i)
(«/.
(S psl u’iaﬁfuﬁ'u\i;u&é};y&@>

W LA DR e Y UIN S TEIN L2 LN
5 1) 0 R

v Foal T 1,0 T

-2 sl

Mﬂ 9)@ J@Q‘J@

2ol 2 /VZ U%JUC// 29 g-(f el zolie b 2 2l

pl

pY-Y) /& VELY




| Al
kb maA M o sillo S ) -l el
g UM s Ble vy 3 Oy A3l
-+ 2]
c el dad G A SN G s -
B A sl sl eNentl) 0l -
- 2] UG

L3 s e o) Lyl i)l U 08 -
L3 o e e L) il sl S Conen
359 2t ol e 2 e b e

o B AV pid eyl e



S'Q—!
o 3 @el‘éﬁ\'%\" oA v o d)
oo Ak W ) Al B )
A gl d o g B se o
Gy AEN Yo s 915 gl 5 L D A e ol B
e\ gial o L
oo dy ol

(il gl S i

3ppmd) pong bt A ) -+ U lly G e )
P Py L 2 les 5 )
(el ) W 1

o < Aol )
e gt @ ol )
oM e il Gl 3 355 )



Gl @ oSl )
o e sl o A2 HZL )
ool BAM W5 A Lpall antll )
a1 il Gyl iy Lol )
c syl e 4 WSl 3 psladly L. e B & o d
o oAb aidl asgl Y
(e zomn) )

odloin 3 A 11 st sl oyl e S
(geDd

osT Ko o Y Sm sl ) e gl o L g 1l e
o d e rd A oo d oL S 55’\&' 351 ;ﬁr“.}
ol oy el ) o
(5D d @hals g o S adly



Bl Lidey By LBy s (Hs Lo sl o o0 40 ol

derdl My Dl aceadl Gy Lol sl 0 o s oy

e S Blas ity (8 ) s L3ladly JULy JaWL el by (310
3B 7ol ¢ 1 3l o e Sl Dlolly il 0L Lo 47
i L B oy el 44T 5By ¢l

paly $Z les r,\_;s? Sl 2y el $20Y pe il 3 b
s 23yl 78) 51SH O 8y oA Syt p peom g3 el il )
3 o yk{j@;\w\%m,ﬁg}u@\,}{\}& 158 ol gl
s P acahdlelon a3 AN s ol b G Ayl o

bl abaly g N o

Gall
sl s wilals s



<l giaal) daild

g saa sall

\ Al o) e

Y Ayl mdle

s claayl

o aadl) g KA

1 b ginall 408

Al Al A Jaaal) 1 gY) Juadl)

q RURA|

q fusl ) ellans

' A Al A e

Y. Al Calaal

VY Ll caldal sl

dora) ALl Apalal) 4818 1 SN Jacadl)

\ ¢ Al Al avaat] Glallaiall

Vo Al Hall 4xilEl) (5 yall

A all Attty 48181 1Y Juadl

\V bl = 3l

VA Gl jall aUas

Y o al) aUai aranas

Yy Aigenll HLY! ol
¥ Al Qi sl L sadl o) Al ¥l
ve A il G ol
vV A sl 5 568V 48y L)
vy Ja srinall ol gell 48, Hl




4 7l olae dant 43y

) Al dparanatl) Adla) s Juadl)

£ Al Al arenal Ol lad
£\ Ayl L35 igall Jal sal
dal—a cil_Bada 1 Gualdd) Suadl)
o0 Al sl s
oV gl sl 5 sl daild




Jod| Juaidl

o) 321 () JAsall

1] o
. A AN e —

Ayl o lsdlanzs —
el i e —
eyl Ol —



| el ) L)) Sl

¢ \2929¢ W.Jy”uj\:l\ Kb)&bﬂ\ ¥ Cl:..\_’“ Jadl \MJ)\%

) 31 loklanmny  Loagaoy ¢ Bl 31 dualy \lasly

Mo Wlas  ysew M duy o Syl il Aol
~om \,\(:‘.,\..:3\ (.s\, Dl Ll

re2 I o ol i 3 ) 3 S0 ) ST
) s gl i a3 3 ) Al s L) s Js
all 25 e A _hs Ve ) 2oed) sl a5 0 e
AU _od 0l weal 3 alle 14 s o e ey
e s Sl Lol Sl Js

