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Sources of Sub- surface Water

(1) Ground - water flow

(11 ground water

) Capillary rise from

from surface off on pavements , shoulders , slopes and natural ground

(i11)seepage run -

above the roadway

(iv) spring
—: Darcys Law

— el (Sl (5 (2 G )SE (LS Swss Ol & ,S48 308 1uIS gla 9B Alde),
Q=KiA
Q= My/sec
Where discharge

K= Permeability m/ sec
Coefficient of

1 = Hydraulic gradient
A = C/S area at right angles to the
direction of flow, my
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Some typical values of permeability of soils and bases I
No Soil / base K, m/sec
V- Impervious soil such as stiff clay Less than V*y. ™
v- Semi —pervious soil such silty clay, sandy silt, silt VY TToyEy T
A Pervious soils,such as sand and Gravel > kYT

halladd (AL 9 (53 (UL, IS el 5905 )35 (SS,52050 3 (UL, uidl -
ads filter material 4l (Sasdinue qSas ool i yadilo ids (L 054l )Sai s (Libisy
Olasy (suso,4d S9,S 5096 o) French  drain wwde ad (s sds ol puas gL a3l
Vo~ (seuian (3,S4d Gy s JS GG pas ( Durried drains) gldigsls eS8 sae st
S Sy giade (OPEN JOINt)syl S iy 8 9aSey Culiaiay o Sadhisy puw)O
0518 098 35S (Housds (5,33 (UL, IS Loy 0gLS (hsads p¥a Syl (T3S
Nse 32 % V0 Sl (el pddey (SIOP) [ us (il (SOHUOL,Y g5 cldiey
g 431 (SS) Slayld Ly (oas Sy S Wiy gl aSalla (g0 50 0w iy ()0 ) 0y
. 830, 93 dTaadl 6 90 e cidadd el 4l
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Ol Rty Sleds 0, 4SIKS) (guslu g9 paadd aSISH 4 (Parallel) o cupws clis Gl g0
. ( transverse drain ) s saisl;S53,9 4SIK, uwl jo g0 o 4S 5545k 5 g

4So 5l (50945 33 e ( OULlEt ) «SIST) (vl jo gl a5 (a3 4S (SISap, e ddpd e e s 0y
L 05t (A g (555090 HL 3l g4SIKG) (090,00 didas

 ie b (53 o9l U (Saudigaal ndls Gy Sl sg0)len UL a0

Impervious
15 em Back fill

1

Granular Filter
Back fill

Perforated pipe or
pipe with open joints

(15 cm dia)
5cm

- 30 em =

French Drain

original

secpage
» line
original ground
&
N
. W
Pavement 3
-
lowered
seepage

line

Filter Back fill

SUB Drain
pipe Drain to intercept seepage
from a cut-section

oy
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(§4Sdal gl oy 1o iy Glaubd pu,SHe b 4..3;,3) OS Jaosld Cuudsds Lasg,ds
wsdaaas hydraulic gradient «s g9 Ll s (s gds (5 SBISa O g4Sa 00 698 yduw
G Sl §u,S 320yl su3es ( safety) aseedaw jELjey base — course Awb 5
ol (Sl 5 wogds 09 S, 3204 Suudas Lasg ansy SUD grade a4\, Yo (g3
Sl pad oy SUb grade iwb )35 3 ( safety) caedaw (SULwb 3 5905 235 s9b
SIS, (oY ggdaadd (53,90 S 5aesl (i ggu SIS (o s S gaSas 08 1as0,lsa
(V') so9be yan 13ISeH 0 alia sG3Saley (TFANSVEISE ) Y gdi s 0% add Shiia JaSas

. 09003 33 CusdSss j0u dSo s

pavement

== _-Orginal water table

223 " lower water
table

Longitudinal
Drain

Transverse
Drian

outlet to natural
drainge channal

PiPeDralnsto lower water- table

oy



Jliljlmiai J‘Jﬁéé

(PLIs o gdSai 00 Isgo,lga gaudidy add dog « K4l (S 509l (5 (S3Hlsadoy
4S i3IS uaods ( SUb grade) jawa (sand blanket ) IR, ol Siiaa
Gaa 090,19 33 (Oludily) cajadils 43U 44 (OpEN LEXTUIE) oyl S Siiua (pavement)
I 5, 4 (e g4 (SIS (538 <l (SUD grade) jaw 3 cas el sy dua add 1S

