21

(Constructed Weltands)

20-30
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2
2111 (Free Water Surface Systems with Emergent Plants)
Rl
(GrinerRW. and De Jong J. ,1984)
35 100 18
Plug
Flow 21

2.1 o (Brix H ., 1993)



@« «OiuwiilHSjio»

IHItHniOUttT[Qg@l
2112 ( rface Flow System with Emergent Plant)
- Horizontal Subsurface Flow Constructed wetlands
1970

(Brix .,1987)  (Kickuth R.,1977)
(Common Rreed Phragmites australis)»

BOD

SLOTTED PIPE FOR
WASTEWATER

CATTAILS
DISTRIBUTION \
QNVAVT,

INLET STONE
DISTRIBUTOR

EFFLUENT OUTLET
HEIGHT VARIABLE

SLOPE 1 %; »
SOIL OR GRAVEL
WATERTIGHT MEMBRANE

RHIZOME NETWORK

2.2

(. .EPA.,1988)

- Vertical Subsurface Flow Constructed wetlands

(Intermittent  Loading” (Oxygenation)l



2.3

2.3 (BrixH ., 1993)

212

1) (Macrophyte)

21)

(Thin Film Aerobic Region)
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21 ! (.. EPA., 1989)

Plant Parts Function

Roots and/or stems in the water column 1.Surface on which bacteria grow
2.Media for fotration and adsorption of solids

Stems and/or leaves at or above the water 1 Attenuate sunlight and thus can prevent the growth
surface of algae
2. Reduce the effects of wind on the water,ie. the
transfer of gases between the atmosphere and water
3.Important in the transfer of gases to and from the
submerged parts of plant

New Shoot

‘|{Rhizome

ROOT HAIR ENLARGED
2.4

(Brix H., 1993)11 (Hammer D. A.& Bastian R. K., 1989)



2.2

2.2

(Reddy and Debusk, 1987)

(kg/ha.yr)

600-2,630  75-403

125 18

225 3

Cattail
(Typlui Latifolia)
15-30 ppt
1
30%, 45%, 14%
Bulrush

(9/kg) (ton/ha.yr)
5-24 0.5-4 8-61
8-21 1-3
18-21 2-3 10-60

(Typha Augustifolia)
4-10
Ippt

2%

hard stem bulrush (Scirpus

acutus), Wool Grasses cypernius),river bulrushes', fluviatilis),alkali  bulrushes'.

robustus),soft-stem bulrushes', validus)

bulrushes'. Icicustris)



4-9 30%.
18% 2%

(hard stem bulrush)

Reeds(D0) I common reed(Phragmites australis)
2-8 45 ppt
L]
40
1
Rushes jointed msh(Juncus articulatus),Baltic rush(/. halticus)
oft rush(J. effusus) 5
1.5 25 pptu
10
50% , 15% 2%
RushesM
Sedges water  sedge(Cfli-ex aquatiiis), lake  sedge(c.
lacustris), tUSSOCK sedge(c. stricata) 575
0.5 ppt
10 11
50% , 1% 0.1%

Sedges



10

) (Microorganism)
, 3
anoxic(Witthar,S.R., 1989)
3)
1 18 (Witthar SR., 1993)
4) (Substrate)

2.1.3 (Removal Mechanisms in Constructed Wetlands)
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2.3
Plant
Species

Cenex spp.

Cyperus

esculentus

Eichhornia
crassipes
Juncus
ejfusus
Pliragmites
australis
Scirpus
validas
Typha

lalidfolia

Common
Name
Sedges

Chufa

Water
hyacinth
Soft rush

Common
reed

Soft stem
bulrush
Broad-
leaved
cattail

Growth Form

Emergent
Herbaceous

Emergent
herbaceous

Non - rooted
floating aquatic
Emergent
herbaceous
Emergent
herbaceous
Emergent
herbaceous
Emergent
herbaceous

Full shade to full

Full

Full

Full

Full

Full

Full

24

(Adapted from Knight, R. L.; 1997)

Shade Tolerance

Water Regime

Irregularly to permanently
inundated ;< 15 cm

Irregular to regular inundation;
<03m

Permanent inundation

Regular to permanent
inundation; <30 ¢m
Seasonal to permanent
inundation; up to 60 ¢m
Regular to permanent
inundation; up to 30 ¢m
Irregular to permanent
inundation; up to 30 ¢m

2.1

(hizosphere)IS



24 1

12

(Stowvell,R., 1979)

Removal Mechanisms in Wetlands for the Contaminants in Wastewater

Settleable Colloidal

Solids Solids

Physical
Sedimentation
Filtration

Adsorption

Chemical

Precipitation
Adsorption
Decomposition

Biological

Bacterial

Metabolism

Plant
Metaholism”

Plant Adsorption

Natural Die-off

p = primary effect ;

Contaminant Effected '

BOD N P Heavy
Metals
| I I |
p P
[ P
P P

Refractory

Organics

Bacteria

and Vims

p

Description

Gravitational settling of solids (and constituent

contaminants) in pond / marsh settings.

