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Hydrology

The flow of water

across and through

near surface
environments
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Precipitation

» Single strongest variable driving hydrologic
processes

» Formed by water vapor in the atmosphere

» As air cools its ability to ‘hold’ water
decreases and some turns to liquid or ice
(snow)




Causes of Precipitation

Frontal Convective

Warm moist air rises due to warming from solar

heated ground surface

Orographic




Weather vs. Climate Patterns

» Weather (day to day) vs. climate (years-decades
and patterns)

» What are hydrologists most concerned with?

» Climate and geography result in biome
classification




Biomes and Rainfall
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Landscape 7 .

Figure 4.4 - Evapotranspiration By Latitude
(chapter 4 - Hydrology) won n

= Precipitation == Precipitation
e Evaporation , Wapter Baéance Minus Potential
= Discharge actiction forol Mooy Evaporation (ave) oo

\

C

45°

\/ E
{

<
Latitude (degrees)

Latitude (degrees)

-45°

g

——t G
Volume (107 ks | Inthe temperatemidatdes storms (e workds greatdesetsarefoundwhere. (e

deposit large amounts of precipitation. et the water balance is negative. Permanent

solar radiation is lower than at the equator so.  syb-tropical high pressure systems at 30°

there s less energy to drive evaporation. north and south keep storms at bay.

Places with more precipitation than Long days of sunligh vide plenty of

evaporation are the breadbaskets of the energy for evaporation.

world.
Notes:
Graphic Source:
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Evaporation & Transpiration
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Plant Transpiration

Most water absorption occurs in upper half of root zone
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Annual Pan Evaporation in USA




Evaporating playa lake with salts around margin,
eastern Washington

ML



Figure 4.1 - Intensity-Duration Thresholds for Geomorphic Processes
(chapter 4 - Hydrology)
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Notes:
Source upper graphic:

Pipkin, Trent, and Hazlett, Geology and the Environment. Fig 7.6, page 180

Source lower graphic:

Mt Pinotubo lahar data. Figure 10 in (http://pubs.usgs.gov/pinatubo/pierson/index.html)

Mt Pinotubo lahar picture:

http://www.smate.wwu.edu/teched/geology/vo-Mt-Pinatubo.html
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Notes:

Figure 4.2 - Precipitation Recurrence Interval with Extrapolation
(chapter 4 - Hydrology)
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Upper panel is traced and modified
from fig 2.14 (pg 53) of Dunne and Leopold.

Data from Buffalo, NY.

Data point (3 of them) past 20 yr Rl excluded

100

Many data sets, when
plotted on a probability
x-axis, can be fit with a
straight line. This allows
the size of the hundred
year event (#x) to be
extrapolated, with a
significant amount of
uncertainty from only
20 years worth of data.

When the same data set
is plotted on a linear
x-axes, it’s clear how
much extrapolation it
takes to infer the size of
the 100 year (#x) event
from 20 years of record.
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Hillslope Hydrology

Runoff Processes:
Horton overland flow
Subsurface stormflow,
Return flow
Groundwater flow
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Runoff Generation

As we discuss mechanisms, remember...

> Many processes occur simultaneously

- Shifts can occur between processes in space and
time

- Antecedent wetness conditions are important

- Watershed characteristic play a central role




Horton Overland Flow

Horton overland flow occurs when the rainfall
iIntensity exceeds the infiltration capacity
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Runoff ~ Infiltration

Trends

Infiltration and Runoff

Figure 4.5 - Infiltration and Runoff over time
(chapter 4 - Hydrology)

Trends

Precipitation Rate
Runoff
Infiltration

Time

Infiltration rate decreases over time as dry pore spaces between soil particles
fill with water. Rates of infiltration drop and become steady as the soil saturates.
After saturation, the infiltration rate is a function of soil hydraulic conductivity.

Runoff increases over time because soil pores are filling with water, allowing less
of the rainfall to soak into the ground. Once the soil as saturated, runoff varies

with the precipitation intensity.

Landscape 7 [l
SES.12

SES.O6 -
ses.1a R



Horton Overland Flow

Once thought to be the ONLY mechanism of runoff
generation

Became coded into hydrologic models still in use today

Subsequent work showed role of partial source area
where Saturation overland flow is produced




Horton Overland Flow

If rainfall exceeds soll infiltration capacity:

- Water fills surface depression then
- Water spills over downslope as overland flow and

- Eventually to the stream




Subsurface Stormflow

Lateral flow through soil above conductivity
contrast.

Consists of both slower matrix flow and faster
macropore flow




Macropore flow,
Tennessee Valley,
California

Complex Macropore Network within a Soil Matrix




Saturation Overland Flow

Direct rainfall onto saturated areas.

Return flow from saturated solls In
topographic lows and along valley bottoms
where water table rises to intersect the

surface.
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Map of saturated areas showing expansion
during a single rainstorm of 46 mm. The solid
black shows the saturated area at the
beginning of rain: the shaded area is saturated
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Overland flow, Tennessee Valley, California
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Overland flow, Tennessee Valley, California




Direct Precipitation on Channels

Generally a minor contribution to
?




