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How to derive concentrations of 222Rn in soil air, namely Equations (4) and (5) in Kataoka (2018)
(the same as Equations (8) and (9) in Kataoka and Kigoshi (2014), respectively)

Let us consider a system which consists of a layer of uranium residue (uranium residue will
hereafter be designated as residue) and a single cover layer (a layer of soil) on the surface of the
residue, as shown in Figure 1. The system is assumed to be homogeneous horizontally (in the x- and
y-directions). The thickness of the layer of the residue is greater than 15 m which is considered to be
infinitely deep in respect of the diffusion of 222Rn. As for the soil, the properties such as bulk dry
density, porosity and volumetric water content are known, and the radioactivity of the soil is known to
be about the same level as those of ordinary soils, but the contents of 238U, 2%6Ra, 2%2Th, and “°K and

the escape-to-production ratio of 22Rn are unknown.

Air-ground interface (z = 0)

Soil

Surface of uranium residue (z = —Lco,)

Uranium residue

Figure 1. Single cover layer system on the surface of uranium residue.

It is assumed that soil microorganisms and plant roots exist densely in the soil, and that the flow of
CO; is accompanied by ?%2Rn in a region of high CO. production. Therefore, it is assumed that the
flow of CO; is accompanied by ???Rn in the soil air, namely it is assumed that 2?2Rn behaves in the
same way as CO; does there. Since this means that, in the soil air, the diffusion coefficient of CO, may

be used instead of that of 222Rn, ?22Rn transport in the soil is represented by Fick’s first law:

ad(n,C
Frns = —DC02 % (0>2z>-Lgo,), 1)

where Fg, s (atoms m2 of soil s) is the flux density of 22Rn across the geometric area in the soil,
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D% (m? s?) is the diffusion coefficient of COz in the soil air, Cg,, (atoms m=of soil air) is the
concentration of 222Rn in the soil air, z (m) is the depth from the air-ground interface and taken as
negative in the downward direction, Lo, (m) is the thickness of the soil layer which is on the surface
of the residue, and n, is the air ratio of the soil defined as the ratio of the air volume to the
total volume of the soil, and is expressed as n, = n —n,,, where n is the porosity of the soil
and n,, isthe volumetric water content of the soil.

It is assumed that the soil microorganisms and the plant roots do not exist densely in the residue,
and therefore 2?2Rn transport in the residue is represented by Fick’s first law:

d(ng,-C
Fany = —pinr 2ar Cinar) (—Leo, 2 22 o), @)

where Fg,, » (atoms m2 of residue s?) is the flux density of 222Rn across the geometric area in the
residue, DR™" (m? s1) is the diffusion coefficient of 222Rn in the residue air (air contained in the
residue), Crnqr (atoms m2 of residue air) is the concentration of 222Rn in the residue air, and
ng IS the air ratio of the residue defined as the ratio of the air volume to the total volume of
the residue, and is expressed as n,, = n, —n,,,, where n, is the porosity of the residue and
Ny, IS the volumetric water content of the residue.

The diffusion coefficient of CO; in the soil air, D2, and the diffusion coefficient of 222Rn

in the residue air, DR™" are given by

pEo2
D02 = 22— 3
p 3)
and
DRn
DRn,T — kO , (4)
T

respectively, where k and k, are the tortuosities of the soil and the residue, respectively, and
D(fOZ (m?st)and DE" (m?s?)are the molecular diffusion coefficients of CO, and %2?Rn in air,
respectively.

The changes of the concentration of 222Rn in the soil air and the concentration of ?22Rn in

the residue air with depth z and time t (s) are given by Fick’s second laws:

0(ngCrna) __ 0Fgns
at 0z

— A(ngCrna) + 0X (0=z2>-Lg,), (5)
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and

a(na,r CRn,a,r) — oF, Rn,r
ot 0z

- A(na,rCRn,a,r) + 6rQrARa,r (_LCOZ =z —oo), (6)

respectively, where A (s!) is the decay constant of 222Rn, ¢ (kg m®) and g, (kg m=) are the
bulk dry densities of the soil and the residue, respectively; X (atoms kg of dry soil s!) is the
amount of 222Rn that is produced in the soil and that escapes into the air filled pore space at
equilibrium state, and the amount is unknown; &, is the 222Rn escape-to-production ratio of
the residue, which is defined as the ratio of the amount of ?22Rn that escapes into the air-filled
pore space relative to the amount produced in the residue at equilibrium state, and Ag,, (Bq
kgt of dry residue) is the concentration of 226Ra in the solid material of the residue.
Substituting Equations (1) and (3) into Equation (5) and assuming that n, and k are constant,
and substituting Equations (2) and (4) into Equation (6) and assuming that n,, and k, are

constant, we obtain

0Crna Dy ? 9%Crna oX

T = 2 azz — ACRTl,a + n_a (0 >z 2> _LCOZ)' (7)
and
aCRn,a,r D(I)-m aZCRn,a,r 6TQTAR(1,T

ot k. 022 ACrpar + e (=Leo, = 2 = —), (8)

respectively.

