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4 Artesian well
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Figure 13.2 Confined aquifer. (From Spellman, FR., 1998, Stream Ecology & Sell-Furification. Lancaster, FA;S
Technomic Publishing Company.)

Prof. Dr. Ahmet GUNAY, Balikesir Universitesi, Miihendislik Fakiiltesi, Cevre Miih. Bdl. Cadis/Balikesir, agunay@balikesir.edu.tr, ahmetgunay2@gmail.com




Doygunluk Nedir?

» In the saturated zone all of the
pore space is occupied by water
. $ | » Inthe unsaturated or vadose zone,
A g mmeaiguinch | | _both air and water are found in
the por space
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Hydraulic gradient in unconfined aquifers
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Well Hydraulics
Terminology
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Gozenekli bir ortamdaki akisin debisi akis yolu boyunca meydana gelen yiik kaybi ile dogru, akis yolunun uzunlugu
ile ters orantilidir. Yer alti suyu hareketi ve su alma tesislerinin hidroligi ile ilgili problemler Darcy Kanunu ile
¢cozilmektedir.

Darcy Kanunun gegerli olabilmesi icin;

e Zemin kugik taneli malzemeden meydana gelmis olmali,

e Akim laminer olmali (Re<1~10 icin Darcy Kanunu gegerlidir, Re=V*d,,/Vv)
e Ortam homojen olmalidir.

Kum, silt ve kilin tane boyutu
— Kum: 0.05-2.0 mm
—Silt:  0.002 - 0.05 mm
— Kil: <0.002 mm

p X

/m Prof. Dr. Ahmet GUNAY, Balikesir Universitesi, Miihendislik Fakiiltesi, Cevre Miih. Bl. Cagis/Balikesir, agunay@balikesir.edu.tr, ahmetgunay2@gmail.com




Henry (Philibert Gaspard) Darcy

Henry (Philibert Gaspard) Darcy was born
in Dijon,

in the Southern part of France, in 1803.

Henry Darcy died of pneumonia in 1858 and
was buried in Dijon.

H. Darcy, Les Fontaines Publiques de la Ville de
Dijon, Dalmont, Paris (1856).

Kum kolonunda suyun akisi
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Yer alti Suyu Akisi
~Water

~__—— Unit area

» Darcy Kanunu

v=KA—h
L

Solid

Burada; v = Yer alti suyunun “Darcy” hizi (filtre hizi) (m/d)
K = Poroz ortamin hidrolik iletkenligi (Permeabilite katsayisi)

Q =VA= KA—Lh A

Burada; Q = Debi (m3/d)

P
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Hidrolik Iletkenligin Tayini
K, hidrolik iletkenlik katsayisinin tayini eldeki imkanlara gore degisik sekillerde yapilabilir. Asagida bu metodlardan
onemli olanlari 6zetlenmistir:

1) Tahmin Metodu: Elde hicbir veri yoksa, K literatlirden istifade edilerek tayin edilebilir. Zemin cinsine ve jeolojik
formasyonlara bagl olarak verilen tablolardan faydalanilabilir.

2) Laboratuar metodu: Hidrolik iletkenlik laboratuarlarda permeametreler ile olculir. Doyma boélgesinden alinan
zemin numuneleri 6rselenmeden laboratuara getiriimelidir. Aksi taktirde o6lcilen degerler gercek degerleri
yansitmayabilir.

3) Elek analizi ve amprik formiillerle: Ortamin hidrolik iletkenligi ile tane buyukligu arasindaki bagintilar pek

numunesinin % 10 unu geciren elek capl, d,, ve % 60InI gegiren elek gapi, ds,, okunur. d,,, zeminin etkili tane
cap! olarak tariflenir. Bu degerler yardimiyla zeminin tniformluk katsayisi, U,

U:@
dyg

seklinde hesaplanir.
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Sand media are typically defined by their effective size and uniformity coefficient. Effective size is the particle
size for which 10% of the particles in the mix are smaller (d,,). The uniformity coefficient (UC) is defined as the
particle size for which 60% are smaller (dg,) divided by d10. The formula for

