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ABSTRACT 

The Han River Environmental Master Plan Project w a s  i n i t i a t e d  i n  March 
1982 and concluded i n  September 1983. The s tudy area  involved contains  one- 
quar te r  of the a rea  of the  Republic of Korea and one-third of the country 's  
population. 
e f f o r t s  where environmental q u a l i t y  improvements i n  the  f i e l d s  of w a t e r ,  a i r  
and land ( s o l i d  and hazardous waste d i s p o s a l )  were considered a t  the  same t i m e .  

This p r o j e c t  represents  one of the  f i r s t  in tegra ted  environmental 

The objec t ives  of the  Master Plan were to develop long-term s t r a t e g i e s  
f o r  c o n t r o l l i n g  p o l l u t i o n  within acceptable  l i m i t s  f o r  the  Han River Basin 
area to the  year 2000, t o  develop short-term measures capable of e a r l y  imple- 
mentation to  improve present  environmental condi t ions,  and to assess the  impact 
of the  environmental s t r a t e g i e s  se lec ted  and ensure t h a t  b e n e f i c i a l  i m p a c t s  i n  
one environmental f i e l d  would not  c o n f l i c t  with environmental goals  i n  o ther  
f i e l d s .  

The present  environmental q u a l i t y  of the  s tudy area, t h e  environmental 
improvement s t r a t e g i e s  considered, and the  recommended plan are described. 

1. INTRODUCTION 

The Republic of Korea comprises the  southern por t ion  of the Korean pen- 
i n s u l a  and covers an area of 99,000 s q  km. The population w a s  estimated t o  
be 40 mill ion i n  Ju ly  1982. The s tudy area (Figure 1) covered a quar te r  of 
the  land of t h e  Republic or approximately 27,000 s q  km, and included a l l  the 
Han River drainage basin,  except  f o r  a por t ion  north of the  Demilitarized 
Zone. 

The l a r g e s t  c i t i es  included are Seoul, the c a p i t o l  c i t y ,  and Incheon with 
mid-1982 populations of 8.8 and 1.2 mill ion,  respect ively.  Based on estimated 
cur ren t  population the  project a rea  contains  nine o ther  cities with populations 
of about 100,000 t o  400,000; four c i t ies  i n  the  range of 50,000 to 90,000; 10 
towns i n  the  range of 20,000 t o  40,000; and an addi t iona l  15 smaller towns with 
a population of a t  l e a s t  10,000. 
mately 14.0 mill ion,  or one-third the  total  population of Korea. About 8,000 
i n d u s t r i e s  l i e  within the  s tudy area; many p l a n t s  being located i n  16 indus- 
t r ia l  complexes. Rm 1970 to 1982, t h e  population of Seoul and o ther  c i t ies  
i n  t h e  western s tudy a r e a  g r e w  by 3 t o  10 percent  annually, while t h e  c e n t r a l  
and eas te rn  s tudy area grew a t  n a t u r a l  growth rates or decreased i n  population. 

The population of the  p r o j e c t  a rea  i s  approxi- 



334 

Figure 1. Map of South Korea Showing t h e  Han River Basin Study Area 

During t h e  past twenty yea r s  the Korean economy has  s u s t a i n e d  a remarkedly 
high rate of growth. G r o s s  Nat ional  P r o j e c t  (GNP) grew a t  an  average annual  
rate of  7.7 percen t  from 1970 t o  1980. The per c a p i t a  GNP r o s e  from 204,000* 
t o  429,000 Won ( c o n s t a n t  1975 p r i c e s )  d u r i n g  t h a t  pe r iod .  The growth w a s  
achieved p r i n c i p a l l y  by wel l -directed i n d u s t r i a l i z a t i o n  and e x p o r t  promotion. 

This r a p i d  growth has  been accompanied by a d e t e r i o r a t i o n  i n  t h e  q u a l i t y  
of t h e  environment,  p a r t i c u l a r l y  i n  t h e  l a r g e r  urban and i n d u s t r i a l  areas. In  
these  areas t h e  amounts of domestic and i n d u s t r i a l  wastes d i scha rged  f a r  ex- 
ceed t h e  c a p a c i t y  of t h e  environment to  assimilate them, and s e r i o u s  p o l l u t i o n  
problems have r e s u l t e d .  

I n  r e c e n t  yea r s ,  t h e r e  has  been e x t e n s i v e  development of t h e  Han River 
Basin, p a r t i c u l a r l y  i n  i t s  lower reaches.  However, even i n  t h e  upper reaches 
of t he  r i v e r  t h e r e  are environmental  problems, caused by mining, a g r i c u l t u r e ,  
water r e sources  development, etc. Major e f f o r t s  are r e q u i r e d  to improve t h e  
p r e s e n t  c o n d i t i o n s  and t o  e s t a b l i s h  r e g u l a t i o n s ,  procedures  and f a c i l i t i e s  
necessary t o  maintain a c l e a n ,  h e a l t h f u l  and p l e a s a n t  environment. 

The Korean Government has  recognized t h i s  s i t u a t i o n  and a l r e a d y  has  taken 
s i g n i f i c a n t  s t e p s  toward reducing f u r t h e r  p o l l u t i o n .  These have included:  

Enactment of t h e  Environment P rese rva t ion  Law which e s t a b l i s h e d  
procedures  f o r  t h e  adop t ion  and enforcement of environmental  
q u a l i t y  s t a n d a r d s ,  t h e  p r e p a r a t i o n  of environmental  i m p a c t  
assessments ,  and t h e  d e s i g n a t i o n  of special countermeasure zones.  

* 1000 Korean Won equa l s  (approx.)  US$ 1.43 
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The l a w  also authorized an hvironmental  Conservation Committee 
t o  funct ion under t h e  p r i m e  min is te r  f o r  the purpose of reviewing 
master plans,  s e t t i n g  policies, and coordinating in te r -minis te r ia l  
problems. 

