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Emergy Analysis of the Function

of the Nak-Dong River Estuary Barrage

Young-Ae Lee

Department of Environmental Engineering, Gradute School,

Pukyung National University

Abstract

Estuary is the important place. We constructed the barrage in the Nak-Dong
River Estuary, thus so many changes happened. We analysed the eco-economical
benefits and cost with Emergy analysis before and after the barrage construction.
The big changes can be divided into five parts. First,” Environmental resources
energy inputs are the decrease of tidal Energy and the increase of Earth cycle
energy. Second, economic purchased inputs for water quality management and
management of the barrage are increased. Third, production parts of water
supply, Transportation, Electricity and Mineral Product are increased. Forth,
indigenous storages of mudé&sediment, phytoplankton, benthos are decreased. And
the last, the cost of construction is added.

Total eco-economical benefit-cost is following ;

Construction of barrage gained 1.20E+10won/yr as energy sources and lost

1.02E+11won as energy storages and construction cost.
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Fig. 2.1 The methodological roots of systems ecology.
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Fig. 2.2 Hierarchical chain of energy transformations: (a) decrease of energy
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(b) energy-transformation ratios in solar equivalents;

(c) spatial hierarchy characteristics(Odum, 1983).

-6 -



indirect sun

40,000 SO0 .
embodied in rain
\'J
. wood i coal electricit
light Plants Geolqglcal .| Power y
2 action 1 plant 1/4

. v . A

Fig. 2.3 Emergy quality chain used to calculate solar transformity(Odum,
1988).

o}, o X|-3} #| H] & (Emergy Money Ratio, EMR)

EMRE ™AL sHTR e Aoz HAAH YiS fetd 228 F
e x et AikE st 7 A o] HE o] &8t AxtITH(Fig 24). dE YW H7L
staal she AAlA2~Fol 1d T ALEe Fel X FS 1 oo FMHGDP)2

2 U golth du A e oA BEel AAALRe £3e] A% Yolen

Lo

4z EMRE 349 aBE S dHASHS A9 93¢ Ik EMR

o3t 2

rlo
o,
)
=
oX
o,
2
o
ot
s
-
=2
)
o
L
ful
=
rr
=
o
Res
o
o
oy
[
o
O
)

5 ogE R, 2, AAH 7 gaste AL gudd. o AN was
AR} b Bty AEEA 4D P2 G dEAd N2 AX

AAA 743 ot



Fuels
Goods &
Services

Imports

Non-
Renewable
Sources

Environmental
Production

Exports
Services

Economic
Production

\

Macroeconomic Overview

A

Total emergy flow
Money flow, GDP

Emergy/Money ratio =

Fig. 2.4 Emergy inputs used to evaluate the emergy/money ratio of the

national economy(Odum, 1996).

2}. Maximum Power Principle

A2 T bR o)) AEol Afste] Az Ad=S FAste AA .
olglgh Aito] dojubs FF FUAALES A7 tE ™o Ao dyAE F
st=d o2l duAe MR FHE A3t dF dUAE o]&F F (U=
FHE 5ol €Eds F
o

Fig. 25= 7} Al&deo] @At duyiA 255 Hsstr] Astdx= =

o

del §9¢ AU =@ A HLE eAHlcl W A&y =@ AUl

2 Holof A AL oAtk oleF oluA AR VRN e W Ay

-8 -



MEnge AENBAE FYRTG G4 o 4 Fo] AT vEIHI By
of ool A&E7] PalAE AHe A AUAE ojhe] AuHA H=
W oHo] 4L AEA AAL Bt

%, Maximum power principle> S JH o] A2 XA gt A&7M5A4

£

2 Yetl=d o] dgE ma2e 2T Fdgle] duAES FdATIE &
dd AYUAES o] &ste Ho B2 dUAE FUANE F A=EF J=u AT]=

TEE 7HAA Hol A&EHoRE AFE 5 A I

Stored quanitity
away form
equilibrium

Feedbacl/

t

Source

delivers "Force"
Released

a concentration Energy materials
or pressure transformation
process

Used energy
degraded availability

Fig. 2.5 Systems diagram of the autocatalytic storage to energy

transformation process(Odum, 1996).