Particulates filtered mechanically as water

passes  through substrate 1root masses, or fish.

Intcrparticle attractive forces (van dcr Waals force)

Formation of or co-precipitation with insoluble

compounds.
Adsorption on substrate and plant surfaces.

Decomposition or alteration of less stable
compounds by phenomena such as uv irradiation

.Oxidation and reduction.

Removal of colloidal solids and soluble organics by
suspended, benthic, and plant-supported bacteria.

Bacterial nitrification / denitrification.

Uptake and metabolism of organics by planus. Root

excretions may be toxic to organisms o f enteric origin.

Under proper condilions,signilicanl quantities of these

contaminants will be taken up by plants.

Natural decay ofan organisms in an unfavorable

environment

= secondary effect; 1= incremental effect (effect occurring incidental to removal of

another contaminant ). "The term metabolism includes both biosynthesis and catabolic reactions.



2.5

1

13

(Moorhead et al., 1990 )  ( Reday etal. , 1989)

2.5

Wastewater Constituent

Suspended Solids

BOD

Nitrogen

Phosphorous

Pathogens

(Brix H.. 199

Removal Mechanisms
Sedinientation/filtration
Microbial degradation (aerobic and anaerobic)

Ammonification followed by microbial nitrification anddenitrification
Plant Uptake , Ammonia Volatilization

Soil sorption  (adsorption - precipitation reactions with ~ aluminum, iron ,
calcium , and clay minerals in the soil). Plant uptake . (phosphine production)
Sedimentation/filtration .Natural die-off ,uv radiation

Excretion of antibiotics from roots of macrophytes

Nitrifying Bacterial
Denytrifying Bacteria ~ Anoxic Zone
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14

(A1), (Fe),

Wastewater Engineering .( Metcalf and Eddy, 3d edition, 1991)

.. EPA

2.6

Kg/

/1000 3

(Metcalf and Eddy, 1991)

4-15 4-15
0.10-0.60 0.30-0.76
<67 <67
0.014-0.047 0.014-0.047
2.14-7.16 2.14-7.16



2.2

(Noil -Qily Water)

)

Demineralizer(M

221

2)

Flare Seal Drum,

15

2

(Oily Water) 2.1

(Non -Qily Water)

(Oily Water)

)

[Power Plant Boiler Bolwdown

(Sanitary Wasted

(Tiled Plate Interceptor,TPI)
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(0 - Water Stripper)
(Spent Caustic Treating Unit)
(Corrugated Plate Interceptor,CPI)
TPI CPI

TPIIDAF  CPI Recovery Qil Pim  Slop Qi

Tank
TPIIDAF  CP1 ,

2.5

222

20 / 50 /



SPENT CAUSTIC

!

SOUR WATER

I

iy

OILY WATER FROM PROCESS
AND SURFACE DRAIN

TANK DRAIN

I

st

1 stage
SPENT CAUSTIC SOUR WATER OIL SEPARATOR
separator
TREATING STRIPPER
A 4
OILY WATER POND

nd

2 stage separator
r OILY STORM WATER POND

rd EQUALIZATION TPI

3 stage separator
TANK
CPI DAF

th
4 stage separator

th
5 stage separator

2.5

.

Uannin@enuenindueanudiunegou

v

ACTIVATED
SLUDGE

!

