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Integrovany pruzkum znecisténi
podzemni vody
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Integrovany pruzkum znecisténi
podzemni vody

C1 Cile
RO AS ANt ZaVaa Ny StEVAIE Arlel|Side
privatizovanehno subjektu a2 nECIHIEZAINOZAG]S

privatizovanehosubjekturresenim: SEZ

a Partneri — odstranit zavadny stav bezprostredne

_Nebo;poetencialne ohrozujici zdraviilidi nebo
slozky zivetniho prostredi (napr. konkrétni zdroje
pitne vody)

Y.V, (anagericii L grounuvateray
e J.}L'XQJS Iauastrially contaminated areas




Integrovany pruzkum znecisténi
podzemni vody

a CR — pozemek nabyvatele

a Partneri — potencialne neborbezprostredne
ohrezene uzemi

e ——— it .

Y.V, managementorgroundwaterat,




Integrovany pruzkum znecisténi
podzemni vody
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L ’ 1er any prirreseni.
a CR — nabyvatel, MF, MZRClZ2) —
a Partneri — puvodce, prislusny vodopravni organ
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Y.V, managementorgroundwaterat,




Integrovany pruzkum znecisténi
podzemni vody

WESIOY

o CR -

Y.V, managementorgroundwaterat,




Integrovany pruzkum znecisténi
podzemni vody

zpusobené minulymrrezimem
a Partneri — musi byt identifikovan a jeho zavineni

‘musiibyt prekazano

Y.V, managementorgroundwaterat,




Integrovany pruzkum znecisténi
podzemni vody

mestske zastavbé, apod.) je-li potreba: - —

vyhodnotit vsechny zateze podzemni vody na celém
zajmovém uzemi (napr. v dané prumyslové zéné)

@ identifikovat hlavni zdrojové oblasti na uzemi s
predpokladem vyskytu velkeho mnozstvi potencialnic
zdroju a puvodcu znecisténi

B provest kIaS|f|kaC| zdroju dle prlorlt pro ekonomlcky




Integrovany pruzkum znecisténi
podzemni vody

KOMPLEXNI RIZIKOVA ANALYZA
ZAJMOVEHO UZEMI

KONCEPCE NAPRAVNYCH OPATRENI
ZAJMOVEHO UZEMI

% § ~ Mmanagementof groundwater at
Soters M AG I C industrially contaminated areas



Integrovany pruzkum znecisténi
podzemni vody
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W = AL &4

Stanoveni podilu dilcich zdrojﬂ pri definovani celkovéhc
rizika vyplyvajiciho z kontaminace podzemni vody

Dopady kontaminace jsou ohrozujici (napf. vuci
zdrojum pitné vody, zdravi, prosperité) a nejsou znamy
jejich zdroje

Husta zastavénost, limitované moznosti

' } JJJ‘X\J J\C umyuwudww ater at




Integrovany pruzkum znecisténi
podzemni vody
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Integralni cerpaci testy
(Integral Pumping Tests)

JEUNERATEIOUN HEYIOVAHEH ORI AU IR ECISTET]
podzemni vody: -' —

- Katedra Aplikované geologie na Universite Tiibingen (PTAK &
TEUTSCH, 1997, SCHWARZ, PTAK & TEUTSCH, 1997a, b, HOLDER et
al. 1996, HOLDER: & TEUTSCH 1999, TEUTSCH et. al., 2000, PTAK et
al., 2000, PTAK & TEUTSCH, 2000, JARSJO et al. 2002, BAYER-

RAICH et al., 2003, 2004).
» Mesto Stuttgart — projekt INCORE (2002 — 2003)

# MAGIC ity contamnated areas
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Integralni cerpaci testy

Koncentrace TCE v rizrych casech v pribéhu
cerpani podzemni vody Z vriu

@ro@/@/~
1T 2

TCE

izochrony dosahu Cerpani
v tlizrych Gasech
:

Koncentrace TCGE
woblasti neznedistend  pogomnivody mraku
C=05ug

TCE
Koncentrace TCE
smér proudéni ¥ kontaminacnim

C =100 ug/l

‘management of groundwater at
industrially contaminated areas
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Integralni cerpaci testy
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Integralni cerpaci testy

hours since start of IPT [h]

Murnber of samples; 10

Choose method () Circle method (%) Ellipse meth...