UCis: UC = dgo/dyg

The uniformity coefficient is an index of the degree to which particles in sand are of the same size or have a
range of sizes. The larger the number, the greater the range of particle sizes. The recommended effective size
(dy,) for pressure-dosed, single-pass sand filter media is 0.012 to 0.020 in. (0.3 to 0.5 mm), and the
recommended UC is 1.0 to 4.0.
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b |
Hidrolik Iletkenligin Tayini e |
Uniformluk katsayisinin 5 ten kiiciik degerleri icin U<5 = | —e—Tekno
olmasi halinde; é g0 1 GitNo
2 E T |
K =116x(d,,) (d,, cm birimindedir) 5 60 1< g — : |
= . Vil
=
Seklinde hesaplanir. s 407 i 'l
% 20 : o _l LI llL
d,,, cm olarak etkili tane capini gosterirse K degeri cm/sn g S L]
olarak elde edilir. = o e
Elekten Gegeen Yiizde 0,01 01 1 10
Sira No Elek no Delik Cap1 (Tek no Cift No Elek ¢api, mm
#1 4 7,75 100 100
#2 10 2 90 85 Tek no Cift No
#3 16 1,19 85 76 deo= 0,072 cm 0,080 cm
#4 20 0,84 69 65 _
i > 0,50 /3 e dqo= 0,017 cm 0,020 cm
#6 40 0,42 35 31 U=dg/d;o= 4,235 <5 4,000 <5
#7 50 0,3 23 15
i i el 18 1 k=116xd,,° 0,034 cm/sn 0,046 cm/sn
#9 100 0,149 7 5
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4) Hidrolik Iletkeligin Arazide Olgiilmesi:
Arazide;

a) Izleyici madde testi,

b) Deney borulari,

¢) Kuyularda pompa deneyleri

Olmak Uzere Uc sekilde tayin edilebilir.

Izleyici maddelerle hidrolik iletkenligi tayin etmek icin zeminde iki
adet deney borusu teskil edilir. Borular arasindaki mesafe ve iz
maddenin bir borudan digerine ulasmasi icin gegen siirenin 6lcilmesi
yardimiyla suyun hizi, borulardaki su seviyelerinden egim olculiir ve
Darcy denklemi tatbik edilir.

Izleyici madde olarak boya, toz veya radyoaktif madde yer alti suyuna
ilave edilir. IT numarali kuyuda izleyici madde Olgullr ve izleyici madde
konsantrasyonu maksimum olunca gecen sure suyun iki kuyu
arasindaki seyahat siresidir. Kuyular arasindaki mesafe ve kuyulardaki
su seviyesi farki bellidir. Kuyular arasindaki mesafe fazla
olmamali ve yer alti suyu akisi dogru olarak bilinmelidir.

Izleyici Izleyici
ilavesi numune

I —

—

Deney Deney
borusu I borusu II

Cmax




Coefficient of permeability, cm /sec at unit hydraulic gradient
100210 1 10711072107 10741075 107° 1077 107 107°

-

Good aquifers _
Good drainage
Pervious parts of dams and dikes
10° 10* 10° 102 10 1 10'10°%107% 107"
Standard coefficient of permeability, gpd /sq ft at gradient of 1 ft per ft
1 cm/sec = 328 fps = 2,835 ft/day

Clean gravel

10°

FIGURE 1.3 Magnitude of coefficient of permeability for different classes of soils. (Source: G. M. Fair, J.
C. Geyer, and D. A. Okun, Water and Wastewater Engineering, Wiley, New York, 1966, pp. 9-13.) ) =
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Hidrolik iletkenlik
e

Typical Values of Aquifer Paromefers Tablo Hidrolik Iletkenlik Degerleri

Porosity Typical Values for Hydraulic Conductivity Zeqin Cinsi Higrollk “et'/‘en“l‘g_f’
. ' o U1 glin  |m/snx
Aquifer Material (%) (m.s') Raba caldi F 174
' Orta cakil 270 3,13
9 . )
ClCly 55 23 x 10 Ince g¢akil 450 5,21
-4 Kaba kum 45 0,52
Loam 35 6.0 x10 Qrta kum 12 0,14
. 4 29 x ]0-—5 Ine kum 2,5 0,03
Fine sand 5 Silt 0,08  |0,0009
Medium sand 37 14x104 Kil 0,0002 |0,000002
4 Kumtas1 (ince taneli) |0,2 0,002
Coarse sand 30 52x10 Kum tasi (orta taneli)|3,1 0,04
A Kiregtasi 0,94 0,01
Sand and gravel 20 6.0x 10 Dol amit 0,001  |000001
1x ]0—3 Kumullar 20 0,23
Gravel 2 3 Los 0,08 0,0009
92 x 1010 Turba 5,7 0,066
Slate <
-- Sist 0,2 0,002 3
Granife <1 1.2 x 10710 Arduaz 0,00008 |0,000009
_7 Buzul taslar1 (kum ) |0,49 0,0057
Sandstone 15 5.8 x 10 Buzul taglari (cakil) |30 0.35
. -5 Siinger tas1 0,2 0,0023
Limestone 15 1.1x10 Bazalt 001  |0.0001
Fractured rock 5 1% 10781 x 104 Bozulmus Gabro  |0,2 0,0023
Bozulmus Granit 14 0,016

