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9) Confined aquifero]l |3t S HAs1Re T @] Eol: aquifer ATECH %7
St
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10) Qybdo oj4go] BOD ¥el4El LE7 F7ke0l whel E7tsh, Atao] &
4EL 27t S7HR) me Fagit,

I

2. 4359 sllee W7l 59 COt FHFZ olF lon, UutAdQl 540 HCOy &%
Lo140 mgL AEE LoA ook AP 2usiol ofsiAl A2 1009 Abo] o] %
CO;, %= 9F 280 ppm (=2.8x10™ atm)O]lA] 400 ppm (=4.0x10* atm)C 2 Z7}3}i Tt
o]l i o3 &0 EstAlL. (T, T4} activity=molarity2 7}7])

D) 07l & CO, &9 £712 AT sl pHe ofEA HetsteA] Aitstil 2. g9

Ulge Amshle. (B, e W a0 AR A7 12, 16, 1S AME) (123)
C0,9] Henry’s law constant, Ky, =3.4x10"% M/atm
Carbonic acid dissociation: H,CO*= H"+ HCOy , K,=10"%%
HCOy =H' + 0!, K,=10"1%
=)

14 1
[HCO; ] = Omg/L-10 *g/mg_ o0 1073 pr
GIg/mole

i) CO, 5% = 280 ppm
[H,CO¥| = K}y + Prpp, =34>10°° M/atm - 2.8 <10 " atm=9.52 <10 ° M

(#'][HCO;] [H,CO,*] 9.52107% A7
S = Ky, [HY =Ky =105 22— 185107 M
[H,CO,*| w [H=K, [HCO, ] 2.30<1073 M
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pH=—log[H'] =—10g(1.85x10"? M)=8.73
ii) CO, 5% = 400 ppm
[H,CO¥| = Ky + Py, =34>10"° M/atm - 4.0 <10 " atm=1.36 <10"° M

[#,COx] Lo-65 . 1361070 07

——=264x10"° M
[HCO,] 2.30 <10 % M

[H#'] =K,

pH=—log[H'] =—10g(2.64 10" M)=8.58

. pH °F 0.15 7ta

2) CO; ==7t 400 ppm¥ T AZE 3149] carbonate alkalinityS mg/L as CaCO; T2
T 2. (8R)

)

+ 2 — o
Eleo 1 ]:K [coi | =K, [HCOL’]:W“’-33 28000 My o175 s
[HCO; ] @ “ 5] 2.6410°° M

(E+= pH7t pKpBTH 9 2 & Wom2 COo% 9 EXfe £A)
Curbonate alkalinity = [HCOy ] +2[COF 7] =2.30 <10 * +2x4.09x107° =2.38 X10™ * eq/ L

=2.38x10"*eq/L - 5x10" mg CaCO,/eq=119mg/L asCaCO,

.oste U 3RRe AA] st da A52 ANstnAl dch AdAolA
completely-mixed batch reactor (CMBR)Z ©]-&, A¥& AAlEHY A= 10200
90%°] A &&5 A d4 A=0] Qs Hdd AAYL 14} ¥9gE gEHL

3T o, o 350 gotAlL.
1) o] ¥F3-9] 1X¥H-3-4F4(1st order reaction rate constant)®} ¥HZF7]S FLSIA| Q. (778)

)

Cinal
@

initial

—e Kt finat



[457.210A.001] F7F1LAF 2015, 10. 21. gdup: 385

1 Cina 1 —
k=— In—Lmel —— —1n0.1=0.23 min "'
tfinal QHitial 10 min
In2

t1/2 = 7230 min

2) U450 SFo] 10* mY/hrd ), steady-state AEJC] completely-mixed flow reactor

(CMFR)OIA HUF 99.9% A71E 24317 91T wgx0l Hulg PslAle. (1)

D)
C:mt _ 1
q’n 1 + kt()
1 G, 1
t,=— —1|= ————(1000—1)= 4340 min
ok ( Cout ) 0.23 min "

4 1 .
V=@, =10" m*/hr - 4340 min - w0 hr/min = 7.23 % 10° m?