Design of IPT

o —— 38.002
i — 19.543

i

t1 = 1.f38

0 8 10 15 20 25 3 35 40 45 AD
increase and width of capture zone[m]

B Width of capture zone M Increase of width

£ Planning - [E|
Parameters | Sample a... | Hours sin,.. | idehoaf L., | Increase ... | Isochron,., | Distance ... ‘
[ of IPT(kx i m m ak time k...
Effective porasity [-]]0.1 ol [r] [m] [m]
0.z 1,75 1,75 5,40 0,57 |
| |
Hydraulic conduckivity [m,l's]j 0,000z 2.3 5,18 4,43 19,42 3!':'9
7.5 10,7 4,52 33,63 5,35
|
Hydraulic gradient [- ] 0.001 15.0 15,14 4,43 47,56 ?,5.'-"
25,0 19,54 4,41 61,4 9,77/
|
Saturated aquifer thickness [m] 3 1230 24,09 4,55 75,60 12,05|
|
54,0 28,72 4,63 90,23 14,36 .
|
Pumping rate [m315] 0.001 73.0 33,30 4,67 104,91 16,7 ,
| ¥
95.0 38,00 4,7 119,67 19,05
Takal ki fIPT [h] 120 d . ! P~
it ob R ] 120.0 42,81 4,72 134,49 21 4|

width of capture z. [m]
(%]
]

Design of IPT

D e o oo e

a0

78 100

IPT duration ! pumping time [h]

® jsochrone attime ®increase nfc.z.|
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Integralni cerpaci testy

C

Concentration

C

Cas cerpani

Oblast znedisténa —

wody

Carpany urt &

Zona dosahu Serpant v fase t

Concentration

C

Cas cerpam

~—

/

Concentration

Concentration

Cas cerpani

Cas cerpani

Typove krivky (dle Bockelmanna
2001)




Integralni cerpaci testy

g

Numerické modelovani — (napr.
MODFLOW, FEFLOW, SPRING)

uwywwuﬂﬁ” awater at
ulf/wmum.us.f‘ww



File IPT calculations Settings  Help

N a8/ FE @

%i465271,706  y:264255,609

EWAN AN R = naostrially contaminated areas




File IPT calculations  Setkings  Help

N &% F @

w1465447,997 1264223, 967

\':!T'qrc J\_}L{X QJ ¢ Higganzng OT grounawarerat

= ndustrially contaminated areas

INTERREG I1iB CADSES
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Aplikace IPT

N4

C Cile
[ | C IGJ¢ AT 0 < I '
transportu znecisteni

2 Verifikace metody! IPT pro standardizovane
pouziti
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Optimalni podminky pro aplikaci
IPT

Tl Flycrogeologicks

o Moecnost zvedne: h > 1,5m

a Hydraulicky gradient: 1 < 0,04

o Efektivnl porozita: n, < 0,2

o [Homogennitkelektormsamostatna zvoden

Y.V, (anagericii L grounuvateray
e J.}L'XQJS Iauastrially contaminated areas




Optimalni podminky pro aplikaci
IPT
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Rudy, July 2006
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Hydrogeologické podminky nebyly na
lokalité pro aplikaci IPT zcela optimalni...
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Hydrogeologické podminky nebyly na
lokalité pro aplikaci IPT zcela optimalni...

hydraulic coefficient| transmissivity

K T well yield

Well ID

m.s™ m2.s™ /s
1,7E-03 7,50E-03 5
2,1E-03 7,50E-03 2,83
8,1E-06 4,06E-05 0,516
8,0E-06 4,00E-05 0,909

vee | \ 7~ I/~ Mmanagement of groundwater at
WG M AG I C industrially contaminated areas
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Amonné ionty Intepretace