Formation of the  Off ice  of Environment as the  c e n t r a l  agency re- 
sponsible  f o r  the  pro tec t ion  of a i r  and w a t e r  q u a l i t y  and o ther  
matters r e l a t e d  to environmental protect ion.  

Implementation of s p e c i f i c  measures f o r  reducing pol lu t ion  such 
a s  the  reduct ion i n  the  s u l f u r  content  of petroleum derived f u e l s  
used f o r  i n d u s t r i a l  processes and space hea t ing  within t h e  Seoul- 
Incheon region from 3.8 percent  to 1.6 percent. This ac t ion  
resu l ted  i n  the  i m m e d i a t e  decrease i n  the  amount of a i r  pol lu t ion  
caused by one of the  major p o l l u t a n t s  -- s u l f u r  dioxide -- and so 
provided a d i r e c t  improvement to ambient a i r  qua l i ty .  

Res t r ic t ions  on canmercial, i n s t i t u t i o n a l ,  and i n d u s t r i a l  develop- 
ment within Seoul. 

Establishment of Green Belts i n  major c i t ies  t o  cons t ra in  urban 
expansion. 

Construction of the  Seoul Subway to  reduce t r a f f i c  congestion. 

In addi t ion ,  the  government perceived the  need f o r  long range planing f o r  
environmental preservat ion and a l loca ted  funds f o r  the  preparat ion of an 
environmental master plan f o r  a major p r i o r i t y  a rea  - the  Han River Basin. 

2. OBJECTIVES 

The main objec t ive  of the  p r o j e c t  w a s  t o  develop a long-term in tegra ted  
Master Plan f o r  pro tec t ing  and improving environmental q u a l i t y  i n  the  Han 
River m s i n  to the  year 2001 covering t h e  water, a i r  and s o l i d  wastes sec tors .  
Within the  long-term Master Plan, a P r i o r i t y  F i r s t  Phase w a s  i d e n t i f i e d  as the  
period from 1984 to  1988. 

The following items were included i n  order  t o  achieve the  objec t ives  of 
t h e  Master Plan: 

summarize recent  and f u t u r e  population, and land use 

c o l l e c t  and summarize inventor ies  of wastes 

f o r e c a s t  f u t u r e  pol lu t ion  and i d e n t i f y  pro jec ts ,  operat ions,  and 
adminis t ra t ive  and l e g a l  arrangements required t o  meet environ- 
mental s tandards 

prepare conceptual design and f e a s i b i l i t y  s tud ies  f o r  needed pol lu-  
t i o n  c o n t r o l  p r o j e c t s  

develop economic f e a s i b i l i t y  and f i n a n c i a l  plans f o r  Master Plan and 
F i r s t  Phase Pro jec ts  

The p r o j e c t  a l s o  included a s i g n i f i c a n t  t r a i n i n g  component f o r  loca l  per- 
sonnel and f o r  t r a n s f e r  of technology and ideas. 



3. SmDY APPROACH 

The p r o j e c t  team was based i n  Seoul1 the  team consis ted of personnel from 
three companies, Engineering-Science, nyundai and Hyosung, augmented by foreign 
and- loca l  specialists f o r  s p e c i f i c  assignments. 
March 1982 and concluded i n  September 1983. 

The p r o j e c t  was i n i t i a t e d  i n  

Available information and p r i o r  s t u d i e s  were obtained and evaluated. 
Where gaps were found to e x i s t ,  programs t o  gather  the  addi t iona l  d a t a  were 
formulated and implemented. These programs included extensive f i e l d  s t u d i e s  
i n  each of the environmental, w a t e r ,  a i r ,  and s o l i d  wastes sectors. Major 
s tudies  included water q u a l i t y  monitoring of the  Han River, a i r  q u a l i t y  moni- 
to r ing  and emission source t e s t i n g ,  and s o l i d  waste composition surveys. 
Other s t u d i e s  were conducted f o r  housing and serv ices ,  t rends  i n  population, 
land use and waste generat ion,  f i n a n c i a l  da ta ,  and environmental concerns. 

Forecasts of population and land use w e r e  prepared. Waste loads were, 
developed which were d i r e c t l y  r e l a t e d  t o  the  forecas ts .  Unit generation r a t e s ,  
population and development f o r e c a s t s  were in tegra ted  taking i n t o  account the 
probable impact of fu ture  l i v i n g  s tandards on the  types and q u a n t i t i e s  of wastes 
generated. 
loads which are l i k e l y  to be generated throughout the  s tudy area. 

This s tage  of the s tudy def ined t h e  e x t e n t  of the  f u t u r e  pol lu t ion  

In modern urban communities some pol lu t ion  i s  inevi tab le .  The desired 
upper l i m i t  f o r  such pol lu t ion  i s  defined by e s t a b l i s h i n g  s p e c i f i c  standards. 
For some pol lu tan ts  the  government had already prescribed standards. Where 
standards had not  been prescr ibed,  guidel ines  w e r e  developed f o r  use i n  the 
preparat ion of the Master Plan. In many cases, t h e  e x i s t i n g  and f u t u r e  quan- 
t i t i es  of waste loads would cause environmental po l lu t ion  t o  exceed the 
s tandards and guidel ines .  

