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. Dette hul i jorden bliver sikkert landets hidtil dyreste. Det skal bruges til wdtemning af spildevand fra

»Grindstedveerket®.




Denmark

N

ed sites

t

INa

Contam

Risk assessmer
groundw ater resc

Control ¢

T




Contaminant mass discharge
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Risk assessment of groundw ater resource
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How to determine contaminant mass dischar

Contaminant mass dichai

J = Flow * Concentration *

J= K*I*Concentration™ Ar

K = Hydraulic conductivity
] | = Hydraulic gradient




Contaminant mass discharge

Contaminant mass dichai

*

J= Flow * Concentration

J= Mass flux * Area

J = K*I* Concentration™ Ares

] K = Hydraulic conductivity
| = Hydraulic gradient




velocity probes
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How to determine contaminant mass dischar

Contaminant mass dichai

J = Flow * Concentration *

J= K*I*Concentration™ Ar

K = Hydraulic conductivity
] | = Hydraulic gradient
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Depth (m)

Spatial variability in hydraulic conductivity is a fa
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Fiandaca et al. (2018). Water Resources Research. 54, 2851-2870.

 Heterogeneity,
uncertainty anc
are key questio

* Variations in
hydraulic
conductivity are
orders of magn
in mildly
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Depth (m a.s.l)

Challenge I|l: Steep chemical gradients in plume

We need many sampling points to delineate the plume
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Large spatial variation in concentrations -’.
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Gamma Lithology 7 hax L

Geology, geophysics and contamina
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O Shallow wells
[ ]

Deep wells

2D profile
= 3D profile

Groundwater equipotentials |

@ Roads

- Strong leachate

- Medium leachate north
- Medium leachate south

I:, Weak leachate

5 |
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Maurya et al. (2017). Journal of Applied Geophysics, v. 138,

p. 1-8.



loni

Direct current Landfill leachate plume
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lonic strength (meg/L)

Direct current Landfill leachate plume
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Sulfonamides [mg/l]

L  Geological model with concentration data U L Geophysics based method
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Sampling density and uncertainty

« Number of samples pr. Barbiturates [mg/ L]
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Uncertainty analysis: Barbiturates
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Sampling density and uncertainty

Number of samples pr.
m2 control plane 5

Skuldelev plume: 380 m?
121 sampling points

Sampling density: 0.3
samples/m?

Depth (m a.s.l)
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Troldborg et al. (2012), Water Resources Research, VOL. 4



High sampling density: high certainty!

e Advanced statistics

Frequency
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Contaminant mass discharg
Average 3.0 kg/year

Standard deviation 1.5 kg/yeat
Relative uncertainty 50%
0.05-0.3 sampling points pr. m

Hydraulic conductivity and
concentration field included

| |
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Troldborg et al. (2012), Water Resources Research, VOL. 48, W(



Contaminant mass discharge and uncertainty?

Absolute values of contaminant mass discharge 6
« Conceptual errors 510
—Delineation of plume incomplete
— Full break through at control plane
—Bias in hydraulic conductivity or hydraulic gradient

Depth (m a.s.l)

Relative uncertainty
« Sampling density — more wells decreases uncertainty
 Hydraulic conductivity field

—Larger variability larger relative uncertainty | Clay till
« Concentration field '

— Distance from source — smoothing effect at larger distances

« 0.1 sampling points pr. m?2 to obtain 50% relative uncertainty in a mildly
heterogenous aquifer



Contaminant mass discharge in fractured m

Chambon (2010). Journal ofjfContaminant Hydroloegy, 112, 77-90.




Heterogeneous clayey till setting?

N :

Kessler, T. C.. Klint, K- :E. 2 Nilsson, B.; Bjerg, P. L. (2012).
Characterlzatlon of sand Ienses embedded in tHIs Quaternary -
Science Reviews, 53, 55-71. ' - |

Kessler, T1.C:; Comunian, A Orlanl F: Renard P.; Nilsson, B

- Klint, K.E.S. Bjerg o (2013)Ana|yzmg and Modellng Fine

- ScalerGeological Heterogeneity—an Example of Sand Lenses in
Clayey Till..Ground Water, 51 , 5,692-705.
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How to determine contaminant mass
discharge for a heterogenous clayey till
setting?

« Contaminant mass in clay
till system?

« Contaminant mass
discharge and timeframe
for leaching into underlying
aquifer?

« Relationship with
contaminant mass
discharge measured in
underlying aquifer?




Communication of risk, uncertainty
and contaminant mass discharge

« Communication of uncertainty and risk?
« How do we include uncertainty in risk assessment?
« Contaminant mass discharge or concentrations?

* Report contaminant mass discharge (and uncertainty)
and concentration in point of compliance
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3.lnnovative field methods

— New methods for direct determination of contaminant mass

discharge or velocity

— Direct push techniques (conc. and hydraulic conductivity)

— Hydraulic conductivities from geophysical data

forureningsflux (kg/ar)

4. Uncertainty

— Reducing uncertainty by use of geophysical data

— Sampling density and uncertainty

Elevation (m DVRI0)

1. Contaminant mass discharge is a useful metr
— Supplements concentrations in point of compliance
— Hydraulic conductivity and gradient
— Concentration field in control plane

2. Challenges

— Geological heterogeneity
— Spatial variability in hydraulic conductivity
— Steep concentration gradients
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5. Future work

— Uncertainty analysis

— Fractured and heterogeneous media
— Communication of uncertainty and ri
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