Groundwater Flow

Driven by hydraulic
gradients

Q=KIA

K is hydraulic conductivity
A IS cross sectional area
| Is hydraulic gradient

To Precision:
There ing f

Notes:

The upper panel (darcy tube) is modified from figure 6.3 in:

Figure 4.7 - Darcy Law Tubes
(chapter 4 - Hydrology)

Qout = KA(Ah/A])
K=Hydraulic Conductivity of the soil
A= Cross-sectional area of the soil column
Ah/Al=Hydaulic Head

Hydraulic Head (8h)
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50% of

Figure 4.9 - Hydrograph Definitions
(chapter 4 - Hydrology)

Center of
Mass

50% of

Rainfall Rainfall

Rainfall (cm/hr)

River Discharge (m3/s)

Rainfall

Discharge

Center of

Mass
Centroid Lag Time is the time difference between the

/ center of mass of a rainfall event and the center of mass
of river flow.

Peak
Discharge

'
'
1 Lag To Peak is the time difference between the peak

rainfal intensity and the peak river discharge. This is an

important consideration in flood forecasting.

'
Peak
Rainfall

<
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<
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-
> =

50% of 50% of
River Flow River Flow

Time .

During a rainfall event, the intensity at which precipitation falls on a
landscape is often variable. The peak rainfall, a measure of the greatest
intensity of rainfall, does not necessarily occur in the middle of a rainfall
event. Therefore, the peak and the center of mass of rainfall (the point at
which half of the total rainfall has fallen) often do not correspond.

As precipitation falls across a landscape, some infiltrates the soil and some
runs off and enters river channels causing discharge and river stage to rise.
As the soil fills with water, more precipitation enters river channels as
runoff, groundwater flow and subsurface stormflow. Stage rises until
reaching the peak, or maximum discharge resulting from a rainfall event.
As water drains from soils and from the landscape, the river stage begins to
fall, eventually returning to base flow, which reflects normal groundwater
discharge to rivers in humid regions.

Notes:

centroid lag (Ic)...center of mass to center of mass.
Dunne and Leopold, p. 326

lag to peak, Dunne and Leopold, pg. 258
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Hydrographs
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Figure 4.8- VVariable Source Areas
(chapter 4 - Hydrology)

Drainage Basin Variable
And Rainfall Source Areas

t1 | . Rain

Just before the storm begins, the only
flow in the stream is base flow,
groundwater draining from basin soils.
E Shaaasaas Rain Begins The stream network is short and simple.
Only a few tributaries, the largest ones,
carry flow.

As the storm continues and water
begins infiltrating, it begins to move

as subsurface stormflow. Soon, this
water reaches streams increasing
discharge, The drainage network
begins to expand as ephemeral streams,
usually dry, fill with water.

>

MO} PUHoAQ

At the peak of the storm, after much
rain has fallen, soils in low areas near
streams are saturated and the drainage
network continues to expand. Rainfall
onto this saturated ground runs off
directly into channels. Water moving
downslope is returning to the ground
at the base of slopes as return flow.

T3
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River Discharge (m3/s)

Figure 4.10 - Hydrograph: Basin Scale and Shape
(chapter 4 - Hydrology)

Effects Of Basin Scale On The Hydrograph:

1 km? Basin //A;\\

100 km? Basin

Time >

River discharge increases with basin area.
Rivers rise and fall more slowly in large
basins than in small basins.

Effects Of Basin Slope and Shape On The Hydrograph:

3

100 km? Basin
Steeply sloped
elongate

100 km? Basin

100 km? Basin
gently sloped
equant

S —

Time >

Hydrographs are more peaked and floods
more abrupt in narrow, steep basins than
in equant, gently sloping basins.
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Figure 4.11 - Hydrograph, Sedigraph, Chemograph
(chapter 4 - Hydrology)

Hydrograph:

t,- peak

t; - falling

River Discharge (m3/s)

Chemograph:

time

Sedigraph:

time

(5/cw) dbreysiq sany

Time T—

Soon after the storm begins, discharge increases
above baseflow at t; and rises to a peak at ta.

As the storm subsides, flow diminishes until discharge
returns to baseflow (£y).

Notes:
Example source material
Lawler, 2006.

Solute concentration ———

Much of the water delivered to the
channel at the beginning of the storm
(z,) is old water that's been stored in pore
spaces and is enriched in dissolved ions.
After the storm is over (£3), newer, more
dilute water that has spent less time in
the shallow subsurface enters the
channel. This pattern of dissimilar ion
concentration at similar discharge levels
is referred to as a Hysteresis Loop.

Sediment concentation ——
As flow begins to increase, sediment
doesn’'t begin to move until a critical
shear stress is exerted on the bed.
Once the bed begins to move and the
armor layer becomes mobile, large
amounts of fine material are released
into the flow. As the storm ends, and
the flow decreases, sediment
continues to move through the system.

Asth 1
Asth 2

Asth 3
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Water balance of drainage basins

Net difference between precipitation and
evaporation yields streamflow or groundwater

EmpntrnnspimrianT Subbasin

\\w\\“\\"ﬁ"r = -" A T A e
Underflow AN Badrack T h Leak ()
Streamtlow

Fig 2-3. Diagram showing terms essential to describe the drainags
beasin and its water balance. Underflow is uwonmeasured streamflow
in sands, gravels and rocks beneath the channael bed.