The amount by which t h e  f o r e c a s t  l e v e l  of po l lu t ion  exceeded the  standard 
or  guidel ine,  i n  e f f e c t ,  def ined the  magnitude of the  problem f o r  each pollu- 
tan t .  Al ternat ive s t r a t e g i e s  w e r e  developed t o  reduce the  wastes discharges 
t o  a degree such t h a t  t h e  q u a l i t i e s  of the  receiving waters or t h e  ambient air 
would meet the  appl icable  standard o r  guidel ine.  The a l t e r n a t i v e s  were then 
evaluated according to severa l  c r i t e r i a  which included: 

e f fec t iveness  i n  reducing pol lu t ion  

technical  f e a s i b i l i t y  
- state-of- the-ar t  
- appropriateness of the technology 
- r e l i a b i l i t y  

c a p i t a l  and operat ing c o s t s  

O ease of implementation 
- f i n a n c i a l  c o n s t r a i n t s  
- i n s t i t u t i o n a l  c o n s t r a i n t s  
- s o c i a l  c o n s t r a i n t s  

cross-media e f f e c t s  ( t o  determine how an a l t e r n a t i v e  formulated f o r  
one environmental s e c t o r  might a f f e c t  the  o ther  s e c t o r s )  

The recommended optimum a l t e r n a t i v e  was se lec ted  t o  form t h e  Master Plan 
and an implementation program f o r  the  period 1984 t o  2001 was prepared. 
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4. WATER QUALITY 

4.1 Exist ing Conditions 

As is  the  case i n  most Asian count r ies ,  the  sewerage systems i n  Korea have 
developed from systems i n  which n i g h t s o i l  ( f e c a l  s o l i d s )  was co l lec ted  i n  vaul t s  
or s e p t i c  tanks f o r  use on a g r i c u l t u r a l  f i e l d s  and l iqu id  wastes were discharged 
to the  sur face  dra ins .  In 1982 about 60 percent  of the  pro jec t  area population 
had f l u s h  toilets with a connection to t h e  drainage system. In Seoul almost a l l  
of the  dra ins  are covered; i n  the  rest of t h e  p r o j e c t  area about one-half of the  
dra ins  are open channels. 

There were only two funct ioning sewage treatment p l a n t s  i n  the  pro jec t  area 
i n  1983, both i n  Seoul. Only 30 percent  of the  w a s t e s  of t h e  sewered population 
is t rea ted .  The rest i s  discharged untreated t o  the  Han River system. 

In  1982 n i g h t s o i l  systems w e r e  used by about 6 mil l ion  people i n  the pro- 
j e c t  area. Nightsoi l  i n  the  cities is  usua l ly  co l lec ted  with vacuum t rucks  ex- 
c e p t  i n  the  o l d e r ,  more congested areas where t r a d i t i o n a l  manual methods must be 
used. Nightsoi l  may be t r e a t e d  a t  n i g h t s o i l  t reatment  f a c i l i t i e s ,  s tored  i n  
dumps, or, i n  t h e  more rural a r e a s ,  spread on a g r i c u l t u r a l  f i e l d s .  

In the  v i c i n i t y  of Seoul the  q u a l i t y  of the  waters of the  Lower Han River 
i s  poor, as shown i n  Figure 2. Dissolved oxygen concentrat ions a r e  extremely 
low, p a r t i c u l a r l y  i n  the  areas neares t  the  c e n t r a l  c i t y ,  where during warm 
weather a t  l o w  t i d e  the  r i v e r  is near ly  anaerobic, with t y p i c a l  dissolved 
oxygen concentrat ion of 1.0 mg/L, and f e c a l  coliform l e v e l s  approaching those 
of untreated sewage. However, concentrat ions of metals i n  t h e  water and sedi-  
ments are low. Many of the  t r i b u t a r i e s  to the  Lower Han River are heavi ly  
pol luted and are anaerobic during low flows. 

LEGEND 

"v.l; DO CONCENTRATION 

Figure 2. Present  water Quality i n  the  Lower Han River 
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The North Han River i s  e s s e n t i a l l y  a series of lakes .  In general ,  the  
water q u a l i t y  i s  exce l len t  and s u i t a b l e  f o r  any intended purpose. Of some 
concern, however, is the  l e v e l  of n u t r i e n t s  ( p a r t i c u l a r l y  phosphorus) i n  the 
two lower lakes. Both of these lakes  have phosphorus concentrat ions t h a t  a r e  
judged t o  be very near the  l e v e l  a t  which a l g a l  blooms w i l l  occur and cause 
problems. The wastewaters from the  C i t y  of Chuncheon a r e  the  primary con- 
t r i b u t o r  of nu t r ien ts .  

The water q u a l i t y  i n  the  free-flowing South Han River i s  good; dissolved 
oxygen l e v e l s  a r e  a t  o r  above s a t u r a t i o n  along i t s  length. H o w e v e r ,  animal 
feedlo ts ,  p a r t i c u l a r l y  pig fanning, are a present  po l lu t ion  problem. The 
metals content  of t h e  South Han R i v e r  waters and sediments i s  a l s o  high immedi- 
a t e l y  downstream of a coa l  mining a r e a ,  although the concentrat ions decrease 
to n a t u r a l  l e v e l s  within a s h o r t  dis tance.  

Generally, t h e  na tura l  q u a l i t y  of the  groundwater i s  s u i t a b l e  f o r  most 
uses. The t o t a l  dissolved s o l i d s  content  i s  low, around 200 t o  300 mg/L. The 
water tends to be s o f t  to  moderately hard, and with the  exception of geothermal 
waters, the  pH i s  general ly  between 6.2 and 8.0 .  In the  Seoul area t h e  most 
extensive use of groundwater i s  f o r  i n d u s t r i a l  purposes. Serious contamination 
of shallow aqui fe rs  has occurred. Factory w e l l s  have been pol luted by o i l s  and 
dyes, and i n  many cases ,  have experienced high ammonia leve ls .  