L 841,310 4SIS3 ) Sudinids «4S (g (drain Pipe) 4S8 B Ygds g¥ pdd s 4Soyls

pavement

[SNORS] IIIM"“' blanket J L
Sand blanket and pipe Drain -

Filter design

OIS 500l (5u3s b gses 33 og0uS 5 ey (granular filter) ,ails o, faiead

dog Lsg) 0)S1) (sulsas Sy Waog,aasy ¢ ojuiy (ol (S S diuwgiy (drain pipe)

S48 oy (PItChING) 1utSes s oL 19D, (LB 50,853, da 35 5 aadiusas

=5 (94Ks 090l sh (SUYL kS (glae, gl (( 255095 )) /a8 4a

LVPPERERVES uSéSJJSJV\',’;o‘,G Olas l§.‘:‘e4s (SO0 345 Siks p3) ((4S6uls) ASAiuus ;4 diu gis—)
(permeability ) i

©9l e S5 JAlod c;é..,g.:‘, Sl gl (50u30 943 S 3,99 (4S80Le) dSAhwo j4S dieus gy —Y
a9y 9lde (SUBy pleddd s )X5,) Glioy) Sy, 3L 33 (4S00,99) Sy
sydiadipsls (s34 (Il (sogw 3 «SISI, i, (Embankment) 1utSs gaio S 0

. (pitching)

o¢
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590,95 (SLASAS LA g9 add (34K 890, (saSaads S Al ggu add (5,1E5L (s05 B2 —
T gy i i gay
D,. (filter)
(i) < o
D,. (protected soil )

(11) D,. (filter) > o (or >¢ )

D,. (protected soil )
*Principles of Foundation Engineering / Fifth Edition Braja M.Das
L Ol s Ly 4S5k g4 0L (50,048 gl s 53 9,9 /N0 @ity Do cldaias
- s S Ly (oS5 oL (50,4 gl s )5 9 9 1A0 dily DAO Las g aaey
090,195 (VLIS 9l pdy &3 )SA HLELS Srwos 3y8 Ol ASandyl S (eaa) Gl 50,9480y
DAe (filter )
(i11) for slots , > \Y
Slot width

(iv) for circular holes , DAo (filter) > V.0

Hole diamater

382 (plo) ) (SISLS (o309 ¢ g93 (19S 19S ¢ 4SS B0yl (ks HASL — 1 Ligad By
xls (54501 943 (s () (Slply pelieS CLSA CidSa (3a (il 5908 (S (Sl
(soil gradation)

Sieve size percentage passing
Y, 5\A mm Voo
« £Yomm = §£Yo micron ¥

+,¥Yeemm =Y+« micron Ao

00
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«.Yoemm = \o+ micron 1.
«,s¥Yomm = Yo micron Vo
+.00¥Ymm = oY micron \Z

D,. ( protect soil ) = Yo micron = +,+Yo mm

From equation Dyo (filter) > o
Dye (protected )

D,. (filter ) > ¢ * D,, ( protected )
> o*..,0V0 =+, ¥YYo mm
D,. ( protect ed soil ) = ¥+« micron =+,¥ mm ((point A))

From equation D, (filter ) < o

D,. (protected soil)
D,. (filter ) <o*. ¥ <y, e mm ((point B))

4SS SIS (508§l Swss HLEL , (3486 awey BLA d gg0 pa
(1IV) gadiSylayiu duds olaL -

PARTICLE SIZE (mm) LOG SCALE

o
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filter/DAe  (so4433539 3
(iv) for circular holes , DAe (filter) > V.0

Hole diamater
D,. (filter ) >V, +*y+ mm >\ +mm ((point C))