Watershed
Urbanization

40% evapotranspiration 38% evapotranspiration

10%
runoff

" 20%
runoff

25% shallow 21% shallow

infiltration infiltration
25% deep 21% deep
infiltration infiltration

Natural Ground Cover 10%-20% Impervious Surface

35% evapotranspiration 30% evapotranspiration
30%
runoff ]

|llil il B R
20% shallow 10% shallow
infiltration i infiltration |
15% deep 5% deep
infiltration infiltration

35%-50% Impervious Surface 75%-100% Impervious Surface

Figure 1.2: Relationship Between Impervious Cover
and Surface Runoff
Source: Federal Interagency SRWG, 2000

Figure 4.13 - Pre- and Post-Development Hydrographs
(chapter 4 - Hydrology)

<— Hydrograph after
urbanization

<+——— Hydrograph under
natural conditions

River Discharge (m?3/s)

Time ———
Befor rainfall
hel

path through \din y
pitand mound topography, infiltrating into organic-rich
forest soil and moving slowly to the channel. The infiltrating
water fed baseflow during times when it was not raining.
Flood peaks were lower and came later.

After ap with
little ch infiltrat

reduced. F g ly rfa ch
parking lots, runoff enters streams quickly raising their level.

npo change. For
eexample, the natural 25 yr flow becomes the much more
frequent 2 year flow.

2yrflow 25 yr flow

Peak Discharge (m3/s)

1 Recurrence'fhterval (yrs) 100
Notes:
Source for data in lower panel (traced from plot):
http: I i p: i du/~jgourley/GEOS%2520112%25205tream%2520Discharge_files/
h_flood_rec p: edu/~jgourley/GEOS%2520112225. 2520Discharge htm&usg= s [l
n h=6228w=1000852=778hi b

&tbnid=2tcFydiORil SES.06 .
149&prev=/images%3Fq%3Dflood%2Brecurrence¥%2Binterval®26um%3D1%26h1%3Den%265a%3DN






Northarn Sait Peter, MN. 8 15591, Nost of the and was used for By 2008, urdan growth had ncreased e mpérmeable surfaces n
apricultare this part of Saint Peter by 30 percent

» Minnesota, New Jersey and most other states are facing population and
development increases. Flood water is increasingly difficult to handle: little
infiltration occurs, floodwaters armive sooner and are deeper.

» Natural and agricultural lowlands are being developed: detention basins
are being lost. Surface flow is much fasterthan groundwater.




UNIT-II

HYDROGRAPH ANALYSIS




Urbanization

Northern Saint Peter, MN, in 1991. Most of the land was used for By 2008, urban grewth had increased the impermeable surfaces in
agriculture. this part of Saint Peter by 30 percent.

» Minnesota, New Jersey and most other states are facing population and development increases. Flood water
is increasingly difficult to handle: little infiltration occurs, floodwaters arrive sooner and are deeper.

»  Natural and agricultural lowlands are being developed: detention basins are being lost. Surface flow is much
faster than groundwater.




Rainfall (in.)

Lag time
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|
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Hydrograph
of streamflow

Center of mass
of runoff

and of rainfall
Rainfall

Time (hr)

Discharge (cfs)

: Lag time after urbanization

Original

After urbanization

Time (hr)

(a)

Without permeable floodplains,
infiltration does not occur and

floods are much more frequent.
Peak flow 1s higher and arrives
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Moist air flow
from ocean

Warm, moist air
rises over mountains
and cools; heavy
rainfall

Additional
moisture
picked up

Air mass cools,
condenses, forms
clouds; heavy
rainfall

Warm, dehydrated
air mass settles in

rain shadow; little
rainfall

Lift over mountains

Evaporation
of surface
mosture




Flash Floods in Rain-Shadow Deserts

Normally, windward side gets rain, leeward side gets a desert.
*Air 1s forced to rise over a mountain range

*Air cools with increasing altitude on the windward flank
*Condensation and precipitation occur at high elevations.
As the air descends the lee side, it warms up

and can absorb moisture creating a rain shadow =
*Precipitation in the lee 1S relatlvely rare. | gl g -
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Flash Floods

Desert flash floods can originate when moist air masses overtop a high
mountain ridge and rains occur on the leeward side, falling on the normally
dry leeward watershed. Rains that fell miles away in the mountains can
cause flash floods JugieRdcsert.

G Yol bl &
Strong ﬂoodsrare e and 1z ar between, SO 0x1datlena§€ ‘
Forms 1mpermea’ble‘])e§e?t Varl‘ﬁs\h layer S
Deserts have few trye‘e"s‘(many trees would have '

slowed the water) - o S .

So ...



Deserts get floods without a nearby storm
Kerio River, Turkana District, Kenya
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Chapter Two (continued)
Unit Hydrograph Method

Important Terms in Unit Hydrograph Theory

Flow ~»




l,(ln./hr)

Q (cfs)

160
140
120
100
80
60
40
20

Here net rainis 1 in/hr x 2 hrs = 2 inches over 2 h

storm

|~/ —>|

] Rainfall losses

S | Rainfall excess
fe— P ——

Direct runoff

Inflection
_______________ point

Lo Base flow

Y P Ty [ T

| |

11
O 1 23 4 5 6 7 8 9 10 11 1213

Time (hr)
(a)

gross hyetograph and gross hydrograph. The gross hydrograph can be

¢ want 1 inch over 2 hr storm for 2 hour UH

t, = Lag time or
time to peak

Ty = time of rise
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(= | - ~
= o ] Rainfall losses

:, 1.5 [ Rainfall excess
| |

D = duration of excess rain = -
Look at hyetograph, here 2 hoiifs

— 100
S0
60
40
20

0

Q (cfs

» Unit Hydrograph
Hydrograph usually consists of a rairly regular
lower portion that changes slowly throughout
the year and a rapidly fluctuating component
that represents the immediate response to
rainfall.