-2 2-Aul 6&4/

Wer ey G AL o g w3 A M e 8- 0 S )

ol s




-2 eyl 2ACa,

b o Lo o) G colis bya 3 -y

Lol coles bya 3\l o

il cplen bys s Lol Sl Jid e iaesl Sl oo
LM

el S o L 3 e il o ) s

@ s A g6 S ol Oy

- 2l Yool

LA 3 el e Jod,ab

e e 5w o s Ja Y s M gB dd ) ad e
AR om0 Ao 3 God sl Jod) A3 ST s
L 6 3 )

el S ol L) i e il o ) Gl g
Ao oo ) s o B ¢8 did ol Oop ge

or e 83 Ve gl Jo ) 36 s ol wly)l a il




I 53 I e A G Jol Bl o B 5 il o

M S i o e g)
S el sp e 5ol el v S wld
AN S s

Factor of safety against heave = total stress /up lift pressure

) ._;UL =2
- 7l /] 2 b 2%
4

ot 3 b el e s o e sl ) g
AU S5 e
e 30 U B3 s 5 o o A g MY

sl s ol H 8 gl ol e )
WS (> 4>‘)0 O \pup u)ﬂ.‘g) "\:’” AR J&H‘ L))5=5 Lo -Y
s A o o g b i b sl emd )

&



I A S b Sert e g 0 Db S 8 AR Oy Lo

A oo Oled ) 1350 3 W e 3 rolss o)
A 3wl gl g 1w e i3 ) e cone e e ST
or el U Db syl oS g0 ol e o0

gl s ity 3 ol I Je A 86 il o el

o

sl b L s bo) e o

Bos e i Sy dilae g s e U e dall-0
(S i ool el

oo ) s AW a8 0 o Ll S L 3
LS LY Kol s L 0l i) Jind e )
) 8 e Sl B2 B ) e ol e
nld A ) pel) AW e

Y3 8 ol G el s g ) ol 3V
A S e s Vo o Jeb sl 3l Ley



(el Juaad}
G A1t {ialat) 48181

Al ) vt bl -
iyl aaSLa Gkl —



-3“5@’,&%
(ot o= o= g0 gl 0 3 ) slel-)

sl e A

A bW ey mop gl slicadd 3 Y
(3 (V) dder g0 Al d b lell o sl 8- &
el oeps Jed Al L

Type of Soil Permeability Relative Permeability
Coefficient(k)(cm/sec)
Coarse gravel Exceeds 107! High
Clean sand 10" to 107 Medium
Dirty sand 10% to 10° Low
Silt 10° to 107 Very low
Clay Less than 107 Impervious

Table (1-)) Range Of Permeability for Various Type of Soil.
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Figure ()-Y) Filter For well point
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Figure (A-Y) Drawdown in free aquifers for the partial penetration well
Where:-
Q=Total discharge, m*/sec
H=Initial water level in aquifer (m)
K=Coefficient of permeability (m/sec)
X=Total trench length (m)
L= Length of influence If total area (m) =1500 (H-ho)Vk
W= Penetration depth

(H-hd) =Required drawdown 4 sllaall (andanl) dad



opdl Qs o5, (1 IS S pdeYbg i adle
33 o (V) 58] i M et ),
—1 S

e
——————— — — -
e I
Impermeable \\
layer
y N I
& L
A h |
W
Aquifer D >l 1 h |
! | 4
TT T T T T T T T T T T ITTANTT T T T LT T TN
Impermeable layer -b” L —_>.I

Figure (1-Y) Drawdown curve for partially penetration in confined aquifers

_ 2kDx(H —n,)
L+ AD

o

0-2
h=h,+(H—pn)23TAD 4

L+ AD =i /

Where:-

A= (11-) 88 (a4l J guaal) (S Jalaa

[+ 0 -5 2-0

Figure () +-Y) Factor A versus ratio w/D



| -:(Deep Wells) e/l Ul F(E:l
¥ e Oy i el _ad A e Al s
I e 3 e n ks o ) ol e el M )
O &t I v il e Bl e el
s A D e Sl s s ot ey s 2

e ) s s ey s

o A Ueed il 2 UM G ot b g0 8
oy b s o S ok

Lol Blsd (M ad e 3_oens-y

187 Asho u(eror) o s LR R A 2B
as (00 0¥0) (p ol

Syl o M) 557050 bl il g TN g
i el a5

W3 i M o Ml e oo g6 it
el G ) e sl 29 e

M) Gas QUL A e v A ver ) e ol



= D15 (fittery > & Dass (soil).