e
T

3.1 YR A2 tho]lo]ad AF A

3t

A =3k
OH 0“1:]7(] }\]/\Eﬂ E]'o]oij—ne

Chelolawe) A4 e AA, B AU
2 AaM 2 Az

4 A sk}, gyﬂ /\]/\Eﬂ A A

oA B4 ) A
g dted, A2 AABRT FABEF A, L),

° 2 7oK (Top-down)3t7]

4 Odum(1996)°] A<t

Al 2~E o] AA

S|
4

FAWA 3 3}
504

S F, A sE el A, 2,

A}

o

12

o

< Transformity £ 22 A 2 £ A

gre) o YA dozy
AUA, B2 2 n 3td¢ 550 mef A

, A" A CEE

=

m& 2

3k

“

32 A A Hrtg &

il

, A=
A AR G ol

rr

=
T

=
=

A Ax" ol
5o WsE AAA

A+ A

o duANe

o A, 9% ol
Sxo] Az W s

2o A, 2l el o

e
=

golojad s &g FH.



ot B Aol Table 319 FAR} ANAS o] &3t B¢, nhg, Hl, 3

Quelly Ratic®

yncreas™d

Waves
and
Tide

System

)

Exported
Potential

‘ Used Energy
T Energy

Fig. 3.1 Typical energy sources driving an environmental system arranged

in order from low quality on left to high quality on right(Odum,6 1983).

Table 3.1 Tabular format for emergy evaluation

Data Units Solar

No. Item (J, g or W, Transformity .
$ (sej/unit) (sej/yr)

Solar Emergy Em$
(dollar/yr)

(one line here for each source, process, or storage of interest.)
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Table. 4.1 Area of Nak-Dong River estuary barrage

(Unit : ki)
Before construction After construction
Subtotal 1.41E+08 1.71E+08
Arable acreage or city 1.25E+08 1.35E+08
Land part Riverside 1.17E+07 1.18E+07
Island in thg middle of 4 05E+06 4 06E+06
the river
River - 1.96E+07
Subtotal 1.92E+08 1.62E+08
Island 2.15E+07 2.15E+07
Sea part Sandbar 6.96E+06 7.20E+06
River 1.95E+07 -
Surface of the sea 1.44E+08 1.33E+08
Total 3.33E+08 3.33E+08
Befor After
[ ILand area j [ ILand area
[ éRiverside [ Riverside
[ lIsland [ JIsland

[ ISandbank r\/f N

Islands in the/midd
[ IRiver area 1 )
Bl Surface of the }:,ea il

[ ISandbank P A
[ IIslands in the/inid
[ IRiver area

I Surface of the ‘sea

Fig. 4.2 Boundary of Nak-Dong River estuary.
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Table 4.2 Index of environmental sources and productions

Item Value Unit From
. Estimation from
Land Q¥ s " Busan’s satellite image
: Estimation from
Sun K (b) 1.326+08 m Busan’s satellite image
Quantity of solar : Annual climatological
energy S WA report, 2005, 1983, Busan
Albedo 0.30 %
Area 3.31E+08 m’ A+B
Wind : H Annual climatological
Wind vy o & report, 2005, 1983, Busan
Rain, chemical Rainfall 2.09 m/yr re?gﬁugl()gélr%tgglo%ﬁila n
potential Energy = jand area(A)  1.99E+08 i A+B
Ny, Annual climatological
Tide Tide’s gap 1134 i report, 2005, 1983, Busan
Sea area(B) 1.32E+08 m’ B
The straight line . .
National Geographic
bbetwegn pea 21085.7 i Information Institute
Wave oundaries ' _
Wave oa 0.69 4 Annual climatological
&ap . report, 2005, 1983, Busan
Depth 20 m sea_map
Busan Development
River, chemical DS 159.41 mg/L Institute
potential Energy Flow 2 24E+10 - The Korea water resources
corporation
Earth cvcle Land area 1.99E+08 m A
y Heat gain 1.00E+06 I/’ Odum, 1996
Production of L Statistical yearbook of
acriculture Productivity 2.71E+05 MT/yr Gangseogu, 2005
Production of L Statistical yearbook of
fish Productivity 5.19E+06 kg/yr Gangseogu, 2005
: Productivity(custacea) 1.00E+06 -
Production of " proquctivity(seaweed) 227E+07  kg/yr  oadstical yearbook of
cultivate Productivity(fish) 3.03E+05 gseogu,
Production of Statistical yearbook of
industrial GbP 481E+12  won/yr Busan, 2005
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Table 4.3 Emergy evaluation of Nak-Dong River estuary before construction of