23

Rl *,
Leev
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Soil Particle Size Range for Some Soil Types

Effective porosity is the ratio of the volume of effective void space to Soil Type Size Range
the total volume of material, generally expressed as a percentage. Clay <0.002
Effective porosity accounts for the fact that pore spaces that are not '
connected, or are too small for the fluid to overcome capillarity, do Silt 0.002-0.04
not cqntribute to fI_uid move_me_nt. The diff_erence bgtween true Very fine sand 0.04—0.10
porosity and effective porosity is most noticeable with clay, where .
true porosity is very high, 34%-60% (it can hold a lot of water). Fine sand 0.10-0.20
Effective porosity, however, is very low, 1%—2%, making clay Medium sand 0.20—0.40
relatively impermeabile.
Coarse sand 0.40-0.90
Very coarse sand 0.9-2.0
Fine gravel 2.0-10.0
Medium gravel 10.0-20.0
Coarse gravel 2040
Very coarse gravel | 40-80
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Table Porosity and Permeability of Some Soils

S. No. | Type of Porosity Permeability
formation

1 Granite, Quartzite | 1.5%

2 Slate, Shale 4%

3 Limestone 5to 10%

4 Sandstone 10to 15%

3 Gravel 25% 1 0 or more

6 Sand and gravel |20 to 30% 1-0 1

7 Only fine sand 35% 0 05-0 001

8 Silty sand = 0 002-0 0001

9 Silt - 00005-000001

10 Clay 45% 0000001 or lesser

p X
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Soil particle size range determines how soil particles pack together and, thereby, the average soil pore size. Pore
size strongly affects the available soil surface area as well as the capillary attraction between the
soil and liquids. The smaller the pore size, the stronger is capillary attraction and the greater is the total soil
surface area within a given volume of soil. The larger the surface area, the larger is the volume of liquid
immobilized by sorption to soil surfaces. Capillary attractions are an additional force that acts to retard the
movement of liquids through soil and can immobilize a fraction of the liquid. Where pore size is small enough,
the distance between adjacent soil particles can be small enough that capillary attraction can extend across
significant fractions of the pore volume. Thus, silt retards the movement of liquids more than coarser soils like
sand and gravel, and will immobilize a larger quantity of liquid than will an equal volume of coarser soil. Clay
also is effective at retarding the movement of liquids but, because of its low effective porosity, cannot immobilize
large volumes of liquid by sorption and capillarity
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0 Loam: kil-kum karigimi
yumusak toprak

Conversion from mesh to cm for particle radius

Mesh Particle radius (cm)
5 0.2
10 0.1
16 0.06
20 0.042
percent percent 30 0.030
SILT 40 0.021

50 0.015
60 0.013
70 0.011
B0 0.0089
100 0.0075
120 0.0063
140 0.0053
170 0.0044
200 0.0037
230 0.0031
270 0.0027
325 0.0022

—
percent SAND ) 21
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Representative Values of Water Hydraulic
Conductivityfor Some Soils

Soil Type Hydraulic Conductivity for
Water: Typical Range (cm/s)

Clay 106 to 10

Silt 1073 to 10~

Fine sand I tosliGe

Medium sand | 10! to 10

Coarse sand |1 to 10*

Gravel 102 to 10!

) X2
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TABLE 8.1 Sedimentation of Small Particles of Silica of 2.65 Sp. Gr.

Surface area Settling time,

Typical mm am (total) 1 m fall
Gravel 10. 10,000 3.14 cm? | s
Coarse sand 1. 1,000 31.4 cm? 10s
Fine sand 0.1 100 314 ¢cm? 125 s
Silt 0.01 10 0.314 m? 108 min
Bacteria 0.001 1. 3.14 m* 180 hr
Colloidal matter 0.0001 0.1 31.4 m? 755 davys

NOTE: Particles larger than 100 um are visible to the naked eye and are considered to be settleable
solids. In the range of 10-100 pm, they are considered to be wrbid. Below 10 um they are considered
colloidal. Particles larger than 0.1 um are visible by light microscope; below 0.1 um, the electron micro-
scope is used for detection.

