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i l l

ABSTRACT

The s o l id  w as te  and. sewage s lu d g e  management f o r  th e  c i t y  o f  

S e o u l, K o rea , sh o u ld  be  s o lv e d  by m u l t ip le  ap p ro ach es th ro u g h  exam ining  

th e  m ethods b e in g  used  in  th e  c i t y  and rev iew in g  th e  m ethods used  

p r e s e n t ly  in  o th e r  p a r t s  o f  th e  w o rld . To dev elo p  a b e s t  ch o ice  o f  

management o f  s o l i d  w a s te ,  th e  ch o ice  sh o u ld  be  b a se d  on eco n o m ica l, 

s a n i t a r y ,  and b e n e f i c i a l  p r a c t i c e s ,  n o t  on ly  f o r  th e  c i t y  o f  S eou l 

b u t  a l s o  f o r  th e  co u n try  o f  K orea.

The m u l t ip le  ap p ro ach es used  in  t h i s  work a re  (1) b a s ic  p la n n in g  

o f  th e  s o l id  w aste  —  how to  approach  th e  aim o f  th e  s u b je c t ;  (2) 

developm ent o f  w aste  g e n e ra t io n  — how much and w hat k in d  o f  w aste  

g e n e ra te s  i n  th e  a r e a ,  b o th  now and in  th e  f u tu r e ;  (3) c o n c e p tu a l 

d e s ig n  o f  a l t e r n a t i v e s  —  com parison o f  each  a l t e r n a t i v e  b ased  on a 

c o n c e p tu a l d e s ig n ;  (4) a l t e r n a t i v e  s e le c t io n  — s e l e c t io n  o f  th e  

b e s t  a l t e r n a t i v e  th ro u g h  an u n b ia sed  and r a t i o n a l  e v a lu a t io n ;  (5)

K orean c o a l - a s h  s tu d ie s  —  how th e  m ajo r p o r t io n  o f  s o l i d  w aste  in  

th e  c i t y  co u ld  be  u sed  b e n e f i c i a l l y ;  (6) e v a lu a t io n  and re q u ire m e n ts  

o f  com post in  K orean la n d  —  s in c e  th e  b e s t  a l t e r n a t i v e  i s  th e  com­

p o s t in g  p r a c t i c e ,  com posting  c o u ld  be  b e n e f i c i a l  f o r  th e  K orean la n d ; 

and , (7) p o l ic y  d e c is io n s  ( in  Addendum) — a u th o r iz a t io n  o f  an a d v iso ry  

com m ittee to  a c t  on e n v iro n m e n ta l p o l ic y  d e c is io n s  and management 

m ethods.



Iv

B ased on th e  combined in fo rm a tio n  in  t h i s  w ork , th e  com posting 

method a lo n g  w ith  s a n i t a r y  l a n d f i l l  p r a c t ic e s  co u ld  be th e  m ost bene­

f i c i a l  approach  to  management o f  w a s te , and th e  f i n a l  p ro d u c t from 

th e  com posting  p la n t  i s  h ig h ly  b e n e f i c i a l  f o r  perm anent K orean a g r i ­

c u l t u r a l  u s e .

The s o l i d  w aste  model (Y^ = 0 .5276 + 8 .40x10 '®  +  0 .2019  Xg)

cou ld  p r e d i c t  ap p rox im ate  amounts o f  s o l id  w aste  g e n e ra tio n  in  th e  

f u tu r e .  K orean c o a l  ash  co u ld  be  used  f o r  th e  c o n s tr u c t io n  and a g r i ­

c u l t u r a l  p u rp o se s  o f  th e  c i t y  and c o u n try .

F i n a l l y ,  th e  developm ent o f  an a d v is o iy  com m ittee a t  th e  p r e s e n t  

tim e i s  h ig h ly  recommended f o r  b e t t e r  management and p r o te c t io n  o f  

e n v iro n m e n ta l p roblem s in  th e  c i t y  o f  S eoul and th e  co u n try  o f  K orea.
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SOLID WASTE AND SEWAGE SLUDGE MANAGEMENT 

FOR THE CITY OF SEOUL, KOREA

Chapter I  

INTRODUCTION

G eneral

The problem o f  s o l id  w aste and sewage slu d ge  management in  the  

c i t y  o f  S eo u l, Korea, which has become s e r io u s  in  re c e n t y e a r s ,  can on ly  

be so lv e d  by apply ing  in te g r a te d  management system  co n cep ts . Conse­

q u e n tly , th e  v a r io u s  c i t y  and n a t io n a l governm ental u n its  w ith  o p e r a tio n a l  

or a d m in is tr a tiv e  a u th o r ity  in  t h is  area must develop  a u n if ie d  approach 

to  ensure s a fe  and e f f i c i e n t  h a n d lin g , c o l le c t in g ,  tr a n sp o r tin g , t r e a t ­

ment or  d is p o s a l ,  and r e c y c lin g  o f  th e se  w astes  w h ile  s a t i s f y in g  lo c a l  

and n a t io n a l needs and management o b je c t iv e s .  This study i s  an attem pt 

to  answer s ig n i f ic a n t  and fundam ental problems o f w aste  management which  

should  be so lv ed  now and in  th e fu tu re  fo r  the c i t y  o f  S eo u l. The major 

problem in v o lv e s  the management o f  m unicipal s o l id  w a s te s , which c o n s t i­

tu te  the la r g e s t  p o rtio n  o f  the w astes in  the c i t y  o f  S eo u l. Minor 

problems which are a ls o  in c lu d ed  in  th is  study  are r e la te d  to  sewage 

slu d ge and n ig h t s o i l  s lu d g e  management.



F ig u re  1 shows th e  lo c a t io n  o f  e x i s t in g  and p ro p o sed  sewage and 

n ig h t  s o l i  t r e a tm e n t p l a n t s . T h e  sewage tre a tm e n t p la n t s  a re  

d e s ig n a te d  a s  ch an n e l tr e a tm e n t p la n t s  b eca u se  raw sewage I s  d isc h a rg e d  

I n to  s tre a m  ch an n e ls  and su b se q u e n tly  d iv e r te d  I n to  sewage p la n ts  on th e  

s tream s f o r  tr e a tm e n t .

The g e n e ra l  m e th o d o lo g ic a l approach  to  th e s e  problem s r e q u ir e s  

th e  developm ent o f  d a ta  on th e  so u rc e s  o f  th e  w as te s  and on econom ical 

c o n s id e r a t io n s ,  a g r i c u l t u r a l  u s a g e s , and e n v iro n m e n ta l b e n e f i t s  to  b o th  

th e  c i t y  o f  S eo u l and to  th e  n a t io n .  From t h i s  In fo rm a tio n , e v a lu a tio n s  

co u ld  be made and com parisons w ith  a l t e r n a t i v e  sy stem s u n d e rta k e n , w ith  

th e  f i n a l  o b je c t iv e  b e in g  th e  developm ent o f  a  m odel f o r  th e  management 

o f  s o l id  w a s te .

An Im p o rta n t p hase  o f  t h i s  s tu d y  I s  to  develop  a m ethod o f  r e ­

c o v e rin g  and r e c y c l in g  th e  v a lu a b le  o rg a n ic  and In o rg a n ic  m a te r ia ls  th a t  

th e  c i t y  now " th ro w s away" d i r e c t l y  on to  b a d ly  needed  la n d .

The amount o f  s o l id  w a s te  and sewage g e n e ra te d  by th e  peo p le  l iv in g  

In  th e  c i t y  o f  S eou l I s  as  h ig h  as  t h a t  o f  o th e r  d e n se ly  p o p u la te d  a re a s  

o f  th e  w o rld  (M u n ic ip a l R efuse D isp o sa l (AJPWA), 1970, and Bond and 

S tra u b , 1973). Prlmairy problem s a s s o c ia te d  w ith  t h i s  w as te  g e n e ra tio n  

a r e :  how sh o u ld  th e  w a s te s  be  d isp o se d  o f  w ith o u t en d an g e rin g  p u b l ic

h e a l th  and w e lf a r e ;  how can th e  v a lu a b le  o rg a n ic  and In o rg a n ic  su b s ta n c e s  

In  th e  r e f u s e  be  re c o v e re d  and re u s e d ;  and how can th e  q u a l i ty  o f  th e

1 ,2 ,3
R ep o rts  o f  th e  Seoul M e tro p o lita n  Governm ent, 1970, 1972,

and 1967.
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Figure 1
MAP OF LOCATION OF NIGHT SOIL AND CHANNEL TREATMENT PLANTS AND THEIR CAPACITIES



environm ent be  r e s to r e d  to  a g a in  be w orthy  o f  th e  te rm  "CLEAN WATER,

GREEN MOUNTAIN WITH BLUE SKY" th a t  h as  been  th e  p r id e  o f Korea? As in  

o th e r  c o u n t r i e s ,  th e s e  problem s a re  among th e  m ost c h a l le n g in g , p e r ­

p le x in g ,  and s e r io u s  o f  c u r r e n t  n a t io n a l  c o n c e rn s .

But an a d d i t io n a l  K orean problem — th e  la c k  o f  o rg a n ic  r e s id u e s  

in  crop  la n d s —makes th e  e f f i c i e n t  management and r e c y c l in g  o f  w a s te s  

doubly  u rg e n t and e s s e n t i a l  f o r  K o re a 's  w e lf a r e .  In  K orea , a g r i c u l tu r e  

i s  by f a r  th e  l a r g e s t  in d u s try  a t  p r e s e n t .  A lso , p eo p le  in  K orea 

re c o g n iz e  t h a t  "AGRICULTURE IS THE LARGEST CAPITAL OF ALL." Thus, th e  

r e c y c l in g  o f  th e se  w a s te s  in to  compost f o r  s o i l  b u i ld in g  o r  c o n d i t io n in g  

co u ld  p la y  a  m ajo r r o le  in  Korean Government P r o je c t s  to  r e c la im  and 

r e b u i ld  a g r i c u l t u r a l  la n d . F u r th e r ,  th e  m an ufac tu re  o f  com posting 

p ro d u c ts  from  a  m ix tu re  o f  dew atered  o r  w et sewage s lu d g e  and com post­

a b le  w aste  h as  been proven to  be a  s a n i t a r y ,  n u is a n c e - f r e e ,  and econom i­

c a l ly  f e a s ib l e  method o f w aste  tre a tm e n t i n  th e  U n ited  S ta t e s ,  I s r e a l ,  

and v a r io u s  European c o u n tr ie s  (H a r t ,  1968 ).

T h is  p r o je c t  i s  th e r e f o r e  d e s ig n ed  to  h e lp  e le c te d  K orean o f f i c i a l s  

and p u b l ic  w orks d i r e c to r s  e v a lu a te  th e  c u r r e n t  w aste  problem s and to  

p ro v id e  w orkab le  s o lu t io n s  in  term s o f  th e  e v a lu a t io n ,  management, and 

v a lu e ,  n o t  o n ly  f o r  th e  c i t y  o f  S e o u l, b u t  a l s o  f o r  th e  n a t io n .

Problems

Around t h i r t y  y e a rs  ago , d is p o s a l  o f  s o l id  w aste  and sewage from  

th e  m u n ic ip a l i ty  o f  Seoul was a  r e l a t i v e l y  s im p le  p ro ced u re  b eca u se  th e



v a s tn e s s  o f  th e  env ironm en t was a b le  to  absorb  th e  w as te  w ith o u t e x te n s iv e  

d e t e r io r a t i o n .  S in ce  t h a t  tim e , p o p u la tio n  in c r e a s e s  and r i s e s  in  th e  

s ta n d a rd  o f  l i v in g  have r e s u l t e d  in  n o t  on ly  an in c re a s e  in  w aste  g en e ra ­

t i o n  b u t in  th e  com plex ity  o f  th e  w a s te . As w ith  o th e r  a re a s  o f th e  

w o rld , th e  e f f e c t  has  been  th e  em ergence o f  e n v iro n m e n ta l problem s n o t 

s i g n i f i c a n t  in  th e  1940*s. S o lid  w aste  and sewage s lu d g e  have become 

more and more s e r io u s ,  and d an g ero u s , and w i l l  c o n tin u e  to  be so  in  th e  

f u tu r e .  These w as te s  a re  c u r r e n t  a n d /o r  p o t e n t i a l  s o u rc e s  o f  nox ious 

o d o rs , gas e x p lo s io n s ,  w a te r  p o l l u t i o n ,  d is e a s e ,  e p id e m ic s , a i r  p o l lu ­

t i o n ,  and o th e r  t h r e a t s  to  th e  p h y s ic a l  w e ll -b e in g  o f  th e  c i t y ' s  in h a b i­

t a n t s ,  n o t  to  m ention  th e  e s t h e t i c  en v iro n m en ta l damage. S p e c i f ic  

i l l u s t r a t i o n s  o f th e s e  problem s a re  g iv en  below .

A. S o lid  Waste D isp osa l P r a c tic e s  in  the c i t y  o f  Seou l

The c u r r e n t  s o l id  w aste  d is p o s a l  p r a c t i c e s  o f  S eou l r e s u l t

in  th e  fo llo w in g  u n d e s ira b le  c o n d i t io n s :

1. Economic lo s s  due to  u s e le s s  d is p o s a l  o f  com postab le  

o rg a n ic  s o l i d  w a s te .

2 . High t r a n s p o r t a t io n  c o s ts  to  move th e  w a s te  long  d i s ­

ta n c e s  to  d is p o s a l  s i t e s .

3. D u st, o d o r , and u n s ig h t l in e s s  g e n e ra te d  by th e  p r e s e n t  

c o l l e c t io n  sy stem .

4. I n e f f i c i e n t  o p e ra t io n  o f  th e  c o l l e c t io n  sy s te m , a lth o u g h  

em ploying a  la r g e  number o f  p eo p le  w ork ing  lo n g  h o u rs .



5 . T r a f f i c  d is o r d e r s  c re a te d  by th e  p r e s e n t  sy stem .

6 . R ed u c tio n  in  th e  b e a u ty  o f  S eou l by u se  o f  th e  p r e s e n t  

s o r t i n g  sy stem .

7. The d e t e r i o r a t i o n  o f  s u r fa c e  and ground w a te r  caused  by 

im proper d is p o s a l  o f  w a s te s .

8. B reed in g  s i t e s  f o r  m o sq u ito e s , f l i e s ,  and r a t s .

B. D ew atered N ig h t S o i l  Cake and Wet Sewage Sludge

The d ew ate red  n ig h t  s o i l  cake and w et sew age s lu d g e  w i l l  cause

th e  fo llo w in g  problem s w ith o u t p ro p e r  management:

1. W ithout any p ro p e r  rem oval o r  usage o f  th e  s lu d g e s , th e  

e f f i c i e n c y  o f  th e  sewage and n ig h t  s o i l  tre a tm e n t p la n t s  

may be  red u ced  due to  lo s s  o f  w a te r  q u a l i ty  th rough  

c o n ta m in a tio n  from  h ig h  and e n r ic h e d  n u t r i e n t  s lu d g e .

2 . Odor g e n e ra t io n  may occu r d u r in g  d eco m p o sitio n .

3 . U n s ig h tly  ap p ea ran ces  may r e s u l t  i n  th e  c i t y  o f  S eo u l.

4 . B es id e s  th e s e  p ro b lem s, some o f  th e  problem s o f  s o l id  

w aste  d is p o s a l  l i s t e d  above may be a g g ra v a te d .

O b je c tiv e s

The u l t im a te  o b je c t iv e  o f t h i s  s tu d y  i s  to  im prove and to  p ro v id e  

an a l t e r n a t i v e  method f o r  s o l i d  w aste  and d ew ate red  n ig h t  s o i l  cake and 

w et s lu d g e  d is p o s a l  sy stem s in  th e  c i t y  o f  S e o u l, K orea. T his i s  to  be  

done in  a  manner t h a t  w i l l  p r o t e c t  p u b lic  h e a l th  and w e lf a r e ,  p re v e n tin g



th e  sp re a d  o f  d i s e a s e ,  m a in ta in  th e  b e a u ty  o f  th e  c i t y ,  and conserve  

n a t u r a l  re s o u rc e s  th ro u g h  com posting  o f  th e  w et s lu d g e  and s o l id  w aste  

m ix tu re .