The lower, slowly changing portion is termed
base flow. The rapidly fluctuating component is
called direct runoff. This distinction is made
because the unit hydrograph is essentially a
tool for determining the direct runoff response




0.0 ~bethyetograph

1.0
120 |<-(Ix = 4 hr—»l

A Unit Hydrograph has 1.0 80 |-
inches of
Direct Runoff for the storm 1 1 1 |
duration. 0o 2 4 6 s 10 mct
® Time (hr) 'hydrograph
To get a unit hydrograph, UH, first we remove the base flow

amount from the hydrograph, as shown, and calculate the net

rainfall by removing the infiltration and retention storage from the
hyetograph. Then scale the new hydrograph units to yield a unit
hydrograph for, say, 1 inch for one hour, or 1/2 in/hr for 2 hours,

w/hr for 3 hr, etc.

iN (ln/hf)

Qp = 100 cfs

2.0 1n.

40 — direct runoff

Q (cts)
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Example 2-3: Convert the direct runoff
hydrograph below to a 2-HR UH.

In the hyetograph ® = 0.5 in/hr

In the hydrograph, base flow = 100 cfs

£ 15
S 1.0

= 0.5
"[:‘ L | 1 | I | !

1000 |—

Q (cfs)

500 |—

| | | Base|flow | | | | |
0 1 2 3 4 5 6 7 8 9 10 11

Time = hr i —




Draw the Net Hyetograph, and calculate the total direct
runoff, in inches, over the watershed.

O
|

[y (in./hr)
O M

et Hyetograp Time (hr)

1 in/hr x 2 hours = 2 inches, so 2 inches for a 2
hour storm. This is twice too big. We want 1 inch

or the storm, so we must divide each NET




We removed the base flow from the gross hydrograph,
then divided each ordinate by two, to get a unit
hydrograph for a 2-hour storm. We have characterized

hr unjt hydrqgra
Qu@)vat)erQth NOW._We ](n(mv ]l'\n%v %\)81]] behave in a

stQ‘émO .
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500 — e——
400 —
300 —
200 —
100 —
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UNIT-III
Ground Water



Ground Water

» ground water: the water that lies beneath
the ground surface, filling the pore space
between grains in bodies of sediment and
clastic sedimentary rock, and filling cracks
and crevices in all types of rock

» ground water is a major economic resource,
particularly in the dry western areas of the
US and Canada

» source of ground water is rain and snow that
falls to the ground a portion of which
percolates down into the ground to become
ground water




Porosity and Permeability

porosity: the percentage of rock or sediment that consists of
voids or openings

permeability: the capacity of a rock to transmit a fluid such
as water or petroleum through pores and fractures

porous: a rock that holds much water
permeable: a rock that allows water to flow easily through it

impermeable: a rock that does not allow water to flow
through it easily




The Water Table

» saturated zone: the subsurface zone in
which all rock openings are filled with water

» water table: the upper surface of the zone of
saturation

» vadose zone: a subsurface zone in which
rock openings are generally unsaturated and
filled partly with air and partly with water;
above the saturated zone

» capillary fringe: a transition zone with
higher moisture content at the base of the
vadose zone just above the water table
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The Water Table (cont.)

» perched water table: the top of a body of
ground water separated from the main water
table beneath it by a zone that is not
saturated

Perched water table

.- Main water table




The Movement of Ground Water

» most ground water moves relatively slowly
through rock underground

» because it moves in response to
differences in water pressure and
elevation, water within the upper part of
the saturated zone tends to move
downward following the slope of the water

table

ath a sloping water table in uniformly permeable
mground water tends to flow parallel to the sloping water table



Movement of Ground Water (cont.)

» factors affecting the flow of ground water:

- the slope of the water table - the steeper the water
table, the faster ground water moves

- permeability - if rock pores are small and poorly
connected, water moves slowly; when openings are

large and well connected, the flow of water is more
rapid




Aquifers

» aquifer: a body of saturated rock or
sediment through which water can move
easily

» good aquifers include sandstone,
conglomerate, well-joined limestone,
bodies of sand and gravel, and some
fragmental or fractured volcanic rocks
such as columnar basalt

» aquitards: when the porosity of a rock is
1% or less and therefore retards the flow
of ground water




Aquifers (cont.)

» unconfined aquifer: a partially filed
aquifer exposed to the land surface and
marked by a rising and falling water table

» confined aquifer (artesian aquifer): an
aquifer completely filled with pressurized
water and separated from the land
surface by a relatively |mpermeable
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Wells

» well: a deep hole, generally cylindrical, that is
dug of drilled into the ground to penetrate an
aquifer within the saturated zone

» recharge: the addition of new water to the
saturated zone

» the water table in an unconfined aquifer rises in
wet seasons and falls in dry seasons as water
drains

Land surface

; Dry season: water table and rivers are low;
some springs and wells dry up



Wells (cont.)