barrage
Ecologiccal Economic
No. Item Raw units  Transformity Emergy
Value

ENVIRONMENTAL SOURCES
1 Sun 1.16E+18 | 1 1.16E+18 5.48E+08
2 Wind, kinetic energy 1.72E+14 | 2,510 4.31E+17 2.04E+08
3 Rain, geopotential, land 6.77E+13 | 17,600 1.19E+18 5.64E+08
4 Rain, chemicalpotential  9.66E+14 | 31,200 3.02E+19 1.43E+10
5 Tide 3.22E+14 ] 73,900 2.38E+19 1.13E+10
6 Waves 2.21E+15 | 51,300 1.13E+20 5.37E+10
7 River, chemical 3.71E+16 ] 81,300 3.02E+21 1.43E+12
8 Earthcycle 141E+14 | 57,600 8.12E+18 3.85E+09

INDIGENOUS STORAGES
9 Mud&Sediment 2.57E+14 | 5.88E+03 1.51E+18 7.17E+08
10 Reed biomass 2.25E+14 | 7.88E+03 1.77E+18 8.40E+08
11 Phytoplankton 440E+12 | 1.84E+04 8.11E+16 3.84E+07
12 Benthos 1.07E+14 | 4.86E+05 5.23E+19 2.48E+10
13 Fish 3.06E+07 | 3.35E+06 1.02E+14 4.86E+04
14 Water fowl 8.04E+11 | 4.19E+07 3.37E+19 1.60E+10

PURCHASED INPUT
15 G&S in fishery 6.82E+09 W  2.10E+09 1.44E+19 6.82E+09

PRODUCTION
16 Cultivated shellfishes 6.24E+13 | 1.36E+06 8.48E+19 4.02E+10
17 Cultivated seaweeds 9.11E+16 | 1.84E+04 1.68E+21 7.97E+11
18 Total fishing 9.50E+13 | 2.20E+05 2.09E+19 9.89E+09
19 Total Natural products  3.50E+12 | 2.20E+05 7.68E+17 3.64E+08
20 Water Supply 9.29E+14 | 8.13E+04 7.56E+19 3.58E+10
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Table 4.4 Emergy evaluation of Nak-Dong River estuary after construction of

barrage
Ecologiccal Economic
No. Item Raw units Transformity  Emergy
Value

ENVIRONMENTAL SOURCES
1 Sun 1.16E+18 ]| 1 1.16E+18 5.48E+08
2 Wind, kinetic energy 2.09E+14 | 2,510 5.24E+17 2.48E+08
3 Rain, geopotential 8.22E+13 | 31,200 2.56E+18 1.22E+09
4 Rain, chemicalpotential ~ 2.03E+15 | 31,200 6.33E+19 3.00E+10
5 Tide 2.71E+14 | 73,900 2.00E+19 9.50E+09
6 Waves 221E+15 ] 51,300 1.13E+20 5.37E+10
7 River, chemical 3.71E+16 | 81,300 3.02E+21 1.43E+12
8 Earthcycle 1.71E+14 | 57,600 9.85E+18 4.67E+09

INDIGENOUS STORAGES
9 Mud&Sediment 2.66E+14 | 5.88E+03 1.56E+18 7.41E+08
10 Reed biomass 2.25E+14 | 7.88E+03 1.77E+18 8.40E+08
11 Phytoplankton 3.70E+12 | 1.84E+04 6.83E+16 3.24E+07
12 Benthos 9.05E+13 | 4.86E+05 4.40E+19 2.09E+10
13 Fish 3.06E+07 | 3.35E+06 1.02E+14 4.86E+04
14 Water fowl 8.04E+11 | 4.19E+07 3.37E+19 1.60E+10