The com posting  p ro d u c t w i l l  be v a lu a b le  as a  s o i l  c o n d i t io n e r  o r  

b u i ld e r  f o r  fa rm in g  la n d  and f o r e s t r y  o f K orea. A lthough  such la n d  

c o n ta in s  some n u t r i e n t s  and t r a c e  e le m e n ts , th e  com post p ro d u c t can be 

f o r t i f i e d  w ith  a d d i t io n a l  ch em ica l n u t r i e n t s  to  form  an o rg a n ic -b a s e  

f e r t i l i z e r .  A d d it io n a l  o b je c t iv e s  o f  th e  p r o je c t  may be s p e c i f i e d  as 

fo llo w s  :

1. E l im in a tio n  o f th e  p rob lem  o f  l a n d f i l l  s h o r ta g e  fo r  b u ry in g  

th e  w a s te s .

2 . I n v e s t i g a t io n  and improvement o f  m ethods o f  d is p o s a l  m ost 

s u i te d  to  th e  a r e a  and type o f  w as te s  g e n e ra te d .

3. Developm ent o f  a  m a th em a tic a l model f o r  s o l i d  w aste  g en e ra ­

t i o n .

4. Developm ent o f  a  lo n g -ra n g e  s o lu t io n  to  e n su re  c o n tin u in g , 

e f f e c t i v e  w a s te  d is p o s a l  f o r  th e  c i t y  o f  S eo u l and th e  n a t io n .

5 . Enhancement o f  th e  s a n i t a r y ,  a g r i c u l t u r a l ,  eco n o m ica l, and 

e c o lo g ic a l  a s p e c ts  o f  th e  c i t y  and c o u n try .

a) S a n i ta r y ;

i .  P ro p e r  management o f  s o l i d  w as te  and w et s lu d g e  w i l l  

p ro v id e  f o r  p u b l ic  h e a l th  s a f e ty  and d im in ish  th e  

p o t e n t i a l  f o r  tr a n s m is s io n  o f  ep id em ic  d is e a s e s .
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i l .  The com posting  method i s  re c o g n iz e d  a s  a  s a n i t a r y  

d is p o s a l  sy stem  by th e  U .S. P u b lic  H e a lth  S e rv ic e ,  

as  w e l l  as  s im i la r  ag e n c ie s  in  o th e r  c o u n t r ie s  o f  

th e  w o rld .

i i i .  The p r o j e c t  w i l l  reduce  th e  amount o f  d u s t g e n e ra te d  

by th e  e x i s t in g  system ,

b ) A g r ic u l tu r e :

The a r t  o f  a g r i c u l tu r e  c o n s is t s  o f c o r r e l a t i n g  crop  grow th 

re q u ire m e n ts  w ith  n a t u r a l  e n v iro n m en ta l c o n d itio n s  by 

v a r io u s  m easures to  su p p ly  th e  b e s t  p la n t  grow th and y ie ld .  

The a p p l ic a t io n  o f  compost in  th e  K orean a g r i c u l t u r a l  lan d  

w i l l  b r in g  th e  fo llo w in g  ad v an tag es : 

i .  As a  s h o r t - te r m  e f f e c t ,  th e  com post p ro d u c ts  o f  

th e  s lu d g e  and r e fu s e  m ix tu re  w i l l  in c re a s e  s o i l  

f e r t i l i t y .  The e f f e c t  i s  s im i la r  to  th o se  o f  m in e ra l 

f e r t i l i z e r s  and i s  due to  d ecom position  o f  u n s ta b le  

o rg a n ic  m a tte r  and th e  r e le a s e  o f  in o rg a n ic  m a tte r  

soon  a f t e r  a p p l ic a t io n ,

i i .  As a  lo n g - te rm  e f f e c t ,  th e  com posting p ro d u c ts  p ro v id e  

s u i t a b l e  s o i l  c o n d it io n in g  f o r  crop p ro d u c tio n  o v e r 

s e v e r a l  y e a r s .  The e f f e c t  i s  b ased  on an in c re a s e  in  

th e  humus c o n te n t o f  th e  s o i l  t h a t  h e lp s  to  a d ju s t  

th e  en v iro n m en ta l c o n d itio n s  o f  th e  s o i l .



111. The com posting p ro d u c t w i l l  save  th e  f a r m e r 's  la b o r  

and tim e used  In  p re p a r in g  s o i l  c o n d i t io n e r s .

Iv .  The compost p ro d u c t w i l l  In c re a s e  th e  e f f i c i e n c y  o f  

th e  "GREEN MOUNTAIN" a s p e c t  o f  th e  K orean governm ent 

p r o je c t  o f  f o r e s t a t i o n  and c o n s e rv a tio n .

V .  The use o f  compost w i l l  In c re a s e  th e  r a t e  o f  food  

p ro d u c tio n , one o f  th e  m ajo r p r o je c t s  o f  th e  Korean 

governm ent, and d im in ish  e ro s io n  by a c c e le r a t in g  th e  

grow th o f t e r r e s t r i a l  p l a n t s ,  th rough  th e  p h y s ic a l -  

chem ica l p r o p e r t i e s  o f  com post.

v l .  P e rm e a b il i ty  o f  s o i l s  amply su p p lie d  w ith  o rg a n ic  

m a tte r  I s  a  p o te n t  weapon a g a in s t  d ro u g h t damage 

(R odale , 1973). 

v l l .  S o i l  o f  o r g a n ic a l ly  t r e a t e d  la n d  I s  l e s s  com pact

and more e a s i l y  h a n d le d  In  p low ing and c u l t i v a t in g ,

c) Economic:

Economic b e n e f i t s  to  be  d e r iv e d  from  th e  p r o je c t  In c lu d e :

1 . C o n se rv a tio n  o f  en erg y  as  a l l  th e  com postab le  o rg a n ic  

w a s te s  a re  r e c y c le d  n a t u r a l l y ,  th u s  r e p la c in g  In o rg a n ic  

f e r t i l i z e r s .

11. In c re a s e  In  s a lv a g e  o p p o r tu n i ty  f o r  r e c y c la b le  

m a te r i a l s .

111. R eduction  o f  d is p o s a l  c o s t s .
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I v .  S u i t a b i l i t y  o f  th e  d is p o s a l  model f o r  use by th e  

l e v e ls  o f  Korean governm ent, b o th  lo c a l ly  and 

n a t io n a l l y .

V .  Enhancement o f  th e  to u rism  p o t e n t i a l  ( I n d i r e c t  e f f e c t )  

due to  b e t t e r  s a n i t a t i o n  and c le a n l in e s s  o f  th e  c i t y ,  

v l .  A d d itio n  o f  sewage s lu d g e  In to  th e  com posting o f  

s o l i d  w a s te s .

v l l .  R edu c tio n  In  th e  problem  o f  w a te r  p o l lu t io n  c o n t ro l  

c o s t s .

v l l l .  In c re a s e  In  th e  amount o f  o rg a n ic  s o i l  c o n d itio n in g  

and I t s  h ig h e r  q u a l i ty ,

d) E c o lo g ic a l :

E c o lo g ic a l  b e n e f i t s  o f  th e  p r o je c t  In c lu d e :

1 . R ed u c tio n  o f  w a te r  and a i r  p o l l u t io n  caused  by muni­

c i p a l  s o l id  w aste  and sewage s lu d g e  d is p o s a l .

11. P r o te c t io n  a n d /o r  reco v e ry  o f  a  c le a n  a q u a t ic  eco­

system  In  o r  around th e  c i t y  o f  S eo u l.

111 . Enhancement o f  b e n e f i c i a l  s o i l  m ic ro -  and m acro- 

fu n g a l  a c t i v i t i e s  In  t e r r e s t r i a l  eco sy s tem s.

7. Land developm ent and re c la m a tio n  o f  w as te  la n d  f o r  perm anent 

a g r i c u l tu r e  w ith in  s h o r t  p e r io d s  o f  tim e .

8 . E n su rin g  th e  c o n tin u in g  p ro d u c tio n  o f  com post by th e  s lu d g e  

and s o l id  w aste  m ix tu re .

9 . The p o s s i b i l i t y  o f  a  com plete f e r t i l i z e r  by m echan ica l a d d i t io n  

o f  n i t r o g e n  and phosphorus depending  on th e  c o n te n ts  o f  th e  

com post, and by p h y s ic a l-c h e m ic a l tr e a tm e n t o f  th e  com post.
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10. S ecu rin g  a  p ro p e r  r e c y c l in g  o f  o rg a n ic  and in o rg a n ic  m a te r ia l  

th ro u g h  th e  b io -g e o c h e m ic a l c y c le s .

11. S ecu rin g  th e  developm ent o f  a  perm anent a g r i c u l t u r a l  K orea.

12 . P re v e n tin g  t o x i c i t y  from an e x c e ss  o f  c e r t a i n  e lem en ts  in  th e  s o i l  

(R o d a le , 1973 ).

Need fo r  Study

The Korean N a tio n  a p p lie d  manure o r  o rg a n ic  m a tte r  to  im prove 

crop  p ro d u c tio n  e a r l y  in  i t s  w e ll- re c o rd e d  h i s t o r y ,  and t h i s  p r a c t i c e  

c o n tin u e s  i n t o  th e  p r e s e n t .  Man depends m ain ly  on food  so u rc e s  from  a g r i ­

c u l t u r a l  p ro d u c ts .  The p r in c i p a l  concern  o f  a g r i c u l t u r e  today  i s  th e  m ain­

ten an ce  o f  a  good s o i l  c o n d it io n  w h ich , d e s p i t e  abundan t a p p l ic a t io n  o f  

com m ercial f e r t i l i z e r s ,  i s  lo s in g  i t s  f e r t i l i t y .  I f  we c o n tin u e  to  use 

com m ercial f e r t i l i z e r s  to  p roduce v ia b le  p l a n t s ,  i t  i s  n e c e ss a ry  to  su p p ly  

t r a c e  e lem en ts  in  a d d i t io n  to  th e  m ajo r n u t r i e n t s  (p r e s e n t  in  com m ercial 

f e r t i l i z e r s )  and p h y s ic a l  c o n d i t io n e r s .  S in ce  com post c o n ta in s  m ost o f  th e  

r e q u ire d  e le m e n ts , i t  s u p p l ie s  th e  e lem en ts  la c k in g  in  com m ercial f e r t i l i z e r s

as w e ll  as  th e  fu n c tio n s  o f  p h y s ic a l  c o n d i t io n e r s .

C a r le to n  (1971) s t a t e s  th a t  "humus ( f i n a l  p ro d u c t o f  com post) i s

a  v i t a l  e lem en t w hich can a c c u ra te ly  be  c a l l e d  th e  l i f e  b lood  o f  t r u e

s o i l ."  We have a v a ila b le  in  Korea a tremendous amount o f  com postable

m a tte r  from  m u n ic ip a l s o l id  w aste  and  w et sewage s lu d g e .

The r e tu r n  to  n a tu r e  by means o f  com posting  o rg a n ic  m a te r ia ls

c o n s t i t u t e s  n o t  o n ly  a  c o n s t r u c t iv e  answ er to  one o f  th e  m ajo r problem s

in  en v iro n m en ta l m anagem ent, b u t  a l s o  s u p p lie s  a  so u rc e  o f  v a lu a b le

e lem en ts  e s s e n t i a l  to  s o i l  p r o d u c t iv i ty  f o r  perm anent K orean a g r i c u l tu r e .
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Because Thomas M a lth u s 's  th e o ry  th a t  th e  power o f  p o p u la tio n  i s  

I n f i n i t e l y  g r e a t e r  th a n  th e  power o f  th e  e a r th  to  p roduce  s u b s is te n c e  

f o r  man seems to  be coming t r u e ,  each  co u n try  sh o u ld  b e  p re p a re d  to  f in d  

a s o lu t io n  to  avo id  fo rth co m in g  m assive  fam in e , b ased  on th e  r e a l i t y  o f 

expand ing  p o p u la t io n ,  d e p le t io n  o f  n a t u r a l  r e s o u r c e s ,  and in c re a s e d  

food demand. As a  g e n e ra l  r u l e ,  one a c re  o f  f e r t i l e  la n d  p e r  c a p i ta  

i s  r e q u ire d  f o r  a  n a t io n  to  be s e l f - s u f f i c i e n t  in  food  p ro d u c tio n . Most 

E uropean c o u n tr ie s  a c h ie v e  t h i s  s e l f - s u f f i c i e n c y  (e x c e p t E ngland w ith  0 .4  

a c re s  p e r  c a p i t a ) ,  w h ile  o th e r s  show food s u rp lu s e s  ( th e  U n ited  S ta te s  

w ith  2 .9 ,  A u s t r a l i a  w ith  4 .0 ,  and Canada w ith  6 .5  a c re s  p e r  c a p i t a ) ,  

e n a b lin g  them to  e x p o r t a  s u rp lu s  (W agner, 1 971 ). C o n v e rse ly , m ost 

A sian  c o u n t r i e s ,  in c lu d in g  K orea and C hina, r e q u i r e  s i g n i f i c a n t  im p o rts .

S e l f - s u f f ic ie n c y ,  to  some e x te n t ,  i s  a f f e c te d  by th e  r a te  o f  pro­

duction  in  a g iven  c u lt iv a te d  lan d . In Korea, the demand fo r  food i s  

o u tstr ip p in g  th e  supply in  both  acreage and r a te  o f  food prod u ction . 

T herefore, th e  Korean government has focu sed  on e n la r g in g  th e amount o f  

c u lt iv a te d  land a v a ila b le  by ex ten d in g  the s h o r e lin e ,  rec la im in g  the  

w aste la n d s , and in c r e a s in g  th e r a te  o f  production  in  v a r io u s ways.

D e sp ite  th e  h ig h ly  d ev e lo p ed  te c h n iq u e s  o f  food p ro d u c t io n ,  a t  l e a s t  

o n e - fo u r th  o f  th e  w o rld  (W agner, 1971) s u f f e r s  from u n dernou rishm en t 

o r  m a ln u t r i t io n .  The t r a d i t i o n a l  p e a c e fu l  s h a r in g  o f  a g r i c u l t u r a l  

p ro d u c ts  betw een  c o u n t r i e s  w ith  d e f i c i t s  and s u rp lu s e s  i s  a ls o  l im i t e d ;  

f o r  exam ple, a  j o u r n a l i s t  d e s c r ib e d  th e  r e c e n t  a g r i c u l t u r a l  i n f l a t i o n ,  

w hich began in  th e  f a l l  o f  1973 in  th e  U .S .,  i n  Time M agazine ( J u ly ,  1 974),
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"The co m fo rtab le  a g r i c u l t u r a l  s u rp lu s  t h a t  In  th e  p a s t  h a s  k e p t American 

food p r ic e s  r e l a t i v e l y  low compared to  p r ic e s  In  th e  r e s t  o f  th e  w orld  

may be gone f o r e v e r ."  At th e  W orld Food C onference In  1974 In  Rome, 

I t a l y ,  sp onso red  by th e  U n ited  N a tio n s  Food and A g r ic u l tu r a l  O rgan iza­

t i o n ,  th e  common concerns o f  th e  d e le g a te s  from  over 140 n a t io n s  w ere 

on In c re a s in g  w o rld  crop  p ro d u c tio n  and on p u rc h a s in g  th e  s u rp lu s  food  

o f  o th e r  c o u n tr ie s  (The Hankook I lb o ,  1974). This In fo rm a tio n  I n d ic a te s  

th e  n e c e s s i ty  f o r  n o n - s u f f l c l e n t  food p ro d u c in g  c o u n tr ie s  to  p ro v id e  

b e t t e r  management o f  food  e x p o r ts  from th e  U n ited  S ta t e s ,  w h ile  con­

c u r r e n t ly  I n c re a s in g  t h e i r  food  p ro d u c tio n  to  th e  s e l f - s u f f i c i e n t  l e v e l .  