» cone of depression: a depression of the
water table formed around a well when
water is pumped out; it is shaped like an
inverted cone

» drawdown: the lowering of the water table
near a pumped well

Pumping well

Well (not pumped)

1 |Drawdown

B

 the water table into a cone of depression

[



Wells (cont.)

» artesian well: a well in which water rises
above the aquifer

Area of recharge

Water rises to this elevation

/

Water
table

AR AR e

Artesian well spouts water above land surface in
South Dakota, early 1900s. Heave use of this aquifer
has reduced water pressure so much that spouts do
not occur today




Springs and Streams
» spring: a place where water flows

naturally from rock onto the land surface

» some springs discharge where the water
table intersects the land surface, but they
also occur where water flows out from
caverns or along fractures, faults, or rock
contacts that come to the surface

Water enters caves along joints Springs can form along faults
in limestone and exits as springs when permeable rock has been
Sandstone .
Landsuface  at the mouths of caves Water table moved against less permeable roc

: Arrows show relative motion
e along fault SRt
/ Springs Water table |

a permeable rock such as sandstone
and an underlying less permeable rock
such as shale



Springs and Streams (cont.)

» gaining stream: a stream that receives water
from the zone of saturation

» losing stream: a stream that looses water to
the zone of saturation

Water table

Water table Land surface ter table

ioubts,.  Dry stream _«Snivd
et bed i

- AN sawnated

R A

Water table can be close to the land

&g saturated zone Stream losing water through stream
\\ surface beneath a dry stream bed

bed to saturated zone



Pollution of Ground Water

» pesticides, herbicides, fertilizers: chemicals
that are applied to agricultural crops that
can find their way into ground water when
rain or irrigation water leaches the poisons

downward into the soil

» rain can also leach pollutants from city
umps into ground-water supplies

C
» Heavy metals such as mercury, lead,
chromium, copper, and cadmium, together
with household chemicals and poisons, can
all be concentrated in ground-water
supplies beneath dumps




Pollution of Ground Water (cont.)

» liquid and solid wastes from septic tanks,
sewage plants, and animal feedlots and
slaughterhouses may contain bacteria, viruses,
and parasites that can contaminate ground
water

» acid mine drainage from coal and metal mines
can contaminate both surface and ground
water

» radioactive waste can cause the pollution of

round water due to the shallow burial of low-
evel solid and liquid radioactive wastes from
the nuclear power industry




Pollution of Ground Water (cont.)

» pumping wells can cause or aggravate
ground-water pollution

City dump

Pumping well

Water-table slope is reversed by pumping, changing
direction of the ground-water flow, and polluting the well



Balancing Withdrawal and
Recharge

» a local supply of groundwater will last
indefinitely if it is withdrawn for use at a rate

equal to or less than the rate of recharge to
the aquifer

» if ground water is withdrawn faster than it is
being recharged, however, the supply is
being reduced and will one day be gone




Balancing Withdrawal and
Recharge

» heavy use of ground water can result in:
- a regional water table dropping

- deepening of a well which means more

electricity is needed to pump the water to the
surface

- the ground surface settling because the water
no longer supports the rock and sediment

Subsidence of the land surface caused by the extraction
of ground

water, near Mendota, San Joaquin Valley, CA. Signs on
the

pole indicate the positions of the land surface in 1925,
1955, and

1977. The land sank 30 feet in 52 years.




Balancing Withdrawal and
Recharge (cont.)

» to avoid the problems of falling water tables,
subsidence, and compaction, many towns use
artificial recharge to increase recharge,;
natural floodwaters or treated industrial or
domestic wastewaters are stored in
infiltration ponds in the surface to increase
the rate of water percolation into the ground




Effects of Ground-Water Action

» caves (or caverns): naturally formed
underground chamber

» most caves develop when slightly acidic
ground water dissolves limestone along
joints and bedding planes, opening up

cavern systems as calcite is carried away in
solution

» most caves probably are formed by ground

water circulatin% below the water table
H,0 + CO, + CaCO, < Ca™* +2HCO;

water carbon calcite in calcium bicarbonate
dioxide limestone ion ion

_)

development of caves (solution)
\‘ \ '\ ;\\\‘ - (
4 ] _

elopment of flowstone and dripstone (precipitation)



Effects of Ground-Water Action

(cont.)

» stalactites: icicle-like pendants of
dripstone hanging from cave ceilings,
generally slender and are commonly
aligned along cracks in the ceiling, which
act as conduits for ground water

» stalagmites: cone-shaped masses of
drip-stone formed on cave floors

generally directly bel¢. =~ "

Falling water table allows cave system, now greatly
enlarged, to fill with air. Calcite precipitation forms
stalactites, stalagmites, and columns above the water
table




Effects of Ground-Water Action

(cont.)

» sinkholes: closed depressions found on
land surfaces underlain by limestone; they
form either by the collapse of a cave roof
or by solution as descending water
enlarges a crack in limestone

Trees grow in a sinkhole formed in limestone near
Mammoth Cave, Kentucky




Effects of Ground-Water Action
(cont.)