The Nalco Water Handbook 2nd Edition

)
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Kuyu Debilerinin Hesabi "
Serbest yuzeyli yer alti suyu yatagina acgilmis bir kuyudan AQ
alinabilecek debi; kuyu ile ayni eksenli, y yaricaph ve y
yuksekligindeki silindir ylizeyinden kuyuya dogru akan suyun
debisi: YASS
" - A
d
Q — 27z-ZyK_y Alce -~ . L

dy 7 ; 5
Seklinde yazilabilir. Burada; . [ y H
Q: kuyunun debisi, ’
v ve y alcalma egrisi Gizerindeki herhangi bir noktanin "—"Y"—'!'—)

koordinatlarini, 2nyy akisin meydana geldigi silindirik ylizeyi, K
ise dy/dy Darcy kanununa gore akimin hizini gdstermektedir. - €
y=r icin y=h ve y=R icin y=H sinir sartlarinda integre edilerek Serbest yiizlii su yataginda
acllmis kuyu

0=VA4

sA=2mh

Jk )
Q=——2mh
e o - L 15 )
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Ifadesi bulunur. Burada;
r: kuyunun yaricapi,

R: tesir yaricapl,

h: kuyudaki su derinligi,
H: Yer alti suyu tabakasinin kalinligini géstermektedir.
Kuyudan cekilen Q debisi sebebiyle meydana gelen alcalma S kadardir.

S=H-h seklindedir. Yukaridaki denklem su sekilde yazilabilir.
2H — 2H —
S( RS)=L36><KS( RS)

In — log —
r r

Seklinde yazilir, )

Q=K
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Alcalma egrisi (indirilmis su ylizeyinin denklemi);

y° = 9 InZ + 42
K r
Seklindedir.
Kuyunun acildigi su yatagi basingli bir akifer ise debi formli;
H — H -
0= 27me—h = 2,73><mK—h
R R
In — log —
v v

Seklide yazilabili. Burada m basingl su yataginin kalinhgini
gostermektedir. Bu durumda alcalma egrisi;

Seklindedir.
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S=H-h oldugundan;

0= 27mei = 2,73xmKi
R R

In — log—

r

r

Denklemi elde edilir.

Kuyular gecirimsiz tabakaya kadar indirilmedigi takdirde eksik ya da yarim kuyu olarak adlandirilir ve bu
formiller uygulanmaz. Eksik kuyularin hidroligi tam olarak ¢dzilmis degildir.

Kuyularda tesir yaricapi amprik olarak Sichardt formdlline gore su sekilde hesaplanabilir:
R =3000x Sk
Kuyuya maksimum su giris hizi Sichardt ampirik bagintisiyla belirlenir.

Vmax = ﬁ
15

o: Hazneli kuyularda kuyu kenarlarindaki giris delikleri in toplam alaninin yan ylizey alanina orani (hazneli
kuyularda a =1/4~1/5 ve borulu kuyularda a=1)

B Prof. Dr. Ahmet GUNAY, Balikesir Universitesi, Miihendislik Fakiiltesi, Cevre Miih. Bol. Cagis/Balikesir, agunay@balikesir.edu.tr, ahmetgunay2@gmail.com




Extraction well 1 Extraction well 2

T

wells pumping
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FIGURE 5-7. Multiple wells and the effect of extraction on the groundwater table )
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wd?® \Jk
N 5
>Q (m3 /sn)
JE

0= a(ﬂdh)E+O

>Q (m3 /sn)

Vi md® Jk
AT )2
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Kuyudan cekilebilecek maksimum debi, suyun kuyuya girisine
musaade edilen maksimum hiza tekabiil eden debidir ve;

\k
. =2mrh—

Seklinde hesaplanir.

Yer alti suyu basincl bir akiferde ise;
(kuyudaki alcalma miktarina bagh olarak kuyudan cekilebilecek
debi, Dupuit denklemi)

Qu. . =2zmk = 2z mk—> G xRy,
upui R R
In— In—
r r

Basingli akiferde misaade edilen debi;

)
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QDupuit =0,i 6zel halinde optimum debi (Q,) Ve
bu andaki seviye alcalmasina optimum alcalma (S,)
denir. Bu degerler grafik veya tatonman (deneme-
yanilma) yontemiyle belirlenir.