An In c re a s e  In  th e  r a t e  o f  food  p ro d u c tio n  may be ach iev ed  In  s e v e r a l  

w ays:

1 . Developm ent o f  b e t t e r  a g r i c u l t u r a l  te ch n o lo g y  s u i t a b l e  to  each  

co u n try .

2 . B e t te r  management o f  s o i l  f e r t i l i t y  to  In c re a s e  p r o d u c t iv i ty  

In  c u l t iv a t e d  la n d .

3. P r o te c t io n  o f  l im i te d  c ro p  la n d  from  e ro s io n . (E ro s io n  n o t 

on ly  red u ce s  th e  sp ace  o f  th e  crop  lan d  b u t a l s o  removes 

l i g h t  s o i l  p a r t i c l e s ,  e i t h e r  o rg a n ic  o r  In o rg a n ic  s u b s ta n c e s ,  

o r  b o th ,  from th e  la n d .)

4 . P r o te c t io n  o f  l im i te d  a q u a t ic  a re a s  from e u t ro p h ic a t io n  and 

s e d im e n ta t io n  from  a g r i c u l t u r a l  so u rc e s  to  e n a b le  them to  

c o n t in u a l ly  p ro v id e  su p p lem en ta l food re q u ire m e n ts -

5 . P ro p e r r e c y c l in g  o f  th e  v a lu a b le  o rg a n ic  and In o rg a n ic  su b -
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s ta n c e s  th rough  n a tu r a l  sy stem s. I n  1971, a symposium sponsored  

by th e  I n s t i t u t e  o f  E cology (K ucera) s t a t e d :  "The u se  o f  

phosphorus w i l l  c o n tin u e  to  In c re a s e  a t  r a te s  th a t  w i l l  

d e p le te  a l l  known re s e rv e s  o f  ro ck  p h o sp h a te  in  ab o u t s ix ty  

y e a r s ."

6 . P u b lic  aw akening to  th e  s h o r ta g e  o f  food supp ly  and p u b lic  

co n ce rn  to  e s t a b l i s h  b e t t e r  a t t i t u d e s  on r e c y c l in g  o r  p r e ­

s e rv in g  th e  l im ite d  food s o u rc e s .

P la n ts  may grow In  a lm o st any ty p e  o f  s o i l ,  b u t t h e i r  grow th r a t e  

I s  dependen t on th e  s o i l  f e r t i l i t y .  T h is ,  In  tu r n .  I s  c lo s e ly  r e l a t e d  

to  th e  amount o f  o rg a n ic  m a t te r ,  In c lu d in g  l i v in g  p la n t  r o o ts ,  b a c t e r i a ,  

fu n g i,  earthw orm s, I n s e c t s ,  e t c . ,  and In o rg a n ic  su b s ta n c e s  In c lu d in g  

t r a c e  e le m e n ts . The b e n e f i t s  from th e  a d d i t io n  o f  o rg a n ic  com post to  

th e  s o i l  a r e  num erous:

1. I t  m arked ly  Im proves th e  p h y s ic a l  p r o p e r t i e s  o f  s o i l ,  makes

I t  e a s i e r  to  t i l l ,  more p o ro u s , a e r a te d ,  and h e lp s  th e  s o i l

ab so rb  p r e c i p i t a t i o n  th rough  sponge a c t io n  to  reduce  ru n o f f  

and s o i l  e ro s io n .

2 . I t  red u ce s  th e  amount o f  com m ercial f e r t i l i z e r s  r e q u ire d  by

a s  much as  f o r ty  p e rc e n t  (M unicipal R efuse D isp o sa l (APWA),

1970) due to  th e  p re v e n t io n  o f  le a c h in g .

3 . I t  In c re a s e s  h e a l th y  b io lo g ic a l  a c t i v i t y  In  th e  s o i l ,  w hich 

s t im u la te s  p la n t  growth and en a b le s  ro o ts  to  grow e ig h t  tim es 

(M un ic ipa l R efuse D isp o sa l (APWA), 1970) as  f a s t  In  s o i l  

w ith  o rg a n ic  m a tte r  th a n  In  s o i l  w ith  In o rg a n ic  m a t te r .
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4 . I t  encou rages b io lo g ic a l  a c t i v i t y  im p o rta n t i n  th e  b re a k ­

down o f  in s o lu b le  m in e ra l compounds t h a t  a re  re q u ire d  as  an 

e s s e n t i a l  e lem en t fo r  p la n t  grow th .

5 . The s o i l  m icro -o rg an ism s can  c o n v e r t s o lu b le  n i t r o g e n  in to  

o rg a n ic  n i t r o g e n  w hich becomes a so u rce  o f  p la n t  grow th as 

th e  m icro -o rg an ism s d ecay .

6 . S o lu b le  o rg a n ic  phosphorus r e a c t s  in  th e  same m anner as 

n i t r o g e n  s u b s ta n c e s .

The a d d i t io n  o f  com post to  th e  s o i l  in c re a s e s  th e  p ro d u c tiv e  c a p a c i ty  o f  

s o i l .  The c o l l e c t i o n  and s a fe  d is p o s a l  o f  sewage s lu d g e  and s o l id  

w a s te s , w hich a re  co m p o stab le , a r e  among th e  m ost im p o r ta n t problem s 

o f  p u b lic  h e a l th  to  th e  c i t y  o f  S eo u l. S o lid  w aste  and s lu d g e  problem s 

a re  a l s o  p u b l ic  h e a l th  p rob lem s; f o r  exam ple, in d is c r im in a te  d is p o s a l  

o f  th e se  w a s te s  can  r e s u l t  in  ep idem ics o r ig in a t in g  from an a s s o c ia te d  

to x ic o s is  o r  z o o n o s is . S o lid  w as te  p ro v id e s  an  e x c e l le n t  harbor^ 

food and b re e d in g  m edia f o r  f l i e s ,  m o sq u ito es , and ro d e n ts .

M osquitoes and f l i e s  a r e  th e  m ost im p o rta n t group o f  a r th ro p o d s  

t h a t  t r a n s m it  d is e a s e s  to  man (B a l l ,  1971 ).

1. M osquito  borne d is e a s e s

a .  M a la r ia  (plasm odium  s p p .)

b . E n c e p h a l i t i s  ( v i ru s )

c .  Dangue f e v e r  ( v i r u s )

d. Y ellow  f e v e r  ( v i ru s )

e .  H em orrhagic f e v e r  (p ro to z o a )

f .  F i l a r i a s i s  (W uchereria b a n c r o f t i )
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2 . F ly  b o rn e  d is e a s e s

a . Typhoid f e v e r  (S a lm o n e lla  ty p h o sa )

b . P a ra ty p h o id  fe v e r  (S a lm o n ella  p a r a ty p h lc  A and B)

c .  Cholera (V ib rio  comma, and V. ch o le ra e )

d . B a c l l l a r y  d y s e n ta ry  (S h ig e l la  d y s e n te r la e )

e .  B a c l l l a r y  amebic (Entoamoeba s p p .)

f .  S a lm o n e llo s is  (S a lm o n ella  s p p .)

g . P a r a s i t i c  worm I n f e c t io n s  (hook, ro u n d , and ta p e  worms)

The a r th ro p o d  p o p u la t io n  I s  c lo s e ly  r e l a t e d  to  th e  a v a i l a b i l i t y  o f  food 

so u rc e s  and b re e d in g  s i t e s ,  w hich a re  d i r e c t l y  r e l a t e d  to  th e  o ccu rren c e  

o f  s o l id  w aste  and  o rg a n ic  d e b r is  p roduced  by human a c t i v i t y .  M o sq u ito es , 

e s p e c i a l l y ,  r e q u i r e  m o is tu re  f o r  egg d e p o s i t io n  and f o r  f a v o ra b le  grow th 

f o r  th e  l a r v a l  and  pupae s ta g e s  o f  t h e i r  l i f e  c y c le .

R ats and m ice , th e  m ost Im p o rtan t group o f  r o d e n ts ,  a r e  re s p o n s ib le  

f o r  th e  sp re a d  o f  a number o f  d i s e a s e s ,  e i t h e r  d i r e c t l y ,  as  by con tam ina­

t i o n  o f  human food  w ith  t h e i r  u r in e  o r  f e c e s ,  o r  I n d i r e c t l y  by way o f  

t h e i r  f l e a s  and m i te s .  The m ost Im p o rtan t ro d e n t-b o rn e  d is e a s e s  a re ;

a .  R at b i t e  f e v e r  ( S t r e p to b a c l l lu s  m o n ilifo rm is  o r  S p ir i l lu m  s p p .)

b . L e p to s p ir o s is  (L e p to sp ira  s p p .)

c .  S a lm o n e llo s is  (S a lm o n ella  s p p .)

d . M urine typhus f e v e r  ( R ic k e t t s i a  s p p .)

e .  P lague (P a s te u r e lla  p e s t l s )

f .  R i c k e t t s i a l  pox ( R ic k e t t s i a  s p p .)

A number o f  o th e r  d is e a s e s  o f  l e s s  f re q u e n t o c c u rre n c e  a re  a s s o c ia te d  

w ith  ro d e n ts  such  a s  to x o p la sm o sis  and lym phocy tic  c h o r io m e n in g i t is .
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Im proper s o l id  w aste  h a n d l in g  p ro v id e s  a v a s t  netw ork  o f  r e s t i n g  

p la c e s  f o r  r a t s  and m ice . T h is  p rob lem  w i l l  p ro b a b ly  i n t e n s i f y  in  

S eou l as  th e  food c o n te n t  in  th e  s o l id  w a s te s  in c re a s e s  and im proper 

management o f  s o l id  w aste  c o n t in u e s .  U nm olested, th e  ro d e n t p o p u la tio n  

c o u ld  r a p id ly  reach  th e  maximum number t h a t  a v a i la b le  food and h a rb o ra g e  

w i l l  s u p p o r t .  When t h i s  p o in t  i s  reac h ed  o r  exceeded , some w i l l  be 

fo rc e d  to  s e e k  food by e n te r in g  a c c e s s ib le  homes and b u s in e s s  e s t a b l i s h ­

m ents th rough  th e  p lum bing , y a r d s ,  s t r e e t s ,  and s id e w a lk s . As a r e s u l t ,  

i t  w i l l  be im p o ss ib le  to  c o n t r o l  ro d e n ts  and a r th ro p o d s  w ith o u t p ro p e r  

management o f  w a s te s .

1. D ir e c t  econom ic lo s s  by a r th ro p o d s  and ro d e n ts :

The lo s s  o f  food and p ro p e r ty  i s  a fu n c tio n  o f  t h e i r  p o p u la tio n

and r a t e  o f ex p o su re  to  food so u rc e s  th ro u g h :

a .  D ir e c t  c o n ta m in a tio n  o f  food .

b . Damage to  p r iv a t e  and p u b lic  p ro p e r ty .

c .  D ir e c t  lo s s  o f  food by consum ption , w hich h a s  been one o f  

th e  m ajor problem s in  K orea.

d . Crop damage by ro d e n ts  and a r th ro p o d s .

2 . I n d i r e c t  economic lo s s  by a r th ro p o d s  and ro d e n ts  :

The fo llo w in g  econom ic lo s s e s  a r e  due to  th e  d i r e c t  e f f e c t

t h a t  th e  ro d e n ts  and a r th ro p o d s  have on human s o c ie ty  and th e

i n d i r e c t  e f f e c t s  o f  e x te rm in a tin g  th e s e  p e s t s .

a .  D isease -p ro d u ced  lo s s  o f  a v a i la b le  manpower.

b .  C ost o f  b io c id e  t o  c o n t ro l  ro d e n ts  and a r th ro p o d s .



18

c . R e lu c ta n c e  o f p e o p le  to  e n t e r  an a r e a  where d e s t r u c t iv e  

p e s t s  b re e d .

d . U nexpected ex p en ses  to  c o n t ro l  d is e a s e s .

A. Reasons fo r  Modern Composting P r a c t ic e

1 . Sewage s lu d g e  i s  much s a f e r  f o r  a g r i c u l t u r a l  u se  in  th e  form  o f 

compost th a n  u n t r e a te d  sewage s lu d g e .

2 . Compost c o n ta in in g  an im al o r  human w aste  can be re g a rd e d  as  

s a f e  i f  th e  method o f  p ro d u c tio n  o f  com post e n su re s  t h a t  a  

te m p e ra tu re  o f  60° C (140° F) th ro u g h o u t th e  e n t i r e  mass has  

been  m a in ta in e d  f o r  a  minimum p e r io d  o f  f iv e  d ay s .

3. The modern conqjosting p r a c t i c e  co u ld  be sh o r te n e d  to  h a n d le  

th e  trem endous amounts o f  w a s te s  and to  supp ly  th e  compost 

demand.

4 . Combined tre a tm e n t o f  r e fu s e  and raw sewage s lu d g e  by com­

p o s t in g  w i l l  im prove th e  economy o f th e  p ro c e s s ,  enhance th e  

d eco m p o s itio n , and augment b o th  s t r u c t u r e  and n u t r i e n t  

c o n te n t  o f  com post.

5 . The added expense  o f  in c o rp o r a t in g  s lu d g e  w ith  r e fu s e  i n  

an e x i s t i n g  com posting p la n t  i s  sm a ll compared to  th e  c o s t  

o f  s lu d g e  tre a tm e n t in  a  c o n v e n tio n a l w aste  w a te r  tr e a tm e n t 

p l a n t .



19

6. S in ce  m o is tu re  m ust u s u a l ly  be added to  mix s o l id  w as te  f o r  

optimum com posting , s lu d g e  can  be added to  p ro v id e  m o is tu re  

a lo n g  w ith  some n u t r i e n t s .

7 . A g r ic u l tu r a l  u se  o f  com post can  be th e  c h e a p e s t and m ost 

sim p le  method to  f o r t i f y  a c u l t i v a t i n g  s o i l .

8 . R efuse and s lu d g e  com post g iv e  b e t t e r  r e s u l t s  th a n  f r e s h  

w as te s  o r  s lu d g e  a lo n e .

9. The modern com posting  p ro c e s s  w i l l  p ro v id e  le s s  h a z a rd  to  

p u b lic  h e a l th .

B. Goals In Planning

M ajor g o a ls  f o r  t h i s  work w i l l  be: (1) to  p r o t e c t  th e  p u b lic

from p o l lu t io n ,  d is e a s e ,  and n u is a n c e ; (2) to  p ro v id e  more e f f i c i e n t  

and economic management o f  w a s te s  f o r  th e  c i t y  and th e  n a t io n ;  (3 ) to  

In c re a s e  s o i l  f e r t i l i t y ;  (4) to  develop  a model f o r  d is p o s in g  s o l id  

w aste  and sewage s lu d g e ; and (5 ) to  p ro v id e  p a r t i a l  s e r v ic e  from  s e p a ra ­

t io n  o r  c o l l e c t io n  to  I t s  u l t im a te  d is p o s a l  o r  d i s t r i b u t i o n .

Scope o f  P la n n in g  Model

The b a s ic  p la n n in g  model o f  t h i s  work fo llo w s th e  m ethod recommended 

by th e  U .S. D epartm ent o f  H e a lth ,  E d u c a tio n , and W e lfa re , B ureau o f  

S o lid  W aste Management (T o f tn e r ,  1970). Management p la n n in g  sh o u ld  be 

th e  co n sc io u s  p ro c e s s  f o r  a c h ie v in g  f u tu r e  o b je c t iv e s  and f o r  o b ta in in g  

lo n g -te rm  b e n e f i t s  w ith  r a t i o n a l  and f u l l  c o n s id e ra t io n s  o f  any a l t e r n a ­

t iv e s  fo r  th e  c i t y  o f  S e o u l, K orea.
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A. B asic  P la n n in g  Model

I n i t i a l  R ecogn ition  
o f  Problem

D ata C o lle c t io n  
and A n a ly s is

Problem R ed efin it io n  
and F orecastin g

E sta b lish m e n t o f  
O b je c tiv e s

C onsideration  o f  A lte r n a tiv e s
A v a ila b le  fo r  A ch ieving ___

O b jectives

Composting P rocess

D ec is io n  on Which 
Plan to  Follow

-► P lan  Im plem entation

To c l a r i f y  th is  model a c o n c ise  exp lan ation  fo r  each s te p  i s  made.