3) 2)9] Aut2 55to] CMFRE A&5te Zlo] AAA

=)
Q)ul, —kt,
q’!l
1, Gu 1
ty =——1 =—————1[n0.001 = 30.0 mi
o Rl 0B min 10.001 = 30.0 min

, 1
V= Qt, =10"m*/hr - 30.0 min - W hr/min = 5000 m®

5000 m?
2

V
L:Z: =1000 m

5m
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4. THe 220 Hahale.
1) DNA2H RNA®] Ato]2 1 s}stA] 50t 7]50] Sulo]y AWsta Q. (6%)
)

fo
e

N 259 Aol:

DNA: o|&7t, o HRo| 2-deoxyribose, E7]7} adenine, thymine, guanine, cytosine
RNA: @71, & BEE0] ribose, B7]7} adenine, uracil, guanine, cytosine

7159 Afol:

DNA: RARZEES A%, OF Adiol A

RNA: DNAZ} 7Hl R 25 ribosomeol] AEsto] Tid(g4) T4

2) A7 Y F gL AAE 71T £ e TEE F N oY AR, (57)
)
Z2Q mZANALE ofdf(filtration)} A -=(disinfection).

J2jut 2% (coagulation-flocculation), %% (sedimentation, settling) 5 Th2 T2 AT HA

Ao o= FE 794 E ste ez dHA s

3) 2 AIge] o8 e4olA S & (stratification)’t RSOl = WA Azt
3 FE0 O ol 2k ®etE 1AL, (78)

)

AR 349 F¥t ORI 3712 Zu|Yor 71, HluA 52 225 SAI5H uid

o] FFoR ol Ar oA Eol ojuRR Zlojof] mep 1 Zloj7kA]l et 4

& A7 "ot vkge] @Fol vlxAl e sheE WHske Zlol 0] W=

7HA Eo, o] WdaS YWEoh SRR R o] FoAs ¥l

1 7o) wagstx| o
Lot o shea el 220] 4o o] £@atd o] o 20| West Achrt g,
2go] ojurt o ezt 2o Weate] olsto] ARE o, JtdEe meiw K%
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Kol £3o] Yolupnz o] FoNY LEL 4C J1FoR AR fAIHC

4) A ®rH WH 7349 o]5 AAt % surface runoff, interflow, infiltrationo] Tisto] zHzt
o
o

surface runoff: A| O WA ZF47t goz AFsHA] ofn g#Hs et 2= 7l

interflow: #1512 AR3 F47F AstaE o2 Weizbal g el A ol st
Z

infiltration: 73571 RA|LHOA] X|5t=2 44! Bigko

tu
o
ol
ol
ok
rr
W

5) s #7oll UolAl hyporheic zone?] & Q7Jo] Tisto] 7HEFs] A|&SHAR. (673)

)
Astaet AEs 7 JYE, SEAL 5 2R
AN SHAEL, UAT SO ANA A%

5. ofE @ Bk AZh APUOIH WAL o] 8F UAS 109 Fob Ny o

1087 AEsE 2 o] atate APAlY] WAl HE7} 10 pgmiolatt e LT 5

A AP 29 FUST LHE HastUth o] FAE WAl SE 10 pgm'el A

FAIA 108 Fob sh2o] BAMY % 59, A J
Ols

L.
Peiare] 37] U WA FYOR AR UL 4

Q. (15%)
W3EALO] 7|t = Averaging time = 75 years x 365 days = 27375 days

Feirte] MFE = 75 ke
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)

_ [CrR-EFD| 1
epr= BW } TAT
C=10 pg/m®

CR=15.2 mg/day
EFD= EFX ED=8 hr/day - 5 days/week - 45 weeks/year X 10 years = 18000 hrs = 750 days
BW=15kg

AT= 27375 days

) 15.2 m*/day - 750 days 1

. =556x%1 — 2 _
75 kg 97375 daygs 00010 119/ kg — day

. 0DI= (10 pg/m®

Carcinogenic risk=5.56><10"2 ug/kg— day - 0.029 kg — day/mg - 10~ mg/pug =1.61 10" °

6. 79 3 2 F WUA 20 kY FFE] 300 mmO] v7F WiRen], o] g F FoF
T2 U= 23 em’t A5tk BEE RUHE S EdY R A
B 452 m¥s, 75.5 m¥s0] 1, GEELE 70 Qe B 70.1 m¥so|n], SFEHO
Al 382 fdl Agshe g2 " 500 misolch 749 V1 ¥E AlRE &5
&3 BEso] YIS 2 2t 45 mmz UERETH o] o, 7H0] BE3Y A&
= & FATE mm DHE AR (F, AAIE 5 oo B Ao 9
T2 URl= 84 oL 71) (208)

=)

Input processes:

- precipitation: 300 mm/month

Output processes:
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- outflow:

SRS = 120.1 m’/s

- evaporation: 45 mm/month

- seepage:

AS
At

it = (@ = Q)+ (P— E-—

_ (120.7—120.1) m?®/s - (86400 x 31) days/month .

unknown

(Qm +P) (Qrm/ +E+1m:l)

AS)

0% mm/m+ (300 — 45 — 230) mm/month

=105.4 mm

20 km? - 10° m?/km?