First, assuming steady state Crnar _ () and solving Equation (8) with the boundary
condition Crpqy (z = —0) = %, we have
kA 80,4
CRn,a,r = Aexp D;nz rir e (_LC02 =2z —oo), (9)
0 na,r

where A is a constant to be determined. Substituting Equations (4) and (9) into Equation (2),
we obtain
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DEn) kA

FRn,r = MNgr k—rAexp WZ (_LC02 >z 2> —00). (10)

Next, assuming steady state ac;% = 0 and solving Equation (7), we have

A
z|+D (0=z=—Legy,), (11)

Crna = Bexp ~[peee

WZ + Cexp

where B, C and D are constants to be determined, and D =f—X. Since z is equal to 0 at the

Ng

air-ground interface, from Equation (11) we get

CRn,a,O = B + C + D ) (12)
where Crnqo (atoms m= of soil air) is the concentration of 22Rn in the soil air at the air-ground
interface, which is equal to the concentration of 2??Rn in the atmosphere at the air-ground interface.
Rewriting Equation (12), we have

D = Cppao—B—C. (13)

Substitution of Equation (13) into Equation (11) gives

kA kA
Crna = B{exp —00; 2 —1p+Clexp| — —00; - —1¢+ Crngo (0=2=—Leo,). (14)
0 0

Substitution of Equations (3) and (14) into Equation (1) gives

DE%22 kA kA
FRn,s =N, Ok BeXp WZ — Cexp — WZ (0 >z = _LCOZ)' (15)
0 0
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Since z isequal to O at the air-ground interface, from Equation (15) we obtain

co,

D
FRn,s,O =MNg Ok (C - B): (16)

where Fr, 5o (atoms m? of soil s) is the flux density of 222Rn across the geometric area at the

air-ground interface, namely exhalation rate of 222Rn. Rewriting Equation (16), we have

C= Frns0 k

= ——+B. 17
ng D% (17)

Substituting Equation (17) into Equation (15), we have

kA kA 1 k kA
B {exp —DOCOZZ —exp| — —DOCOZZ —n—a —D(():OZAFRn‘S‘OeXp - —Dgozz

(0=2z=-Lgy,). (18)

Co.
D&%

k

FRn,s =Ng

Also, substituting Equation (17) into Equation (14), we obtain
kA kA 1 k kA
CRn,a =B exp WZ + exp| — WZ -2 +‘)’l_a WFR?LS'O exp| — WZ -1+ CRn,a,O
(0=2z>—Lgy,). (19)
The continuity of the concentration of 2?Rn at the boundary between the layer of the soil and the

layer of the residue requires that Cg,q = Crpqyr at z = —Lgo,. Thus we obtain the following

relation from Equations (9) and (19):

,kr/’l 8,00 Argr kA I
Aexp| — | ==L “rerfRar _ g - L — Lo, | -2
exp DFn co, | T ng, exp D(():OZ co, | T €xp D(():OZ co,
1 k kA
+ e 0% Frn,s,0 4 €Xp W Leo, | =11+ Crpao-  (20)
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In addition, the continuity of the flux density of 22Rn exists across the boundary between these two
layers, (FR,,L,S)Z:_LCO2 = (FRn_r)Z:_LCOZ. This leads to the following equation:

Dk k, A Dg 02 kA ki
Alar k—rexp B WLCOz = Ma |7 [Byexp| — WLCOZ — €xp co, Lco,
0 0
1 k F kA L ”
n DOCOZA Rn,s,0€XP Dgoz co, 1. (21)

Combining Equation (21) with Equation (20), we get

8,0rApar 1| k n, | k. DS kA
Ana,r - — CRn,a,O - E Dgoz)L FRn,s,o 1+ Tar D(’f" K exp —DOCUZ LCUZ -1
3 kA kA ng |k, DS kA kA
=B exp| — WLCOZ + exp WLCOZ -2 = Tar Dg" k exp| — WLCOZ — exp WLCOZ (22)

