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TOPRAK

Soil pore = air + water

Organic matter (5%)

Fresh residual (10%)

N, (78%) Decomposing residual (40%)
0, (21%) Stabilized residual (40%)
AE{D.QS%) Living organisms (10%)
CO, (0.031%)

Minerals (45%)
(Clay, loam, sand)

O (46.7%)

Si (27.0%
Na* / Ca?* (10 — 500 mg/L) i\ 6.1% ;
CI~/ HCO,™ (50 — 500 mg/L) Fe (5.0%)

Soil solid = minerals + organic matter

‘ ®m Minerals = Water = Air Organic matter ‘

Zhang, Soil and Groundwater Remediation, 2020
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* Organik Madde
* Humus

e Himin (¢c6ziinmeyen)

* Humik Asit(Asitte ¢coken)

* Fulvik Asit (asidik ¢ozeltide kalan)
* inorganik Madde

* Karbonat mineralleri
* Silikat mineralleri

K* H,O Benzene Protein Clay Bacteria Fine sand
[ / | / [
e A0 ¥ 0@ @
| ] | ] | | | |
102 10-1 10° 101 102 103 10¢ 10°nm

Zhang, Soil and Groundwater Remediation, 2020
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By International Society of Soil
Science

Toprak: 2 mm de daha dusuk
partiklllerdir.

e Kil (<2 um), silt (2—20 um), ince kum (20-200 um),
ve kalin kum (200 pm-2.0 mm).

USGS Siniflandirmasi
« Ornegin: 20% kil, 70% silt, ve 10% kum
e SILT LOAM
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e Akifer: Su bulunduran ve
ileten jeolojik birimler

* Basincl
e Serbest Yuzeyli

e Akuitard: Su bulunduran
ancak cok dusuk hizda bir
birimden digerine su ileten

jeolojik birimler

e Akuifaj: Su iletmeyen
gecirimsiz jeolojik birimler

e Akuiklud: Cok diisuk

iletkenlikte suyu hemen
hemen ietmeyen jeolojik

birimler
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Piezometric
surface

Confining layer
(impermeable) Uncor!ﬁned
_ aquifer
Confined aquifer Water table well

(in unconfined aquifer)

Top of the
onfined aquifer

usgs.gov




Hidrolik Egim
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e Hidrolik egim= Su tablasinin
egimi.
e i=AH/AL

Geosearch International
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Porosite (n): Bosluk Hacim’in Toplam
Hacim’e orani
_ Bosluk Hacim _ Vr =, Vo

= — —1--P
"= TBulk Hacim v, A

Bulk Yogunlugu: Toprak agirliginin toplam

hacime orani, p, = W, /V;

Partikul Yogunlugu: Toprak agirhginin partikal

hacime orani, p, = W, /Vp = W./(V; — V)
Pb

n=1-——
Ps

Etkin (Efektif) Porosite (ne): Porositenin akis
gerceklesebilen kismi

N\

N 2/
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O,
f@é g@ %

Porosity Effective
Soil type (%) porosity (%)
Clay 45 3
Sand 34 25
Gravel 25 22
Gravel and sand 20 16
Sandstone 15 8
Limestone, shale 5
Quartzite, granite 1 0.5
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* Ozgiil verim (Y): Yercekimiile * Doygunluk Orani (Rs): Boslukta
drene olan suyun haciminin bulunan su hacminin toplam
toplam akifer hacimine oranina bosuk hacmine orani. Ry =

den.!r' sz V}/V,d/VT Vw,b/Vbosluk
* Ornegin: Kil %2, Silt: %18, : o o 1 v
Kum:%27 * Suigerigi (6): Su agirliginin

* Ozgul Tutma (R): Yergekimi ile toplam kuru toprak agirligina

akiferde kalan su haciminin orani.
toplam akifer hacimine oranina
denirY =V, . /Vr

‘n=Y+R
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e Hidrolik Iletkenlik (K): Gdézenekli bir
ortamda bir akiskanin tasiniminin bir
6 I g u S u d u I Igneous and metamorphic rocks

Unfractured Basalt Fractured
» Akiskanin ve akifer malzemesinin bir Onivactured Saﬁt“ Cavaion
fonksiyonudur. R r——
Unfractured Fractured
M L Carbonate rocks
f( k Lz P E X g F L Clay Fractured Silt. Losss Cavernous
a ( ) .-t M - ? Silty sand
4 LxT Clean sand
Glacial till Fine Gcarsgiravel

* k: permeabilite, u: Dinamik viskozite, T T
p: ak|§kan|n yoéunlugu 10 107 10 10 10* 10 102 107" 1 10 10> 10° 10*

Hydraulic conductivity (m/day)

Zhang, Soil and Groundwater Remediation, 2020
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Debi
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Debi, Q

>
Hidrolik Egim , Ah/AL

Geosearch International

2 minutes 20 minutes

nnE

 Bernoli Denklemi
P V- _
H=2z+ + = Sabit
pg 29

Q=Ki=K AH/AL
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Yeralti Suyu Akimi

e Bernoli Denklemi * Darcy Yasasi
P V? dH .
H =z + —+ — = Sabit q:—KE:—Kl

pg 29

* Yeraltisuyu Hizi
_ : q K dH K
ST Ve RT Thdx T w

e Kirletici Tasinim Hizi
% v

vC = — =

Zhang, Soil and Groundwater Remediation, 2020 R 1 _|_ KD B
ah__z _ 0.004 "
dx 500 0:004m/m
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) . Groundwater flow
3% Confined aquifer —

_ tequter] ——"""

Zhang, Soil and Groundwater Remediation, 2020

A _ 2 004
dx =500~ 0004m/m

K=50 m/giin, n=0.35 ve p,=1.8 g/cm?3

Darcy Hizi nedir?
YAS Gergek Hizi Nedir?