PURCHASED INPUT
15 G&S in fishery 6.82E+09. ¥  2.10E+09 1.44E+19 6.82E+09
16 Construction 9.77E+10 ¥  2.10E+09 2.06E+20 9.77E+10
17 Management 8.70E+09 ¥  2.10E+09 1.84E+19 8.70E+09

PRODUCTION
18 Cultivated shellfishes 6.24E+13 | 1.36E+06 848E+19 4.02E+10
19 Cultivated seaweeds 9.11E+16 | 1.84E+04 1.68E+21 7.97E+11
20 Total fishing 9.50E+13 | 2.20E+05 2.09E+19 9.89E+09
21 Total Natural products 3.50E+12 | 2.20E+05 7.68E+17 3.64E+08
22 Water Supply 1.39E+15 | 8.13E+04 1.13E+20 5.37E+10
23 Transportation 2.26E+12 | 1.11E+05 2.51E+17 1.19E+08
24 Electricity 2.10E+09 W  2.10E+09 4.43E+18 2.10E+09
25 Mineral Product 147E+09 ¥  2.10E+09 3.10E+18 1.47E+09
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Table 4.5 Environmental accounting of energy flow before construction of

barrage
Environmental Cost Environmental Benefit
No. Item
(E+08won/fyr) (E+08won/yr)
ENVIRONMENTAL SOURCES
1 Tide 17.8
2 Earthcycle 8.19
ECONOMIC PURCHASED INPUT
3 Cost of Management 87
PRODUCTION
4 Water Supply 179
5 Transportation 1.19
6 Electricity 21
7 Mineral product 14.7
Total 105 224
Net Benefit 120

Table 4.6 Environmental accounting of energy storage

after construction of

barrage
Environmental Cost Environmental Benefit
No. Item
(E+08won) (E+08won)

PURCHASED INPUT
1 Construction cost 977

INDIGENOUS STORAGES
2 Mud&Sediment 0.249
3 Phytoplankton 0.0606
4 Benthos 39.1

Total 1020 0.249

Net Cost 1020
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Appendix A. Summary flows for the Korea in 2004

1. Emergy table

. Tranfomity = Solar Emergy Macroeconomic
No. Item Raw Units . . . value,
(sej/ unit) (sej/yr) (2004 won)
RENEWABLE RESOURCES:
1 Sunlight 4.89E+20 ] 1 4.89E+20 2.33E+11
2 Wind, kinetic energy 2.33E+17 ] 2.51E+03 5.85E+20 2.78E+11
3 Rain, geopotential 1.79E+17 ]  4.68E+04 8.36E+21 4.92E+09
4 Rain, chemical 1.96E+18 ]  3.12E+04 6.12E+22 5.41E+10
5 Waves 497E+17 ]  5.13E+04 2.55E+22 2.26E+10
6 Tide 421E+18 ]  2.83E+04 1.19E+23 1.06E+11
7 Earth cycle 9.96E+16 ] 5.76E+04 5.74E+21 5.08E+09
INDIGENOUS RENEWABLE ENERGY:
8 Hydroelectricity 218E+16 ]  2.06E+05 4.49E+21 3.97E+09
9 Agricultural production 257E+17 ]  3.36E+05 8.65E+22 7.65E+10
10 Livestock production 4.05E+15 ] 3.36E+06 1.36E+22 1.20E+10
11 Fisheries production 6.76E+15 ]  3.36E+06 2.27E+22 2.01E+10
12 Fuelwood production 237E+15 ] 5.86E+04 1.39E+20 1.23E+08
13 Forest extraction 6.22E+16 | 5.86E+04 3.65E+21 3.23E+09
NONRENEWABLE SOURCE USE FROM WITHIN
SYSTEM:
14 Coal production 925E+16 ] 6.71E+04 6.21E+21 5.50E+09
15 Metallic minerals 593E+11 g 1.68E+09 9.96E+20 8.81E+08
16 Inustrial minerals 9.66E+13 g 1.68E+09 1:62E+23 1.44E+11
17 Top soil 3.47E+16 ] 1.24E+05 432E+21 3.82E+09
IMPORTS AND OUTSIDE
SOURCES:
18 Coal, import 221E+18 ] 6.71E+04 1.49E+23 1.31E+11
19 Oil, crude 519E+18 ]  9.06E+04 4.70E+23 4.16E+11
20 Petroleum products 557E+18 ] 1.11E+05 6.17E+23 5.46E+11
21 Metallic minerals 4.62E+12 ¢  1.68E+09 7.77E+21 6.87E+09
22 Industrial minerals 427E+12 g 1.68E+09 7.18E+21 6.36E+09
23 Natural gas 1.18E+18 ] 8.05E+04 9.48E+22 8.39E+10
24 Goods & Services 2.61E+08 $ 1.13E+12 2.95E+20 2.61E+08
Exports
25 Goods & Services 2.84E+08 W 2.10E+09 5.98E+17 5.29E+05
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2. Index