Therefore, the unknown B can be determined from Equation (22):

6TQTARa,T 1 k na kT Dgoz
“ng,  Crnao ~qo mﬂen,s,o T DR |eXP co2 Lc02
B= . (23)
, kA kA ng | k, D§*
{exp (‘ WLC%) + exp( WLc%) - 2} - na‘,lr Déern (;( exp| — Dcoz Lco, | —exp coz Lo,

The unknown A can be determined from Equations (20) and (23):

5,0 Arar 1| k / k, D% kA
Tﬁ‘l' = Crnao ~q, mﬂm,s,o {(1 + nar DI T |exp W%oz -1
- [ CO:

kA kA n k. D2 kA kA

e —/—L +e /—L 2l Ta / r 2o Je —/—L —exp| =5

{XP< Docoz c02> Xp( Doco2 c02> } Nar D(})en k {xp( Dgoz coz> xp( Doco2 c02>}

kA kA
Xqexp| — WLCOZ + exp WLCOZ -2
1 [« , A 8,0rArar kA
+Tl—a WFRn,S,O {exp< WLC%) - 1} + Crnao — W]exp WLCOZ : 24
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Substituting the determined constant B into Equation (19), we have

5,0,4 k. DO kA
T)t;lai“ Crna0 — coz)1 Frns0 {( ngn (}( exp D602 Leo, | =1
co2
kA kA
{exp <_ WLC()z) + exp ( co2 Lcoz> } nar DRn { ( coz Lcoz) — €Xp < WLC(%)}
kA 1 kA
X { exp WZ + exp wz E DCOZAFRnSO exp| — WZ =1+ Cruao (0 >z> —Lcoz)- (25)

Substituting the determined constant A into Equation (9), we have

8,0, Ara, 1| k k, Dy kA
# = Crnao ~ g mﬂm,s,o {(1 + nar DEn o |exp WLCOZ -1
, kA kA n / k, D% kA kA
{exp (— WLCOZ> + exp< WLCOZ> - 2} - na"‘T D(’,{" (;{ exp| — WLCUz —exp WLCOz
kA kA 1 k kA

xXsexp| — WLCOZ + exp WLCOZ -2+ n—a WFRTLS.O exp WLCOZ -1

8,0, Ara, (k.2 kA \ 60 Aar
+ CRn,a,O - rﬂ.:la’ra r]eXp< DRn LC02> eXp( ng Z) + Ana,r (_LCOZ =2z=2 _DO)' (26)

Now, the residue being replaced by the same soil as that on the residue, we get

CRn,a =

C‘Rn,a,r = [

Or =0,
Nagr = Ng,
k, =k, (27)

where & is the ?22Rn escape-to-production ratio of the soil, which is defined as the ratio of the
amount of 222Rn that escapes into the air-filled pore space relative to the amount produced in the soil
at equilibrium state, and Az, (Bq kg™ of dry soil) is the concentration of ??°Ra in the solid material
of the soil. In addition, it is assumed that the soil microorganisms and the plant roots do not exist densely
in the replaced soil. Therefore, o,, n,,, k., and 6,4z, in Equations (25) and (26) may be replaced

with o, ng, k,and §Ag,, respectively, and we get
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co.
604Ag D;"? kA
Taa_ Rna0 — DcomFRnso D(:I)Qn exp WLCO2 -1
CRn,a = CO
kA 2 kA kA
exp| — |=¢o; Lco, | +€xp co2 Lco2 Rn exp| — |=¢o; Lco, | —€xP| |=coy Lco,
D, D, D,
kA kA 1 k kA
X { exp DOCOZ —-z | +exp| — WZ -2+ E WFRM'O exp| — WZ —1:+ Cruao (0 >z 2> —sz) (28)
and
co2
50A 1 k
gT:a = Crnjao — I Dco2 Frnso Rn exp coz Leo, | =1
CRn,a =[

kA kA kA
exp|( — —Dgoz Leo, | +exp D% goz Leo, | — co2 Lco, | —exp D% oco2 Lo,
X kﬂ L + a L 2+ ! k F, A L 1
ex = == €x| —- - — | ex — -
p D(();oz COy p Dgoz COy na D(();ozl Rn,s,0 p Dggz COy

S0A kA kA S0A
+ Crngo — AnRa]exp orakeo, |exp| |omz |+ Ra (Lo, =22 —0), 29)
a 0 0