Sewage pol lu t ion  is a l s o  a regular  occurrence, p a r t i c u l a r l y  outs ide  the  
urban areas  and i n  the  poorer v i l l a g e s  where shallow wells are dug c lose  t o  
pr iv ies .  In 1966, a typhoid epidemic occurred a t  Shihung r e s u l t i n g  i n  120 
cases  and two deaths. The cause w a s  sewage from p r i v i e s  t h a t  had contaminated 
shallow, hand-dug w e l l s .  In Apri l  1982, an outbreak of dysentery a f f e c t i n g  100 
persons was reported i n  the  Anyang Cheon val ley.  According t o  the  Ministry of 
Health and Social  Affa i r s ,  the  cause of the  outbreak was sewage-contaminated 
w e l l  water. In general ,  t h e  w e l l  water i n  t h e  a l l u v i a l  depos i t s  i s  f r e e  from 
bacterial contamination a t  depths  grea te r  than f i v e  metres. 

4.2 Water Pol lu t ion  Control Alternat ives  

The degree of treatment required to meet t h e  e f f l u e n t  s tandards was the  
same f o r  a l l  the  treatment p l a n t  locat ions.  The a l t e r n a t i v e  secondary treat- 
ments include conventional a c t i v a t e d  sludge and b io logica l  f i l t r a t i o n .  However, 
b io logica l  f i l t r a t i o n  systems were not considered f o r  the  Greater Seoul a rea  
a s  they requi re  s u b s t a n t i a l l y  la rger  a reas  of land than conventional ac t iva ted  
sludge processes and s u f f i c i e n t  land was not ava i lab le .  

Sewage treatment processes produce sludge of varying amounts and charac- 
teristics which depend upon the  treatment system adopted. For t h e  Greater 
Seoul area, three d isposa l  opt ions were considered, namely, marine d isposa l  by 
barge, dewatering and l a n d f i l l  d i sposa l ,  or inc inera t ion  and residue b u r i a l  a t  
l a n d f i l l s .  

Sewer systems w e r e  s tudied f o r  Greater Seoul, Incheon, and o ther  major 
cities. Feasible  a l t e r n a t i v e s  are l imi ted  by the  topography, the  e x i s t i n g  
sewer o r  drainage network, and t h e  urban development areas .  Al te rna t ives  were 
formulated to r e t a i n  as much of t h e  e x i s t i n g  sewer systems as possible  and t o  
account f o r  sewer f a c i l i t i e s  t h a t  a r e  now being implemented; stormwater over- 
flows were included i n  a l l  cases. 

The n a t u r a l  drainage basins  that flow t o  the  Lower Han River i n  the  Greater 
Seoul a rea  are very complex. Because of t h e  topography and the  e x i s t i n g  and 



fu ture  urban development, major in te rceptors  t o  serve these basins  would have 
t o  be placed along t h e  major t r i b u t a r i e s  to  the  Han River. 

The grouping of drainage a reas  i n t o  sewerage areas  t h a t  could be served by 
separate  sewage treatment f a c i l i t i e s  depends on the a v a i l a b i l i t y  of sites f o r  
the treatment f a c i l i t y .  It was determined t h a t  there  were f i v e  possible  t r e a t -  
ment sites f o r  major treatment p l a n t s  to serve the  Seoul area. 

The p o s s i b i l i t y  of c o l l e c t i n g  a l l  of the  sewage from Greater Seoul and 
carrying i t  through a tunnel  o r  force  main t o  Incheon f o r  disposal  i n  the  sea 
was a l s o  s tudied.  €!owever, t h e  c o s t s  of t h i s  scheme were much l a r g e r  than the 
cos ts  of any a l t e r n a t i v e  involving more loca l ized  treatment and disposal  i n  the 
v i c i n i t y  of Seoul. 

Water q u a l i t y  s imulat ion s t u d i e s  of the  a l t e r n a t i v e s  considered were made 
using computer models t o  determine the  l e v e l s  of sewage treatment required. 
The primary water q u a l i t y  objec t ive  t o  be met i n  the  Lower Han River was the 
prevention of anaerobic condi t ions i n  the water. To assure  t h a t  t h i s  condition 
would be met a t  a l l  t i m e s ,  a t a r g e t  dissolved oxygen concentrat ion of 2 mg/L 
i n  a l l  r i v e r  segments was used. The s imulat ion s t u d i e s  showed t h a t  secondary 
treatment a t  each of the  treatment p l a n t s  would be required and would be ade- 
quate t o  m e e t  the  t a r g e t  dissolved oxygen c r i t e r i o n .  

4.3 The Recommended Water Pol lu t ion  Control Plan 

The recommended Master Plan f o r  water po l lu t ion  c o n t r o l  f o r  the  study area 
up t o  the year 2001 involves  replacing n i g h t s o i l  s e p t i c  tank systems by sewers 
and sewage treatment f a c i l i t i e s  i n  t h e  major cities. The recommended sewer 
systems a r e  based on e x i s t i n g  networks. 

Sewage treatment f a c i l i t i e s  a r e  e s s e n t i a l l y  the  same i n  each c i t y  and a r e  
based on conventional a c t i v a t e d  sludge using sur face  aera tors .  
w i l l  be mechanically dewatered using presses ,  then disposed of i n  l a n d f i l l s  i n  
conjunction with re fuse ,  although it w i l l  a l s o  be ava i lab le  f o r  a g r i c u l t u r a l  
purposes (a rab le  crops,  rice paddies, o rchards) .  

Digested sludge 

The des i red  water q u a l i t y  goals  i n  the  Greater Seoul a rea  could be achieved 
using four  high-capacity sewage treatment p lan ts ,  t r e a t i n g  an average flow of 5 
mi l l ion  m3/day and 1,000 ton/day of biochemical oxygen demand (BOD) .  
p l a n t s  could be served by a redesigned sewer system fea tur ing  230 km of i n t e r -  
ceptors ,  p a r a l l e l  t o  the  Han River and its major t r i b u t a r i e s .  