Letter in

Fig. A.1l. Item Numerical value
R Renewable sources used, sej/yr 1.19E+23
N Nonrenewable sources flow from within Korea, sej/yr 1.74E+23
F Imported minerals and fuels, sej/yr 1.35E+24
P21 Imported goods and services, sej/yr 2.95E+20
I Dollar paid for imports, $/yr 2.61E+08
E Dollar paid for exports, $/yr 2.84E+08
P1E Exported goods and services, sej/yr 5.98E+17
X Gross Demostic Product, won/yr 7.79E+14
P2 Ratio emergy to dollar of imports (sej/won) 0.00E+00
P1 Ratio emergy to dollar within the country and for its 2 10E+09
exports, sej/$
Purchased
Resources
|
F
Enerdy Environmental \ Economic Y Yield
sources f Systems R lse

\. /

Yield(Y)=R+N+F s Eq. (1)
% Renew=R/(R+N+F) s Eq. (2)
Emergyyieldrato=Y/F e Eq. (3)
Emergy investmentratio=F/(R+N)  —oememmmmmmeees Eq. (4)
Environmental loadingratio = (F+N)/R = --ememmmmmmmmeee Eq. (5)
Sustainability index = EYR/ELR ~ smeemmemmmmeee Eq. (6)

Fig. A.1 Emergy based indices, accounting for local renewable emergy
inputs(R), local nonrenewable inputs(N), and purchased inputs from

outside the system (F)(Brown and Ulgiati, 1997).
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3. Indices using emergy for overview

of the Korea in 2004

Name of Index Expression Value
Renewable emergy flow R 1.19E+23
nonrenewable reserves N L74E+23

Flow of imported emergy F+P21 1.35E+24
Total emergy inflow R+N+F+P2I 1.64E+24
Total emergy used U=N+R+F+P2I 1.64E+24

Total exported emergy P1E 5.98E+17

Emergy to money ratio P1=U/GDP 2.10E+09
dertved from home sources (N+R)/ U 018

Imports minus exports (E+P2I)-P1E 1.35E+24

Ratio of imports to exports (F+P2I)/P1E 2.25E+06
Fraction used, locally R/U 0.07

renewable

darived from e enrins AR 018

Fracion of foge) foo epa/u
Emergy Yield Ratio U/ (F+P2I) 1.22

Use per uni:nz;;ea (9.96 E10 U /(area) 1.64E+13

Emergy investment ratio F+P2I/R+N 4.59

Environmental loading ratio (N+E+P2I)/R 1.27E+01
SI EYR/ELR 0.10
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Appendix B. Footnotes

1. Energy value of the Nak-Dong River estuary before construction of barrage

ENVIRONMENTAL SOURCES
1 SUNLIGHT

Continental shelf

Land area

Area

Insolation

Albedo
Energy(])

2 WIND
Land area
Density of Air
Avg, annual wind velocity
Drag Coeff.
Wind, kinetic energy

Energy (J)

3 RAIN, GEOPOTENTIAL
Area
Rainfall
Average elevation

Runoff rate

Energy (J)

4 RAIN, CHEMICALPOTENTIAL
Land area
Rainfall
Energy(land)(J)

5 TIDE
Cont. Shelf area
Avg. Tide range
Density

Energy (J)

1.92E+08 m

1.41E+08 m’

3.33E+08 m’

4.97E+09 J/m’/yr

3.00E-01 (% given as decimal)

(avg. insolation)(area)(1-albedo)
(3.32E8 m?)*(5.38E9 J/m”/yr)*(1-0.30)