35, aSe,aal G cpdiadals Og0w (C ) ) o34 9 AB (s 4 4l gaSas 48 (g48,i8 yu

ASLGSIS 3y (552 (s 99909
Capillary Cut- off treatment
4Sda gl plioy S FuL 6905 225 BB (FwlieS 1uSaiy gddl &3Sy S gys ISy, 484

Gy oy Daidoles 4SS, e gl ¢ Slgps b (5oL 4SS, (Y4 gY pdd HLisy Cilids (550
(52390400 b adggies dB (soghdias 09l gai ogds (e Bs (B9,S 3oyl (drain) il yhs
Cut Builyas ol (PSulyshias G gad < 030)lgd (saa0gid pas 4SISH, SISaiua 5 094l )4
— iSdawld 445 Off

(sand blanket) o etiiaa S0

(poly ethen) y3LG SGIs

(tar felt) g ol S6I

(prime Coat ) (3 asl) 8 eliiaa SGI

(bituminous stablised 501l ) 1o p3 JaSal F3,S g¥aSi5as 4SIS 30, hads

5948556 (b Hawdl a0 (53,04 (Capillary Cut- off) wuiyay aa Sl Giuss
Sub grade ) 4 (sasay 58 Slaad ReaS aSogliad 6,55, dlua ads b el pds ellia 4oy
- O gaSd 00 ludadis g add Lo g aw\ ¢ al(

pavement

subrade

capillary cut- off treatment

water

oy

-0
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ABSTRACT
The flow over steep stepped spillway 1s quite complex, characterized by great

aeration, and high turbulence. Therefore, most of the hydraulic studies of such
flows are performed on physical model.

Fourteen geometrical models of a stepped spillway were manufactured from wood.
These models cover smooth spillway, single step size spillway, double and triple
step sizes, and partially stepped spillway.

Experiments were conducted to find the vanation of energy dissipation efliciency
of the stepped spillway. The experiments were conducted for different flow values
from (0.25 liter/sec) to (44 liter/sec) which in turn gave Froude number of
incoming {low from (0.5) to (0.7).

Dimensionless terms were collected using dimensional analysis and equations were
found for relating the energy dissipation over the spillway with the other related
geometric and flow variables.

Two equations were obtained, one for single step size spillway and the other for
double step sizes spillway. Statistical tests indicate the adequacy of the equations;
the correlation coefficients of the fitted equations were high.

For single step size case, the results were compared with other equations available
in the literature; similar comparison could not be done for double step sizes
equation because of lack of knowledge in literature for this case.

The energy dissipation efficiency variation was investigated with different
variables. In general, 1t was found that the encrgy dissipation decreases with the
increase of (11/P) values, and for small (I1/P) values the variation 1s high and
decreases with increases i (H/P).

Comparison between energy dissipation efficiency of single step size spillway and
double step sizes spillway indicates that the second one has higher energy

dissipation efficiency by about (8-9%).
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Magnetohydrodynamics (MHD) (magnetofluiddynamics  or
hydromagnetics) is the academic discipline which studies the
dynamics of electrically conducting fluids. Examples of such fluids
include plasmas, liquid metals, and salt water. The word
magnetohydrodynamics (MHD) is derived from magneto- meaning
magnetic field, and hydro- meaning liquid, and -dynamics meaning
movement. The field of MHD was initiated by Hannes Alfvén, for
which he received the Nobel Prize in Physics in Y4V,

The idea of MHD is that magnetic fields can induce currents in a
moving conductive fluid, which create forces on the fluid, and also
change the magnetic field itself. The set of equations which describe
MHD are a combination of the Navier-Stokes equations of fluid
dynamics and Maxwell's equations of electromagnetism. These
differential equations have to be solved simultaneously, either
analytically or numerically. Because MHD is a fluid theory, it cannot
treat kinetic phenomena, i.e., those in which the existence of discrete
particles, or of a non-thermal distribution of their velocities, is
important.