These 

The f i n a l  e f f l u e n t s  discharged t o  the  Lower Han River w i l l  have BOD and 
suspended s o l i d s  concentrat ions of 20 and 30 mg/L, respect ively.  About 445 
ton/day of dewatered sludge w i l l  t ransported t o  Nanjido l a n d f i l l  i n  1991 and 
810 ton/day i n  2001. 

When the  e n t i r e  sewered area is eventua l ly  provided with a separa te  system, 
t h e r e  w i l l  be about 7,300 km of secondary and 10,200 km of t e r t i a r y  sewers. A 
total  of 240,000 n i g h t s o i l  conversions w i l l  be required t o  ensure complete 
e l iminat ion of n i g h t s o i l  by 2001. 

To meet t h e  desired water q u a l i t y  goa ls  i n  t i m e  f o r  the  Olympic G a m e s  i n  
1988 a l l  t h e  main i n t e r c e p t o r s  and t h e  f i r s t  phase of two new sewage treatment 
p l a n t s  should be commissioned by t h a t  da te .  
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5. A I R  QUALITY 

5.1 Present Levels 

There a r e  more than 100 a i r  q u a l i t y  monitoring s t a t i o n s  i n  the s tudy area. 
These s t a t i o n s  w e r e  es tab l i shed  and are operated by t h e  Public Health I n s t i t u t e s  
of Seoul, Incheon, and three  provinces. Additional s t a t i o n s  were set  up by the 
pro jec t ,  and a i r  q u a l i t y  d a t a  w e r e  co l lec ted  between October 1982 and March 1983; 
the l a t t e r  were p a r t i c u l a r l y  valuable f o r  suspended p a r t i c u l a t e s ,  because of un- 
c e r t a i n t y  about the representat iveness  of the  sampling method previously used. 

Total suspended p a r t i c u l a t e  concentrat ions i n  the  s tudy area genera l ly  ex- 
ceed the  recanmended guidel ines  of 150 ug/m3 on an annual basis and 300 ug/m3 
f o r  24  hours. The mean annual value was 331 ug/m3. 

P a r t i c l e  s i z e  determinations were made i n  Seoul t o  estimate the  propor- 
t ions  i n  the t o t a l  suspended p a r t i c u l a t e s  of the  resp i rab le  p a r t i c u l a t e s  (less 
than 10 um) and the f i n e  p a r t i c u l a t e s  (less than 2.5  urn). The recanmended 
guidel ine f o r  f i n e  p a r t i c u l a t e s  ( 1 5 0  ug/m3 f o r  24  hours)  was exceeded a t  most 
Seoul s ta t ions .  It appears, therefore ,  t h a t  suspended p a r t i c u l a t e s  a r e  a major 
a i r  q u a l i t y  problem i n  the  study area.  

The s u l f u r  dioxide l e v e l s  i n  Seoul and i n  some of the  i n d u s t r i a l  a reas  
a l s o  general ly  exceed the  Korean s tandard of 0.05 ppm (annual a r i thmet ic  mean). 
Outside the City of Seoul, but  s t i l l  within the  Seoul-Incheon metropolitan area,  
the s u l f u r  dioxide concentrat ions var ied but  w e r e  near o r  s l i g h t l y  over the  
standard. Outside of t h i s  metropol i tan a rea  the  s u l f u r  dioxide l e v e l s  are not 
a problem. 

Although there  w e r e  severa l  s t a t i o n s  a t  which the  recommended guidel ines  
f o r  carbon monoxide were exceeded, ambient concentrat ions of carbon monoxide 
a r e  not considered to be a problem i n  t h e  s tudy area.  Carbon monoxide, however, 
is a ser ious  contaminant i n  many Korean t r a d i t i o n a l  homes using the "yeontan" 
or  under f l o o r  heat ing system. This c o n s i s t s  of slow-burning, high-ash coal 
br ique t tes  combusted i n  a s tove located below the  f l o o r  l e v e l ,  with the  f l u e  
gas e x i t i n g  through a pipe network b u i l t  i n t o  t h e  f l o o r .  System leaks  can lead 
to carbon monoxide poisoning of the  room occupants. 

Primary sources of suspended p a r t i c u l a t e s ,  s u l f u r  dioxide, and carbon mon- 
oxide, and t h e i r  r e l a t i v e  cont r ibu t ions  a r e  presented i n  T a b l e  1. 

Table 1. - Sources of A i r  Po l lu tan ts  Btceeding Air Quality Standards 
i n  the  Study Area and Relat ive Percent Contr ibut ions 

Total Suspended SUlf UT Carbon 
Source P a r t i c u l a t e s  Dioxide Monoxide 

Yeontan 5 4 0  8 4  
Residual o i l  11 51 ( 1  
Indus t r ia l  5 1 < 1  
h l g i t i v e  d u s t  37 - - 
Motor vehic les  4 2  8 15 

Although the d a t a  are imcomplete, t h e r e  i s  no evidence of problem levels 
of ni t rogen dioxide i n  the  s tudy area. 
should be car r ied  out. 

Additional and cont inuing monitoring 

Hydrocarbon d a t a  were i n s u f f i c i e n t  to draw any conclusions. Only five 
s t a t i o n s  i n  Seoul monitored hydrocarbons, and incomplete d a t a  WePe reported. 