1.16E+18 ]
1.41E+08 m’
1.30E+00 kg/m’
3.10E+00 m/s
1.00E-03

(area)(air density)(drag coeffcient)(velocity”3)
(1.41E8 m*)(1.3 kg/m’)(0.001)(3.8 m/s)"3(3.15E7 sec/yr)
1.72E+14 J

1.41E+08 m’

1.39E+00 m/yr

6.92E+01 m

5.10E-01 (% given as decimal)

(1.41E8 m*)*(0.51)*(1.022m/ yr)*(1000kg/m’)*(69.2m)*(9.8m /s’)
6.77E+13 ]

1.41E+08 m/yr

1.39E+00 m/yr (used that for land area)
(1.41E8 m’*)*(2.4m/yr)*(1000kg/m’)*(4.94E3 ]/kg)
9.66E+14 J

2

1.92E+08 m
6.88E-01 m
1.03E+03 kg/m’

(area elevated)(0.5)(tides/yr)(height squared)(density)(gravity)
(1.92E+08 m®)*(0.5)*(706/yr)*(0.62m)"2*(1.025 E+03 kg/m"’)
*(9.8m/s)

3.22E+14 J
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6

10

11

12

WAVES
Shore Length
Wave height
Density

Energy (J)

RIVER, CHEMICALPOTENTIAL

Volume flow
Water density
Gibbs free energy

Energy (J)

EARTH CYCLE
Area

Energy (J)

INDIGENOUS STORAGES
MUD&S EDIMENT

Tidal flat area

Bulk density

Depth

Organic carbon

Energy(])

REED PRODUCTION
Area

Reed biomass

Dry weight

Energy ()

PHYPOPLANKTON

Water area

Average depth
Cocentration of chl.a

Ratio of algal biomass to chla

Primary producer
Energy (J)

BENTHOS
Water area

Quantity

1.73E+04 m
5.40E-01 m
1.03E+03 kg/m’

(shore length)(1/8)(density)(gravity)(height squared)(velocity)
(17300m)*(1/8)*(1.025E3kg/ m”*(9.8m /s%)*(0.54m)"2
(9.8m/s72*12.5m)"0.5%(3.15E7sec/ yr)

2.21E+15 ]
7.59E+09 m’/yr

1.00E+06 g/m’

4.89E+00 /g
(7.59E9m’ / yr)*(1.0E6g/ m’)*(4.89] / g)
3.71E+16 J

1.41E+08 m’
(1.41E8m2)*(1B6J/m>/ yr)

1.41E+14 T

6.96E+06 m?

7.00E+05 g/m’

1.00E+00 m

1.05E+01 %

(0.105) (1m)(6.67E+06m?)(7E+05 g/m’)(12kcal/ g)(4186]/kacl)/100yr
2.57E+14 J

2.99E+06 m’

6.91E+03 g/m’

4.49E+03 g/m”
(2990000m°)(4492g/m”) (4kcal) (4186] / kcal)
2.25E+14 J

1.92E+08 m’

2.00E+00 m

6.86E+01 mg/m’

1.00E-02 g algae/mg chl.a

1.67E+04 J/g-day wt

(68.6mg chla/ ms)(0.0lg algae/mg chl.a)(2m)(1.92E8 mz)(16700]/ g-dry)
4 40E+12 ]

1.92E+08 m’

1.61E+02 g/m

2
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13

14

15

16

17

18

19

22

Energy(J)

FISH
Quantity
Ratio of dry wt to wet weight

Energy(J)

WATERFOWL

Number

Average weight

Vertebrate dry wt. to live wt. ratio

Wt.-energy conversion

Energy(J)

PURCHASED INPUT

G&S IN FISHERY

OUTPUT

CULTIVATED SHELLFISHES
Mollusk

Energy(J)

CULTIVATED SEAWEEDS

Seaweeds

Energy(J)

TOTAL FISHING
Production

Energy(J)

TOTAL NATURAL PRODUCTS
Quantity
Energy(J)

WATER SUPPLY
TDS
Gibb’s free energy(J/g)

Volume flow
Energy (J)

(161.2120g/m*)(191856032m%)(3.474E+03]/ g)

1.07E+14 J

6.30E+03 g

2.00E-01 DM

(6300.32g)(0.2DM) (5.8kacl/ ) (4186] / kacl)
3.06E+07 J

7.12E+04 head

900 g/head

0.6

2.09E+04 J/g-dry wt.