Well ID ammonium
P 1HJ-6
@ concentr. [ug/l] 298
/ mass flux [g/d] 59
HM-14 HJ'2
A @ concentr. [ug/1] 89
HM-13K
HM2K mass flux [g/d] 1,8
e My HJ-7
N v P @ concentr. [ug/1] 115
f— / M + ¢ Y/ mass flux [g/d] 2,3
— /L [HJ-3
o HMAK ¢ L, o/
T g MK Ly @ concentr. [ug/l] 107
I mass flux [g/d] 2.1
o HM‘:ﬁK‘,/":O;:’HX}J HM‘:2K HJ_5
’ ety N 10511
| i - ; i -
VPV-1 ot S o, HATR HMHG-0 HM32E [ @ concentr. [ug/l] 12
[ = o HLBK g M S B mass flux [g/d] 0,25
A HIZ0ES s HJ-4
*) /]~ \os#051/1 g
/ / R HM-15/E @ concentr. [ug/l] 16
// * HM_34/E mass flux [g/d] 0,33
1]
B G HML12E S~ w\
HI-5 \ N \
? HJ-9 \ \ \
[ \ \ \
\ \ \ \ |
HJ-4 \ \
#HI-412 “‘ \\ \ |
AR\ )/ om som | f0m | 3
\ P | | ‘:
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QQ/QC - IPT
amonium

—— Sampling Point No.1

Sampling Point No.2

- 8 8 8 B B 8 8§ 8 & 8

QQ/QC - IPT
amonium

—&— Sampling Point No.1

Sampling Point No.2

QQ/QC - IPT
amonium

—— Sampling Point No.1

Sampling Point No.2

HJ-3

concentration

8 ¥ 8 8 8 & 8

- 8 8 8 B B 8 8 8 & 8

QQ/QC - IPT
amonium

£l 40

—— Sampling

Sampling

5 60 70

i Far-rmy TR TR
[ [ [ [
H = 102 L] 300
HEG1WE ﬁ {Riezbodnur CIZP, 2002
HJ-5 QQ/QC - IPT —&— Sampling Point N¢
i amonium Sampling Point N




Naftalen

Intepretace

HV-14
4
HM-13K
HM-12k ¥
Hv-2 *
& R\
s HV-13
f— / - ¢
1051/ HM"AK {
HM-5K
et VPV-3 *
o T N " 3K‘Jq’5‘i‘
e wo e HV-T vk
i Al N 4 *
s i o' HIR i
VPV-1 o i s By Hlo HM_32/E [~ —— ’
[l GO MK HM-14/E Qg LmeJHGJE
i . 30I;|E4;10 + Pl
‘ B =
6K £ o + | oe33/E
HM“‘K‘J o ot g
/ HM-35/E HM_15/E
+
//

HM-34/E
+

g

(e HM-12/E S~

1051162

HJ-5 \ N \
+ HJ-9 \
A4 \ \ \ \
I \ x »
N R
HJ-4 \ \ |
BHI-412 \ |
HJ-8 \ o L
R W T @
Vo )/ om som | 100m | o ‘ ‘
\ // | | \| |
7 (10 E - () dlie (] (11e ]
A
(]

Well ID naphtalene |
@ concentr. [ug/l] 398
mass flux [g/d] 7,9
HJ-2
@ concentr. [ug/l] 6,0
mass flux [g/d] 0,12
HJ-7
i @ concentr. [ug/l] 12
mass flux [g/d] 0,24
/o |HJ-3
s @ concentr. [ug/l] 3,2
mass flux [g/d] 0,064
HJ-5
@ concentr. [ug/l] 0,095
mass flux [g/d] 0,002
HJ-4
@ concentr. [ug/l] 0,59
mass flux [g/d] 0,012




concentration

QQ/QcC - IPT
naphtalene

—— Sampling Point No.1

Sampling Point No.2

concentration

QQ/QC - IPT

—<— Sampling Point No.1

naphtalene Sampling Point No.2

H.I-2

Y SERANNSN

concentration

Im Sim 100m
QQ/QC - IPT
HJ-7 repeated |
P naphtalene | —+—sampl

concentration

IVIMiJ I

QQ/QC - IPT L
naphtalene

‘ —&— Sampling Point No.1 ‘

concentration

5
0
0 10 20 30 40 50 60 ;
™ "'l ""I. 1 ‘ I - ¥ [t = L e beae | g iees Lty -
Qa/QcC - IPT
e naphtalene @