= D15 filter < 5 D85 soile

- Usitter < 3 , U = Deo/D1o

) G _well) Sl by s
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Ao gy A sl

Table 10.I Recommended well screen and casing diameters

Recommended minimum internal

Maximum submersible diameter of well screen and Recommended minimum
pump discharge rate (Lis) casing® (mm) diameter of boring® (mm)
5 125-152 250-275
10 152-203 300-325
15 165-250 300-375
20 180-250 300-375
25 203-300 325425
44 250-350 375475

* The diameter will depend on the external dimensions of the pump used.
® The minimum diameter of boring is based on a nominal filter pack thickness of 50 mm. Slightly
smaller diameters may be feasible if a natural filter pack can be developed in the aquifer.
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N = Q/(0.80 xqw)
Where: -

N = Number of Wells;
Q = Total Discharge from the Site, , m*/hr

qw = Discharge per Well, (m*/hr).
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Table 3.1 Typical values of soil permeability

Soil type

Typical classification of
permeability

Permeability (m/s)

Clean gravels

Clean sand and sand/gravel
mixtures

Fine and medium sands
Sily sands
Sandy silts, very silty fine sands,

and laminated or mixed strata of
silt/sand/clay

Fissured or laminated clays
Intact clays

High

High to moderate

Moderate to low
Low
Low to very low

Very low
Practically impermeable

=| = |03
| < 1077t0 5 = 107

5x [0*wo | x 1074
| x 107t | = 1078
| x 10 o | = 1078

| x 107t | = 1077
<| = |07?

Figure (1-%) Typical Permeability Coefficients (k) .

Control valwve

Weir tank or
flowrmeter

Im unconfined aquifers, discharge

must be piped away to beyond the
distance of influence

T - 1=
- J-I'F A * - e L T 1 "'_ s = " Tz T * " - P l"’la." :'-'
. & LI - = - = L] - - =
"" . :-'l-.l-I . .._. - nl"'l - " LI a L L w ,-'""'__ 4
Sl o S R R ..Grlglnalgrﬂundw ater L. - o
A A et e R
11.|" . P B ) . =" S il ___-‘ .':'_. .. " .-'"',-': -'1
— LA e e e e o s Fo -_— e e B — T -
.. . . . a « L . e e e m o w T L 1=
- . . = . N o | . e 2T T P
L. L - .,-"r_/' : L-Dwered gr-:lundwa‘req -
= " . =L " . 1 o .; -
. a2 1 © ' - - H -""_._._._
] ] = " m a L = =
a L4 = - - & ~ -

- ] " ~ - * - "
- - " L . R j‘ =
A P . A1z -
i | | =T, . | A .

) e 3 ’ N " f-- " o. - = " a - ’ 'f f" -I
" L -+ -"H/ = - - * ) = = d 11 =
N J|d I R S |«
" e =N " - ' - L] ol ) H
. ':'I .. ; - - : - - e - - . ® -': - Il_-

R 15 A L I i
v - i el " b .

-l e

-

&
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Figure (Y-£) Components of a Pumping Test
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Where: -

k

k = Coefficient of Permeability;

q = Constant Flow Rate from the Test Well;

As = Slope of Drawdown Line per log cycle of time;

D = Aquifer Thickness (m). %50 §25 (s a8 S ks a slaa (S al 1)

1.40
1.20
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1.00 PARE
— Y L
E T R
v /,r/' Data points
-~ 0.80 ——
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= the main portion of the data | 4 ¥
S 060 ikt = +
© \ // The slope is expressed
ﬂ .
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the data intercepts the axis / /
0.20 & - ¥
\\ M |+
4 L
0.00 + =
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Elapsed time, t (minutes)

Figure (Y-£) Cooper-Jacob Method for Time-Drawdown Data.
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Figure (£-£) Cooper-Jacob Method for Distance-Drawdown Data.
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Figure (°-%) Gradient Curve Data
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Where: -

C = Constant = 100 up to 150;

Do = Effective Diameter as obtained from the grading curve
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. Where:-

Ro = Radius of Influence, (m);

(H-hw) = Required Drawdown, (m);

k = Coefficient of Permeability, (m/sec).
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Where: -

Lo = Length of Influence, (m).