7. 0" sPdo R SN YRSV RAEL I ok ', steAd EAT B
Agsto] REat Melst ol ojAIA| ke WRATF REHQICL A%s] YEAE 2
of FASIAHY, COD %ol 220 mg/L, 20°ColA] BODs o] 80 mg/LZ Ugtt). o]
o, & =&°l gotAl L.

1) /% BOD (ultimate BOD)= Q¥Fs 02 CODO| ©F 60% 4&02 L2jA 9t} o] 7}
e 75“. Sto] 20°COof|A19] 1RFEH2-4F2 (first-order BOD rate constant)S -5FA] 2. (10
)

BOD, = L, = 0.6 X COD=132mg/L

BOD, = L(1—¢ ™)

1 BOD, _ 1 80mg/L \ 1
k——?ln(l— L, )__ 5 days ln( ISED mg/L )_ 0-19 day

2) shale ska
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cE SteXe| s SR St
Flowrate (m?3/s) 0.05 1.20
Ultimate BOD (mg/L) 1) &= 35
DO (mg/L) 1.2 74
Temperature 20 20
* 20°Co|A] 23} 8&FAMA %L (saturation DO) = 9.2 mg/L
* oF2 S 3}AQ] X|Z7] A4 (reaeration coefficient) = 0.48 day™
* R F ool 94 = 0.5 ms
)
) DO, + Q DO, 05 m¥s - 1.2, 0 - T.
.DGZDOS,—QH) ), T @, ’=9.2mg/L—005m/5 12mg/L+1203m/s 7.4mg/L
’ Q,ta (0.05+1.20) m*/s
=2.05mg/L

Q.L,+ QL. 0.05m*s - 132 mg/L+1.20 m?*/s - 3.5mg/L
I = _ 005m%/s - 132 mg/ 0m’/s - 3.5mg/ =8.64mg/L

¢ Q,+Q (0.05+1.20) m®/s
1 . k. —k, 1 [ 0.48 ( 0.48—0.19 ﬂ
t =——In|—|1-D = ! 1-2.05 - ————=||=1.65 da
"k —k, "[kd( kL, 0.48—0.19 "1 0.19 °770.19 - 8.64 us

L =wu-t,=0.15m/s - 1.65 days + 86400 s/day = 2.14 10" m = 21.4 km
mhebA], shdo] vhh2 8R1% 7] A critical pointo] EESHA] F-S
stAlo] vt gi=7] AlHo] DO 781,

L 15000 m

t=_—= =1.16 days
w015 m/s - 86400 s /day 10 4
kL, | - . »
DOzDOSfD:DOSf[ﬁ(e W, k,t)+Da(c k,t)
r d

0.19day ' - 8.64 mg/L (el
X]

—0.19 day ' - 1.16 days)— exp(— 0.48 day ' - 1.16 days
(0.48—0.19) day ! Y vs)—exol v vs))

=9.2mg/L— [

—2.05mg/L - exp(* 0.48 day~ ' - 1.16 days)]
=6.7mg/L

whebA, Btk fJE7] o] 8EAIAFETE 2 mg/L o|skzE HOjX|A] s
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T, J|2 critical DOS 0]-83}H,
kL, _ _ B
DO, = DO, D, = DO, — [ﬁ(e We_ g7k p (e )
r d

0.19 day ™' - 8.64 mg/L{
(0.48—0.19) day ™!

=9.2mg/L— [ exp<—0.19 day™' - 1.65 days)— exp(— 0.48 day ™' - 1.65 days)}

—2.05mg/L - exp(—0.48 day ™" - 1.65 days)]
=6.7 mg/L

O2tA, ol® A= DO+ 2 mg/L 0|5tz BOjX|A] 4Z

_’I‘l_