» karst topography: an area with many
sinkholes and with cave systems beneath
the land surface

Karst valley formed from
coalescing sinkholes
\

Giant
spring

ohy is marked by underground caves and numerous surface sinkholes. A major river may
oion 2| surface streams generally disappear down sinkholes



Effects of Ground-Water Action
(cont.)

» petrified wood: develops when porous buried
wood is either filled in or replaced by inorganic
silica carried in by ground water

» concentration: a hard, round mass that develops
when a considerable amount of cementing
material precipitates locally in a rock, often
around an organic nucleus

) geodes partly hoIIow globe- shaped bodies

Baion s that have weathered out of shale Geodes



Hot Water Underground

» hot springs: springs in which the water is
warmer than human body temperature

» water can gain heat in two ways while
underground:

- ground water may circulate near a magma chamber
or a body of cooling igneous rock

- ground water may circulate unusually deep in the
earth




Hot Water Underground

» geyser: a type of hot spring that
periodically erupts hot water and stream;
the water is generally near boiling

(1 OOOC)

............... 3
------ e, A \\ater |
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Geothermal Energy

» Electricity can be generated by harnessing
naturally occurring stream and hot water in
areas that are exceptionally hot underground
(geothermal areas);

» nonelectric uses@bgaemharmal energy
include space heating, as well as paper
manufacturing, ore processing, and food
preparation




UNIT-IV

SOIL WATER-PLANT
RELATIONSHIP
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Soil, Plant & Water Relationships

Understanding Soil Water Holding
Capacity «

il textural classification:
f, silt, clay co'ntent
AgCenne

Porosity
y Porosity is a measure of how much pore space exists in the
soil

y Vokifie st smitewtddiigher o evéifioibk media
y PoroBitydsityiveaasiay and maijtde@0%atpbe the same

N e

Irrigation Basics for Landscape Irrigation Contractors — LSU AgCenter
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Permeability
y HEG St IhesA8aURove into/through
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Irrigation Basics for Landscape Irrigation Contractors — LSU AgCenter

Sqil Intake Rate

6
]
"

INTAKE RATE (cm/h)

2.5 intoke rote B
oO S50 100 !‘50 200
ELAPSED TIME (min)
Compaction

y Compaction reduces porosity, infiltration, and water holding
capacityd hemi h di .
y Comapnact?or? r%%a!)g IRCreage %ylyrg}ﬂ%altﬂl%gg impact

(mechanical or hydraulic),

Salts & Water Intake

Toeal ava
at 0.0% .
[

Wilting Range
|
wooally

15 b Tl

i

Permeability

y Saturated permeability for clay soils may be <0.06”/hour
y Saturated permeability for silt loam soils may be 0.2”/hour
y Permeability generally declines with
compaction, rainfall, irrigation, increased moisture content,
decreased organic
matter or amendments, and increased
density (D)

Ag Cente

Salts
y DRleRoMAe dRYESHA f%!"ﬂ%%l%&tﬂp it

Theoqypitability of water to plants

y As salt concentrations increase it reduces

Ag Cenee &

Soil is a Reservoir

y Capacity : =
> Soil type| E
“Rootdepth =~
e Ay el \\

e Level

Rain

- Irrigation
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The Soil Reservoir

Saturation }

Gravitational Water

Rapid D
(Typically 50% of AW) (Rapid Drainage]

Irrigation Amount

Permanent Wilt Point

AgCemnte QrOSCoDic e

Evapotranspiration (ET)

y Evaporation of water from the soil or plants surfﬁe

from Ieaﬁ/es. diti affect ET:
J It\/i\slqg;t)i(:e.anlilgl%ealstd%gsin mrﬁl%% ’
> Solar radiation
> Temperature

- Wind

pze Sdofils ES

4

Irrigation Requirement

y ET — Effective Rain = Irrigation Requirement

) TRE TGS AR SN IEE TS eV Ehen B9 RIS PR

enough to return the soil

Irrigation Basics for Landscape Irrigation Contractors — LSU AgCenter

Ag Cente

To re;ﬁé@ rain water that has evaporated.

Ag Cente

Effective Rain Fall

4 0; ET . .

Surement Of rain is as important as
y Rainfall that runs off is NOT effective rain
y ‘Rainfalt repienishes “soilPmoisture

y Rain that soaks below the roots is NOT
effective rain

easuremen
y I{Re

the

AgCemte

Typical Irrigation System Adjustments

In¢Hes Daily Evaporation

L e ot e i Weely i
RAARRN ===
& GANapdRRRRNAAAAS
ET || ,/
M HHT

3 5 7 9 11 13 15 17 19 21 23 25 27

Days
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- WateFdgsRisn Nabad Resources
> Watered right

Benefits of ET-Based Water
Management

y Efficient Water Use
 Save Money y Healthy Lands

Soil, Plant & \Water Relatlonshl

Average thehes depth of water
foot depth of soil in plant oot zane
— e
Field capacity A
| R g
2 S [
L—
i [~ wilting_point_
Sand Fine | Sandy Fine Loam | Sit |Light| Clay |Heavy| Clay
'smm foam | sandy foam | clay | loam | clay
Toam loam loam
Fig, 5.12. Simplified comparigzon of the water-holding characteristics
of different textured soils.  (Courtesy U. S. Department of Agriculture,

1955.)