HJ-5 ULET U
industrially contaminated areas




Benzen  INtepretace
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industrially contaminated areas

Priloka ¢. 6.3

cilowy bmit sanzace
(Fozkodme

CTFD, 2002)

Well ID |  benzene
HJ-6
@ concentr. [ug/l] 7
mass flux [g/d] 1,4
HJ-2
@ concentr. [ug/l] 15
mass flux [g/d] 0,30
HJ-7
@ concentr. [ug/l] 9,0
mass flux [g/d] 0,18
HJ-3
@ concentr. [ug/l] 4,9
mass flux [g/d] 0,098
HJ-5
@ concentr. [ug/l] <0,2
mass flux [g/d]
[HJ-4
@ concentr. [ug/l] <0,2
mass flux [g/d]
O [ ] [
| 100 50 000 340 4000
r\ , 0 ugl .

ol b
lr
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teoretickym predpokladum; = -

> Analyticke reseni bylo uplatnena zejmena
pro kvalitativni interpretaci

> Numericka interpretace se v soucasné
dobe zpracovava...
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M A G I c management of groundwater at
industrially contaminated areas




Kontrola kvality béhem odbéru
Vvzorku pii IPT (007)

INTERREG I1iB CADSES




Kontrola kvality

l Porovnani naméfenych koncentraci vz —
odebranych odliSnymi zarize odlisnych
odbérovych bodu)

B Porovnani vypoctenych koncentraci ze

vzorku z odliSnych zafrizeni

B Porovnani koncentraci z opakované
IPT ve vrtu HJ-7




Porovnani vysledku z odbérovych
bodu SP 1 a SP 2

HMﬁG—Q HM;32/E‘
Lo

HM-14/E e
H . +
HM-30/E4- e DT
+ \ wgwr;zyE
HM-15/E

HM-34/E
*

43@ HM-11/E
) o

HJ-4
SHi-a2

wosvsat\ {

Voo
T

M A G I c management of groundwater at
industrially contaminated areas




Porovnani vysledku z odbérovych
bodu SP 1 a SP 2

QQ/QC - IPT
benzene

—&— Sampling Point No.1
—8&—— Sampling Point No.1 - duplicate
Sampling Point No.2
Sampling Point No.2 - duplicate -

concentr ation

HJ-3

management of groundwater at
industrially contaminated areas




Porovnani vysledku z odbérovych
bodu SP 1 a SP 2

Sample ID ammonium ndph'alene i bekz :ne 1
mg/| mg/| mg/| mg/l /| pgl pg/l \ ug/l g/l g/l pg/l. Y gl ug/l

HJ-3 1stSP_|1st QA/QC| 2nd SP_[2ndQA/QIC] 1stSP_|1st QAIQ[| 2nd SP_|2ndQAIQJ| 1stSP_|1st QA/QC| 2nd SP_|2ndQA/QC
1. série 59 61 69 71 13 13 1,1 1,1 11 10 1,7 0,59
2. série 83 80 92 92 6,9 7.8 0,81 0,61 7.4 6,7 1,3 0,33
3. série 97 97 110 110 4,5 51 0,68 0,55 6,6 6 2,7 1,6
4. série 100 100 110 110 3,8 4,3 0,67 0,69 5,7 5,8 2,8 0,27
5. série 100 100 110 110 4,1 4,2 0,51 0,59 55 59 2,7 0,77
6. série 100 99 110 110 5 4,3 0,36 0,65 5,6 6,1 1,6 0,97
7. série 110 100 110 110 2,4 2,6 0,56 0,67 4,8 4,8 1,6 0,44
8. série 100 110 110 110 3,5 3,3 0,54 0,55 5,2 5,2 2,8 1,3
9. série 97 97 110 110 4 3,8 , 0,52 0,57 \ 53 55 | 2,9 2,3
10. série 110 110 110 110 0,38 0,37 ) 0,34 2,8 3 3.1 2,5