B. I n i t i a l  P la n n in g

Awareness or r ec o g n itio n  o f  an environm ental c o n d itio n  e x is t in g  

in  th e area o f  th e ChungGae Channel, S eo u l, and in  Korea o v e r a l l ,  i s  

the f i r s t  s tep  in  the p lann ing p r o c e ss .

1. Background o f  S eo u l, Korea

H i s t o r i c a l :  Seoul d a te s  back  to  1394, when King T a e -Jo ,

th e  f i r s t  r u l e r  o f  th e  Y i d y n e s ty , s e le c te d  th e  s i t e  f o r  th e  c a p i t a l  o f  

h i s  kingdom . "S eo u l"  d e r iv e s  from th e  word " S o l-U l"  m eaning "Snow
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F e n c e ."  S in ce  th e n , S eou l h as  become th e  c e n t e r  o f  governm ent f o r  th e  

c o u n try . S eou l h a s  r i s e n  from th e  a sh es  o f  d e s t r u c t io n  tw ic e  d u rin g  

th e  War o f  1950-52 , and h as  been r e - e s ta b l i s h e d  from  th e  d e v a s ta t io n  to  

a new c i t y  and I s  one o f  th e  e i g h t  l a r g e s t  c i t i e s  I n  th e  w o rld  to d a y .

L o c a tio n : Seoul I s  lo c a te d  In  th e  m id d le  o f  th e  Korean

P e n in s u la  (F ig u re  2 ) .

P o p u la t io n :  6 .5 4  m i l l io n  (March 7 , 1975)^

A rea: 613 a q . km.

2 . Background o f  S tudy  Area

S in ce  th e  c h a r a c t e r i s t i c s  o f  s o l id  w a s te  and sewage s lu d g e  

g e n e ra te d  In  th e  m e tro p o l i ta n  a re a s  a r e  h ig h ly  hom ogeneous, ex ce p t f o r  

th e  I n d u s t r i a l  d i s t r i c t  o f  Yong Dong-Po, th e  model o f  th e  s o l id  w as te  and 

sewage management o f  t h i s  s tu d y  on th e  ChungGae-Chun w i l l  be an exam ple 

f o r  o th e r  d i s t r i c t s  e x i s t i n g  u n d er th e  j u r i s d i c t i o n  o f  th e  c i t y  o f  

S e o u l.

G en era l S ta te m e n t o f  S tudy  A rea: The ChungGae d ra in a g e

a re a  I s  a n a t u r a l  d ra in a g e  b a s in  f o r  s to rm  w a te r  ru n o f f  and ground w a te r  

from Buk Ark M ountain  to  th e  H an -R lv er. T h is  a re a  I s  one o f  h ig h  d e n s i ty  

In  th e  c i t y  o f  S e o u l.

2P o p u la t io n ;  1 ,3 0 0 ,0 0 0  p eo p le  

D ra in ag e  b a s in :  5600 ha (F ig u re  3 )

S eoul m e tro p o li ta n  governm ent: The e x e c u tiv e  o f f i c i a l s

above th e  t h i r d  G overnm ental E x e c u tiv e  Grade (GR-GP) l e v e l  a r e  a p p o in te d  

t h r o u ^  le g a l  p ro c e d u re s  by th e  P re s id e n t  o f  K orea . The Mayor o f  S eoul

The Hankook I l b o ,  March 7 , 1975.2
R eport o f  th e  S eou l m e tro p o li ta n  governm ent, 1970.



22

SEOUL

. C a p i ta l  lo c a t io n  
o f  p ro v in c e s

F ig u re  2 
MAP OF KOREA
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HAP OF THE DRAINAGE AREA OF THE ÇITY OF SEOUL, KOREA
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h as  r e s p o n s ib i l i t y  f o r  f i n a l  d e c i s io n ,  w ith in  p ro p e r  p ro c e d u re s ,  on 

any p la n n in g  f o r  th e  c i t y  o f  S eo u l.

P la n t  lo c a t io n :  The a c tu a l  s i t e  o f  th e  com post p la n t

s h a l l  be s e le c te d  in  th e  s tu d y  a re a  th ro u g h  f u l l  d is c u s s io n  w ith  

th e  e x e c u tiv e  o f f i c i a l s  o f  th e  Seoul M e tro p o lita n  Government r e l a t e d  

to  t h i s  w ork.



Chapter I I

BASIC PLANNING OF SOLID WASTE MANAGEMENT 

D ata C o lle c t io n  and A n a ly s is

In  o rd e r  to  develop  a  r e a l i s t i c  approach  to  c u r r e n t  and f u tu r e  

d is p o s a l  re q u ire m e n ts  such  as p ro c e s s in g  and p ro c e d u re s  o f  s o l id  w aste  

and sewage s lu d g e , i t  i s  n e c e s s a ry  to  d e te rm in e  th e  q u a n t i t i e s ,  com posi­

t i o n ,  and ty p e s  o f  s o l id  w a s te s  now b e in g  g e n e ra te d  and to  e s t im a te  th e  

amount e x p e c te d  in  th e  f u tu r e .  The amount and co m p o sitio n  a re  r e q u ire d  

f o r  a  b a s ic  s tu d y  and can be  d e c is iv e  i n  th e  p la n n in g  o f  th e  e n t i r e  i n ­

s t a l l a t i o n s  and d im ensions o f  th e  w aste  d is p o s a l  o r  re c la m a tio n  p la n s .  

However, q u a n t i t i e s  o f  m u n ic ip a l s o l id  w aste  and sewage s lu d g e  from  th e  

c i t y  o f S eou l c o n tin u e  to  in c re a s e  b ecau se  o f  two f a c t o r s :  (1) p o p u la ­

t i o n ,  and (2) p e r  c a p i t a  in c re a s e  in  t h e i r  g e n e ra t io n .

A. T o ta l  Q u a n tity  o f  S o lid  W aste in  a  S e c tio n  o f  ChungGae 
D rainage A rea

The in form ation  on t o t a l  q u a n t it ie s  and com positions o f  s o l id  

w astes generated  by a g iven  community i s  in d isp en sa b le  fo r  d e c is io n s  on 

c o l le c t io n  p o lic y  as w e ll  aS fo r  determ ining the f in a l  d isp o sa l method.

25



26

B. D e n s ity  o f  S o lid  W aste

1. S easo n a l V a r ia t io n  o f  W aste:

The c o n s id e ra t io n  o f  s e a s o n a l  v a r i a t i o n  o f  s o l i d  w aste  in  

th e  ChunGae C hannel i s  v e ry  im p o rta n t f o r  r e f u s e  c o l le c ­

t i o n ,  t r a n s p o r t a t i o n ,  and d e s ig n in g  maximum c a p a c ity  to  

h a n d le  peak lo a d s .

2 . P h y s ic a l  and Chem ical C om position o f  S o lid  W aste:

The p h y s ic a l  and ch em ica l co m p o sitio n  o f  th e  w aste  w i l l  

d e te rm in e  w hich d is p o s a l  method may b r in g  maximum b e n e f i t s .

C. S tu d ie s  o f  E x is t in g  C o n d itio n s  o f  S o lid  Waste and Sewage S ludge 

The s tu d ie s  o f  p r e s e n t  s o l i d  w aste  program s may p ro v id e  a  b a s ic  

in fo rm a tio n  on how to  in c r e a s e  th e  e f f i c i e n c y  o f  th e  c u r r e n t  

program  and to  develop  b e t t e r  a l t e r n a t i v e s  t o  s o lv in g  p ro b lem s, 

such  as

(a )  S to ra g e ,  c o l l e c t i o n ,  t r a n s p o r t a t i o n ,  and d is p o s a l  

sy s te m s .

(b) Volume r e d u c t io n  sy stem .

(c ) G en era l management p r a c t ic e s  ( e . g . ,  u t i l i z a t i o n  o f  

manpower and eq u ip m en t).

(d) E x p e n d itu re s  f o r  s o l i d  w as te  management.

P roblem  R e d e f in i t io n  and F o re c a s t in g

W ithou t b e t t e r  management o f  th e  s o l id  w aste  and sewage s lu d g e  

g e n e ra te d  by th e  S eoul m u n ic ip a l i ty ,  d e s t r u c t io n  o f  th e  a i r  and w a te r  

q u a l i t y ,  damage to  la n d sc a p e  o f  th e  c i t y ,  p re v a le n c e  o f  ep idem ic d is e a s e ,  

and r e d u c t io n  o f  a q u a t ic  p r o d u c t iv i t y  w i l l  c o n t in u e .  S o lu tio n s  to  th e
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problem s o f  en v iro n m e n ta l q u a l i t y  o f  th e  c i t y ,  th e  re q u ire m e n ts  o f  

f e r t i l i z e r s  and s o i l  c o n d i t io n e r s  f o r  fa rm in g , and th e  need  to  in c re a s e  

th e  r a t e  o f  p ro d u c tio n  o f  l im i te d  c u l t i v a t e d  a re a s  a re  u rg e n t ly  needed 

to d a y .

A. F u tu re  Problem s

1. Type:

a .  No la n d  on w hich to  d isp o se  th e  s o l i d  w as te  in  th e  

a re a  o f  th e  c i t y  o f  S e o u l.

b . In c r e a s in g  p ro d u c tio n  o f  sewage s lu d g e .

c .  S o l id  w as te  d is p o s a l  by l a n d f i l l  ty p e  p r a c t ic e d  by 

th e  S eoul M e tro p o l ita n  Government w i l l  a l s o  co n tam i­

n a te  th e  H an-R iver and e s tu a r i e s  by le a c h a te .

d . T r a n s p o r ta t io n ,  t r a f f i c  c o m p le x ity , and d i f f i c u l t y  

o f  f in d in g  d is p o s a l  s i t e s  w i l l  in c r e a s e  d is p o s a l  

c o s t  o f  th e  l a n d f i l l  p r a c t i c e .

e .  L a n d f i l l i n g  i s  a d e s t r u c t iv e  p ro c e s s  w hich does n o t  

e f f e c t i v e l y  p ro v id e  o rg a n ic  r e s id u e s  t h a t  a re  u rg e n t ly  

needed  fo r  Korean s o i l .

f . A ir  p o l lu t io n  w i l l  be in crea sed  through improper 

p r a c t ic e s  o f  l a n d f i l l  and m ethods.

g. L and scap in g  p la n s  o f  th e  S eou l M e tro p o lita n  Government 

w il.l  n o t  be advanced w ith o u t p ro p e r  management o f  b o th  

s o l id  and s lu d g e  w a s te .

2 . C o n tro l D i f f i c u l t y  in  th e  F u tu re :

a .  D elayed  c o n t r o l  r e q u ir e s  h ig h  c o s t  and makes th e
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prob lem  more d i f f i c u l t  to  c o n t r o l ,

b . P re v a le n c e  o f  ep idem ic d is e a s e s .

B. E s ta b lis h m e n t o f  O b je c tiv e s

The s h o r t  range  o b je c t iv e s  o f  t h i s  work a r e  to  r e v e r s e  th e  

e n v iro n m en ta l d e t e r io r a t i o n ;  advance g e n e ra l  p u b lic  h e a l th ;  Im prove th e  

w e ll -b e in g  o f  u rb a n , sub u rb an , and r u r a l  a re a s  s im u lta n e o u s ly ; and 

p ro v id e  e f f i c i e n t  c o l l e c t i o n  o f  seco n d ary  m a te r ia ls  w h ile  e n su r in g  th a t  

rem ain ing  re s id u e s  w i l l  be d isp o se d  o f  in  ways t h a t  w i l l  n o t  abuse  th e  

en v iro n m en t.

The lo n g  ran g e  o b je c t iv e s  o f  t h i s  w ork a r e  to  co n se rv e  v a lu a b le  

o rg a n ic  and in o rg a n ic  su b s ta n c e s  to  In c re a s e  th e  p r o d u c t iv i ty  o f  t e r r e s ­

t r i a l  and a q u a t ic  la n d  and to  co n se rv e  th e  la n d sc a p e  o f  th e  c i t y  o f  S e o u l.

Some o f  th e  im m ediate aims to  th e s e  o b je c t iv e s  a r e  to :

a )  S o lve  im m ediate needs o f  la n d  s h o r ta g e  f o r  d is p o s in g  o f  

s o l id  w a s te s .

b ) Im prove th e  c u r r e n t  d is p o s a l  management o f  s o l id  w aste  and 

sewage s lu d g e . Even though e x i s t in g  management can  s o lv e  

th e  s o l id  w as te  p rob lem , th e  com posting  p ro c e s s  w i l l  im­

p ro v e  th e  e f f ic ie n c y  o f  h a n d l in g ,  s o r t i n g ,  s to r a g e ,  and 

t r a n s p o r t a t i o n  o f  s o l id  w a s te .

c )  The management o f  t h i s  w ork c o u ld  h e lp  a c h ie v e  more coop­

e r a t i o n  among th e  governm ental a g e n c ie s  th rough  m utual 

b e n e f i t s .

d ) Im prove p u b l ic  s u p p o r t .  Because o f  b e t t e r  management, p u b lic  

a t t i t u d e s  a re  u n dergo ing  change to  p r o te c t  t h e i r  p ro p e r ty .
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e )  The r e la t io n s h ip  betw een u rb an  and r u r a l  s o c ie ty  w i l l  

be im proved f o r  m utual b e n e f i t s  (F ig u re  4 ) .

f )  Im prove th e  c o n t ro l  o f  ep idem ic d is e a s e s  th rough  b e t t e r  

management o f  th e  d is e a s e  so u rc e .

g) The o v e r a l l  mechanisms o f  com post w i l l  h e lp  to  p ro v id e  

a com plete  b a lan ce  between n a t u r e 's  c y c le s  and m an 's 

a c t i v i t i e s  as  fo llo w s :

A ir

D ew atered^or Wet Sludgi

S o lid  W aste

Com posting
P ro cess# * * R u ra lO rganic W astesUrban

C lean
W ater

C ropland

A ir

F ig u re  4 
PROPER CYCLE OF SOLID WASTE
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C. C o n s id e ra t io n  o f  A l te rn a t iv e s  A v a ila b le  f o r  A ch iev ing
O b jectiv es

As  th e aim o f  th is  work i s  to  e lim in a te  the problem o f  s o l id  

w aste and sewage s lu d g e , th ere  are sev era l a lt e r n a t iv e s  a v a ila b le  to  

co n s id er . Among the methods which are p ra c tic ed  in  la rg e  s c a le  in  the  

U nited S ta te s ,  as w e ll  as o th er  co u n tr ie s  in  the w orld , th ere  are two 

methods b es id es  com posting th a t w i l l  be examined fo r  sa n ita r y  refu se  

d isp o sa l:  sa n ita r y  la n d f i l l  and in c in e r a t io n .

1. S a n i ta ry  L a n d f i l l :

D e fin it io n :  A sa n ita r y  la n d f i l l  may be d efin ed  as "a
method o f  d isp o sin g  s o l id  w aste on land in  such manner th a t no n u isan ces  
or h ea lth  hazards a re  cr e a te d . This in v o lv e s  reducing i t  to  the sm a lle s t  
p r a c t ic a l  volume, co v er in g  i t  w ith  a la y e r  o f  earth  fo llo w in g  each day’s 
op eration , and co ver in g  the f in is h e d  s i t e  w ith  a f in a l  two f e e t  o f  
compacted ea rth ."