Moaisture Extraction

The Soil Reservoir

Availoble water

PERCENT SOIL WATER
WATER CONTENT (irches/foot of so)

SAND SANDY LOAM SILT CLAY CLAY
Loam LoAam LoAMm

HEAVINESS OF TEXTURE

ORGANIC MATTER &

[

Soil, Plant & Water Relationships

Table 1 1. Range in available water-holding capacity of soils of different
texture

AgCemnte

Soil, Plant & Water Relationships

Where do plants get their water?

v SOMpptesaIaac:AAHBHR Myperil (er foo
TTypisiedi septlyoseilsto 1.5 ft.
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Water Management

w/ Water Management  Frequent Irrigation

w/ Water Management Frequent Irrigation

=

Soil, Plant & Water Relationships

How much do you applyduring an irrigation?:

d = maximum netcgleptnafaratents) Bagppligd per irrigation

(mm/lnches)
MAD = management-allowed depletion (%)
W, = available water-holding capacity of the soil

B8 (mm/m or in./ft) S

Irrigation Basics for Landscape Irrigation Contractors — LSU AgCenter

” Soil, Plant & Water Relationships

Concept:

Percentage of avallable Water W|th|n the 50|I that
fMAD %

irrig@}zq?égegmg%%ﬁgoted, high value fruit and

ACRB0, Dedihandg0ooiedyans Chiepeies, ornamentals,
deep-rooted row crops
re tr for I

m

Slope effects
y Slopilte#sgidGifhance of

runof S ARRIVAHEkHR RS ter  infiltratiom

be

y Consider splitting irrigation in mul
cycles

Z = effective root depth, (m or ft)

Ag Cenee &




UNIT =V
IRRIGATION AND
CANAL DESIGN




DEFINITION

< An artificial channel filled with water and
designed for navigation, or for irrigating land,etc.

“*An artificial or extensively modified
natural channel used for inland water transport and/or
the control and diversion of water for drainage or
irrigation



http://www.answers.com/topic/watercourse
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http://en.wikipedia.org/wiki/United_Kingdom

TYPES OF CANAL

(BASED ON USE)

. There are two types of canal:

¢ Aqueducts: water supply canals that are used for the
conveyance and delivery of potable water for human
consumption, municipal uses, and agriculture irrigation.

¢ Waterways: navigable transportation canals used for
carrying ships and boats shipping goods and conveying
people.



http://en.wikipedia.org/wiki/Aqueduct
http://en.wikipedia.org/wiki/Water_supply
http://en.wikipedia.org/wiki/Potable
http://en.wikipedia.org/wiki/Municipal
http://en.wikipedia.org/wiki/Agriculture
http://en.wikipedia.org/wiki/Irrigation
http://en.wikipedia.org/wiki/Waterway
http://en.wikipedia.org/wiki/Navigable
http://en.wikipedia.org/wiki/Transport

TYPES OF CANAL

(BASED ON DISCHARGE)

“*MAIN CANAL

“*BRANCH CANAL

“*MAJOR DISTRIBUTARY
“*MINOR DISTRIBUTARY

“*WATER COURSE OR FIELD CHANNEL




MAIN CANAL

»Main Canal takes off directly from the
upstream side of weir head works or dam.

» Usually no direct cultivation is proposed






http://en.wikipedia.org/wiki/Danube-Black_Sea_Canal
http://en.wikipedia.org/wiki/Danube-Black_Sea_Canal
http://en.wikipedia.org/wiki/Danube-Black_Sea_Canal
http://en.wikipedia.org/wiki/Romania




BRANCH CANAL

*+ All offtakes from main canal with head
discharge of 14-15 cumecs and above are termed

as branch canals.

s Acts as feeder channel for major distributaries







MAJOR DISTRIBUTARY

* All offtakes from main canal or branch canal with head
discharge from 0.028 to 15 cumecs are termed as major distributarie

MINOR DISTRIBUTARY

“* All offtakes taking off from a major distributary carrying
discharge less than 0.25 cumec are termed as minor
distributaries

WATER COURSE

“*Small channels which carry water from the outlets of a
ajor or minor distributary or a branch canal to the fields to
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TYPES OF CANAL

(Based on Lining being Provided or not)

1. Unlined canals

2. Lined canals




UNLINED CANAL

“*An unlined canal is the one which has its bed and banks
made up of natural soil through which it is constructed and
not provided with a lining of impervious material




Disadvantages of unlined
canals

»> Water velocities higher than 0.7 m/s are not tolerable because
of erosion. The low operating velocities require large cross-
sectional areas

» High seepage and conveyance water losses result in
waterlogging of adjacent land.

»Danger of canal bank breakage caused by overtopping,
erosion and animal burrowing.

» Profuse growth of aquatic weeds retards the flow and causes
heavy maintenance cost.




ILL-EFFECTS OF WATER LOGGING

1. Water seeping from canals down to the soil below may, at
times, raise the ground water very close to the ground level.

2. This may result in blocking all the voids in the soil and
obstructing the plant roots to breathe.

3.Normal cultivation operations, such as tilling,
ploughing, etc. cannot be easily carried out in wet soils.




and conveyance water losses
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All these reasons lead to adoption

of lining of canals, though the cost

may be prohibitive. Hence, before
suggesting a possible lining for a
canal, 1t 1s necessary to evaluate
the cost vis-a-vis the savings due
to reduction 1n water loss through

seepage.