Porovnani vysledku z odbérovych
bodu SP 1 a SP 2
prumeérné koncentrace)

naphtsiens

concentration

QQ/QC - IPT
. —— Sampling Point No.1
amonium Sampling Point No.2

C - IPT
QQ/Q —&— Sampling Point No.1
benzene Sampling Point No.2

INTERRECG (Il CADSES



Porovnani vysledku z odbérovych
bodu SP 1 a SP 2

HMﬁG—Q HM;32/E‘
Lo

HM-14/E e
H . +
HM-30/E4- e DT
+ \ wgwr;zyE
HM-15/E

HM-34/E
*

43@ HM-11/E
) o

HJ-4
SHi-a2

wosvsat\ {

Voo
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M A G I c management of groundwater at
industrially contaminated areas




Porovnani vysledku z odbérovych
bodu SP 1 a SP 2

‘ A Sanminlina Point N 1

|
Aniae |l inT ‘—Q—Sampling Point No.1 H
———— Sampling Point No.1 aie

QQ/QC - IPT ——a8—— Sampling Point No.1 - duplicate hl
I 45 benzene Sampling Point No.2 ate —
Sampling Point No.2 - duplicate ‘-I

i =

40
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Porovnani vysledku z odbérovych
bodu SP 1 a SP 2

AR

Sample ID ammonium naph.alene bepzene —'
mg/| mg/l mg/| mg/l [ ugl/l pg/l'\ g/l pgll g/l pg/l | g/l ug/l
HJ-7 - repeated 1st SP [1st QA/QC| 2nd SP [2ndQA/QIC| 1st SP |1st QA/CC| 2nd SP [2ndQA/QY] 1st SP [1st QA/Q({ 2nd SP [2ndQA/QC
1. série 100 100 110 100 4.2 4,2 13 13 12 12 13 45
2. série 110 110 110 120 5,9 5,3 8,1 11 17 16 21 13
3. série 110 110 120 120 6,6 5,9 0,89 0,89 17 17 26 <0,20
4. série 110 110 130 120 7 7.4 1,8 14 26 25 37 24
5. série 130 140 120 14( 7.4 8 | 18 1,7 34 40 17 18
6. série 120 120 150 150 9,4 9,5 2,6 2,6 26 27 35 42
7. série 120 130 110 130 10 11 "j 4.9 5,8 23 17 0,83 <0,20
8. série 120 110 140 140 12 97 | 4 3,8 8,9 <0,20 <0,20 <0,20
9. série 120 140 120 140 15 14 ] 7.3 7,3 \| <020 <0,20 1 <0,20 <0,20
10. série 110 140 140 16 15 ) 6,3 <0,20




Comparison of results from SP 1
and SP 2 (average concentration)

QQ/QC - IPT

htal —— Sampling Point No.1
na alene
P Sampling Point No.2

concentration

C - HJ-7
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/“'\A

—

HJ-7 QQ/QC - IPT —&— Sampling Point No.1
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HJ-7
repeate




Porovnani vysledku z odbérovych
bodu SP 1 a SP 2
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M A G I c management of groundwater at
industrially contaminated areas




Porovnani vysledku z odbérovych
bodu SP 1 a SP 2

—&— Sampling Point No.1

QQIQC - IPT l O mmnlimea Daint Nla 4 Aounali +
—&— Sampling Point No.1
QQ/QC - IPT
htal —8—— Sampling Point No.1 - duplicate
nap talene Sampling Point No.2
Sampling Point No.2 - duplicate
0,35
0,3
c 0,25 1
]
g 0,2 1
o
Q 0,15 S e =
& PN o
8 | hd / /5~ . :\
0,1 \ \ ‘_—/"'7
5 &
0,05 | HJ-5
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Porovnani vysledku z odbérovych
bodu SP 1 a SP 2