(7.12E+04head)(900g/head)(0.6)(2.09E+04] / g-dry wt.)
8.04E+11 J

6.82E+09 won

1.42E+07 kg/yr
(1.42+07kg)(0.3dry)(1000g/ kg)(350kcal/100g)(4186] / kacl)
6.24E+13 J

3.11E+06 kg/yr
(3.11E+06kg)(0.2dry)(1000g / kg)(350kcal / 100g)(4186kcal)
9.11E+16 J

4.54E+07 kg/yr
(4.54E+07kg/yr)(1000g/kg)(0.5)(0.2dry)(5kcal / g) (4186 / kcal
)

9.50E+13 J

7.20E+05 kg/yr
(7.20E+05kg/yr)(0.2dry)(1000g / kg)(5.8kcal/ g)(4186] / kcal)
3.50E+12 ]

423.99
(8.33]/mole/ deg)(300 C)(mole/18g)In((1000000-s)ppm /965000)
4.887363402  J/g

1.90E+08 m’/yr

(volume flow(m))(density(g/m"))(G(J/g))
(1.90E+08m)(1000000g/m’)(4.89]/ g)

9.29E+14 ]
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. Energy value of the Nak-Dong River estuary after construction of barrage

ENVIRONMENTAL SOURCES

SUNLIGHT
Continental shelf
Land area

Total area
Insolation
Albedo

Energy(J)

WIND

Land area

Density of Air

Avg, annual wind velocity
Drag Coeff.

Wind, kinetic energy

Energy (J)

RAIN, GEOPOTENTIAL
Area

Rainfall

Average elevation
Runoff rate

Energy (J)

RAIN, CHEMICALPOTENTIAL

Land area
Rainfall
Energy(land)(J)

TIDE

Cont. Shelf area
Avg. Tide range
Density

Energy (J)

WAVES
Shore Length
Wave height
Density

Energy (J)

1.62E+08 m2

1.71E+08 m2

3.33E+08 m2

4.97E+09 J/m2/yr

0.3 (% given as decimal)

(area)(avg. insolation)(365day/yr)(4186]/yr)(1-albedo)
(3.33E8 m2)*(4.97E9 J/m2/yr)*(1-0.30)

1.16E+18  J/yr
1.71E+08

13 kg/m3
3.1 m/s
0.001

(area)(air density)(drag coeffcient)(velocity3)
(1.71E8 m2)(1.3 kg/m3)(1.00E-03)(3:1 m/s)3(3.15E7 s/yr)
2.0861E+14 J/yr (Here, 1997)

1.71E+08 m2

1.39 m/yr
69.2 m
0.51 (% given as decimal)

(1.71E8 m2)*(0.51)*(1.39m /yr)*(1000kg/m3)*(69.2m)*(9.8m/s2)
8.22E+13  J/yr

1.71E+08  m?2

1.39 m/yr(used that for land area)

(1.71E8 m2)*(2.4m/yr)*(1000kg/m3)*(4.94E+03 J/kg)
2.03E+15. . ]

1.62E+08 m?2

0.688 m

1025 kg/m3

(area elevated)(0.5)(tides/yr)(height squared)(density)(gravity)
(1.62E8 m2)*(0.5)*(706/yr)*(0.688)2%(1.025 E+03 kg/m3)*(9.8m/s2)

2.71E+14  J/yr
17300 m

0.54 m
1025 kg/m3

(shorelength)(1/8)(density)(gravity)(height squared)(velocity)
(17300m)*(1/8)*(1.025E3kg/ m3)*(9.8m/s2)*(0.54m)2
(9.8m/s2*12.5m)"0.5%(3.15E7sec/ yr)

221E+15  J/yr
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7 RIVER, CHEMICALPOTENTIAL

Volume flow = 7.59E+09 m3/yr
Gibbs free energy = 4.89 J/ g(Environmental Accounting)
Energy (J) = (7.59E+09m3/yr)*(1.0E6g/m3)*(4.89]/ g)

