3 - 9 DO balance
7} Reaeration
Do deficit : D = C, - C

dp _ _ dC
dt dt
i) Abzanget 1

ii) D1 &%= reaeration

}) Algae photosynthesis
1) at light
hv

CO; + 2H0 - CHO + 0O + HO

(new cell)
i1) no lihgt (endogenous catabolism)
CHO + O, — CO; + H0
iii) Algae°l] 2% DO 7]¢] %=+ time dependent
v) % pH 1
wpH |
2HCO; <= CO5& + H0 + CO»
COs + H:0 = 20H + CO

CO, + H-O S H.COs3 = H + HCO3



3 - 10 DO model

BOD
7H Oy &2¥EHE
BOD
dv de dy/dt
dE T d @
from 424 %4E= (D = C - O)
ab __ dec dc/dt .
at ~ dr @ % c
dv _ dD
from D@ T dr ©)
LofmP—- — — — —— BOD
——
Booro dy __ dL. _ . -
DO y=L-L @ dt dt ‘
Ly
L - | o2 A4~ Z21]4 % (1st order)
from @©® AFEHFLE = AhaHEF
‘D
dt =i - Yo=kL, ®
1}) O addition rate
Yr ko D ———- @ (1st order)

ko @ reaeration rate constant

from ®®@
SR
(D)
dD
. dt - YO + YR - lel’ -

H

reaeration<:



* Oxygen Sag curve

Cs

DO
L, = Loeik]tLt=Loeik1t ______ ©
from %-I—kZD:leoe*klt ______ ®
dy

firot differential eq di +py=a

1) p=4, a=f(x)
i) exp [/ p dx]& W] 3o}

from © 0+ &D.=kLje ~hte
_ K - kt, R -
D.=—4-Lye (Dc : critical deficit)
2

* D = De 49 time (t.)

from @ %20

o

k

kz _ kl

_ 1
t.= &k In[

l

critical time

(1-D



example 3-3 Applying the BOD sag curve

61 = 15,000 m'/d ©2 = 05 m'/s

BODs (y1) = 40 mg/ 2 BODs (y2) = 3 mg//
DOy = 2 mg/ ¥ DO, = 8 mg/ ¥

T, =25 T Ty =22 C

22} effluent * complete mixing

mixture velocity u = 0.2 m/sec
at 20 C *BOD W4 ki = 0.23/day

*reaeration 45 ko = 0.4/day

100km 7+A] DO profileS T84 2

<sol>
i) at mixing point

Q=Q + Q=067 m/s

_ @tk
BOD5_—Q1+Q2 =12.4ng/ ¢

—7 - y _ 12.4 —
BOPL) == e (=kp ~ T-ew((—0.mG)y 82/
D0,Q,+ DO, Q
DO=——1F -4 =6.3mg/ ¢
Q+Q mg/
_ DT T o,
T_ Q1+Q2 _22.8C

ii) temperatureo] <3k ki, kool H A
from eq (2-23)  kr = ky 0%
D k9] 4§ 6 = 1.047
O k9] 4% 6 =1.016
k= 023 x 1.047%% = 2 = 0.26/day
ke = 04 x 1.016%* = * = 0.42/day



i) 22.8 ColA saturated DO (C,)

from Appendix C-3

T(C) 02¢] Henry's constant (104 atm.mol fraction)
20C 4.01
30C 4.75
22.83TC 4217
P, 0.21
Xy = L= : =4.9x10"6 —————
02 Ho, 4.217x10* 9710 @
o,
X - 72
02 n OZ+IL11'q @

o,
W o, ¥ 55.6.gm0l] ¢

from D@ 1¢ 71% 4.9x10 %=

= x10 "4 M
o, = 2.77<10 " “gmoll £ [ =]

=8.7mg/ ¢



iv) initial O deficit Dy
Dy =87 - 65 =22 mg/ ¥

_ 1 ko ky—k o
V) tc_ikz—kl In[ % (1-D, kL, 1=2.5day
k _
De=—7-Lye bite=5.9mg/ ¢
)
te @9 distance (x) = u-t. = 0.2 (m/s)(25 day) = 43.2 kn
. <V —kt  —Iyt — kot
vi) D= kz_kl(e e )+ D, e
t=(uw/x) D (2¥%)
dist (x) DO (Cs - D)
istance X (day) (mg/ 2 )
0 0 2.2 6.5
20 1.16 5.1 34
43.2 25 59 2.8
70 4.3 5.2 35
100 5.8 41 46

vii) DO profile

DO

70

distance (km)



* oxygen sag curve2| 34

1) critical deficit ¢ position & magnitude
= f (ky, ke, Lo, Do, w)

ii) te= ki, ke ol A3HA &

iii) Do Looll ZshAl o &

* Linitations of the oxygen sag curve

— detailed water - quality survey®l 23t Y& stream conditions <& &

1) BOD variables
i) BOD source 7} stvtetar 744 sk 7o FA4 <
i1) ky ol E£g5 A &L oxygen demand
- Algae respiration in the absence of sun light
- nitrification
- presence of sludge deposit
— BOD 1 AlZIth
2) reaeration variables
i) algae photosynthesis
ii) river chanel®] steady-state® 7}74

— ko¥ flow characteristicsol] 93] A &3} = ojoF s}

<
T

o] E]—



3 - 11 Organic dischange & steram ecology

_ downstream

discharge
1 2 3 4
- a4 >l
wastewater
discharae
physical &4 chemical biologyical
) .. -DO | - bacteria, protozoa
Degradation | - turbidity 7 R
(Cs2] 40%7+A]) mold $ A
DO | =
. A b i
active _ (Cs9l 0~40%) - 3714 "AEST
_ - scum FA } )
Degradation i o - {714 43} gas peak
- septic condition
Ay
-DO H% 1
Recovery - turbidity | - nitrite, nitrate - protozoa appear
A3
- DO is close
clean water AAdxHoz 35 .
to saturation