GUARD BASIN

RI$ER

NON-OILY WATER
- COOLING WATER
BLOWDOWN

- BOILER BLOWDOWN
- REGEN WATER

)
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2.1 *

pH H2 ~ nh3 Oil&Grease BOD COD  SS

(myl) (mg/t)  (mg/1) (mg/l)  (mg/l)  (mg/d)
1 SOUR WATER STRIPPER 6.9 <10 <50 <10 <100 <200 <100

2. SPENT CAUSTIC 1.2 10 - <50 - <100 100
TREATING UNIT
3. FLARE SEAL DRUM 6.9 10 - - - -
4. LABORATORY 6.9 <10 - 5 <100 <100 10
5. TANK DRAIN 6.8 <10 - <100 <50 <100 <100
6. SANITARY WASTE 5886 - 10 - <100 <200 <100
1. PROCESS EFFLUENT 6.9 <10 <50 <10 <100 <200 <100
2.8 2540 *
&G ss DS CoD ' nH
( ) (o) (mg) (mg) (mo) (mg) (mg/) (mgl) (mgl) (mg) (mgh)
JAN 28 5 18 242 000 1B 72 037 01 0.0011 8

FEB 29 46 28 301 001 12 68 067 <0005 <001 <0.0005 7.7
MAR 31 53 23 4634 003 15 97 048 0005 004 <0.0005 79
APR R 49 2 454 003 D 79 068 <0005 009 00026 84
MAY 32 3.0 2 %19 002 10 5049 <0.005 0.02 0.0007 1.6
JUINE 32 35 14 3%8 002 10 67 059 <0.005 004 00045 81
Juy 3t 33 029 502 002 13 79 045 <0.005 025 0.0049 8
AUG R 39 23 2L 003 U 7 025 <0005 036 00036 81
SEP 3l 3.7 20 221 003 14 88 047 <0.005 <001 <0.0005 81
ocT 3 41 19 17110 002 7 53 043 <0.005 0.2 <0.0005 8
NOV 30 38 16 2i17 003 9 57 047 <0005 <001 <0.0005 78
DEC 29 3.4 18 2506 003 8 4 054 <0005 004 <00005 7.8
Standard  40max  5SmaxH  50max 02max 20max 120max 1max 0.2max Imax 0.005max 5.5-9max



() Receiving -5000 mu |
() Receiving = 5000 max

() I (( &G)
5 5liig] :

2.3

1970

Amoco ' Mandan North Dakota . .A.
Chevron

2.9
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2.9

Site name/ location purpose Wastewater source
1.Amoco-Mandan,North Dakota, .S.A Process water polishing Refinery process water
2.Chevron-Richond,California,U.S.A.  Process water polishing Refinery process water

3.Yanshan Process water polishing - Refinery process water
Petrochemical Beijing,China

4.Yanshan Pilot facility Refinery process water
Petrochemical,Beijing,China

5..linling Petrochemical Beijing,China  Pilot facility Refinery process water
6. cor,Inc. Alberta Canada Pilot facility Oil sand Process water
7.BP Petroleum,Port Pilot facility Contaminated groundwater at a
Everglades,Florida,U.S.A. terminal

8.Shell Oil-Norco,Louisiana,US.A. ~  Pilot facility Refinery process water
9.Mobil Qil, Bremen,Germany Pilot facility Tank farm effluent
10.Texaco,U.S.A. Pilot facility Refinery process water
11 Australia Pilot facility Oil terminal

:( Knight, 1999)

50-80%

210 211
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POLLUTANT

Biochemical Oxygen Demand
Total Suspended Solids
Total Ammonia Nitrogen
Nitrate + Nitrite Nitrogen
Total Nitrogen
Total Phosphorous

:(NADB, 1993)

2.11

POLLUTANT

Biochemical Oxygen Demand
Chemical Oxygen Demand
Total Suspended Solids
Oils and Grease
Phenols
Volatile Organic Components
Total Nitrogen
Total Phosphorous

(API 1998)

Concentration(mg/l)  Removal

in out  Efficiency
(%)
30 8 13
46 13 2
5.0 2.4 52
5.5 21 62
9.7 45 53
38 17 56
Average Conc.(mgll)
in out
128 10
550 9%
55 19
14 31
33 8.6
16 0.8
85 2.4
184 136

Lowest
Achievable
Cone.
(mg/2)
1-15
2-20
0.1
0.1
13
0.1

Average Removal
Efficiency(%)
92
83
65
58
14
%

12
26

T TWEIIOK

rtp im
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231 Amaco Oil Company's
Mandan,North Dakota Refinery (Litchfield and Schatz ,1989)

mandanSrn 389 122

267 (Wildlife
management) mandan

1,592 / 5.1

Conventional API Separator

6
1
6 16.6 il
35.7 5
API Separator (
biooxidation), lagoon ( Cascad Ponding) Dam 4(
)
0%  100% API
cascade ponding TSS