Ang,

respectively. Rewriting Equations (28) and (29), we have

5pA 1 k
V Dgn (ﬁT:u - CRn,a,O) n, mFRn,s,O (\/ Dém + Dowz) exp co2 Leo, | — Dgn
0
kA kA peo kA
VD§™ {exp | — /WLCOZ +exp| |5 Leo, | = f : { ( co2 Lco2 —exp| [0y Leo,
0 0 0
kA kA 1
X 4 exp DOCOZZ +exp| — WZ -2 +"a DCUZ FR,,S0 exp
coZ
N e o AFknso{exp <L "ciz> 1} ~ VD Cana0 “ C’EZ Finsaexp <L wz>
a kA kA
[exp( ?z) + exp <— D ) 2}

Heon 2| T
" kA kA kA kA 0
JDE {exp (—L Dg ) + exp (L DD > - 2] - DDCOz {exp (‘L Dcoz) exp <L D(‘;Oz)}
1 k kA . . . .
+n_ DC_DZAFR"'S'O exp| — Do Z |~ 1¢+ Cruao (0 = z = —L ): Equation (8)in Kataoka and Kigoshi (2014) >
@ 0 0

Crna =

CUZ z =14 Cruao (0=z=-Lg,), (30)

< Crna =

and
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6pA 1 k kA

VD" (gT:a - CRn,a,O) n, D(()ZOZAFRn,s,O {( DF"™ + /DCOZ> exp ( DCOz Lc02> ,/DR"}

kA kA co kA kA

[_DRn {exp ( DOCOZ Lcoz> + exp( DCOz sz) 2} - /Do 2 {exp (— WLC%) - eXp( DOCOZ sz)}
X kA L + ka L 2+ ! K F, ka L 1
exp| — |—s5- ex] — - — =5 ex] — -
p DgOZ CO; p D(();oz COo, ng Déjozl1 Rn,s,0 p Dgoz CO;
60Ag kA kA §0Ag,

+ Crpjao — Anaa]eXp< DRn Lco;) eXp( WZ> + Anaa (_Lcoz =2z2 _°°)' (€2

peo:
S0A D§" k kA N © k kA
\/W Ra _ () Frnsolexp| L — /D¢, nao — 7 |=coy7 Frnso®XP | L [—coy
o In, N, Dgozl Rns,0 Dcoz Rn.a0 ™ ", Dnmzl finesi0 Df”z kA kA
exp| —L Do +exp| L D% -2
kA kA co, kA kA 0 0
DESexp| —L |—¢5- | texp| L |[=¢o- | =27 — .|D, *{exp| —L |5z | —exp| L |—co
VD { ( D502> DE% Yo PRE PRE
1 k kA S80Ag, kA kA 60Agq . . . .
+a ﬁFRn,s,O exp| L W =1+ Crpao— n, lexp| L DE exp WZ + n, (=L = z = —) : Equation (9) in Kataoka and Kigoshi (2014) >

respectively. Equations (30) and (31) are the same as Equations (4) and (5) in Kataoka (2018), respectively, and are also the same
as Equations (8) and (9) in Kataoka and Kigoshi (2014), respectively.

Let us do the following in order to make Equations (30) and (31) easier to understand.
Rewriting Equation (24), we have

n /k D% | (6.0, Ara, kA kA 1 [ & kA kA k.2

n:r Dén % (#ﬁ:‘”— CRn,a,O) exp| — W%oz —exp W’uco2 +to mFRn,s,o exp| — W%oz + exp W’uco2 —2¢|exp $sz
kA kA ng |k, D& kA kA

{exp <— _DDCDZ Lm2> + exp( _DOCOZ Lcoz> - 2} - na"‘r Dé" —Fexp| - _DOCOZ Lco, | — exp _DOCOZ Leo,

CRn,a = [

< Crpa =1

A=

(32)

The unknown C can be determined from Equations (16) and (23):

8,01 Arar 1] k ng | ke Do
Wi“' = Crnao t o mﬂzn,s,o {(1 " Ty D — |exp coz LCOz
c= (33)
kA , kA ng |k, DS* kA ,
{exp <_ Wsz) + exp ( WLCOZ> - 2} - n:r D(I}n (;( {exp( Dco2 Lcoz> exp < T0; Lcoz>}

The unknown D can be determined from Equations (12), (23), and (33):
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6TQTAR41.T n, k D,;:OZ 1 k kA n k, DCO2 kA
_ZTM"' 1_n:r Dén K CRn,a,[)_E mﬂen,s,o exp| — WLCOZ + 1+# DRn k CRn,a,0+ DCDZAFRnSO exp cocho2

