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Jeonghoon Lee, 2018, A study on propagation of uncertainties for a mixing ratio calculation by seawater
intrusion. Journal of the Geological Society of Korea. v. 54, no. 5, p. 579-584

ABSTRACT: It is crucial to determine a mixing ratio using an end-member mixing analysis when there is seawater
intrusion. In this study, an error from the calculation of the mixing ratio between seawater and freshwater based
on the principles of uncertainty was determined. I present the errors in the calculated mixing ratios as a function
of the chemical difference between the mean seawater concentrations and standard deviations. The error is caused
by: (1) the mixing ratio between seawater and freshwater; (2) the difference between the mean concentration and
the standard deviation; and (3) the difference of the tracer concentration between freshwater and seawater
(inversely). In particular, the error may determine hydrogeochemical process (either precipitation or dissolution)
when a value of ionic delta (difference between measured and theoretical concentration) is close to zero during
cation exchange by seawater intrusion.

Key words: seawater intrusion, uncertainty, mixing ratio, cation exchange
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Feld= A 2099 Azt sf3F(seawater
intrusion) 2} #3te] thoket A =S B3 A7t
3P0} girh(Han et al., 2015; Shin et al., 2017).
A F= LA GNA 71 WA Lotk A5t
o] 2 4o A 8RloRE A e
o] 9lom, Q19 a%o Rt IEt X5k
AR So] Qlth(Park et al., 2005). AA| shHEQ}
THE U o] At Afsitet defictel FF

A stg=ol| A 9] sfigr FaFS SISt Park et al.
(2012)2 = A A G o2 sfieof &) x]s}
7 GRS - o o] A EFeHA Q] IS A A5}
ATt Aot HESLO] 2 o] &3t AR AR
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t}. Kim et al. (2003)2 AtAF Q4 G40 BE
o] 23} o|-gst] A=A WF 2.5 km7tA] s>
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UABHA] b= A o= FE3ITh

AHAA E= YA a2l oJ3f et T
7} Aol B sl T st oA o8&
T Sl Aekre] e AT IS g
AR o] &3t A5kt st dubikE £3]
HA=7HE oldlidhe A2 m$- FastH, olgh
EFAE A 2HR 0] S ES vhgo 2 o) ujgo]
2oHAS AN A U9 FRei) AEEst
SPAE o) 349} X|5}4] Ehu] (mixing ratio) =
H]ERSS=2 2 conservative tracer) 2] AEFEZE(mass
conservation) A4S g ste] T3S ALt
oh F2 AEE 2EA0E Jaole(C), BE
sol&(Br), 29| F AHFANLS b0} SaF
191250, 3D)7h 2 Ag-HTE A7) A
St Foll A v s =0l AP == ARt AT A
FH AR FAR} FEE B4k AFEE
WAL ol§3tt) s duikE dofits=
7holl gt sfig=9] ZA-eoll= #4119 oj3{ oA
Aol A EAgEe] ol HEEH Sl= ol f2 sl
EAZS o] &AL F1 sfictoll A = AlRE A
FotaL Fat kS 2 o83ttt o3t 3 ol &
sho] X5k} afj4=2] E3HH](mixing ratio) & A4k
St =W, 2 X (uncertainty)7} @514 Ht. o]+=
& Spstdgte] A1 E= AlTtol whet o2

Zolh mwEhA, & dAtolAe ol LAE &
S HPE o&ste] AL ojw gt 2.2l
O3l A La7t F7F Ee AT =25kt
o2 Bl A= BAR SFEA A DAY= 22k
o] gt 8129l w28 Al ksl Hgkom, 3
ol He 2gollA AAIEE 81221 A o2 RE A
AHE AT B9 ST Al AL 3|9 2
A A3 A A BH T

2. BHME =&HEAM(End Member Mixing
Analysis, EMMA)

X#140] EHmixing) T4-E olfsH d 714
Bo] AMElE W] 224 (tracer)9] SE EE
994 24 ol 87 TR ETEA(EMMA)
o|thH(Kim et al., 2017). EMMAE 4=35}7] <a)A
2R A EE TR Aol o] Sjatay EE
91Uk 1&9] Ko|7} Aok tnl, AR A2

wiRloke) Mo 2 Qla) SE % F9IA4 ulgol
#ISR) gpotof gk, shdeet wre] S (mixing
ratio) 2 F3k7] S1shH ATAY Xake] uAs
I (background concentration of groundwater)%}
2] shetxA-S ZF A (end member) 2.2 7}
Ae 4 UoH(Kim et al., 2017). FHRZE F2 H|
HE-S-3 2] X} (conservative tracer)?] Fiol2, BE
Sto] & Bl &9 F AT HLLE o83t AFH
Lo MAZ ol 83 v A (o= A= T4
H]E UeRd 4= Qlth(Lee et al., 2014).
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G, Bl4e) FeE WL Nsiee] FAR ol
m, Q0 G,k A 2AREE @ A7Re
A5140] 247 w5 mol gt EghlE o
23} o] Aol 4= ik
c -C

x= C’j-ﬂ_ Cp-gr (2)
sea p-gr

st Eerel EH(0) = AT At}
o2 AKX 4= 9lon, & 9] Q9 X](standard error)
= 7Fe0] EgPAdFul(Gaussian error propagation)
£ ol g3}o] AheA1E 78 4 glom), theT 2ol

Ae)d 4= 9l (Genereux, 1998).

A7NA, 5.k 2] BELAE R, s, 5,
5o 717 0] SRR WhE Aol BRI,
a4 227} 2] At o 212 Lehic.
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Table 1. Chloride concentrations of seawater for mixing ratio calculations from previous studies.

Reference Location CI' (mg/L) Br (mg/L)
19888.67
Faye et al. (2005) Saloum , Senegal 0423 38 67.00
Park et al. (2005) Western Coastal Area, South Korea 19350.00 NA*
Pulido-Leboeuf (2004) Castell de Ferro, Spain 21259.00 132.00
Argamasilla et al. (2017) Marbella — Estepona, Spain 19472.00 66.00
. 16211.50
Han et al. (2015) Daweijia, China +668.08 NA
Na and Son (2005) Seomjin River, South Korea 18800.00 67.00
L .. 21204.50
Capaccioni et al. (2005) Sicily, Italy 43465 NA
Kim et al. (2006) Yeonggwang, South Korea 14408.02 67.00
Kim et al. (2003) Jeju, South Korea 18211.00 64.70
Lee and Song (2007) Buan, South Korea 16716.00 NA
Jeen et al. (2001) Mid-western Coast, South Korea 19300.00 73.00
Shin et al. (2002) Gogum, South Korea 17164.00 NA
. 14230.50
Kim et al. (1997) Yeosu, South Korea £578 21 NA

NA*: Not Analyzed
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Fig. 1. Contour diagram of the error in the calculated mixing ratio as a function of the chemical difference between
the averaged seawater concentration and standard deviation (10) using chloride ion in Table 1.
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Fig. 2. Contour diagram of the error in the calculated mixing ratio as a function of the chemical difference between
the averaged seawater concentration and standard deviation (10) using bromide ion in Table 1.
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