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What we already know about
the nitrate reduction in the
subsurface

 Nitrate is reduced only after oxygen is
depleted.

* Nitrate concentrations in groundwater
can be highly heterogeneous in space.
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What we already know about
the nitrate reduction in the
subsurface

 Nitrate is reduced only after oxygen is
depleted.

* Nitrate concentrations in groundwater
can be highly heterogeneous in space.
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What we already know about
the nitrate reduction in the
subsurface

 Nitrate is reduced only after oxygen is
depleted.

* Nitrate concentrations in groundwater
can be highly heterogeneous in space.

* Hotspots of denitrification result in the
high variability of denitrification

C

A B C D
85% of capacit
e N pacity
- 3ig 4390
N e \
4250 94 0.08g
4430
45
34g m
15 cm ggg |7 3.99
45 ud
73
\ 26
5180
499
5190 5070 4660 4430 TOTAL ng=-N g~}
100% g8x =0} A 8S% X OF ORIGINAL

Parkin (1987)

/nnovationsfonden MapField




What we already know about

the nitrate reduction in the | GEUS
0. _This study | ___log likelihood=-63.52
subsurface 015 (119052 G819 )]
0.1
. . . 0.05¢ \ HH
 Nitrate is reduced only after oxygen is oL /AR S,
s -6 -4 -2 0 2 4 6 8 10
depleted. 2 oy _ loglikelihood=-6205
§ 0.151 (-1.17, 0.53) (2.67, ]'13)(5'77/'\0'81) (b) i
* Nitrate concentrations in groundwater g 0df
. . S 005}
can be highly heterogeneous in space. s L
ke} -6 -4 10
» Hotspots of denitrification result in the R o Literaturereview _iog ikelhood=-19870
e (-1.17,0.65) (2.38,0.98) () _

high variability of denitrification and Bl 3 N (599,136

widely varying rates. |

0.05 ~(-4.62, 0.35) \ EE_ . \ ﬁ EE ==l

0 ﬂ ; , .@ - _ z I‘\ | £z o
6 4 2 0 2 4 6 8 10
In( rate, mg N/L/yr)

Kimetal. (2021b)

-------

/nnovationsfonden MapField ::::::::



This study log likelihood= -63.52 GEUS
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How could we upscale point-scale
geochemical information to the catchment or

larger scale?
: Using geophysical information
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Needs for New Knowledge of Nitrate Retention in the Subsurface

* New regulations
- Spatially targeted N
regulations

* New technologies

- High-resolution of 3D
information of the subsurface
structure

Hansen et al. (in prep)
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MapField case sites
* Long-term monitoring data of
groundwater and stream chemistry

Overview of the case study sites

» Subsurface structural information
from geophysical and geological
investigations

* Sediment color data

 High resolution surface geology
map

% MapField sampling points

@ GRUMO monitoring stations

LOOP monitoring stations

O LOOP Groundwater + Soil pore water (Station Nr)
® LOOP Groundwater (Station Nr)




MapField case sites
* Long-term monitoring data of
groundwater and stream chemistry

» Subsurface structural information
from geophysical and geological
investigations

* Sediment color data

 High resolution surface geology
map

* Detailed biogeochemical
investigations at each site
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MapField case sites
* Long-term monitoring data of
groundwater and stream chemistry

» Subsurface structural information
from geophysical and geological
investigations

* Sediment color data

 High resolution surface geology
map

* Detailed biogeochemical
investigations at each site
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MapField case sites
* Long-term monitoring data of
groundwater and stream chemistry

e Subsurface structural information J

Objective: Building trainihg images
{ (Tl) of geochemical properties for

from geophysical and geological
investigations
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Where does denitrification occur in the subsurface at the

catchment scale?

LOOP2 case study site

* Intensively-managed
agricultural catchment

* Meltwater sand/gravel
dominated surface geology

. . . (a) elevation (m) (c) soil map (1:25000)
* Part of the National monitorin g LOOP stations " freshwater sand [l meltwater gravel
program E g:gﬁ:gaztg:’ soil water I freshwater gyttia [l meltwater sand
33  ©Stream station B freshwater peat [ sandy til
GRUMO wells . meltwatersand [ clayey til
58 A Boreholes meltwater silt
— Streamlines ] drained area

Kimetal. (2021b)



Where does denitrification occur in the subsurface at the

catchment scale?

LOOP2 case study site
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* Overall, high nitrate in high
elevation vs. low nitrate in low
elevation

* But still, high nitrate cases in low
elevation

LOOP2 legend
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Where does denitrification occur in the subsurface at the

catchment scale?

K-means clustering analysis of
groundwater chemistry
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Where does denitrification occur in the subsurface at the

catchment scale?

K-means clustering analysis of
groundwater chemistry
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Where does denitrification occur in the subsurface at the

catchment scale?

K-means clustering analysis of
groundwater chemistry
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Case I: Where does denitrification occur in the subsurface at

the catchment scale?
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Case I: Where does denitrification occur in the subsurface at

the catchment scale?

Conceptual model of the distribution of
denitrification zone in LOOP2

Denitrification occurs near the organic-carbon rich
postglacial sediments at shallow depth by oxidation of
either organic carbon or pyrite.

Meltwater sand/gravel in LOOP2 is weathered, thus, is
depleted with N-reducing material. Thus, denitrification
may be extremely slow or does not occur.

(a) dry season [\

(a) and (b)

;] Paleogene clay groundwater

Quaternary clay ———» oxic groundwater

I organic rich sediment > oxic, active only wet year
[ ]sand —» reduced groundwater

---- drain Kim et al. (202”3)



Case I: Where does denitrification occur in the subsurface at

the catchment scale?

Subsurface resistivity —)»  hydrostratigraphic unit —) Hydrogeochemical model

e

least clayey most clayey oxic N-reduction no flow

resistivity (Qm)

Kimetal. (2021b)
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Case study Il: Where
are the denitrification
hotspots?
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LOOP3

In(rate), mgN/L/yr
o

No statistically significant Case StUdy lI: Where
difference among different are the denitrification
categories of redox types and hotspots?

lithology.

But the difference is
statistically significant
between geological elements.
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Observation frequency/Density

This study
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LOOP3

Case study Il: Where
are the denitrification
hotspots?

Multi-modal log-normal
distribution

Literature shows the similar
pattern
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Observation frequency/Density
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Case study Il: Where
are the denitrification
hotspots?

Low-rate zones: Geological
window in the recharging
areas
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LOOP3
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tTEM resistivity

= Training image of
-5 denitrification rate as
S a novel way of deliver

Tl for hydrostratigraphy

the new knowledge of N

reduction in the
subsurface to modelling

framework.

Geochemical
information

\ 4
Tl for denitrification rate
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Summary

= Point-scale geochemical information provides process-based understanding GEUS
of nitrate transport and fate (where, how, and why).

€3

* Process-based understanding identifies the key controls of the spatial
distribution of denitrification zone, and then can be upscaled to the
catchment scale by synthesizing geophysical, geological and geochemical
information.

* Direct geochemical measurements and process-based understanding of
nitrate fate and transport are as important as the high-resolution structure
information to obtain the spatial knowledge of denitrification in the
subsurface.
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