LINED CANAL

A lined canal is provided with a lining of
impervious material on its bed and banks to
prevent the seepage of water




Types of canal lining

1. Concrete lining

2.Shotcrete lining

3.Brick or burnt clay tile lining

4. Boulder Lining







Irrigation canal layout

s As far as possible, curves should be avoided in the
alignment of canals

**The curves lead to disturbance of flow and a
tendency to silt on the inner bend and scour the toe of
the outer (concave) bend.

“*If curves have to be provided; they should be as
gentle as possible.

**The permissible minimum radius of curvature for a
channel curve is shorter for lined canals than unlined

ones
“*The alignment should be such that the cutting and

filling of earth or rock should be balanced, as far as




Type of canal

Capacity of canal (m®/s)

Minimum radius (m)

Unlined canals 80 and above 1500
30 to 80 1000
15 to 30 600
3to 15 300
0.3to 3 150
Less than 3 90
Lined canals 280 and above 900
200 to 280 750
140 to 200 600
70 to 140 450
4010 70 300
10 to 40 200
3to 10 150
0.3to3 100
Less than 0.3 o0




Drainage of land for Canal Irrigation

“*A proper design of canal irrigation system
should also consist provision of a suitable
drainage system for removal of excess water.

“*The drainage system help to drain out
storm water as well, and thus to prevent its
percolation and to ensure easy disposal.




TYPES OF DRAINAGE SYSTEM

“*Surface Drainage

v'These constitute open ditches, field
drains, proper land grading and related
structures.

v'Land grading, or properly sloping the
land towards the field drains, is an
important method for effecting surface

drainage.




TYPES OF DRAINAGE SYSTEM

“*Sub-Surface Drainage

v'These are installed to lower the water table
v'Consists of underground pipes which collect
water and remove 1t through a network of such

pipes.




Impact of Irrigation

Increase in crop productivity

Change in cropping pattern

Helps
Impact of Increase in cropping intensity Reies i
Irrigation
Increase in gross and net Rural
income Pov erty

Increase in farm employment

Increase in farm wage rate

Public expenditure on
improved irrigation and
water conservation under
poverty reduction
programme




Table 8: average production cost for different crops

Items Alfalfa Okra Tomato  Cucumber  Eggplant
Cost Cost Cost Cost Cost
US$/ha US$/ha US$/ha US$/ha US$/ha
Tillage 39 39 39 39 39
Seeds 173 13 13 13 13
Fertilizers 24 48 48 48 48
Fuel 450 397 397 397 397
Labour 96 49 49 49 49
Lubricant & oil 20 20 20 20 20
Spare parts 20 20 20 20 20
Transportation, tax...etc 00 400 400 400 400
Total production cost 822 986 086 986 986
Total income 2,851 1,551 2,400 1,200 1,330
Profit 2,029 565 1,414 214 344




A COMPARITIVE
CANAL IRRIGATION &
GROUNDWATER
IRRIGATION




Land Productivity in Canal and GW
Irrigation

“* Higher land
productivity in

talukas with higher ?EﬁT;ﬁm in Top 10 Taukas i |
canal Irrigation g Density Do e
density g —n
» |
*»* Lower land B
productivity In % 1B
talukas with higher |2 il
GW irrigation &
density il . TH‘H
O — .

Anand
Hansot
Olpad
Valod
Kamrej
Visnaga
Karjan
Kalol (Meh) |
Daskroi |

DATA BASED ON TALUKAS

OF GUJARAT



Distribution of GW and Canal
Irrigation in Gujarat

“* 95% of Gujarat’s
canal irrigation 1s
concentrated In
20% talukas

Groundwater
Irrigated Area

Canal Irrigated

“* Canal systems
imply “All for some”

Area Irrigated (%)

*¢* Groundwater
irrigation imply
“Some for all”

Taluka (%)
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CANAL

A PROBLEM

&
ITS SOLUTION




w==  Forth and Clyde Canal |
wee Union Canl 1 Faligh Grangemouth

Falkirk Wheel

Edinburgh

Glasgow

—'2———’

At the beginning there were two canals:

Canal Forth and Clyde was built in 1777
Canal Union between Falkirk and Edinburgh was finished in 1822
Because of geographical difficulties,

which created a difference of 79ft.in elevation,
~the two canals were connected by 11 locks.




In 1963, atter 150 yrs of existence
of this water way with 11 locks
the construction of a huge water
carousel started.

This extraordinary idea was
finished in 2002 and became a
symbol of Scotland.

This invention saves not only time

but also energy.
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THE RESULT IS
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This is the only rotational boat transporter in the world.
It has two arms and each arm forms a Kkind of huge tub filled with
water.

el then the tub locks up and the huge arm starts
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Entrance to lower canal
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There are boats in both “tubs"
= upper and lower

%



Rotation is starting




rotating arms




Rotation







BarrettWells

Just before "landing”









Closing the gate , requlation of level of water

gud "tubs” rotation takes 15 min. only.

\




One "tub” 78ft.




The “tubs” are filled according the
Archimedes’ Law.
So the weight of “tubs™ are
balanced.
To open the upper and lower lock
and turn the whole system

by 180° they need an engine of 22.5
kW which only use 1.5 kWh
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