The s a n i t a r y  l a n d f i l l  began ab o u t 1934, f o r  farm ing  th e  

rough a re a  around  F re sn o , C a l i f o r n ia ,  by f i l l i n g  la n d  w ith  th e  c i t y ’s 

re fu s e  and com pacting  i t  w ith  t r a c t o r s  and c o v e r in g  i t  w ith  30 in c h e s  

o f  s o i l ,  a p ro c e s s  w hich was recommended l a t e r  by U .S. P u b lic  H ea lth  

S e rv ic e . S in c e  th e n , th e  method h as  been welcomed by th e  p u b lic  in  th e  

U nited  S ta t e s .  R e c e n tly , u se  o f  th e  s a n i t a r y  l a n d f i l l  s i t e  around th e  

U n ited  S ta te s  h a s  had  to  be c u r t a i l e d  in  a number o f  la rg e  - c i t i e s  because 

o f  th e  d i f f i c u l t i e s  o f  f in d in g  s u i t a b le  s i t e s  w ith in  economic h a u l in g  

d is ta n c e .  F i r s t  o f  a l l ,  th e  m u n ic ip a l a u t h o r i t i e s  m ust e s t a b l i s h  

t r a n s f e r  d ep o ts  w ith  h ig h  c a p a c i t i e s  to  reduce  lo n g  d is ta n c e  h a u ls  by 

many v e h ic le s .  Second, th e r e  i s  a p r e v a i l in g  c o n sc io u sn e ss  o f  th e  

n e c e s s i ty  to  red u ce  a i r  p o l lu t io n  d u rin g  dumping, com p ac tin g , and
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c o v e r in g ; e s p e c i a l l y  d u r in g  w indy s e a s o n s . T h ird ,  when a  l a n d f i l l  s i t e  

i s  u n s u i ta b le  th e re  i s  a  p o s s ib le  h a z a rd  o f  c o n ta m in a tio n  o f  s u r f a c e  and  

ground w a te r .  F o u r th , a l l  l a n d f i l l s  w i l l  p roduce some g a s e s ,  p r im a r i ly  

m ethane, w hich cau ses  f i r e s  u nder c e r t a in  c o n d it io n s  and w hich p o iso n s  

o rg an ism s. F i f t h ,  th e  d eco m p o sitio n  o f  o rg a n ic  su b s ta n c e s  under 

l a n d f i l l  s o i l  p ro v id e s  an  u n s ta b le  fo u n d a tio n  f o r  b u i ld in g s .  F u r th e r ­

m ore, th e  p u b l ic  a u t h o r i t i e s  may wonder w hat k in d  o f  t r e a tm e n t w i l l  b e  

u sed  in  c a se  th e r e  a r e  no m ore a v a i la b le  s i t e s  i n  th e  n e a r  f u tu r e .

The s a n i t a r y  l a n d f i l l  does n o t  a llo w  f o r  re c o v e ry  o f  p o t e n t i a l l y  

v a lu a b le  o rg a n ic  and in o rg a n ic  su b s ta n c e s  w hich a r e  e s s e n t i a l  f o r  s o i l  

f e r t i l i t y  and f o r  r e c y c l in g  to  sav e  th e  l im i te d  am ounts o f  n a t u r a l  

r e s o u r c e s .

2 . I n c in e r a t i o n :

D e f in i t io n :  I n c in e r a t i o n  i s  a  p ro c e s s  w hich d e s tro y s  o r
red u ce s  th e  volume o f  s o l i d  w aste  by r e l a t i v e l y  h ig h  te m p e ra tu re  b u rn in g . 
E f f e c t iv e  i n c in e r a t io n  e l im in a te s  th e  h e a l th  h a z a rd s  p r e s e n t  in  r e f u s e  by 
rem oving th e  co m b u stib le  m a t te r  to  i n e r t  a sh .

E n g in e e rin g  d e s ig n  o f  in c in e r a t o r s  began  around  1900 i n  

th e  U n ited  S ta t e s .  T h is  e n t a i l s  r e d u c t io n  o f  co m b u stib le  w as te s  I n to  

i n e r t  r e s id u e s  by h ig h  te m p e ra tu re s  a t  1400-2000° F . I n c in e r a t io n  h as  

some ad v an tag es  o v e r  l a n d f i l l s  b eca u se  o f  th e  s m a ll amount o f  r e s id u e  

l e f t ,  w hich r e q u i r e s  l e s s  la n d ,  th e  p o s s i b i l i t y  o f  c e n t r a l  lo c a t io n ,  

and th e  f a c t  t h a t  th e y  a r e  u n a f fe c te d  by c l im a te .  G e n e ra l ly ,  in c in e r a ­

t io n  m ethods a re  a  d e s t r u c t iv e  p ro c e s s  o f  b u rn in g  v a lu a b le  o rg a n ic  and 

in o rg a n ic  s u b s ta n c e s  e s s e n t i a l  f o r  s o i l  f e r t i l i t y  and re d u c in g  th e  

p o t e n t i a l s  f o r  r e c y c l in g  n a t u r a l  r e s o u r c e s .  F u rth e rm o re , i f  i n c ln e r a -
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t i o n  i s  to  a c h ie v e  a i r  p o l lu t io n  c o n t r o l  s ta n d a r d s ,  i t  r e q u i r e s  la rg e  

c a p i t a l  in v e s tm e n ts  and h ig h  o p e ra t in g  c o s t s .  P ro b a b ly , i t  r e q u ir e s  a  

la r g e  amount o f  h e a t  energ y  to  bu rn  th e  r e f u s e  g e n e ra te d  by th e  c i t y  

o f  S eo u l, w hich in c r e a s e s  th e  f u e l  problem  t h a t  K orea i s  f a c in g .

3 . Com posting;

D e f in i t io n :  Rapid b u t p a r t i a l  d eco m p o sitio n  o f  m o is t ,
s o l i d ,  o rg a n ic  m a tte r  by th e  u se  o f  a e ro b ic  m ic ro -o rg an ism s under con­
t r o l l e d  c o n d i t io n s  to  a  s a n i t a r y ,  n u i s a n c e - f r e e ,  and h u m u s-lik e  m a te r ia l .

C om posting, a s  m entioned  p r e v io u s ly  (p p . j_ g  and 18-19) 

i s  a  s o l id  w aste  d is p o s a l  method w hich c o n se rv e s  o u r v a lu a b le  n a t u r a l  

r e s o u rc e s .  The fo llo w in g  c o n d it io n s  have been  found to  be  d e s i r a b le  

f o r  e f f i c i e n t  a e r o b ic  and m ech an ica l com posting :

a. T em pera tu res o f  160° to  170° to  d e s t ro y  d is e a s e  

p ro d u c in g  o rg an ism s.

b . A ca rb o n  to  n i t r o g e n  r a t i o  o f  40 to  1 o r  l e s s .  Care 

sh o u ld  be used  to  p re v e n t d e f i c i e n c i e s  o f  e s s e n t i a l  

food  e le m e n ts .

c. A pH ra n g e  o f  5 .5  t o  8 to  p re y e n t  n i t r o g e n  lo s s ,

d. A djustm en t o f  m o is tu re  o f  50 to  60 p e rc e n t .  Low 

m o is tu re  r e t a r d s  m ic ro b ia l  a c t i o n .

e . A d d itio n  o f  a i r  th ro u g h o u t th e  com posting  m a te r ia l  

w ith  an  ex cess  o f  oxygen re m a in in g .

f .  Seed com post shou ld  be  re c y c le d  in  th e  amount o f  

ab o u t 1 to  10 p e rc e n t  by w e ig h t .

g. . P a r t i c l e  s i z e  ab o u t one in c h  o r  l e s s .
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The o b je c t iv e s  o f  com posting a r e :

1 .  To s t a b i l i z e  p u t r e s c i b le  o rg a n ic  m a t te r .

2 . To d e s tro y  a l l  p a th o g en s  and weed seed .

3 . To co n se rv e  th e  n i t r o g e n ,  p h o sp h o ru s, p o ta sh , and 

o th e r  v a lu a b le  n u t r i t i o n a l  e lem en ts  f o r  p la n t  g row th .

4 . To p roduce a  u n ifo rm , r e l a t i v e l y  d ry  end p ro d u c t,  

f r e e  from  o b je c t io n a b le  and h a rm fu l o b je c t s .

D. D e c is io n  on Which P la n  to  Follow

T his s e c t io n  d e a ls  w ith  a  s o lu t io n  to  th e  s o l id  w aste  and 

s lu d g e  management p ro b lem s. As a  r e s u l t  o f  c o n s id e r a t io n  o f  th e  o v e r a l l  

f a c t o r s  such  a s  t e c h n ic a l  m a t te r s ,  s o i l  c o n d i t io n  o f  th e  a g r i c u l t u r a l  

la n d  o f  K orea, s a lv a g e  o r  r e c y c l in g ,  s a n i t a r y  c o n d i t io n s ,  and econom ics, 

th e  b e s t  method o f  w aste  d is p o s a l  i s  a  com posting  p r a c t i c e  f o r  th e  c i t y  

o f  S eo u l.

1 . T e c h n ic a l F e a s i b i l i t y :

T h is  work w i l l  p ro v id e  some m ajo r in fo rm a tio n  on d e s ig n , 

o p e ra t in g  and b e n e f i t s  o f  th e  com posting system . In fo rm a tio n  on com­

p o s t in g  p r a c t i c e s  from  European c o u n t r ie s  s u g g e s ts  th e  te c h n ic a l  f e a s i ­

b i l i t y  o f  e s t a b l i s h in g  com posting p la n ts  f o r  th e  c i t y  o f  S eo u l. A lso , 

com posting o f  sew age s lu d g e  i s  t e c h n ic a l ly  f e a s i b l e ,  w hich was p roved  

by th e  G a in s v i l le  Compost P la n t  i n  th e  U n ited  S t a t e s ,  and o th e r  g roups 

i n  European c o u n t r i e s  ( G a in s v i l le  Compost, 1969; H a r t ,  1968; R odale , 

1973 ).

2 . S o i l  C o n d itio n s  o f  A g r ic u l tu r a l  Land o f  K orea:

The la c k  o f  o rg a n ic  r e s id u e s  in  Korean a g r i c u l t u r a l  and
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f o r e s t  s o i l  u r g e n t ly  r e q u i r e s  o rg a n ic  r e s id u e  such  a s  humus th a t  i s  a  p ro ­

d u c t o f  th e  com posting  p ro c e s s .

The developm ent o f  new c u l t iv a t e d  la n d  and re c la m a tio n  o f  

w as te  la n d  can  be  accom plished  w ith  h u m u s-lik e  s o i l  c o n d i t io n e r .  One of 

th e  b ig g e s t  Korean governm en tal p r o je c t s  i s  to  in c re a s e  crop  p ro d u c tio n  

i n  o rd e r  to  s a t i s f y  in c re a s in g  food demands. The e x te n t  o f  damage to  

p u b l ic  and p r iv a t e  p r o p e r t i e s  by f lo o d s  reac h ed  trem endous p ro p o r tio n s  

and r e q u ire d  un ex p ec ted  governm en tal e x p e n d itu re s  to  c u re  th e  damage and 

to  r e l i e v e  th e  s u f f e r in g .  F u rth e rm o re , s in c e  l o s s  o f  to p  s o i l  by e ro s io n  

d e c re a se s  c ro p  p ro d u c tio n , th e  problem  o f  f lo o d s  and e ro s io n  w i l l  b e  

d im in ish ed  o r  c o n t ro l le d  by u s in g  s o i l  c o n d i t io n e r  th ro u g h  lo n g -te rm  

p r a c t i c e s .

3 . S a lv ag e  o r  R euse:

The com posting p ro c e s s  a l s o  p ro v id e s  a  c o n d i t io n  o f  re s o u rc e  

re c o v e ry . R esou rce  re c o v e ry  i s  a  b e n e f i c i a l  a c t i v i t y  f o r  s e v e ra l  

r e a s o n s . I f  two p ro d u c tio n  p ro c e s se s  a r e  com pared, one u s in g  v i r g i n  

m a te r ia ls  and th e  o th e r  seco n d ary  m a te r i a l s ,  th e  system  u s in g  w a s te s  

cau ses  l e s s  a i r  and w a te r  c o n ta m in a tio n , g e n e ra te s  l e s s  s o l id  w a s te s ,  

c o s ts  l e s s ,  and i s  more e f f i c i e n t  i n  f i n a l  d is p o s a l  (D arnay, e t .  a l . ,

1 973). T h is  i s  t r u e  i f  th e  en v iro n m en ta l im p ac ts  o f  a l l  a c t i v i t i e s  i n  

a  system  a r e  m easured  —  m in in g , t r a n s p o r ta t io n ,  p ro c e s s in g ,  f a b r ic a ­

t i o n ,  m a n u fa c tu r in g . For w a s te  m a te r ia l ,  c o l l e c t i o n  may be e q u iv a le n t  

to  m in ing ; f o r  m in ing  p ro d u c ts ,  re c o v e ry  o f  th e  w as te  i s  e q u iv a le n t  to  

d is p o s a l .  I f  th e  c o s ts  o f  en v iro n m en ta l im pact and en erg y  a s s o c ia te d
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w ith  u se  o f  v i r g i n  m a te r ia l s  w i l l  b e  h ig h e r  th a n  th e  re p ro d u c t io n  c o s ts  

o f  seco n d ary  m a te r i a l s ,  th e r e  w i l l  b e  much more b e n e f i t  in  r e c y c l in g .  

F o r tu n a te ly ,  s a lv a g e  o r  re u s e  o f  secondary  w aste  i s  c u r r e n t ly  b e in g  

c a r r i e d  on in  K orea, b u t s o r t in g  o f th e  m a te r ia ls  i s  done Im p ro p erly .

4 . S a n i t a t io n :

The U .S . P u b lic  H e a lth  S e rv ic e  approved th e  com posting p ro c e s s  

a s  a  s a n i t a r y ,  a c c e p ta b le  m ethod o f w aste  d i s p o s a l .  Modern m ethodology 

f o r  com posting e n su re s  t h a t  no p a th o g e n ic  o r  o th e r  h a rm fu l m a te r ia ls  a r e  

p r e s e n t  to  an  e x te n t  t h a t  cou ld  be  in ju r io u s  to  th e  h e a l th  o f  u s e r s .

5 . Economics :

R ep o rts  (H a r t ,  1968) from  European c o u n t r ie s  in d ic a te d  t h a t  

th e  b e n e f i t s  from  com posting  w ere h ig h e r  th a n  th o se  o f  l a n d f i l l  and 

in c in e r a t io n ,  and th a t  th e  m ark e t demand f o r  com post i s  a c t i v e .  W estern 

Europe i s  u n ab le  to  p rod u ce  enough compost to  cov er th e  enormous demand 

f o r  t h i s  v a lu a b le  p ro d u c t.

On th e  b a s i s  o f  K orean a g r i c u l t u r a l  la n d  and f o r e s t  s i t u a ­

t i o n s ,  com post w i l l  have a  good o p p o r tu n ity  in  th e  m arke t due to :

a .  Lack o f  o rg a n ic  r e s id u e  in  K orean s o i l .

b .  Lack o f  su c c e ss  o f  f o r e s t a t i o n  p r o j e c t s  due to  th e  

s h o r ta g e  o f  n u t r i e n t s .

c .  D e s ire  f o r  s o i l  c o n d i t io n e r s  by fa rm e rs .

d . G overnm ental encouragem ent o f  th e  p r e p a r a t io n  o f  s o i l  

c o n d i t io n e r s  f o r  fa rm e rs  to  In c r e a s e  th e  r a t e  o f  crop  

p ro d u c tio n .
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e .  A c tiv e  developm ent o f  new ly c u l t i v a t e d  la n d  by th e  

K orean Crop P ro d u c tio n  Program .

f .  No la n d  f o r  " th row  away" o f  s o l i d  w aste  and w a te r  

p o l l u t io n  due to  c o n ta m in a tio n  o f  s u r f a c e  and ground 

w a te r  from  im proper d is p o s a l  o f  s o l i d  w a s te .

g . The c o s t  o f  w aste  rem oval depends to  a  la rg e  e x te n t  

on t r a n s p o r ta t io n  ex p en se . A com posting  p la n t  can 

u s u a l ly  be  lo c a te d  much n e a r e r  to  r e s i d e n t i a l  a r e a s  

th a n  a dumping s i t e  f o r  r e f u s e ,  b eca u se  th e  com posting  

p la n t  does n o t  c o n s t i t u t e  a  h e a l th  h a z a rd  o r  r e q u ir e  

much sp a c e .

