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Fig.1 Conceptual illustration of groundwater
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Fig.2 Location of the field survey in the Kashima coast of Japan.
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Fig.3 Location of the observation wells near HORS.
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Fig. 5 Time series of nutrient concentration in groundwater (Sta.6-a and b), seawater, and river water.
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Fig. 6 Time series of nutrient concentration in groundwater at the shoreline (Sta.1-a, b and c).
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Fig. 8 Spatial distributions of phospate and silicate concentration.
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Table 1 Parameters for numerical simulation.
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1.0x10° 1.331x10? 1.0 1.025 03759 1.0x10° 30 100.0 100 -100.0
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(a) (b
Fig. 9 Computational results of (a) velocity field, (b) spatial distribution of non-dimensional salinity. The bold curve in
(b) indicates the position of the interface calculated with the experimental formula of Tamai and Shima (1967).
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Fig. 11 Computational results for run-1: spatial distribution of (a)
velocity vectors, (b) non-dimensional salinity.
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Fig.13 Spatial distribution of salinity measured on Aug.22, 1997.
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Fig. 12 Computational results for run-2: spatial distribution of (a)
velocity vectors, (b) non-dimensional salinity.
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Table 2 Nutrient fluxes by groundwater seepage and Tone River

discharge.

Groundwater Tone River

(ton/day) (ton/day)

NO,-N 5.48x10? 2.29x10!
NO,-N 4.47x10° 6.48x10™
NH,"-N 4.73x10® 3.60x10°
PO>-P 7.77x10° 1.34x10°
SiO,-Si 435x10" 1.19x10'

incident wave
= ‘QI <l <> ?
o=
> i Qr >
5 fip curren (_!__ Sl (_!)
> < rip head >
> <~ <P
¢ < Qw Qo <r>C.)o+C)g
. (:_— rip head <?
: <— <>
>NEIT e AR
> >
S g0 e
groundwater " surf secondary  offshore
seepage zone mixing zone

Fig. 14 Schematic diagram of a mixing in the surf zone based on
the model of Inman ef al. (1971). The zone between rip
currents constitutes a circulation cell. The ‘b.p.” in the
upper panel indicates breaking point.
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Fig. 15 Nutrient concentration C, as a function of time with C,=0.0.
The circle, square and cross marks represent C,, second, and
first terms on the right hand side of equation (16),
respectively. :

Table 3 Averaged shallow-water nutrient concentration C,, F/LQ,
denoting the effect of SGWD on shallow-water nutrient
concentration and the ratio of F/LQ, to Cs in percent.

C, FJLQ, ratio

(mg/)) (mg/ ) (%)
NO;-N 6.53x10%  177x10° 2710
NO,-N 892x10°  145x10° 1633
NH,"N 458x10%  152x10° 0331
PO >-P 833x10°  252x10* 3035
SiO,Si 486x10"  141x10° 2887
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SUBMARINE GROUNDWATER DISCHARGE INTO THE SEA AND
ASSOCIATED NUTRIENT TRANSPORT IN A SANDY BEACH

Yusuke UCHIYAMA, Peter ROLKE, Kumiko ADACHI,
Kazuo NADAOKA and Hiroshi YAGI

Submarine groundwater discharge (SGWD) and associated nutrient fluxes at Hasaki sandy beach along Kashima coast in
Japan are investigated through field measurements and numerical simulations. The field data indicate that (1) groundwater has
higher concentrations of land-derived nutrients than seawater; (2) microbial activity near the shoreline induces mineralization,

« reduction and oxidation of nitrogen and phosphorus; and (3) in the portion of the aquifer underlying coastal forest, nitrate is
appreciably utilized and removed. A numerical model incorporating effects of water-table and tidal fluctuations is developed to
evaluate SGWD with high accuracy. Assuming that the aquifer consists of homogeneous sandy soil, the simulation results show
that the impact of SGWD on the marine and estuarine ecosystems is less than that of Tone River runoff. Nutrient flux via
groundwater seepage is a minor component of primary productivity in the surf zone.
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