I t  i s  d i f f i c u l t  t o  draw f i rm conc lus ions  about  ozone and o x i d a n t  l e v e l s  
i n  t h b  s t u d y  area. Four chemiluminescent ozone ana lyze r s  were added t o  t h e  
monitoring network i n  Seoul i n  l a t e  1981 and were operated f o r  about  20 per- 
c e n t  of t h e  t i m e .  The a v a i l a b l e  ozone d a t a  and t h e  n i t rogen  d iox ide  d a t a  
suggest  that t h e r e  i s  n o t  a s i g n i f i c a n t  o x i d a n t  problem i n  t h e  s t u d y  area. 
However, t h e  total  o x i d a n t  d a t a  (measured u s i n g  t h e  bu f fe red  potassium i o d i d e  
method) sugges t  o the rwise .  More monitor ing s t a t i o n s  and d a t a  w i l l  be r equ i r ed  
before  t h i s  q u e s t i o n  can be resolved.  

5 . 2  Air P o l l u t i o n  Con t ro l  A l t e r n a t i v e s  and Recommended Plan 

The p o l l u t i o n  c o n t r o l  s t r a t e g i e s  cons ide red  f o r  major sources  and t h e i r  
r e l a t i v e  emission r e d u c t i o n  e f f e c t i v e n e s s  are o u t l i n e d  i n  Table 2 .  

The e v a l u a t i o n  of t h e  c o n t r o l  s t r a t e g i e s  and t h e  s e l e c t i o n  of those t h a t  
should be implemented were based on a number of f a c t o r s .  Cos t - e f f ec t iveness  
w a s  a major c o n s i d e r a t i o n .  Another impor t an t  f a c t o r  w a s  t h e  speed with which 
a measure could be implemented. A s  mentioned above, t h e  a i r  q u a l i t y  i n  t h e  
Seoul-Incheon area i s  poor now, and t i m e l y  remedial  measures should be i n s t i -  
t u t ed .  Measures t h a t  r equ i r ed  r e l a t i v e l y  small capital  expend i tu re s  (even 
with h igh  o p e r a t i o n a l  costs)  and t h a t  could be implemented with a s h o r t  l ead  
t i m e  were p r e f e r r e d .  

The f i v e  s t r a t e g i e s  l i s t e d  below w e r e  recommended t o  reduce p a r t i c u l a t e s  
emissions:  

1. Replace p r e s e n t  f u e l s  used f o r  i n d u s t r i a l  and o t h e r  combustion 
with c l e a n  f u e l s .  

2 .  Improve i n d u s t r i a l  p rocesses ,  combustion, and motor v e h i c l e  
e f f i c i e n c y  by conse rva t ion ,  improvements, and b e t t e r  maintenance. 

3. Reduce t h e  p a r t i c u l a t e s  l oad ing  from exhaus t  gases  from s t a t i o n a r y  
and mobile sources .  

4. Implement f u g i t i v e  d u s t  programs f o r  c o n s t r u c t i o n  s i tes ,  roads ,  and 
unpaved areas. 

5 .  Relocate major p o i n t  s o u r c e s  of p a r t i c u l a t e s  o u t s i d e  t h e  Seoul- 
Incheon area. 

Analysis  of  t h e  s i x  c o n t r o l  s t r a t e g i e s  developed f o r  c o n t r o l l i n g  s u l f u r  
d iox ide  showed t h a t  a l l  s i x  would be r e q u i r e d ,  as l i s t e d  below: 

1 .  Replace e x i s t i n g  f u e l s  used f o r  energy product ion wi th  c l e a n e r  f u e l s  
s x h  as n a t u r a l  gas .  

2 .  Reduce f u e l  consumption wi th  conse rva t ion  and improved combustion 
e f f i c i e n c y .  

3. Reduce t h e  impacts of emissions by f u e l  switching based on 
f o r e c a s t s  of a i r  q u a l i t y  cond i t ions .  

4. Reduce t h e  s u l f u r  c o n t e n t  of p r e s e n t  f u e l  types.  

5. Reduce t h e  s u l f u r  c o n t e n t  of f l u e  gases .  

6. Relocate  major p o i n t  sou rces  o u t s i d e  t h e  Seoul-Incheon a r e a .  
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Table 2. Effec t iveness  of A i r  P o l l u t i o n  Con t ro l  S t r a t e g i e s  

Overall W i s s i o n  Reduction 

12  - 
- 
- 

19 
28 
25 
17 

Yeontan: 
Modify bu rne r  f o r  o v e r - f i r e  a i r  
Coal modif icat ion-add l imestone 
Coal blending-add l imestone 
Lower caloric specs-add l imestone 
conve r t  to yeontan h o t  water h e a t i n g  
Convert  to d i s t i l l a t e  o i l  hot water h e a t i n g  
Convert  to LNG h o t  w a t e r  h e a t i n g  
I n s u l a t i o n  and energy conse rva t ion  

U s e  imported,  low-sulfur f u e l  o i l  
Desu l fu r i ze  f u e l  o i l  i n  Korea 
Convert  to a d d i t i o n a l  LNG f u e l  
Bo i l e r  upgrading and improved O&M 
Boiler o p e r a t i o n  a t  more c o n s t a n t  rate 
I n s t a l l  p a r t i c u l a t e  c o n t r o l  dev ices  
Flue gas  d e s u l f u r i z a t i o n  
Staged combustion of N 4 ,  c o n t r o l  
Ammonia i n j e c t i o n  f o r  NOx c o n t r o l  
I n s u l a t i o n  and energy conse rva t ion  
Increase s t a c k  h e i g h t  a t  l a r g e  sou rces  
Relocate l a r g e  sou rces  

New o r  modified c o n t r o l  equipment 
Improved O&M with e x i s t i n g  equipment 
Relocate l a r g e  sou rces  

Addit ional  street sweeping-washing 
Pav ing- s t ab i l i za t ion  of unpaved areas 
Con t ro l  growth of motor v e h i c l e s  