E. F u tu re  P o t e n t i a l  D evelopm ent From. T h is  S tudy

1. H eat re c o v e ry  d u rin g  com posting .

2 . Usage o f  b r iq u e t t e  ash  as  a  s o i l  c o n d i t io n e r  by com posting  

i t  w ith  sewage s lu d g e  and s o l i d  w a s te .

F . Im p lem en ta tio n  o f  Com posting P la n t

The im p lem en ta tio n  o f  th e  management o f  s o l i d  w aste  and sewage 

s lu d g e  f o r  th e  c i t y  o f  S e o u l, K orea , i s  th e  p ro c e s s  o f  a c t i v a t in g  th e  

d e s ig n  and o p e ra t io n  o f  a  com posting p l a n t .



C h ap te r I I I

DEVELOPMENT OF SOLID WASTE MODEL

S tu d ie s  on Q u a n ti ty ,  C om position , and G e n e ra tio n  o f  S o lid  W aste in  
S eo u l, K orea

I t  h as  been  g e n e ra l iz e d  th a t  a s  th e  p o p u la tio n  In c re a s e s  and 

s ta n d a rd  o f  l i v i n g  goes up In  a  g iv e n  a r e a ,  th e  amount o f  r e f u s e  p ro ­

duced a l s o  I n c r e a s e s  w ith  a  much g r e a t e r  v a r i e t y  o f  s o l id  w a s te . T h is  

c h a p te r  a t te m p ts  to  v e r i f y  th e  above s ta te m e n t and  w h eth er I t  co u ld  

b e  a p p l ie d  to  th e  c i t y  o f  S eo u l, K orea.

The te rm  s o l i d  w as te  I s  d e f in e d  (Bond, e t .  a l . ,  1973) a s  "T h a t 
n o rm a lly  s o l i d  m a te r i a l  a r i s i n g  from  an im al o r  human l i f e  and a c t i v i ­
t i e s  and d is c a rd e d  p erm an en tly  o r  te m p o ra r i ly  a s  w a s te .  I t  a ls o  
In c lu d e s  d e p o s i te d  w a s te  p a r t i c u l a t e s  te m p o ra r i ly  suspended  In  w a te r  
o r  a i r . "

The a n a ly s i s  o f  s o l id  w a s te  g e n e ra t io n  I s  an  o b sc u re  and com plex 

s tu d y  b e c a u se  o f  th e  s c a r c i t y  o f  a c c u r a te ,  r e l i a b l e  d a ta  and th e  

v a r i e ty  o f  c o l l e c t i o n  and d is p o s a l  m ethods.

A ty p i c a l  p rob lem  in  th e  s o l id  w a s te  g e n e ra t io n  I n  th e  c i t y  o f  

S eou l I s  to  m easu re  o r  p r e d i c t  an  a c t u a l  q u a n t i ty  o f  s o l id  w as te  a t  a  

p ick u p  o r  d i s p o s a l  s i t e  b eca u se  o f  r o u t in e  s a lv a g in g  o f  u s a b le  m a te r ia l s  

by I n d iv id u a l  s a lv a g e r s .  T h e re fo re ,  p rim ary  s o l id  w a s te  becomes an

37



38

u n q u a n t l f la b le  te rm . S econdary  r e f u s e ,  th e n ,  means th e  s o l id  w aste  

a c t u a l l y  d isp o se d  o f  a t  a  l a n d f i l l .

In fo rm a tio n  on co m p o sitio n  and c h a r a c t e r i s t i c s  o f th e  s o l i d  w aste  

have n o t  been  docum ented. T h e re fo re , a  v e ry  g e n e ra l  d e s c r ip t io n  on s o l id

w aste  co m p o sitio n  was com piled  d u rin g  A ugust 1 to  14 , 1974 (T ab le  1 ) .

G en era l scheme o f  s o l id  w a s te  d is p o s a l  p r a c t i c e  o f  th e  S eou l 

m e tro p o l i ta n  governm ent i s  shown below :

S o lid  W aste A c t i v i t i e s

R e s id e n t ia l
I n d u s t r i a l *
Comm ercial
S t r e e t
Y ards

Two Wheel P u sh c a r t

..S h o v e lin g  ^  (0 .3  -  0 .5  to n s  w ith  l i d )

Temporary W aste S to ra g e  S i t e  
a t  L o c a tio n  C onven ien t to  
Truck R outing__________________

S h o v e lin g  ^

L a n d f i l l

Dump T ruck  ,

(4 .5  to n s  J i t h  to p  covered )

A. Q u a n tity  o f  S o lid  W aste:

P e rs o n a l com m unications and d a ta  r e s e a r c h  a t  th e  c i t y ’s  l i b r a r y  

on th e  q u a n t i ty  o f  s o l i d  w a s te  a r e  shown in  T ab le  2 . T h is  d a ta  i s  

a c c e p te d  by e x p e rie n c e d  p e rs o n n e l i n  th e  B ureau o f  P u b lic  Work S e rv ic e ,  

Seou l m e tro p o li ta n  governm ent.

* The l a r g e  w a s te  g e n e ra te d  by i n d u s t r i e s  i s  d isp o se d  by owner 
w ith  p e rm is s io n  o f  th e  c i t y  governm ent.
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T ab le  1

APPROXIMATE ANALYSIS OF MUNICIPAL SOLID WASTE 
COMPOSITION, CITY OF SEOUL, KOREA

Category A veraged W eight 
Ib /y d ^

W eight
%

A v a i l a b i l i t y  
o f  S a lvage  

%

D e s c r ip t io n  & P u b lic  
H e a lth  C o n s id e ra tio n s

P ap er 20 .30 2 .3 6 30 .0 V arious ty p e s ,  some 
w ith  f i l l e r s .

1) P heno ls  from  p r in te d  
p ap e r cau ses  t a s t e  in  
w a te r .  H arm ful f o r  
p u b lic  h e a l th .

Wood & 
Straw

20 .80 2 .4 2 1.0 G e n e ra lly  frag m en ted . 
L ess th a n  20 i n .  i n  
s i z e  from  wood pack­
ag in g , f u r n i t u r e  & lo g s .

1) Wood p ro v id e s  food 
f o r  o b je c t io n a b le  
fu n g i and i n s e c t s .

2) N uisance -  in s e c t s  
may th r i v e  in  poor 
l a n d f i l l .

V eg e tab le 130.60 15 .19 V arious w as te  from  
e d ib le  p l a n t s ,  ru b b is h , 
f r u i t  w as te  and y a rd -  
p la n t  m a te r i a l .

1) Odor i s  im p o rta n t 
en v iro n m en ta l f a c t o r .

2) P ro v id e s  h a b i t a t  f o r  
h a rm fu l in s e c t s  and 
ro d e n ts .

Rags 27 .92 3 .25 5 .0 V ario u s ty p e s  o f  te x ­
t i l e  w a s te  c l o t h ,  
sw eeping m a te r i a l s .

1) Odors from  l a n d f i l l  
may b e  n u is a n c e  i n  
v i c i n i t y  o f  s i t e .

Rubber 2 .4 8 .29 2.0 Shoes, p ie c e s  o f  t i r e .
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Table 1
(Continued)

C ategory A veraged W eight 
( lb )

W eight
%

A v a i l a b i l i t y  
o f  S alvage

%

THT

D e s c r ip t io n  & P u b lic  
H e a lth  C o n s id e ra t io n s

G lass 4 .14 748 P rim arily  broken 
b o t t l e s ,  c o n ta in e r s , 
e t c .

1) Broken g la s s  may be  
h aza rdous In  h a n d lin g  
s o l id  w a s te s .

2) May b e  a e s t h e t i c a l l y  
u n a c c e p ta b le  In  com post.

M eta l & Cans 1 .3 8 .16 4 .0 G e n e ra lly  l e s s  th a n  5 
In ch es  In  s i z e .

1) A ll  m e ta l m a te r i a l s ,  
e s p e c i a l l y  le a d ,  may 
cau se  c h ro n ic  e n to x l-  
c a t lo n  In  a i r  from 
s o l id  w a s te s .

2) P a r t i c u l a t e  b e ry ll iu m  
p ro d u ces  pulm onary edema.

3) I n h a la t io n  o f  cad­
mium o x id e  d u s t  o r  
fumes may c a u se  p u l­
monary edema o r  hem or- 
ra g e ;  can  b e  f a t a l .

4) I n h a la t io n  o f  z in c  
fumes o r  d u s t  cau ses  
"m eta l fume fe v e r"  
and damage to  e p l th e -  
c l a l  c e l l  In  r e s p i r a ­
to ry  t r a c t .

(P e rc e n ta g e  o f  a l i e n  
to x ic  s u b s ta n c e s  due to  
do m estic  w a s te s  n o t s ig n i ­
f i c a n t  b u t  I s  n o tew o rth y .

S y n th e t ic s
( p l a s t i c )

14 .70 1 .7 1 6.0 P l a s t i c  & n y lo n  m a te r ia ls  
m a in ly  p ack in g  & con­
t a i n e r s  .

1) C h lo r in a te d  hydro­
carb o n s may damage cen­
t r a l  n e rv o u s system .

2) Some low m o lecu la r  
w e ig h t h y d ro ca rb o n s , 
e s p e c i a l l y  p o ly n u c le a r  
& a ro m a tic  h y d ro ca rb o n , 
a r e  c a rc in o g e n ic .
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Table 1
(Continued)

C ategory A veraged W eight 
( lb )

W eight
%

A v a i l a b i l i t y  
o f  S alvage

D e s c r ip t io n  & P u b lic  
H e a lth  C o n s id e ra t io n s

Dead
A nim als

1.00 0.1 M ainly  r o d e n ts .
1) S a n i ta ry  and a e s th e -  

t i c a l  p ro b lem s.
2) R o d e n tic id e  sh o u ld  
be  c a r e f u l ly  h an d led  
due to  a c c u te  t o x i c i t y  
to  man and a n im a ls .

A n th ra c i te
B r iq u e t te

Ash

537 .40 62 .52 D e ta i le d  in fo rm a tio n  
d e s c r ib e d  in  l a t e r  
c h a p te r s .

D em olition 47 .8 8 5 .5 7 W aste m a te r ia l  from 
ra z e d  b u i ld in g s  o r  
o th e r  s t r u c t u r e s  
in c lu d in g  c o n s tru c t io n  
w a s te .

(W aste sh o u ld  b e  
h an d led  s e p a r a t e ly . )

Ceram ics 3 .4 0 .40 G e n e ra lly  c o n ta in e r s .
1) B roken ce ram ics  may 

b e  h aza rd o u s  in  
h a n d lin g  s o l id  w a s te .

2) U n accep tab le  in  com­
p o s t in g  p r a c t i c e s .

G arbage 5 .0 0 .58 A nim al w a s te  r e s u l t i n g  
from  h a n d lin g , p re p a ra ­
t i o n ,  co o k in g , s e rv in g ,  
& v e g e ta b le  w as te  from  
cook ing  and s e rv in g .

1) P ro v id e s  food so u rc e  
f o r  r o d e n ts ,  f l i e s ,  
m o sq u ito es  & o th e r  
i n s e c t s .

2) I n s e c t  & ro d e n t 
c a r r i e r s  o f  d is e a s e  
h a rb o re d  by p o o rly  
managed la n d  d is p o s a l  
may c o n s t i t u t e  im p o rt­
a n t  h e a l th  h a z a rd .

3) Odor n u is a n c e  An 
im p o r ta n t en v iro n m en ta l 
f a c t o r .
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T ab le  1 

(C on tinued)

C ategory A veraged W eight 
( lb )

W eight
%

A v a i l a b i l i t y  
o f  S a lvage  

%

D e s c r ip tio n  & P u b lic  
H e a lth  C o n s id e ra tio n s

O thers 42 .66 5 .0 0 Ashes from  wood & 
o th e r  c o m b u stib le  
w as te  o th e r  th a n  
b r i q u e t t e .

Yard w a s te  -  m a in ly  
e a r t h ,  s to n e ,  dust-.

TOTAL 859 .60 100.03
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T ab le  2

QUANTITY OF ANNUAL SOLID WASTE GENERATION IN THE CITY OF SEOUL, KOREA

Y ear T o ta l  S o lid  W aste 
G e n e ra tio n  (Ton)*

1972 2 ,9 6 3 ,0 7 0

1971 2 ,8 7 7 ,6 9 5

1970 2 ,7 3 1 ,2 0 8

1969 2 ,3 9 4 ,1 1 3

* The v a lu e s  from  th e  B ureau o f  P u b lic  Works, Seoul M e tro p o lita n  

G overnm ent. (1970, 1972, 1973)
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B. Com position o f  R efuse

T hree s o l i d  w as te  sam ples from  th e  S u n g b u k -D is tr ic t w ere c o l­

le c te d  i n  a  one c u b ic  y a rd  wooden box (n e t  w e ig h t 62 .31  p o u n d s), th e n  

w eighed and an a ly z e d  a t  th e  I n s t i t u t e  o f  P u b lic  Works o f  th e  Seoul 

m e tro p o li ta n  governm ent and a t  s e v e r a l  l a n d f i l l  s i t e s .  P e rso n a l commu­

n ic a t io n  w ith  e x p e rie n c e d  s a lv a g e r s  a l s o  p ro v id e d  u s e f u l  in fo rm a tio n  f o r  

a n a ly z in g  th e  co m p o sitio n  o f  th e  w a s te s  and f o r  d ev e lo p in g  th e  model o f  

s o l id  w as te  g e n e ra t io n .

C. S o lid  Waste D en sity

Some knowledge o f u n it  w eigh ts i s  b a s ic  and n ecessary  informa­

t io n  in  a l l  phases o f  s o l id  w aste management s in c e  i t  i s  a fa c to r  

needed to  determ ine s i z e  requirem ents throughout th e system .

An av e ra g e  d e n s i ty  o f  860 pounds p e r  c u b ic  y a rd  h e re  a r e  on ly  

b ro ad  r e f u s e  d e n s i ty  e s t im a te s  u s in g  uncom pacted r e f u s e .

M athem atica l Model o f  R e s id e n t ia l  S o lid  W aste G en era tio n

(1) O b je c t iv e s :  To a s c e r t a in  th e  q u a n t i t i e s  o f  s o l id  w aste

b e in g  c u r r e n t ly  g e n e ra te d ,  to  p r o je c t  f u tu r e  p e r  c a p i ta  g e n e ra tio n  

r a t e s ,  and to  c a l c u l a t e  th e  o v e r a l l  q u a n t i t i e s  o f  s o l id  w aste  i n  a  

g iv e n  a r e a .

R e s id e n t ia l  w a s te  q u a n t i t i e s  a r e  i d e n t i f i e d  a s  a  fu n c tio n  

o f  th e  p o p u la tio n  d e n s i ty  and  income l e v e l s  o f  a  g iv e n  community 

(C a n te r , 1973; Bond and S tra u b , 1973).

The fo llo w in g  r e la t io n s h ip  betw een p e r  c a p i t a  w aste  p ro ­

d u c tio n  and p o p u la t io n  d e n s i ty  i s  e n v is io n e d .
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(2) D ata S y n th e s is  o f  I n d i r e c t  M ethod:

T h is  s tu d y  a tte m p ts  to  e s t a b l i s h  a  re a s o n a b le ,  n o t 

an  a b s o lu te ,  m ethod o f  d ev e lo p in g  a  p r e d ic ta b le  m odel f o r  s o l id  w aste  

g e n e ra tio n  i n  th e  c i t y  o f  S eo u l, K orea.

