.0 0.8 19 5.5 11 — 49
7 76 245 107 24.9 4.7 170 21.8 7.1 56.5 234
8 7.5 69 29 3.5 1.1 297 37 9.4 11 320
9 6.9 21 3.1 170 8.4 400 12 85 12 510
10 73 210 100 2,000 46 300 1,200 3,000 6.7 6,700

Fitts,2002
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Electrical Conductivity




EC <100
100< EC <200
200< EC< 333

333< EC < 666
666< EC <1000



(TDS) Jolxo Glvol> & goono
Total Dissolved Solids

TDS = 0.6 *AlIK + So4 + C1 + No3 + F + Ca +Mg
+Na +K
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TDS =0.64 x EC

(mmho/cm)

5-10 0.5
10-100 0.6
100-500
500-1000
1000-10000
10000-20000

20000-30000
30000<




TDS < 300

300< TDS <600
600< TDS <900

900< TDS <1200
1200< TDS
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pH, alkalinity and CO,

Alkalinity 100 mg/L

The relationship between pH, alkalinity, and CO, concentrations.
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Hardness = 2.5(Ca2+) + 4.1(Mg2'+)
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Hardness

Classified as:

Soft (0-75 mg/L)
Moderately hard (75 — 150 mg /L)

Hard (150-300 mg/L)
Very hard (> 300 mg/L)

Recommended range: 20 to 300 mg/L. CaCO,
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TH=(CaxCaCO;/Ca)+MgCaCO,/Mg)

B (o TH

Hardness = 2.
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v'Color Unit ()

v'Jakson Turbidity Unit (| ' ')
l v' Nephelometer Turbidity Unit (

v'Formazin Turbidity Unit ( )

v'Total Suspended Solids (=)
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v'Biological oxygen demand (
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Water
Quality

Good

Slightly
polluted

Moderately
polluted

Heavily
polluted

Gravely
polluted

Dissolved oxygen (

Do (ppm) at 20°C
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Stitt diagrams

Cations meqL' Anions




Piper diagrams

Cations Anions




Piper diagrams
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Pie diagrams




Radar diagrams

——— Sample 1

— Sample 2
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Water Pollution

Physical or chemical change in water that
adversely affects the health of humans or other
organisms

Water contamination

A concentration that is greater than allowed
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Contamination / Pollution
Of Water Resources

Pollution
Contamination
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and Sources

NONPOINT SOURCES

© 2004 Brooks/Cole — Thomson Learning




Sources of Water Pollution

1. Municipal sources

2. Industrial sources

3. Agricultural sources

4. Others sources



Groundwater

flow Free gasoline

dissolves in

groundwater

(liquid phase) ~ (dissolved Migrating
phase) vapor phase

Gasoline
leakage plume

Contaminant plume moves
with the groundwater

Water well
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Municipal sources
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Industrial sources
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Agricultural sources
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~ layer of limestone
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Others sources
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