= 3.71151E+16 J/yr
8 EARTH CYCLE
Area = 1.71E+08 m2
Energy (J) = (1.71E8m2)*(1E6]/m2/yr)
= 1.71E+14  J/yr
INDIGENOUS STORAGES
9 MUD&SEDIMENT

Tidal flat area = 7.20E+06 m2
Bulk density = 7.00E+05 g/m3
Depth =1 m
Organic carbon = 105 %
Energy(J) = (0.105)(1m)(7.20E+06m2)(7E+05 g/m3)(12kcal/ g)(4186]/kacl)/ 100yr
2.66E+14 ]
10REED PRODUCTION
Area = 2990000 m2
Reed biomass = 6910 g/m?2
Dry Weight = 4492 g/m?2
Energy (J) =(2990000m2)(4492¢g/ m?2)(4kcal)(4186] / kcal)
= 2.2489E+14 ]
11 PHYPOPLANKTON
Water area = 1.62E+08 m2
Average depth = 2 m
Cocentration of chla = 68.6 mg/ma3
Ratio of algal biomass to chla = 0.01 g algae/mg chl.a
Primary producer = 16700 J/g-day wt
Energy (J) = (686mg chla/m3)(0.01g algae/mg chla)(2m)(1.62E8 m2)(16700]/g-dry)
= 3.70E+12 = ]
12 BENTHOS
Water area = 1.62E+08 m2
Quantity =.161.212 g/m2
Energy(J) = (161.2120g/m?2)(1.62E8m?2)(3.474E+03] / g)
= 9.05E+13 ]
13 FISH
Quantity = 6300.32 g
Ratio of dry wt to wet weight = 0.2 DM
Energy(J) = (6300.32g)(0.2DM)(5.8kacl/ g)(4186] / kacl)
= 30592841.84 ]
14 WATERFOWL
Number = 712E+04  head
Average weight = 900 g/head
Xietf(t)ebrate dry wt. To live wt _ o
Wt.-energy conversion = 20900 J/ g-dry wt.
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Energy(J)

PURCHASED INPUT

15G&S in fishery

16 Cost of Construction

17 Cost of Management
OUTPUT

18 CULTIVATED SHELLFISHES
Mollusk

Energy(J)

19 CULTIVATED SEAWEEDS
Seaweeds

Energy(J)

20 TOTAL FISHING
Production

Energy(J)

21 TOTAL NATURAL PRODUCTS

Quantity
Energy(J)

22 WATER SUPPLY
TDS
Gibb’s free energy(J/g)

Volume flow
Energy (J)

23 TRNASPORTATION
Detour
Across
Detour distance
Waste volatile oil
Waste light oil
Volatile oil’s calories
Light oil’s calories

24 ELECTRICITY
25 MINERAL PRODUCT

(3.46E+04head)(900g/head)(0.6)(20900] / g-dry wt.)
8.04E+11 ]

6.82E+09 W
9.77E+10 W
8.70E+09 W
1.42E+07  kg/yr

(1.42+07kg)(0.3dry)(1000g/ kg)(350kcal /100g)(4186] / kacl)
6.24E+13 ]

3.11E+06  kg/yr
(3.11E+06kg)(0.2dry)(1000g/ kg)(350kcal /100g) (4186kcal)
9.11E+16 ]

4.54E+07  kg/yr

(4.54E+07kg/yr)(1000g/kg)(0.5)(0.2dry)(5kcal/ g)(4186] / k
cal)

9.50E+13 J

7.20E+05 kg/yr
(7.20E+05kg/yr)(0.2dry)(1000g/kg)(5.8kcal/ g)(4186] / kcal)
3.50E+12 ]

423.99

(8.33]/mole/deg)(300 C)(mole/18g)In((1000000-s)ppm/965000)
4.8873 J/g

2.85E+08 m3/yr

(volume flow(m3))(density(g/m3))(G(J/g))
(2.85E+08m3)(1000000g/m3)(4.89]/ g)

1.39E+15 J
12140 m
2320 m
9820 m
31374.9 L/yr
30373.48 L/yr
8300 kcal/L
9200 kcal/L
226E+12  J/yr
2.10E+09 W

1.47E+09 W
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