OZET
Basincli akiferde kuyuya dogru akis denklemi;
S
Q = 27Z77’Zk—R
In —
r

Mlsaade edilen debi;

Jk
= 27mmyr —
O 30

Basinch halde Qmu=Qdupuit

Qopt

Qmax

cek

\ 4

Serbest yuzIi kuyuda Q-S
grafigi

(Qopt > Qmax = Qgek ise Sopt)

)
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KUYULARDAN CEKILEN DEBI
I
I

. N iQﬁzznk}lhdh
h,

~ : _— I
:’j, i « " Yiizey alani anr_l:ﬂk(hlz_hzz)
/¢ N AN “emh k(K2 -1)
v : Q=

N n -
| r2
Q=AxV

= 27rhx E
30

)=
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ORNEK-

'HIDROLIK
ILETKENLIK
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ORNEK: (Kaynak: P. Aarne Vesilind, Susan M. Morgan, and Lauren G. Heine, 2010 Introduction to
Environmental Engineering, Third Edition, 200 First Stamford Place, Suite 400, Stamford, CT 06902, USA. p288)

Sikismamis bir akiferde acilan kuyunun ¢api 0,2 m ve su tasiyan tabakanin derinligi 30 m’dir. Kararl halde

kuyudan cekilen debi 1000 m3/giin‘diir. Kuyudan 50 m ve 100 m uzaklikta ve ayni dogrultuda acilan iki
kuyudaki su seviyelerinde azalma sirasiyla, 0,3 m ve 0,2 m’dir.
" Kuyunun acildigi zemindeki permeabilite Extraosic wll 20bsef"ati°“WeH 1
katsayini hesaplayiniz. W;“ {}\
. 3 L] - - n U= - {\R
1000 m /gun.d.ebl cekildiginde kuyudaki AN 1 N
alcalma seviyesini hesaplayiniz. Origingl GW.T. | | T LN - L2 IS Vol
, , 0.2m _________—L —
Draw|cl0wn : 0.3 m /____T—- :
mg\} ! O ¢ . /-/'/.T. . .
N Gl | | 30 m
Cone of \ . 7
depression b \.\/-/
- __‘__ﬁ::: N l _/ Or1g1naltiri;i;mdwater
Waterbearing ) -’/// \ Groundwater table
layer (aquifer) .__%: Pump depression due to

pumping
Well point

(screen)

n’{\/?/\\\lm//?\\

I\ — < 100 m >|
Impervious layer (aquaclude) i
Figure 10.4 Drawdown in water table due to pumping from a well Figure 10.6 Multiple wells and the effect of extraction on the groundwater table




ORNEK: (Kaynak: P. Aarne Vesilind, Susan M. Morgan, and Lauren G. Heine, 2010 Introduction to
Environmental Engineering, Third Edition, 200 First Stamford Place, Suite 400, Stamford, CT 06902, USA. p288)

Sikismamis bir akiferde acilan kuyunun ¢api 0,2 m ve su tasiyan tabakanin derinligi 30 m’dir. Kararli halde
kuyudan cekilen debi 1000 m3/giin‘diir. Kuyudan 50 m ve 100 m uzaklikta ve ayni dogrultuda acilan iki
kuyudaki su seviyelerinde azalma sirasiyla, 0,3 m ve 0,2 m’dir.

" Kuyunun acildigi zemindeki permeabilite katsayini hesaplayiniz.
" 1000 m3/giin debi cekildiginde kuyudaki alcalma seviyesini hesaplayiniz.

COZUM: e
h,=H-5,=30-0,2=29,8 m h,=H-S,=30-0,3=29,7m o\ {1 R_i ;)
In—~
Qln % 1000 (m® / giin) x In 1;)8)(m) R,
== - (m)2 x37,1(m/ gin) x{[29, 7 (m)]2 — hzz}
z(h? —h?) 7z><{[29,8(m)] —~[29,7 (m)] } = b =
. In
— &7 i g 0,1(m)
=0,43x10° m/ sn h, =28,8m

S=30(m)—28,8(m)=12m
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ORNEK-

'HIDROLIK
ILETKENLIK

)

Prof. Dr. Ahmet GUNAY, Balikesir Universitesi, Miihendislik Fakiiltesi, Cevre Miih. Bl. Cagis/Balikesir, agunay@balikesir.edu.tr, ahmetgunay2@gmail.com




8 |

ORNEK: (Kaynak: P. Aarne Vesilind, Susan M. Morgan, and Lauren G. Heine, 2010 Introduction to
Environmental Engineering, Third Edition, 200 First Stamford Place, Suite 400, Stamford, CT 06902, USA.