Adsorplanmayan bir kirletici bu akiferde 500 m mesafeyi ne kadar zamanda gider?

This Project is co-financed by
e European Union and the Republic of Turkey.

dH
q=—K—=-50x(—-0.004) =0.2m/gin

V. =

KD=5.2 L/kg olan bir kirletici ayni mesafeyi hangi trede alir?
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dx
_q 02 0.57 m
Y TnT 035 gun
500 (m)
t = 7~ = 877 gun
0.57 (=)
gun
v v B 0.57 00206 m
R 1+K,2 18 = " giin
py; 1+5.2 035
500 (m) §
t = = 24272 gin
0.0206 (=)
gun
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Kx

K is Isotropic
and Homogeneous

gw-project.org
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Map View
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https://books.gw-project.org/hydrogeologic-properties-of-earth-materials-and-principles-of-groundwater-flow/chapter/determining-groundwater-flow-directions/
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Doygun Olmayan Toprakta Akis

* Bosluklarda, hem hava hem de su mevcut
* Genellikle havanin hareketsiz oldugu Kabul edilir.

Doygun Olmayan




Doygun olmayan
topra kta aki S e oo o o Bl Tk

q K ( 9) dH 10° 800
dx . = Pressure head [
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. Ld
gembloux

apro tio sech

sandy loam loam clay loam

https://www.youtube.com/watch?v=ego2FkuQwxc




Radyal Ak e
post _ — Locking lid
This Project is co-financed by Protective Venting cap _—
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Septic system Unsaturated =
zone Concret slab v
Concret ) A A
/ Well casing
Water table Groundwater table Annular grout
Centralizer
Fine sand
Wellhead elevation
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depress
Fine sand
||| |TL_ Filter pack /ﬂ draulic head
USGS,2019 | HH
||| .‘. Well screen | Prpssure head
i .
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7
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https://www.youtube.com/watch?v=mRqrCtC4u88 )
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Zhang, Soil and Groundwater Remediation, 2020
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hy

Q=2xkp 2~ —h

— »Q

— Q
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dr
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Q/bv

Extraction well, pumping rate Q

Goklu Kuyuicin: — y =1 Q/(bv).

- "
% a4\ REPUBLIC OF TURKEY
: \.. MINISTRY OF ENVIRONMENT, l) ::Z:Z"t;:’:r: ;g:ﬂfm:;; :::::n
E /*/ URBANIZATION AND CLIMATE CHANGE

This Project is co-financed by
the European Union and t

Three-well Cap

ture-zone type curves

500 [T T T T T T T e
I Y Q/8U=1000m ;
fo:m:. 80D -
@ - o
L 2 \\ Y, -
. /&‘\\\\ PN 400 1
500:— ,,“\\. .
o F RN 200
A\ :
B \!'\\\
500 |- \\\ A 3
: \\\\\X :
-1000 |- 3
.1500:AL.J;.lll.“.l...Ll..lnl....l..ll'
- 0 500 t0CO 1500 2000 2500 30u0

Q

Meters

Persistent
Organic
Pollutants

Javandall and Tsang, 1986
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* Suda coziinmeyen sivilar (Non-aqueous phase liquids-NAPLs)

Bu sivilar su icinde ¢6ziinmez

Su disinda ikinci bir faz gozlenir

Eger sivinin yogunlugu suyun yogunlugundan dusutk ise
— Hafif suda ¢cozlinmeyen sivilar
(Light non-aqueous phase liquid-LNAPL)

Eger sivinin yogunlugu suyun yogunlugundan yuksek ise
- Yogun suda ¢oziinmeyen sivilar

(Dense non-aqueous phase liquid -DNAPL)
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DNAPLs

LNAPLSs

PCE

1.62

Xylene

0.86

Carbon tetrachloride

1.59

Toluene

0.87

Chloroform

1.48

Benzene

0.88

TCE

1.46

Gasoline

0.72-0.76

1,1,1-TCA

1.34

Jet fuel

0.76

Methylene chloride

1.33

Diesel fuel

0.84-0.85

Coal tar

1.01-1

.05

Fuel oll

0.87-0.95
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Expanded View of Residual NAPL \
Trapped in Pores Between Soil &
Sediment Particles
GROUND ;
SURFACE

Chlorinated
Solvents
Storage Tank

DNAPL
(Bulk Fluid)

Dissolved
Chlorinated

Solvents

Afer Huing &
Weaver (1951)

“—Dispersion & Dilution—>
£y a

solvent Solubles Plume

T =
LOWER N T

AQUIIFER

Persistent

Organic
Pollutants




This Project is co-financed by
the European Union and the Republic of Turkey.

Unsaturated
Permeable
1 aquifer
I— N A P L Saturated
j/ .. R
Impermeable
aquitard
(or aquiclude)
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* NAPLlarin cozunarltkleri dasuktir.

* Ancak icme suyu standartlarinda bunlarin degerleri cok daha dusuktir.
* Cok disuk hacimde NAPL bile yeralti suyunu kirletir;

e Dogal kosullarda, DNAPIlarin giderimi icin yuzyillar binyillar gereklidir.

Compound Solubility MCL
(mg/L) (ng//L)
Trichloroethylene Approx. 1000 5
Tetrachloroethylene Approx. 150 5
Benzene Approx. 1800 5

=0

57258\ REPUBLIC OF TURKEY e Persistent
A 6 \] MINISTRY OF ENVIRONMENT, ) e il g Organic
\V\=~"_/*/ URBANIZATION AND CLIMATE CHANGE

Iz . Pollutants



This Project is co-financed by
the European Union and the Republic of Turkey.

THANK YOU...
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