The simplest form of MHD, Ideal MHD, assumes that the fluid has so little resistivity
that it can be treated as a perfect conductor. (This is the limit of infinite magnetic
Reynolds number.) In ideal MHD, Lenz's law dictates that the fluid is in a sense tied to
the magnetic field lines. To be more precise, in ideal MHD, a small rope-like volume of
fluid surrounding a field line will continue to lie along a magnetic field line, even as it
is twisted and distorted by fluid flows in the system. The connection between magnetic
field lines and fluid in ideal MHD fixes the topology of the magnetic field in the fluid --
for example, if a set of magnetic field lines are tied into a knot, then they will remain so
as long as the fluid/plasma has negligible resistivity. This difficulty in reconnecting
magnetic field lines makes it possible to store energy by moving the fluid or the source
of the magnetic field. The energy can then become available if the conditions for ideal
MHD break down, allowing magnetic reconnection that releases the stored energy from
the magnetic field.

Ideal MHD 1is only strictly applicable when:
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V.The plasma is strongly collisional, so that the time scale of
collisions is shorter than the other characteristic times in the
system, and the particle distributions are therefore close to
Maxwellian.

Y. The resistivity due to these collisions is small. In particular, the
typical magnetic diffusion times over any scale length present in
the system must be longer than any time scale of interest.

Y. We are interested in length scales much longer than the ion skin
depth and Larmor radius perpendicular to the field, long enough
along the field to ignore Landau damping, and time scales much
longer than the ion gyration time (system is smooth and slowly
evolving).

In an imperfectly conducting fluid, the magnetic field can generally
move through the fluid, following a diffusion law with the resistivity
of the plasma serving as a diffusion constant. This means that
solutions to the ideal MHD equations are only applicable for a limited
time for a region of a given size before diffusion becomes too
important to ignore. One can estimate the diffusion time across a solar
active region (from collisional resistivity) to be hundreds to thousands
of years, much longer than the actual lifetime of a sunspot -- so it
would seem reasonable to ignore the resistivity. By contrast, a meter-
sized volume of seawater has a magnetic diffusion time measured in
milliseconds.

Even in physical systems which are large and conductive enough that
simple estimates suggest that we can ignore the resistivity, resistivity
may still be important: many instabilities exist that can increase the
effective resistivity of the plasma by factors of more than a billion.
The enhanced resistivity is usually the result of the formation of small
scale structure like current sheets or fine scale magnetic turbulence,
introducing small spatial scales into the system over which ideal
MHD is broken and magnetic diffusion can occur quickly. When this
happens, Magnetic Reconnection may occur in the plasma to release
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stored magnetic energy as waves, bulk mechanical acceleration of
material, particle acceleration, and heat. Magnetic reconnection in
highly conductive systems is important because it concentrates energy
in time and space, so that gentle forces applied to a plasma for long
periods of time can cause violent explosions and bursts of radiation.

When the fluid cannot be considered as completely conductive, but
the other conditions for ideal MHD are satisfied, it is possible to use
an extended model called resistive MHD. This includes an extra term
in Ampere's Law which models the collisional resistivity. Generally
MHD computer simulations are at least somewhat resistive because
their computational grid introduces a numerical resistivity.

Another limitation of MHD (and fluid theories in general) is that they
depend on the assumption that the plasma is strongly collisional (this
is the first criterion listed above), so that the time scale of collisions is
shorter than the other characteristic times in the system, and the
particle distributions are Maxwellian. This is usually not the case in
fusion, space and astrophysical plasmas. When this is not the case, or
we are interested in smaller spatial scales, it may be necessary to use a
kinetic model which properly accounts for the non-Maxwellian shape
of the distribution function. However, because MHD 1is very simple,
and captures many of the important properties of plasma dynamics, it
is often qualitatively accurate, and 1s almost invariably the first model
tried.In many MHD systems, most of the electric current is
compressed into thin, nearly-two-dimensional ribbons termed current
sheets. These can divide the fluid into magnetic domains, inside of
which the currents are relatively weak. Current sheets in the solar
corona are thought to be between a few meters and a few kilometers
in thickness, which is quite thin compared to the magnetic domains
(which are thousands to hundreds of thousands of kilometers across).
Another example is in the earth's magnetosphere, where current
sheets separate topologically distinct domains, isolating most of the
earth's ionosphere from the solar wind.
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