Introduction to environmental engineering and science SOLUTION MANUAL 2nd Ed Masters, Gilbert M, P 64—
p319

Sikismamis bir akiferde acilan 0,10 m yaricaph kuyudan cekilen debi 1000 m3/giin ve seviye alcalmasi
0,70 m'dir. Kuyudan 20 m uzaklikta ve ayni dogrultuda acilan bir gézlem kuyusundaki su seviyelerinde azalma
0,2 m'dir. Kuyunun acildigi yerdeki su tasiyan tabakanin kalinligi 10 m‘dir. Zeminin hidrolik iletkenligini

hesaplayiniz.
" Kuyunun acildigi zemindeki permeabilite (hidrolik iletkenlik) katsayini hesaplayiniz.
COZUM: Tek gdzlem kuyusu agilmistir. ($=1000 m3/giin
R 20m » Z z et
Qln R 1000(m° / guin) x In % 4 ASS
. (e AVm _
15 2 N 2 2 :H\"\l.k. -r '4>SZ=0!2 m 4
(W -h)  zx{[9,80m[’ ~[9,30m["| ~ s=0.7m - . iR
~176,6m/ giin ;.Tr 5 H=10/m
i © R=20{m o
=2,044%x107 m/ sn P g
3
i r=0,1 m &
VALY STV 7777 /77777 7777777777777 V
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'HIDROLIK
ILETKENLIK
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ORNEK: (Kaynak: P. Aarne Vesilind, Susan M. Morgan, and Lauren G. Heine, 2010 Introduction to
Environmental Engineering, Third Edition, 200 First Stamford Place, Suite 400, Stamford, CT 06902, USA.
Introduction to environmental engineering and science SOLUTION MANUAL 2nd Ed Masters, Gilbert M, P 64—
p319

Yeraltisuyu ihtiva eden 30 m kalinhginda sikismis bir akiferden 5000 m3/giin debi cekildiginde 15 m ve 150 m
uzaklikta iki adet gozlem kuyusundaki alcalma seviyeleri sirasiyla 3,0 m ve 0,30 m olmaktadir.

Kuyunun acildigi akiferdeki permeabilite (hidrolik iletkenlik) katsayini hesaplayiniz.

AT i , Q=5000 m3/giin
COZUM: Iki adet gozlem kuyusu agiimistir. GK-1 A GK-2

R 150m
In—L 5000(m?®/ qiin) x In
Q = (m*/ gln) x =m

2

k — —
2zm(h, —h,)  2730m[(H -0,30)—(H -3,0)|m T
=22,62m/ gun m g
::II:
@

EY
N
N
1
w
3
)
>

=0,262x10°m/sn

y Y
SIV77 777777 777777777777777777 /7 777777
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ORNEK-

BASINGLI KUYU
DEBiSi

p X
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ORNEK: (Kaynak: (Topacik, D. Ve Eroglu V., Su Temini ve Atiksu Uzaklastirma Uygulamalan, ITU Vakfi Yayinlari,
1993, p102)

Iki gecirimsiz zemin arasinda bulunan 10 m kalinlikli basinch akifere 60 em capli kuyular acilacaktir. Kuyudan
cekilebilecek optimum debiyi ve optimum seviye alcalmasini hesaplayiniz. Yazlik su ihtiyaci 300 L/N-guin ve
nufusu 95 000 olan bir kasabanin su ihtiyacini karsilamak icin gerekli kuyu sayisini hesaplayiniz. Kuyularin
acilacagi vadinin hidrolik iletkenlik katsayisi k=0,0125 m/sn’dir.

COzUM:
Q=? m3/giin S,

pt

4 Qupe = 277k —5

Qopt=yt M3/giin In —

r

- >
SN — A
Sopt \? Sopt=?

Jk

. =27rrm—
Qmus 30

\
v :

CON | Prof. Dr. Ahmet GUNAY, Balikesir Universitesi, Miihendislik Fakiiltesi, Cevre Miih. Bol. Cagis/Balikesir, agunay@balikesir.edu.tr, ahmetgunay2@gmail.com

TTT7 2/ 77777777777772777777 77

m=10 m

Y
SIPT77777777777777777777777777




1. Optimum debj; Q=7 m¥giin

Qopt=m m3/giin

+V
Sopt=?