(a) (b)

Line of wells modeled as an equivalent slot.
Flow lines are plane to the sides and radial
to the ends (for very long lines of wells, the

|dealized circular contribution from the radial flow may be
recharged source negligible)
at distance R,
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Flow lines converge /T T T T T T T T T\

radially to the central
pumped well

Idealized recharged source at distance L
from the line of wells
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_Figure (1-¢) Plane and Radial Flow to excavations.
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Where: -

Q = Total Discharge from the Site, (m?/sec);
k = Coefficient of Permeability, (m/sec).

D = Confined Aquifer Thickness, (m);
(H-hw) = Required Drawdown, (m);

R, = Radius of Influence, (m);

r. = Equivalent Dewatering Area Radius, (m).
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Where: -

Q = Total Discharge from the Site, (m3/sec);

k = Coefficient of Permeability, (m/sec).

H = Initial Water Level in Aquifer, (m);

hy = Lowered Water Level in Equivalent Well, (m);
R, = Radius of Influence of Total Area, (m);

r. = Equivalent Radius of Total Site Area, (m).
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Where: -

Q = Total Discharge from the Site, (m3/sec);

P = Depth of Well Penetration into the Aquifer,
Below the Water Table, (m);

H = Initial Water Level in Aquifer, (m);

k = Coefficient of Permeability, (m/sec);

x = Total Trench Length, (m);

h,, = Lowered Water Level in Equivalent Well, (m);

L, = Length of Influence of Total Area, (m).



Radial flow to wells

Fully penetrating well, Ry Ry
confined aquifer, 0

circular source at —
distance R, (Theim

equation) \7&
VP IS PSS IS

'] I 1

H |D i hy,
v Ly

Y

ZTI:kD(H—h ] k = soil permeability;
Q= — (7.3) D = thickness of confined aquifer;
In[ﬂf’f’f r'-'] H = initial piezometric level in aquifer;

h,, = lowered water level in equivalent well;
r, = equivalent radius of well;
R, = radius of influence.

Fully penetrating well,
unconfined aquifer,
circular source at —
distance R, (Dupuit—
Forcheimer equation)

iy
o
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mk(Hi _ Rl ) k = soil permeability;
Q= - (7.5) H = initial water table level in aquifer;
I"[R“ -"frE] h,, = lowered water level in equivalent well;

r, = equivalent radius of well;
R, = radius of influence.



Partially penetrating |
well, confined aquifer !
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_ = flow rate from a partially penetratin
Q,, =BQ; (7.7) Q;.:E"; p y P g

Qg = flow rate from a fully penetrating well;

B = partial penetration factor for radial flow

(obtained from Figure 7.10a).
P = depth of penetration of well into aquifer

Partially penetrating
well, unconfined

aquifer -

AEE LTSS

Q. =BQ, (7.7) Q,, = flow rate from a partially penetrating well;
i Q, = flow rate from a fully penetrating well;

B = partial penetration factor for radial flow
(obtained from Figure 7.10b).

P = depth of penetration of well below original
water table.
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(b) Unconfined Aquifer
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Where: -

qw = Quantity of Well Discharge, (m?/sec);
r = Radius of the Well Borehole, (m);

lw = Length of Well Wetted Length (m);
Iw = 0.67 Well Screen Length (m);

k = Coefficient of Permeability, (m/sec).
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Where: -

N = Total Number of Wells;

Q = Total Site Discharge, (m?/sec);

qw = Quantity of Well Discharge, (m?/sec);
0.80 = Safety Factor.

- ] Ef{m‘ i) 23 -V

In(R/vr,)
T k

Drawdown, D, =ZH2 —\/H2 - g

Where: -

D4 = Total Drawdown for All Wells, (m);

H = Aquifer Depth, (m);

qw = Discharge per Well, (m?/sec);

R = Radius of Influence of Total Area, (m);

rv = Radial Distance Between Well and
Drawdown Calculation Point, (m);

k = Coefficient of Permeability, (m/sec).
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