D= (34)
kA kA n,
{EXP (‘ Wsz) + exp( WLcm) - 2} naa, DRn k { ( co2 sz) - exp( cuz Lco2 }
Substituting Equations (23), (33) and (34) into Equation (11), we have
SrQrARar 1 k k DgoZ kA
—— = ( - F 1 -+ L -1
Tiar Rn.a0 = - DCOZA Rn,s,0 {( o Tear | DT exp coz co, —
Crna = co exp 0 z
kA kA ? kA kA 0
exp( — D¢ Leo, | +exp D% Leo, nar DRn exp| — D% Leo, | —exp PRE Leo,
8r0,A 1 k n D¢%
% = Crpao + . kan,s,o {(1 - naaT Rn Co2 Lcoz =
S o S
+ exp z
Jed kA C"Z ( oy )
exp| — WLCUZ +exp WLCO2 -2 n,” DRn Coz LCOz —exp COz Lo,
5,004 k, D¢ k ng |k, D3% kA
-2 #‘;a.r + (1 - n” D[})?n k Crna0 = Doco p Frnso | exp| — c02 Lcoz +(1+ Tar Dén y Crna0 + 5 cozl1 Frnso | exp co2 Leo,
+
Dgo
kA kA
{BXP (‘ Dcoz Lco;) + exp ( o, Lcoz> } n‘” DRn { ( co2 Lcoz> ( co2 Lcoz>}
(022> —Le,). (35)

Also, substituting Equation (32) into Equation (9), we get

8,0 Ara, A KA 1 [ & kA / K kA
(—r};lmw - CRn,a,o) { exp (‘ 'Docoz Lcoz> —exp ( _Docoz Lco;)} + . DOCOZA Fruso {GXP (‘ ‘Dgoz Lcoz> + exp ( _Dgoz Lcoz> - 2}] exp ( _D;Rn Lcm)
KA kA n, | ke D3 kA kA
y.I) K o, |~ 2 — D | Zo S L P L)
exp Dgoz co, | +€xp Docoz co, gy D(})zn k) &XP Dé:oz co, exp Doco2 co,

krl 5rQTARa,r
X exp< WZ) + ey (—Leo, =z = —). (36)

k, Dg”
My | DET K

Rnar —

Replacing o,, ng,, k., and 6,Ag,, in Equations (32), (23), (33), (34), (35), and (36) with o, n,, k, and 6Ag,,

respectively, and rewriting them, we have

S0A kA kA 1 k kA kA kA
( gn:a - CRn,a,O) { exp <_ Doco2 LCO;) — exp ( Docoz L602>} + a Docoz/l Frn,s,0 {eXp (‘ Doco2 Lco2> + exp ( Dgoz LCOZ> - 2}] exp < Dg" Lcoz>
kA kA kA kA
VD§" {exp| — |=zprLeo, | +exp| |—corlco, |—2¢ — Dg %dexp| - —o, Lco, | —exp| |—¢o; Lo,
DO DO DO DO

10

co,
Dy

(37)
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504 1 [DR%
\/W( i’n:a_ CRn,a.()) Tl DCOZ Frnso ( DR”+ Dcoz exp CozLCOZ DR"