T
Qs = 27zrm£ o y : ,,,,,,, N
30 Sopt= 1% - _
[ < R=? a
=27x0,30x10x 20zs | l H
30 7 : e N,
m=10 m
=0,0702m°> / sn ’I N ,r,,,,,,l_ 3
= 27rmk SOpt
QOlot =27m =
In —
r
0,0702=27x10x0,0125x S"pt
2 3000 x Sopt x +/0,0125
0,30

S =0,625+0,089InS

1. YONTEM: Bu esitlik fx-5800 P solve ile ya da MS Excel ¢oziicii ile ¢oziilebilir.
Sopt =0,57/79m

N/

p X
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- |
2. YONTEM: Bu esitlik tatonman ile ¢dziilebilir. b7 }‘3’9“"
R s | ‘ e Qopi=x m¥giin
S=0,625+0,089InS ""-~--~_s°p§f.»_ g P T N
S 050 | 052 | 054 | 056 | 0,558 | 0,60 | l H
0,625+0,089InS = 0,56 = 057 @ 057 | 057 | 0,558 | 0,58 s H s/
S . =0,579m=0,58m ok Do
opt Qmuszzﬂrm% Qypt = 272MK InE
r
3. YONTEM: Farkli S degerleri icin debileri asagidaki S Qmiis Qopt
formdillere gore birbirine esitleme 0,2 0,07025 0,02904
0,3 0,07025 0,04052
O = 2nmk - 0,4 0,07025 0,05148
o A& 0,5 0,07025 0,06208
r 0,55 0,07025 0,06727
0,56 0,07025 0,0683
0,57 0,07025 0,06933
Q. zzﬂrmﬂ 0,58 0,07025 0,07036
N 0,59 0,07025 0,07138 )43

0,6 0,07025 0,0724
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2. Kuyu sayisi;
Q,, = N Xinax Ggan Kuyu sayusi = Qi _ 32338 4,7 = 5adet
86400 Qe 70
~ 95000x300 +1yedek
86400 =6 adet
=329,9L/sn

p X2
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ORNEK-

BASINCSIZ AKIFER
KUYU DEBISI

p X
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ORNEK: (Kaynak: (Topacik, D. Ve Eroglu V., Su Temini ve Atiksu Uzaklastirma Uygulamalan, ITU Vakfi Yayinlari,
1993, p103)

20 m kalnlkli bir basingsiz akiferin hidrolik iletkenlik (permeabilite) katasyisi k=0,002 m/sn’dir. Bu akifere
acillan 80 cm capl bir kuyu, ortalama su ihtiyact 200 L/N-giin olan kac kisilik bir yerlesim merkezinin ihtiyacina
yeter?

Q=2 S(2H-S)
A R K=
YASS Qopt=u M>/glin U T
—. T Y e A-y
'\“is.. PR Sopi=? R =3000xSvk

20|m \/E

i« =2nr(H=-S)—
Qmus 72-( )30

S/ VSV IVT7777 77777777 7777777 S
) 46
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COZUM: Optimum seviye alcalmasinda Q,.;=Q, olur. oy
. . = Y%AQSW + RS Qopt=1t m3/giin
1. Optimum debi; L \-:\Ts— N B BT P
1. YONTEM: Farkli S degerleri icin debiler O e S(2H-9) o A ezl
hesaplanarak esitlenir. 4 In R
S R Qopt  Qmiis r S T
1 134,16 0,0421 00,0712
1,5 201,25 00583 0,0693 V& AT o
2 268,33 00734 00674  Qui =272r(H-S) =l
1,75 234,79  0,0660 0,0684
1,85 248,20 0,0690 0,0680 Sopt=1,82m ve Q,, =0, 0681m?/ sn
1,83 24552  0,0684 0,0681
1,82 244,18 0,0681 0,0681 o=t S(2H=S) _ O = 22r(H-5) vk
1,82132 244,36 0,0681 0,0681 X e 30
L r
2. YONTEM: fx-5800 P solve ile ya da MS
Excel goziicii ile goziilebilir ix210°—S2X0-8) 5 0 40x(20-5) Y2 10°
X 3000xS x+/2-10°° 30

$=1,8213 m |

U 5.
Q
(AN
& H
* *
Leev

0,40
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2. Niufus;

St =1,82m
Q. =0,0681m>/sn

0 N x
86400
Q,, X86400

max qun

max qun

max qun = 1’ 50 ><ort qun
=1,50x 200
=300L /N —gin
N = 86400x0,0681
300
— 19612 kisi

p X
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ORNEK-

BASINCSIZ AKIFER
KUYU DEBISI

p X
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ORNEK: (Kaynak: (Topacik, D. Ve Eroglu V., Su Temini ve Atiksu Uzaklastirma Uygulamalari, ITU Vakfi Yayinlari,
1993, p104)