S in ce  th e r e  i s  no in fo rm a tio n  a v a i la b le  on th e  t o t a l  

s o l id  w as te  g e n e ra t io n  a f t e r  1969, s e v e r a l  assu m p tio n s a r e  n e c e s s a ry  

in  d e r iv in g  d a ta .  Comparing p o in ts  on " to n s  o f  s o l id  w a s te "  to  "house­

h o ld  u n i t "  cu rv e  on F ig u re  5 in d ic a te d  a  f a i r l y  c o n s ta n t  r a t i o  o f  2 .5

^to n s  o f  w ^ t ^ ^ e a r   ̂ th e  years  1969-72. P o r t io n s  on th e  cu rve  f o r  
'•household u n i t / y e a r

y e a rs  1962-1968 w ere e x t r a p o la te d  u s in g  th e  f a c t o r  2 .5 .  A t t h i s  p o in t ,  

th e  to n s  o f  s o l id s  g e n e ra te d  in c lu d e  d o m e stic , i n d u s t r i a l ,  i n s t i t u ­

t i o n a l ,  and com m ercial w a s te s .  To o b ta in  o n ly  do m estic  q u a n t i t i e s ,  a 

su rv ey  was accom plished  to  o b ta in  a  r e a s o n a b le  p e rc e n ta g e  o f  th e  com­

b in e d  w a s te s .  The p e rc e n ta g e s  s u b tr a c te d  and d o m estic  a d ju s te d  v a lu e s  

a p p e a r i n  colum ns 2 and 3 o f  T ab le  3 .

The a d ju s te d  dom estic  v a lu e  was an a ly zed  f o r  c o n te n t 

and i t  was n o te d  t h a t  a  s i g n i f i c a n t  amount o f  s o i l  was g e n e ra te d  from 

unpaved ro a d s  and y a rd s  o f  in d iv id u a l  p r o p e r t i e s  a t  a n n u a lly  d e c re a s in g  

r a t e s  in  th e  c i t y  o f  S eou l (colum n 4 , T ab le  3 ) .  These p e rc e n ta g e s  

w ere a ls o  ded u c ted  to  app ro x im ate  more c lo s e ly  an  a c t u a l  do m estic  w as te  

v a lu e .  R e c a ll  now a  p re v io u s  s ta te m e n t co n ce rn in g  th e  m a th em a tic a l 

m odel u sed  and th e  f a c t  t h a t  th e  model was n o t  deve lo p ed  to  in c lu d e  th e  

u n iq u e  n a tu re  o f  b r i q u e t t e  a sh  w as te  a s  ap p ea rs  i n  th e  K orean c u l tu r e .
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Table 3
COMPUTATION OF DOMESTIC SOLID WASTE GENERATION, SEOUL, KOREA

Y ear T o ta l  S o lid  W aste 
G e n e ra tio n  (T o n ) . 
V alue  from  th e  
F i t t e d  C urve.

% A c t i v i t i e s  o f  
C om m ercial, In d ­
u s t r i a l  & I n s t i t u ­
t i o n a l .

A d ju s te d  W aste 
(Ton)

V alue from  th e  
F i t t e d  C urve,

% S o l id  W aste 
From Road & 
Y ard .

A d ju s te d  W aste 
(Ton)

V alue from  th e  
F i t t e d  C urve.

(COLUMN 1) (COLUMN 2) (COLUMN 3) (COLUMN 4) (COLUMN 5)

1972 2 .9 6 3 .0 7 0 *  (0.2% ) 1 4 .0 2 ,5 4 8 .2 4 0 1 .0 2 ,5 2 2 ,7 5 8
2,96.8 ,444^ 1 4 .0 2 ,5 5 5 ,8 6 2 1 .0 2 ,5 2 7 ,3 3 3

1971 l l l l . t l l 1 3 .5
1 3 .5

2 ,4 8 9 ,2 0 6
2 ,5 3 8 ,2 1 4

1 .5
1 .5

2 ,4 5 1 ,8 6 8
2 ,5 0 0 ,1 4 1

1970
l7 3 7 , 6 ? 4

1 3 .0
1 3 .0

2 ,3 7 6 ,1 5 1
2 ,3 8 1 ,7 7 6

2 .0
2 .0

2 ,3 2 8 ,6 2 8
2 ,3 3 4 ,1 4 1

1969 UlUss « - W
1 2 .5
1 2 .5

2 ,0 9 4 .8 4 9
2 ,0 2 7 ,5 1 3

2 .5
2 .5

2 ,0 4 2 ,4 7 8
1 ,9 7 6 ,8 2 5

1968 2 ,0 3 5 ,0 0 0
1 ,9 8 9 ,4 2 1

1 2 .0
1 2 .0

1 ,7 9 0 ,8 0 0
1 ,7 5 0 ,6 9 1

3 .0
3 .0

1 ,7 3 7 ,0 7 6
1 ,6 9 8 ,1 7 0

1967 1 .8 8 0 ,0 0 0
1 ,9 1 6 ,3 5 6

1 1 .5
1 1 .5

1 ,6 6 3 ,8 0 0
1 ,6 9 5 ,9 7 5

3 .5
3 .5

1 .6 0 5 ,5 6 7
1 ,6 3 6 ,6 1 6

1966 1 ,7 6 5 ,0 0 0
1 ,7 8 6 ,8 4 5

1 1 .0
1 1 .0

1 ,5 7 0 ,8 5 0
1 ,5 9 0 ,2 9 2

4 .0
4 .0

1 ,5 0 8 ,0 1 6
1 ,5 2 6 ,6 8 0

1965 1 ,6 7 0 ,0 0 0
1 ,3 6 9 ,6 4 4

1 0 .5
1 0 .5

1 ,4 9 4 ,6 5 0
1 ,2 2 5 ,8 3 1

4 .5
4 .5

1 ,4 2 7 ,3 9 1
1 ,1 7 0 ,6 6 9

1964 1 .5 7 0 .0 0 0
1 ,3 0 8 ,2 5 3

1 0 .0
1 0 .0

1 ,4 1 3 ,0 0 0
1 ,1 7 7 ,4 2 8

5 .0
5 .0

1 ,3 4 2 ,3 5 0
1 ,1 1 8 ,5 5 7

Where a  = u n a d ju s te d  v a lu e  
b = a d ju s te d  v a lu e



Table 3
(C on tin u ed )

No. o f Y e a rly  W aste D a ily  W aste D a ily  B r iq u e t te d W aste D a ily  W ithou t
H ouseholds G en e ra tio n /H o u se ­ G e n e ra tio n /H o u se ­ Ash/Hous eh o Id A sh/H ousehold

. h o ld  (Ton) h o ld  (Pounds) (Pounds) (SWG/H/BA)
(DWG/H)

(COLUMN 6) (COLUMN 7) (COLUMN 8) (COLUMN 9) (COLUMN 10)

1 ,1 8 2 ,6 5 5 2 .1 3 3 1 1 .6 8 8 6 .9 3 0 4 .7 5 8
2 .137 11 .712 4 .7 8 2

1 ,1 5 1 ,0 7 8 2 .1 3 0 11 .6 7 1 7 .1 9 4 4 .481
2 .172 1 1 .9 0 0 4 .7 0 6

1 ,0 9 6 ,8 7 1 2 .123 11 .633 7 .074 4 .5 6 3
2 .128 11 .664 4 .5 9 0

961,491 2 .124 11 .638 6 .795 4 .8 3 8
2 .056 1 1 .2 6 8 4 .4 7 3

837,362 2 .0 7 4 11 .364 6 .5 5 8 4 .8 0 4
2 .028 11 .117 4 .5 5 9

754,201 2 .129 11 .6 6 6 7 .2 3 0 4 .4 3 6
2 .170 11 .891 4 .6 6 1

734,334 2 .054 11 .2 2 5 6 .9 6 6 4 .2 8 5
2 .079 11 .391 4 .4 2 5

649 ,290 2 .1 9 8 12 .044 5 .6 9 1 6 .354
1 .803 9 .881 4 .1 9 0

633 ,026 2 .1 2 1 11 .623 5 .5 7 4 6 .053
■ 1 .767 9 .6 8 0 4 .1 0 6



Table 3
(C on tin u ed )

No. o f  P e rs o n s / W aste G e n e ra tio n S o lid  W aste G e n e ra tio n
H ousehold W ith A sh /P erso n W ithou t A sh /P erso n

( lb s )  (SWG/P) (SWG/P/BA)

(COLUMN 11) (COLUMN 12) (COLUMN 13)

5 .1 7 2 .2 6 1 .920
2 .265 .925

5 .2 4 2 .227 .855
2 .271 .898

5 .2 7 2 .207 . 866
2 .2 1 3 .871

5 .3 0 2 .196 .913
2 .123 .844

5 .5 8 2 .037 .861
1 .992 .817

5 .9 0 1 .977 .752
2 .015 .790

5 .8 0 1 .9 4 1 .739
1 .9 6 4 .763

5 .7 0 2 .1 1 3 1 .1 1 5
1 .7 3 4 . .735

5 .8 0 2 .004 1 .0 0 4
1 .669 .708

S
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■ - T o ta l  b r iq u e t t e  ash  w aste  was d e te rm in ed  by lo o k in g  a t

th e  t o t a l  amount o f  a n th r a c i t e  c o a l (T ab le  4) f o r  d om estic  p u rp o se s , 

coming I n to  th e  Seou l m u n ic ip a l boundary . A pprox im ately  t h i r t y  p e rc e n t 

o f  bu rned  c o a l rem ains as a sh  w a s te . In c lu d in g  a  c l a y - l l k e  b in d e r  m a te r ia l  used  

In  making th e  b r iq u e t t e  c o a l .  Columns 12 and 13 In  T ab le  3 show d a ta ,  

from  m a th em a tic a l m a n ip u la t io n s ,  o f  s o l i d  w as te  g e n e ra te d  p e r  p e rso n  

p e r  day w ith  and w ith o u t b r iq u e t t e  a sh .

The s o l i d  w as te  g e n e ra tio n  p e r  c a p i t a  d id  n o t show th e  

ex p ec ted  l i n e a r  In c re a s e  w ith  In c re a s e d  p e r  c a p i t a  Income and p o p u la tio n  

d e n s i ty .  P a r t i c u l a r l y ,  th e  d a ta  from  1962 and 1963 w ere n o t c o r r e l a te d .

Perhaps th e  o r ig i n a l  d a ta  I s  In a c c u ra te  a n d /o r  I s  I n s u f f i c i e n t  d a ta  

( fo u r  y e a r s )  to  develop  a  cu rv e  t r e n d .  T h e re fo re ,  to  o b ta in  th e  b e s t  

f i t t e d  l i n e a r  p r o g r e s s io n ,  g ra p h ic a l  a d ju s tm e n t was n e c e s s a ry ,  w h ile  

Ig n o rin g  th o se  two v a lu e s  o f  1962 and 1963. From th e  b e s t  f i t t e d  l i n e  

(Y = -1 .0 1 4  + 0 .0269  — F ig u re  6 ) ,  back  c a l c u la t io n  was s tu d ie d  to

d e te rm in e  th e  p e rc e n ta g e  d i f f e r e n c e  betw een th e  o r i g i n a l  and f i t t e d  

curve v a lu e s  (colum n 13-b In  T ab le 3 ) .  The v a lu e  In v e r s e ly  c a lc u la te d  

showed th e  g iv en  d a ta  f o r  fo u r  y e a rs  o v e re s tim a te d  betw een 0 .2  p e rc e n t 

to  3 .2  p e rc e n t  a n n u a l ly ,

(3) C o m p u ta tio n a l M ethod:

The c o e f f i c i e n t s  o f  th e  G e n e ra liz e d  Model (page 53) 

w ere e s tim a te d  u s in g  th e  com puterized  program  o f  O rd inary  L e a s t S quares 

(OLS) (A ppendix A) e s t im a t io n  as s to r e d  In  an  IBM-360 o f  th e  B u s in ess  

L ib ra ry ,  U n iv e rs i ty  o f  Oklahoma.
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T able 4 

DAILY COAL ASH GENERATION, SEOUL, KOREA

Y ear No. o f  
H ouseholds

R e s id e n t ia l  Usage 
o f  C oal (Ton)

D a ily  B r iq u e t te  
U sage/H ousehold  

(Founds)

D a ily  B r iq u e t te  
A sh/H ousehold 

(Pounds)

1972 1 ,1 8 2 ,6 5 5 4 ,9 8 0 ,3 0 1 23 .10 6 .930

1971 1 ,1 5 1 ,0 7 8 5 ,0 3 7 ,4 8 5 23 .98 7 .194

1970 1 ,0 9 6 ,8 7 1 4 ,7 1 9 ,9 5 0 23 .58 7.074

1969 961,491 3 ,9 7 4 ,0 0 0 22.65 6 .795

1968 837,362 3 ,3 4 1 ,0 6 9 21 .86 6 .558

1967 754.261 3 ,3 1 7 ,6 7 1 24 .10 7 .230

1966 734,334 3 ,1 1 2 ,0 6 2 23.22 6 .966

1965 649,290 2 ,2 4 7 ,5 8 0 18 .97 5 .691

1964 633,026 2 ,1 4 6 ,7 8 8 18 .58 5 .574

From an  a n n u a l r e p o r t  o f  th e  c i t y  o f  S eou l (1973) and a  su p p ly  
and demand program  o f  f u e l  o f  th e  c i t y  o f  S eoul (1 9 7 1 ).
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- - A. I n d i r e c t  Method

= a  +  +  a^Xg _________  G e n e ra liz e d  Model

w here = q u a n t i ty  o f  s o l i d  w a s te  g e n e ra t io n  

X^ = p o p u la tio n  d e n s i ty  

Xg = income l e v e l  

S in c e  t h i s  e q u a tio n  was n o t  developed  to  c o n s id e r  

th e  l a r g e  am ounts o f  b r iq u e t te d  a sh  i n  K orean w a s te , th e  m a th e m a tic a l 

model was t e s t e d  i n  two w ays. One in c lu d e s  th e  a sh  a s  a  com ponent, and 

th e  o th e r  does n o t .

a .  In fo rm a tio n  n e c e s s a ry  f o r  th e  m odel:

1 . P o p u la tio n  d e n s i ty  and income l e v e l  p e r  

p e rso n . (T ab le  5)

2 . H ousehold d e n s i ty  and income l e v e l .  (T ab le  6)

3 . B r iq u e t te  a sh  g e n e r a t io n .  (T ab le  4)

B. D ir e c t  Method

Y i = a i  +  agX^ +  a^Xj +  +  • • •

"  * +  *1

w here Y^ = u n i t  o f  t o t a l  s o l i d  w as te  g e n e ra t io n  

X ^.X g,. . .X^ = amount o f  each  c a te g o ry  o f  

s o l i d  w a s te  

a  = c o n s ta n t



Table 5
POPULATION DENSITY AND INCOME PER CAPITA PER DAY, SEOUL, KOREA

Y ear P o p u la t io n  Den. 
(P e rs o n s /s q  .m i. )  

(PDSM)

No. o f  P e rso n s  
P e r  H ousehold

M onthly Income 
P e r  H ousehold  

(K orean Won)

Consumer
P r ic e
Index^

A c tu a l
M onthly
Incom e/
P erso n ^

U .S , Exchange 
R a te  (W on/$)^

D a ily  Incom e/ 
P e rso n  ($ )
(30 d ay s /m o .)  