g (38)
k2 kA / co kA kA
DF"{exp| — D02 Leo, | +exp DC0: Leo, | — “{exp co2 Leo, | —exp Dco2 Leo,
0 0
6pA 1 k co
v D§" ( /an:a - CRn,a,O) co2 Frnso (v D§" — 2 eXP co2 Leo, | — D"
_ , (39
k2 kA ’ co kA kA
Dg™{exp| — D02 Lco, | +exp Doz Leo, | —=2¢— |Dy ?qexp| — DOz Lo, | —exp D0z Lo,
0 0 0 0
2 /5 2% (o [DE%){ Canao - Lk _p ex L DR" + D6 )| Crmao + 7= F exp| |22,
° In, 0 o Rn.a0 ~ - DCOZ}L Rn,s,0 p co2 co, 0 Rn,a,0 Dco 7 Rns0 p Dgoz CO,
D= g (40)
kA kA
W{EXP (‘ pC0% Lcuz) + exp ( co2 Lco;) } A coz { ( CDz LCOz) T exp ( pEo: LCDZ>}
o \ \ V2o
S0A
VDg" (ﬁT:“ - CRn,a,D) e DC 2y Rnso {( "+ DCOZ) exp ( PHE LCOz) Dgn} —
Crna = exp WZ
kA kA 0
\/W{EXP <— DC0 Lcoz> + exp ( coz Lcoz> } Dy {eXP ( e LCOz) —exp ( COz LCUz)}
o
50A 1
VDg* £0%ka _ Crnao | * 5 coz Frn,s0 \/ DE" — COZ exp co2 Leo, | =V D§"
Ing Dg%2 T
i k2 co kA - <_ Dy Z)
VD§"dexp|( — WLCDZ + exp CDZ Leo, *{exp co2 LcoZ — exp WLCOZ
o o
5pA 1 1 k kA
—2,/D§" Q Ra 4 <\/D§" , 602 (CRnaO T DCOZAFRnso> exp ( co2 Lcoz> + ( DF" + D§02> (CRn,a,O + e WFRn,sﬂ) exp < Wl‘cuz>
\ o 2o
+
kA kA
VDg" {eXP <— DC% Lcoz> + exp ( co2 Lcoz> } / Dg% {GXP ( co2 Lcoz> —exp ( W%o;)}
N Yo
(022> -Lg,) (41)
and
co, | (604 kA 1 k kA kA kA
Dy (TS“ — Crn,a0 { exp ( go Lcoz> — exp ( WLCOZ>} + e Dé:OZ/1 Frns0 {exp (‘ @ Lcoz> + exp ( DgOZ Lcaz> - 2}] exp ( Wl‘cm)
Crna =
kA kA kA
N {eXP ( co2 Lcoz> + exp ( WLC%) - 2} - /Dgcoz {EXP (‘ DC0: Lcoz> — exp ( DC0: Lcoz>}
o o o
kA Sodp
X exp< WZ> + Taa (~Leo, =z = —o), (42)
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respectively.
Finally, we describe that Equation (41) (i. e. Equation (30)) and Equation (42) (i. e. Equation (31)) are equal to the
steady state solutions of Equations (5) and (6) (differential equations) in Kataoka and Kigoshi (2014) (see Appendix),

respectively. In order for these relations to be established, D (Equation (40)) must be equal to QnRa Hence

a

804 1 kA / 1| k kA
=2+ DgnTRa + (\/ D§" ~ coz Crna0 =5~ co Fruso | exp| — co2 Leo, ( Dg" + DCOZ) Crna0 + 5 |5c0y5 Frso | P | |[5co; Leo,
a a Dy 22 a Dy A Dy 6QAR
_ a

= . (43)
T [ kA kA Ang
D(Ism coz Lco2 + exp co2 Lco2 —-2p- Doco2 exp| — WLCOZ — €xp WLCOZ
0 0
Rewriting Equation (43), we have
5pA 1 k kA 604 1 k kA
(v D" — D';:Uz> Crna0 = % T Wﬂzn,s,o exp| — WLCOZ + ( D§" + DOCOZ> Crn,a0 = 3.,1“ +o DCOZAFRnso exp WLCOZ
a a 0 o a a o _ 0 (44)

kA kA kA kA
JDE" {exp <— Wl‘cuz> + exp( WLCOZ> — 2} — DOCOZ {exp (— WLCOZ> — exp( WLC0z>}
0 0 0 0

Equations (5) and (6) in Kataoka and Kigoshi (2014) being solved in the steady state, the condition under which the
concentration of 22Rn in the soil air and the flux density of 22Rn in the soil are both continuous at z = —L¢,, is given by

804, 1 k 504g, 1 k kA
( Dg" — D§°2> (CRn,a,O - Taa T mﬂm;,o) exp ( co2 Lco:) <1 DF" + Coz) (CRn a0~ Anaa ' DCOZA Frnso | €xp e Leo, | = 0. (45)
0 [

Equation (45) indicates that Equation (44) is established, and that therefore Equations (41) (i. e. Equation (30)) and Equation (42)
(i. e. Equation (31)) become the steady state solutions of Equations (5) and (6) in Kataoka and Kigshi (2014), respectively.
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Appendix

Equations (5) and (6) in Kataoka and Kigoshi (2014) are

0(aCrna) _ 0 {DS"Z 0 (MaCrna)

and

at 0z

0(aCana) _ 0 (D§"9(naCna)
k 0z

——} — A(naCrna) + 60ARa (-Lzz2-»), (A-2)

respectively, and it is assumed that n,, k, §, o, and Ag, are constant under the ground. L, L¢o, in this contribution,

is the depth (positive) to which the soil microorganisms and the plant roots exist densely.
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