16 m kalinlkli bir basincsiz bir akifere 70 cm caph kuyular acilarak 120 L/sn’lik ihtiyac debisi karsilanacaktir.
Zemine ait elek analizi sonuclari asagidaki tablodaki gibi olduguna gore;

1. Permeabilite katsayisini,
2. Kuyuya ait optimum debi ve seviye alcalmasini,
3. Kuyu sayisinl hesaplayiniz.

Elekten Elekler

Elekler C(")ZUM: En blyuk elek Qo Ge¢een arasmnda

Elek cap1 = arasinda capl en ustte olacak Gapt (mm) Yiizde  kalan, %
kalan, % sekilde, her elekten 2,5 100 0,5
1,8-2,5 05 EegenlyUzdeIer 18 995 2.3
1’4_1’8 2’3 esap anlr. 1’4 97’2 9’3
0,8-1,4 9,3 08 879 59
063-08 59 063 8 12
0,5-,63 12 05 70 439

_ 439
0,4-05 04 261 12,1
0,36-0,4 12,1 0,36 14 14
0,28-0,36 14 028 62E-15 ) >4
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1. Hidrolik iletkenlik

: Elekten 100 -
Delik Geceen | _ i Pl

Capt (mm) o S
25 100 g dgo= 0,047 cm
18 W/ E 0 dio= 0,034 cm
14 91,2 .qﬂz 10 / U:dBO/d]_o: 1,382 <5
08 879 : | J
0,63 82 T 20 / k=116xd;,° 0,134 cmisn
05 70 § 3 A Hazen formiili  0,00134 m/sn
0,4 26,1 M 0.1 1 10
0,36 14 V= kN1/2)/30
028 62E-15 Elek gapy, mm V= 000122064 nvsn

p X
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2. Sopt ve Qopt 22
sz al3
—~ | | X<
A
H=16m N
= &S| &
k=134-10° ¢ k=
S 2
r=0,35m : )
S S
S Qmiis Qopt
0,500 0,0416 0,0131
1,000 0,0403 0,0227
1,500 0,0389 0,0313
2,000 0,0376 0,0392
1,750 0,0383 0,0354
1,800 0,0381 0,0361
1,850 0,0380 0,0369
1,900 0,0378 0,0377
1,950 0,0377 0,0385

Sept 161N Q) = Q. olmalidir.

Qopt E ﬂ-k 8(2 H_S) = Qmi]s N ZEF(H—S)E
nR 30
r
S(2x16-—S 103
7x1,34.10° (2x16-5) 5 0.35x(16-5) J1,34-10
1 3000 S x J1,34:10° 30
0,35
S, =1,9089m
3. Kuyu sayisi;
: 120
Kuyu sayzs: = O _ 120 _ 3,2 =4adet
opt 38
+1 yedek
=5adet kuyu

p X
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TERMINOLOJI

Akifer: Su tasiyan tabaka

Porosity: percentage of a geologic formation that consists of open spaces (same as soil porosity)

Specific yield: percentage of a formation that is occupied by water which will drain out by gravity
Specific retention: percentage of the formation that is occupied by water which is retained against gravity
Specific retention + Specific yield = Porosity

Permeability: property of formations indicating how rapidly water will be transmitted (high in sands and gravels;
low in clays)

Saturated zones: portions of a soil profile or geologic formation where all spaces or voids are filled with water
(no air is present)

Unsaturated zones: soil and geologic materials located between the land surface and the saturated zone
(spaces or voids are filled with combination of air/water)

Water table: level in a formation below which all spaces or voids are filled with water (top of the saturated
zone)

Unconfined aquifer (water table aquifer): aquifer whose upper water surface is the water table (no layers
restricting water movement into the saturated zone from above)

Confined aquifer (artesian aquifer): aquifer in which the water is confined under pressure between low-
permeability materials (aquitards)
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TERMINOLOJI

Static water level: water level in a well when the pump is not operating (is idle for several days)
Pumping water level: water level in a well when the pump is operating at some flow rate
Drawdown: difference between water levels in a well under non-pumping and pumping conditions

Cone of depression: drop in ground water levels around a well or group of wells in response to ground
water withdrawal [aquifer volume that is affected by pumped well(s)]

Lift: vertical distance from the water level in a well during pumping to some delivery point
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