Qa/Qc - IPT ¢~ Sampling Point No.1 —+— Sampling Point No.1

amonium

—8— Sampling Point No.1 - duplicate Q@/Qc - IPT
Sampling Point No.2 naphtale ne
Point No.2 - duplicate

~—8—— Sampling Point No.1 - duplicate

Sampling Point No.2

Sampling Point No.2 - duplicate

concentration




orovnani vysledkd z odbérovych
bodii SP 1 a SP 2

—<— Sampling Point No.1
QQ/QC - IPT e ,
. —8—— Sampling Point No.1 - duplicate
amonium

Sampling Point No.2

Sampling Point No.2 - duplicate

QQ/QC - IPT —— Sampling Point No.1
naphtalene

—8—— Sampling Point No.1 - duplicate
Sampling Point No.2
Sampling Point No.2 - duplicate

concentration




Porovnani vypoctenych koncentraci ze
vzorku z odliSnych bodu odbéru

Sample ID ammonium Ry
mg/l mg/l mg/I mg/I

HJ-7 - repeated 1st SP measured 1st SP calculated | 2nd SP measured | 2nd SP calculated

1. série 100 105 110 105

2. série FEE NN @EFE S SN EEE NS EEEENEEEE M EEEEEEEEREEEEEN

3. série 110 120 120 144

4. série 110 125 130 160

5. série 135 130 120 176

6. série 120 150 150 272
7.

8.

9.

10. s

série 125 120 110 56,03
série 115 140 140
série

série

INTERRECG (Il CADSES



Porovnani vypoctenych koncentraci ze
vzorku z odliSnych bodu odbéru

Sample ID

naphtalene

w’
- o

'

L

[

mg/I

mg/I

mgl/l

mgl/l

HJ-7 - repeated
1. série

1st SP measured
2

1st SP calculated

2nd SP measured

3

2nd SP calculated

1

. Série

5,6

7

9,55

6,1

. Série

6,25

9

0,89

-26

. Série

7,2

13

1,6

-14

. Série

7,7

14

1,75

-11

9,45

22

2,6

. Série

10,5

24

5,35

. Série

10,85

23

3,9

2
3
4
5
6. série
7
8
9

série

14,5

45

7,3

10. série

15,5

42

5,9




Porovnani koncentraci z opakované
IPT ve vrtu HJ-7
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Porovnani koncentraci z opakované
IPT ve vrtu HJ-7

QQ/QC - IPT —— Sampling Point No.1
ammonium Sampling Point No.2
200
180
160
140
5 120
g 100
g 80
60
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Porovnani koncentraci z opakované
IPT ve vrtu HJ-7
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Porovnani koncentraci z opakované

i [ =

45

40

35

QQ/QC - IPT
benzene

—&—— Sampling Point No.1

—8—— Sampling Point No.1 - duplicate
Sampling Point No.2
Sampling Point No.2 - duplicate
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Zavery

polehlivost vypoctenych kor
nékterych organickych slouceni
zpusobu odbéru vzorku a laboratornich
analyzach — PAU, TOL, semitekave latky ...

_ Odbéry a analyzy ve vodeé rozpustnych soli
nemaji zasadni vliv na spolehlivost vysledku

B | malé zmény naméfenych koncentraci
mohou zpusobit velké zmény ve




Zavery

ozsah QA/QC pri meéreni Ié
organickych latek by mél byt dos

Pred vlastni realizaci IPT je treba proveérit
vhodnost vzorkovacich a analytickych postupu
pro dané ucely

. TG Kol
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[~ mining waste dump
- hazardous (galvanic) waste dump
- municipal waste dump
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Integrovany pruzkum TOJ aler )
znecisteni podzemni
vody

V4

vypracovani, ovéreni a _rozsirovani technickvch

postupt a prostiedkd priIENIE IR EISR RN
znecisténi podzemni vody,
(IPT)

Zpracovani freeware
software pro analyticke
vyhodnoceni IPT

o | #~~ § 7~ managementof groundwater at
Loters M AG I C industrially contaminated areas



Freeware software pro
analyticke vyhodnoceni
IPT
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