L i m i t  emissions wi thou t  c a t a l y s t s  
L i m i t  emissions with c a t a l y s t s  
Reduce-eliminate lead i n  g a s o l i n e  
Redesign d i e s e l s  to reduce smoke 
Improve maintenance of buses  
P a r t i c u l a t e  c o n t r o l s  on HD v e h i c l e s  
Improve v e h i c l e  i n s p e c t i o n  program 
Non-adjustable eng ine  parameters 
Opacity r egu la t ions -en fo rce  on-the-road 
El iminate  two-cycle motorcycles 
L i m i t  VKT i n  congested areas 

Residual  Fuel O i l :  

I n d u s t r i a l  Processes : 

Fug i t ive  Dusts: 

Motor Vehicles  : 

Cont ro l l ed  Open Burning 
Volat i le  Organic Carbon: 

Con t ro l  s t o r a g e  and t r a n s f e r  
Con t ro l  l a r g e  u s e r s  of  s o l v e n t s  

Inc reases  N4, emissions 
LNG - Liquefied n a t u r a l  gas  
O&M - Operat ion and maintenance 
VKT - Vehicle-ki lometres  t r a v e l l e d  

- 
15 
15 
15 
4 
5 

11 
8 

- 
21 

1 
1 
1 

23 
23 
23 

- 
2 

8 
2 
2 

15 
23 
8 

2 
4 

5 11 
12 18 
- - 

1 
<1 

3 
- 



Five s t r a t e g i e s  w e r e  recommended f o r  cont ro l  of carbon monoxide emissions: 

1. Replacement of gasol ine with LPG f o r  automobiles. 

2 .  Reduce f u e l  consumption by conservat ion and improved eff ic iency.  

3. Modify vehicle  engine designs. 

4. L i m i t  veh ic le  use i n  congested areas. 

5. Modification of yeontan burners t o  provide o v e r f i r e  air. 

Although hydrocarbon and ni t rogen oxide emission reduction i s  not present ly  re-  
quired,  it was recommended t o  i n s t i t u t e  simple s torage  and t r a n s f e r  procedures 
which would g r e a t l y  reduce v o l a t i l e  organic carbon emissions. 

6. SOLID AND HAZARDOUS WASTE DISPOSAL 

6.1 Present Prac t ices  

Sol id  wastes i n  t h e  s tudy area are present ly  disposed of a t  open dumps. 
"be waste mater ia l s  a r e  leveled by hand, by t ruck  t r a f f i c ,  o r  with bulldozers. 
The wastes are not covered except  when the  s i te  i s  closed.  mere is no odor or  
rodent  cont ro l .  Spraying is used a t  the  Nanjido s i te  near Seoul f o r  cont ro l  
of f l i e s .  

The lack of cover has not  been a s e r i o u s  problem i n  the  p a s t  because of 
the high content  of ash i n  the  refuse.  However, i n  1981 the  government ordered 
the separa te  c o l l e c t i o n  of ash and o ther  refuse.  The i n t e n t  of t h i s  order  was 
t o  create a w a s t e  t h a t  could be burned i n  inc inera tors ,  but  secondary benef i t s  
were t h a t  the  ash could be used a s  f i l l  mater ia l  and t h a t  the l i f e  of the dump 
sites w a s  extended because of the  smaller volume of wastes. On the  negative 
s i d e ,  however, i s  the  f a c t  t h a t  with the higher  paper and vegetable mater ia l  
content ,  there  i s  a g r e a t e r  p o t e n t i a l  f o r  both f i r e s  and vector problems a t  the 
dump sites. 

Resource recovery and recycl ing are important i n  the  r e s i d e n t i a l  and com- 
mercial s o l i d  waste c o l l e c t i o n  and d isposa l  system. Private  salvage c o l l e c t o r s  
i n  the  c i t i e s  c o l l e c t  waste mater ia l s  f o r  resale. Metals, g lass ,  rags ,  and 
paper products a r e  t h e  mater ia l s  most i n  demand. The government's Korea Re- 
source Recovery and Reut i l iza t ion  Corporation encourages recycl ing of p l a s t i c s  
(and to a lesser ex ten t ,  paper and i r o n )  by purchasing these materials and re- 
s e l l i n g  them f o r  processing and reuse. 

There i s  also salvaging i n  t h e  c o l l e c t i o n  and d isposa l  operations. Hand- 
c a r t  l aborers  select and set a s i d e  mater ia ls .  Wastes are picked over by 
scavengers a t  t r a n s f e r  po in ts ,  and scavengers pick over the wastes a f t e r  they 
a r e  del ivered to the dumps. 

Forty s o l i d  waste d isposa l  sites i n  t h e  Han River Basin were invest igated.  

Approximately 500 i n d u s t r i e s  i n  the s tudy a r e a  may be producing s o l i d  o r  
sludge wastes t h a t  would be considered hazardous o r  tox ic  under provis ions 
contained i n  t h e  Korean Environmental Preservat ion L a w  and corresponding regu- 
l a t i o n s .  It f u r t h e r  appears t h a t  200 t o  300 i n d u s t r i e s  are producing hazardous 
o r  tox ic  l i q u i d  wastes unsuited f o r  sewer discharge. Some of these indus- 
tries produce both l i q u i d  and s o l i d  wastes. 
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Under the  terms of the  Environment Preservat ion Law provis ions are made 
f o r  pr iva te  e n t e r p r i s e s  t o  be l icensed as I n d u s t r i a l  Waste Disposal Businesses 
(commonly re fer red  t o  as consignment companies). There are 21 l icensed oper- 
ators .serving the  s tudy area. Most of the hazardous wastes generated by the 
indus t r ies  are hauled and disposed of by these consignment companies, although 
some i n d u s t r i e s  (about f i v e  percent)  haul and dispose of t h e i r  own hazardous 
wastes. f i e  consignment companies must meet certain spec i f ied  s tandards i n -  
c luding q u a l i f i c a t i o n s  f o r  technica l  personnel, criteria f o r  i n c i n e r a t o r s ,  
tanks f o r  s torage,  n e u t r a l i z a t i o n ,  separat ion,  etc. Special ized devices are 
used depending upon the  types of wastes to be handled. In  addi t ion ,  the waste 
disposal  companies must have broad labora tory  c a p a b i l i t i e s .  