BOD; (Kgld) 212



2.12  Wastewater Quality at Amoco's Mandan Refinery

NPDES ~ NPDES Discharge Points
Parameter  Limits API Sep. Lagoon Dam4
(kg/day) (kg/day) (kg/day) (kg/day)
1987 1989 190 197 1989 190 1987 1989 1990
BOD, 1977 603.5 5064 456.9  79.4 72.2 61.9 124 55 7.2
COoD 14776 12265 1479.4 13933 346.7 369.9 4365 1010 725 92.2
NH,-N 131.8 26.3 295 355 169 205 28 2.6 6.1 5.6
Sulfides 13 1943 603  42.8 0.2 ND 0.1 ND  ND ND
Phenols 15 6.1 5.4 6.4 0.2 0.3 0.2 0.01  0.00 0.012
Oil-Grease 5.9 49.1 428 1430 214 13 53 10 w~o 0.32
Hex CR 0.24 : / - 0.01 02 004 000 0.0 0.009
Total CR 3.00 - / ¢ 072 063 010 018 0.03 0.012
TSS 1378 - - - 1061 1051  88.9 117 112 11.4
FLOW(de) 5700 2411 ~ 2433 2000 2650 2690 2500 2542 1976 1900
(' Kadlec and Knight 11996)
3.11 32
1987 (TSS23  ,pH 1 , Phenoll 1 Oil&Grease 7 )
cascade ponding 1987 1 1
API Separator 2,411,000 , lagoon 2,650,000 ,
dam 4 ( ) 2,542,000
(Primary Lagoon®
API cascade ponding
torm Water RunoffUd 1

3 NPDES



1 cascade ponding system!

Rungrod (:sss)

A 80-250 Kg TS/mlyr

IKN  ICOD 1
anoxic
2
OLID NH, KN

6
96-99% 38-52%
LR 250 Kg TS/mLyM

6

Surasak (1se7)

Kg ! [ yr
ISS,1COD,BODA5fecal coliform
1

I 65%

bacteriophage

40 Kg! [ yr
I = 14% !

24

| BOD,(Kgid)ii
3
8
LIV VSSNHjN,
1 NHjn |
ICOD
2
, 1
2
80 - 15
1
06%
| 3%

250 Kg TSImLyr
2
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Jugal (1s07) F
COD COD
FWS
biofilm low bulk liquid
FWS
FWS
well mixed and plug flow ~ dispersion number 0.15-0.20
Tanyarat (1994) F
3 1
AlLT. HRT- Nitrogen
loading rate (NLR)
HR.T-
H.R.T.3-4T COD,SS,TKN,NH3N ,NO3N,
P,Chlorophyll-a,fecal colifomi 90 % TKN,NH,-N
95%  NLR 40 Kg/(ha-d)ll NO3N
NLR > 40 Kg/(ha-d)
4%  65%
Soraya(1997)
(bacteriophages)t (fecal coliforms and

fecal streptococci)

organic loading rate(OLR) 50 kg COD/(ha.day)

57-94%
60-97%
TKN 25-65%
streptococci

BOD5
Total-P 16-34%

HRT 055
fecal coliforms and fecal streptococci
47-74% TOD 33-60% BS 71-96% ,
fecal coliforms and fecal

kD 013 dayl
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k:0  fecal conforms and fecal streptococci  0.16 day'

0.1Xday '
Nagalingam (1994) 1
3 AlLT.
7 physico-chemical
pH,SCOD,TSS,DOt 3
99%
25 myl
precipitation adsorption
Somwung (1996) 1 (FWS)
(Cad) 1
3 Cd
0-100 mgy'L Cd  42-99% Cd pH
Cd 42.6% pH
45 Cd  100ml Cd
73-98% 1-6%
Cd
Theingi (1996) (FWS)
(P) 1
3
(HRT),pH
9% P HRT 9 HRT
pH 4-9.5

buffer ?
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HRT 9
Monika et al. (1997)
600 HRT 66 - 266 ./
2 2 CoD
50-60% 40 - 90% 5-60% HLR 200
Tjasa,Danijel and Vlasta(1997)
450 .2 (Phragmites australis)
1240 /. 60 /. 8 .
400 /. 100 A
3 . 68% 46% | 81%
80%
Green et al.(1997) E.Coli
5-10
E.Coli
2 15 - 21
(log cycle)
i Col0 V10,000 - 1,000,000 [ 100
2,24 ,48 120
24
1,000 E.Coli 100
(1996) 4



0.15

(1995)

0.45

60%

25%

98.21,95.96,95.90  94.87

"

0.45

0.05
1" MNT

0

0.15

0.15

28
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