6.2 Solid Waste Management Alternat ives  and Recommended St ra tegy  

The following s o l i d  waste management technologies were considered as 
having poten t ia l  appl ica t ion  i n  t h e  s tudy area: 

O Pyrolysis  

Anaerobic d iges t ion  

Combustion of refuse-derived f u e l  

Mass inc inera t ion  

O Composting 

Sani tary l a n d f i l l  with and without methane gas  recovery, 

Incinerat ion (mass burning) ,  composting, and s a n i t a r y  land f i l l i n g  were 
considered f e a s i b l e  i n  t h e  s tudy area. These three  a l t e r n a t i v e s  were the  ob- 
j e c t  of a d e t a i l e d  s tudy where technica l ,  economic, and environmental f a c t o r s  
were considered. The value of the  power (or steam) generated on inc inera t ion  
and the  s o i l  condi t ioner  produced on composting were included i n  the  evaluat ion.  

It w a s  concluded t h a t  a s a n i t a r y  l a n d f i l l  i s  the  recommended a l t e r n a t i v e  
because of the lower cos t ,  g r e a t e r  r e l i a b i l i t y ,  and t h e  a v a i l a b i l i t y  of land- 
f i l l  sites. 

6.3 Hazardous Waste Management Al te rna t ives  and Recommended Strategy 

Idea l ly ,  a l l  hazardous waste should be reused, de toxi f ied ,  or destroyed. 
Numerous hazardous waste treatment procedures have been appl ied or suggested; 
many of these,  however, only change t h e  c h a r a c t e r i s t i c s  of t h e  waste. Inciner- 
ator ash and waate water treatment sludges are examples of t reatment  res idua ls  
containing concentrated amounts of contaminants which must s t i l l  be disposed 
of safely.  

A hazardous waste treatment p l a n t  could be used a s  a support ing f a c i l i t y  
operated i n  conjunction with the  e x i s t i n g  p r i v a t e  consignment companies. 
a p l a n t  would handle only special wastes t h a t  were d i f f i c u l t  to treat or too 
expensive f o r  the p r i v a t e  companies. The f a c i l i t y  could a l s o  serve as a re- 
placement of the  consignment companies i n  case they f a i l e d  to  provide t h e i r  
designated function. 

Such 

However, i t  was concluded t h a t  there  w a s  only one basic d isposa l  method 
t h a t  would be s u i t a b l e  f o r  general  appl ica t ion  i n  the  s tudy area. This w a s  the  
construct ion and operat ion of well-designed, secure hazardous waste l a n d f i l l s .  
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7. COSTS 

The t o t a l  c a p i t a l  requirements of the  Master Plan amount t o  about 4.8 
t r i l l i o n  Won (US$ 6.9 b i l l i o n )  i n  1982 p r i c e s  over the  18-year planning period. 
The g r e a t e s t  c a p i t a l  requirements f a l l  i n  the  years  1984 t o  1991 when the  aver- 
rage annual c a p i t a l  required w i l l  be about 330 b i l l i o n  Won (US$ 470 mi l l ion)  
per year. 

Economic f e a s i b i l i t y  of the  Master Plan w a s  judged based on ( 1 )  possible  
a l l o c a t i o n s  (0.5 t o  2 percent)  of the  projected Gross National Product t o  pollu- 
t i o n  cont ro l  i n  Korea and assumed a l l o c a t i o n  of ava i lab le  c a p i t a l  t o  the p r o j e c t  
area and ( 2 )  projec t ions  of f ixed  c a p i t a l  formation i n  the  p r o j e c t  area. These 
analyses showed t h a t  although it w a s  reasonable to assume the  a v a i l a b i l i t y  of 
the  needed c a p i t a l  over the  planning per iod,  t h e r e  would be a shortage of capi- 
tal u n t i l  the  l a t e  1980s. Thus, p r i o r i t i e s  w i l l  have t o  be es tab l i shed  t o  help 
decide which p r o j e c t s  can be implemented i n  the  f i r s t  few years. 

8. CONCLUSIONS 

The Han River Basin Environmental Master Plan Pro jec t  represents  one of 
the  f i r s t  in tegra ted  environmental e f f o r t s  where environmental q u a l i t y  improve- 
ments i n  the  f i e l d s  of water, a i r  and land ( s o l i d  and hazardous w a s t e  d i sposa l )  
were considered a t  the  same t i m e .  This permitted the evaluat ion of cross-media 
i m p a c t s  (such as a i r  p o l l u t i o n  generated on inc inera t ion  of s o l i d  w a s t e )  which 
a r e  of ten  neglected. 

The strategies recommended would br ing about on implementation considerable 
improvements i n  t h e  o v e r a l l  enviromental q u a l i t y  and, thereby, i n  the  general  
hea l th  and welfare  of a major por t ion  of the  South Korean population. 

This pro jec t ,  whose t o t a l  expenditures have reached US$ 5.4 mi l l ion ,  of 
which about US$ 3 mi l l ion  w a s  loaned by the  Asian Development Bank, represents  
a laudable e f f o r t  by t h e  Government of South Korea t o  mi t iga te  the  environmental 
e f f e c t s  of i n d u s t r i a l i z a t i o n  and increasing urbanizat ion and balance t h e  need 
f o r  economic development with the  equal ly  bas ic  need f o r  a c lean  environment. 