(DIPP)

1964 1 4 ,4 6 7 .8 0 5 .8 0 10 ,100 51 .4 0 3 ,3 8 7 .8 9 255 .36

1965 1 4 ,6 6 4 .2 0 5 .7 0 11 ,310 58 .4 0 3 ,3 9 7 .6 2 271 .36

1966 1 6 ,0 6 8 .9 0 5 .8 0 16 ,960 65 .4 0 4 ,4 7 1 .1 6 270 .48

1967 1 6 ,7 6 9 .7 0 5 .9 0 24 ,530 72 .5 0 5 ,7 3 4 .6 6 274 .61

1968 1 8 ,3 1 4 .9 0 5 .5 8 27,110 80 .6 0 6 ,0 2 7 .8 2 281 .64

1969 2 0 ,1 8 2 .2 0 5 .3 0 32 ,450 88 .7 0 6 ,9 0 2 .6 4 304 .74

1970 2 3 ,3 9 0 .8 0 5 .2 7 38,630 100 .00 7 ,2 8 8 .6 8 313 .7 8

1971 2 4 ,7 1 9 .8 0 5 .2 4 44 ,400 112 .30 7 ,5 4 5 .2 2 373 .80

1972 2 5 ,6 7 1 .3 0 5 .1 7 53 ,140 125 .60 8 ,1 3 8 .5 4 399 .87

Ln
4S

A nnual r e p o r t  o f  U rban F am ily  B u d g e t, 1973.

B ased on 1970 f i g u r e s .



Table 6
HOUSEHOLD DENSITY AND INCOME PER HOUSEHOLD, SEOUL, KOREA

Y ear No. o f  H o u seh o ld s / 
S quare  M ile  (NHPM)

M onthly Incom e/ 
H ousehold  U n it 

(Won)

Consumer
P r ic e
In d ex

A c tu a l Incom e/ 
H ousehold  
(B ased on 1970) 

(Won)

U .S . Ex­
change 
R a te  (Won/ 

$)

D a ily  In c o m e / ' 
H ousehold  ($ ) 
(30  d ay s /m o .) 

(DIPH)

1964 2 ,6 7 4 .4 9 10 ,100 5 1 .4 0 1 9 ,6 4 9 .8 0 255 2 .1 0

1965 2 ,7 4 3 .2 1 1 1 ,310 5 8 .4 0 1 9 ,3 6 6 .4 4 271 2 .0 6

1966 3 ,1 0 2 .5 1 16 ,960 65 .4 0 2 5 ,9 3 2 .7 2 270 2 .7 6

1967 3 ,1 8 6 .7 0 24 ,530 72 .5 0 3 3 ,8 3 4 .4 8 274 3 .6 0

1968 3 ,5 3 7 .8 0 27 ,110 80 .6 0 3 3 ,6 3 5 .2 3 281 3 .5 8

1969 4 ,0 6 2 .2 4 32 ,450 88 .7 0 3 6 ,5 8 4 .0 0 304 3 .9 0

1970 4 ,6 3 4 .2 1 38 ,630 100 .00 3 8 ,6 3 0 .0 0 313 4 .1 1

1971 4 ,8 6 3 .2 3 44 ,400 1 1 2 .3 0 3 9 ,5 3 6 .9 5 373 4 .2 1

1972 4 ,9 9 6 .6 4 53 ,140 125 .60 4 2 ,3 0 8 .9 1 399 4 .5 0

UiUl
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T i t l e :  OLS

P urpose : An a tte m p t to  e s t im a te  th e  c o e f f i c i e n t  o f  th e  su g g e s te d

l i n e a r  m odels to  p r e d i c t  th e  amount o f  f u tu r e  s o l id  w aste  

g e n e ra t io n  p e r  c a p i t a .

D ate Com pleted: March 19 , 1975.

Computer Used: IBM-360

Program  Language U sed: FORTRAN IV

Com putation Time: V a r ie s  w ith  s i z e  o f  p rob lem .

3 . R e s u l ts  o f  C om putation:

+  ^2^1   Model 1 -1

w here = SWG/P/D = th e  amount o f  s o l id  w aste  g e n e ra t io n  

(p o u n d /p e rso n /d a y ) (T ab le  3)

= PDSM = p o p u la tio n  d e n s i ty  (p e r s o n /s q .  m i .) (T a b le  5) 

= DIPP = income l e v e l  ($ /p e rs o n /d a y ) (T a b le  5)

Y^ = 1 .2936 +  6.3289D-6*% i +  0 .9754   Model 1 - 1 '

Rg = .9458

T s t a t i s t i c s  = 11 .5330  ( c o n s ta n t ,  0 .4263 (PDSM), 

and 2 .8870  (DIPP)

S tan d a rd  e r r o r  o f  r e g r e s s io n  = 0 .0585  

Henry T h e i l  U C o e f f ic ie n t  = 0 .6061

Y^ = + ®2^1 ^  ^3^2 ___________________ Model 1 -2

w here Yĵ  = SWG/P/BA = s o l i d  w as te  g e n e ra tio n  w ith ­

o u t b r iq u e t te d  a sh  (p o u n d s /p e rso n /d ay )

* 6.3289D-6 = 6 .3289 x 10"^
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= PDSM 

Xg = DIPP

= 0 .5276  + 8.4000D -6 X^ + 0 .2019  X ^ _____________ Model 1 -2 '

= 0 .9878

S ta n d a rd  e r r o r  o f  r e g r e s s io n  = 0 .0095  

T s t a t i s t i c s  = 29 .1240 ( c o n s ta n t ) ,  3 .5032 (PDSM), 

and 3 .6997 (DIPP)

Henry T h e i l  U C o e f f ic ie n t  = 0 .4606

Y i = a i  +  agX^ +  agXg___ __________________________ Model 1 -3

w here Y^ = DWG/H = t o t a l  s o l id  w a s te  g e n e ra t io n  

(p o n n d /h o u se h o ld /d a y )(T a b le  3)

X^ = NHPM = h o u seh o ld  d e n s i ty  (h o u s e h o ld s /s q .m i .) (T a b le  6 )  

Xg = DIPH = househ o ld  income l e v e l  ($ /h o u se -  

h o ld /d a y ) (T a b le  6 )

Y^ = 8 .7377  -  0.4994D -3 X^ +  1 .2571  X^ ___________ Model 1 - 3 '

Y i = a i  +  agX^ +  a^Xg__ ___________________________ Model 1-4

w here Y^ = SWG/H/BA = s o l id  w a s te  g e n e ra t io n  w ith o u t 

a sh /h o u se h o ld /d a y  

X^ = NHPM 

Xg » DIPP

Yĵ  = 3 .7497  -  0.8866D -3 +  0 .3166  X g  Model 1 - 4 '

d e n o te s  i r r a t i o n a l ,  and th e r e f o r e  u n a c c e p ta b le ,  s ig n s
o f  c o e f f i c i e n t s .
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- - a .  E v a lu a tio n  o f  S ign  F a c to r

W ith th e  a ssu m p tio n  th a t  th e  amount o f  s o l id  w as te  

g e n e ra t io n  I s  p o s i t i v e ly  c o r r e la te d  w ith  th e  Income l e v e l ,  p o p u la t io n  

o r  h o u seh o ld  d e n s i ty  In  norm al c irc u m s ta n c e s , th e  c o e f f i c i e n t  o f  a l l  

In d ep en d en t v a r i a b le s  used  h e re  sh o u ld  b e  p o s i t i v e .  S in ce  th e  u n d er­

l in e d  c o e f f i c i e n t s  o f  NHPM In  th e  M odels 1 -3 ' and 1 - 4 ' showed n e g a t iv e  

s ig n s ,  th e s e  two m odels sh o u ld  n o t  b e  u sed  In  f u r th e r  a n a ly s e s .

The n e g a t iv e  s ig n  m igh t b e  a t t r i b u t e d  to  th e  

d o u b tfu l d a ta  o f  s o l id  w aste  g e n e ra t io n  p e r  h o u seh o ld  o r  th e  d e f i c i e n t  

number o f  o b s e rv a t io n s .

b .  S t a t i s t i c a l  E v a lu a tio n

T -v a lu e  computed f o r  M odels 1 - 1 ' and 1 - 2 ' compared 

w ith  2 .447 o f  th e  ta b u la te d  v a lu e  ( f o r  a  = 0 .0 5 ,  w ith  d f  = 6 , and one 

t a l l )  shows an  a c c e p ta b le  model I n  1 - 1 ' ,  e x c e p t PDSM.

c .  F o re c a s tin g  E v a lu a tio n  

U = 1 :Z (P i  -  A l)2  /  (1  2  A ^i) 
n  n

= 0 .6166 ___________ Model 1 - 1 '

= 0 .5161  _________ Model 1 - 2 '

U = Henry T h e i l  I n e q u a l i ty  C o e f f ic ie n t  

p i  = p r e d ic te d  change 

A I = a c tu a l  change 

I f  th e  f o r e c a s t in g  model was p e r f e c t ,  th e  U c o e f f i c i e n t  sh o u ld  be  e q u a l 

to  z e ro . I f  th e  Ü c o e f f i c i e n t  I s  e q u a l to  o r  g r e a t e r  th an  o n e , th e  

p r e d ic t iv e  a b i l i t y  o f  th e  model w i l l  n o t  b e  r e l i a b l e  (Llew* 1 9 71 ).
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- - 4 . C o n c lu s io n s ;

From th e  above model s p e c i f i c a t i o n s ,  th e  b e s t  s p e c i­

f i c a t i o n  o f  th e  m odel f o r  p r e d ic t in g  th e  s o l i d  w a s te  g e n e ra tio n  p e r  

c a p i t a  can  be chosen  a s  Model 1 - 2 ' .  However, Model 1 - 1 ' may a l s o  be 

used  f o r  p r e d ic t iv e  p u rp o ses  i f  no o th e r  b e t t e r  a l t e r n a t i v e  i s  a v a i l ­

a b le .

5 . Comments:

To develop  a  b e t t e r  p r e d ic t io n  model i t  i s  n e c e ssa ry  

to  in c r e a s e  th e  d e g re e s  o f  freedom ; nam ely , th e  number o f  o b s e rv a tio n s .  

A lthough  th e re  was n o t enough in fo rm a tio n  a v a i l a b l e  to  develop  th e  

model d u rin g  t h i s  s tu d y , th e  a n a ly s i s  o f  th e . m odel t h a t  i s  in c lu d e d  

h e re  may be u s e f u l  in  showing some exam ples o f  th e  su g g es ted  m ethod­

o logy  o f  t h i s  r e s e a r c h .  R e -e s tim a tio n  o f  th e  c o e f f i c i e n t s  o f  th e  

p ro v id ed  m odels w ith  in c re a s e d  in fo rm a tio n  o f  th e  amount o f  a c tu a l  

w as te  g e n e ra t io n  sh o u ld  in c re a s e  th e  e f f i c i e n c y  o f  th e  m odel. A lso , 

to  h e lp  in c re a s e  th e  a c c u ra c y  o f  th e  co m p o sitio n  a n a ly s i s  o f  s o l id  

w a s te s , f i e l d  su rv ey  s h e e ts  a r e  a t ta c h e d  i n  A ppendix B.



C h ap ter IV

CONCEPTUAL DESIGN OF THREE ALTERNATIVES FOR DISPOSAL OF SOLID WASTES

At th e  p re s e n t  tim e , th e re  a re  th r e e  p r in c i p a l  methods o f  s o l id  

w aste  d is p o s a l  t h a t  i n h i b i t  w a s te s  from becom ing p o l l u t a n t s .  These 

th re e  m ajor m ethods a r e ;  (1) d is p o s in g  o f  th e  s o l i d  w aste  in  a  s a n i t a r y  

l a n d f i l l ,  (2) in c in e r a t in g  th e  s o l i d  w aste  w ith  f i n a l  d is p o s a l  in  a  

s a n i ta r y  l a n d f i l l ,  and (3) com posting th e  w a s te . However, each  o f  th e  

th re e  m ajor a l t e r n a t i v e s  can n o t co m p le te ly  s o lv e  th e  w aste  prob lem , 

w ith  th e  p o s s ib le  e x c e p tio n  o f  th e  s a n i t a r y  l a n d f i l l  to g e th e r  w ith  a  

p a th o lo g ic a l  i n c in e r a t o r ,  due to  th e  h e te ro g en eo u s  c h a r a c t e r i s t i c s  o f 

th e  w aste  com position  as shown in  T ab le  1 . To s o lv e  th e  w aste  p rob lem , 

th e r e f o r e ,  th e  com bination  o f  th e s e  th r e e  m ajor a l t e r n a t i v e s  sh o u ld  be 

employed a s  fo llo w s  in  F ig u re  7 . The amounts and com p o sitio n s  o f  s o l id  

w aste  used  in  F ig u re  7 w ere b a se d  on hand s e p a ra t io n  v a lu e s  o b ta in e d  

in  1974 (T ab le  7 ) .

(1) A l te rn a t iv e  One: S a n ita ry  l a n d f i l l  +  p a th o lo g ic a l  i n c in e r a to r

A ll  th e  w aste  e x c e p t dead an im a ls  cou ld  be h an d led  by th e  s a n i t a r y  

l a n d f i l l  p r a c t i c e .

60
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(2) A l te rn a t iv e  Two; S a n ita ry  l a n d f i l l  + p a th o lo g ic a l  i n c in e r a t o r  

+ c o a l  ash

S ince  th e  c i t y  o f  Seoul i s  now fa c in g  th e  ex trem e s h o r ta g e  o f  a v a i la b le  

la n d  f o r  f i l l i n g  w ith  s o l i d  w a s te ,  c o a l ash  i s  assumed to  be s e p a ra te d  

p r i o r  to  la n d  f i l l i n g  f o r  th e  u t i l i z a t i o n  o f  th e  ash  i n  c o n s tru c t io n  and 

a g r i c u l t u r a l  p u rp o ses  as  s tu d ie d  in  C hap ter V I. C oal ash  s e p a ra t io n  

sh o u ld  be s tu d ie d  f u r th e r .

(3) A l te r n a t iv e  T h ree : S a n ita ry  l a n d f i l l  +  m u n ic ip a l i n c in e r a t o r

+ c o a l ash  + p a th o lo g ic a l  i n c in e r a t o r

M u n ic ip a l i n c in e r a t o r s  a re  assumed to  h an d le  a l l  th e  w as te  e x c e p t g la s s ',  

m e ta l,  d e m o lit io n  and ce ram ic  w a s te s ,  w hich co u ld  be s e p a ra te d  by 

r e l a t i v e l y  s im p le  and in e x p e n s iv e  equipm ent (Drobny e t .  a l . ,  1971) such  

as  a  I n e r t i a l  s e p a r a to r —b a l l i s t i c ,  s e c a to r ,  and in c l in e d  conveyor.

Those s e p a r a to r s  e f f e c t  a  s e p a r a t io n  b ased  upon s i z e  ( a i r  r e s i s t a n c e ) ,  

d e n s i ty  ( g r a v i ty  e f f e c t s ) ,  and e l a s t i c  p r o p e r t i e s  o f  th e  s o l id  w a s te s .  

P r io r  to  th e  m e ch an ica l s e p a r a t io n ,  t h i s  work i s  a l s o  d es ig n ed  to  s e p a ra te  

th e  la rg e  s iz e d  u ncom bustib le  w as te  from th e  w a s te -m ix tu re  by hand p ic k in g  

and s o r t in g  from  th e  conveyor. M agnetic  o r  e d d y -c u r re n t s e p a r a to r ,  and 

o th e rs  (D robny, e t .  a l . ,  1971; E n g d ah l, 1969; An I n te r im  R eport o f  th e  

G a in s v i l le  Compost P l a n t ,  1969) w ere n o t s tu d ie d  in  t h i s  work b ecau se  

o f  h ig h  c o s ts  and unknown e f f ic ie n c y  when a p p l ie d  to  K orean s o l i d  w aste  

m a te r i a l s .

S in ce  th e  s e p a r a t io n  o f  v e g e ta b le  m a te r ia l  from  th e  m ix tu re  

o f  w aste  i s  uneconom ical and te c h n ic a l ly  i n f e a s i b l e  a t  th e  p r e s e n t  t im e .
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v e g e ta b le  w aste  I s  a s s ig n e d  I n to  th e  m u n ic ip a l I n c in e r a to r ,  b u t  even  

th e  a d d i t io n  o f th e  w aste  I n to  th e  I n c in e r a to r  I s  u n r e a l i s t i c  eco n o m ica lly  

due to  h ig h  m o is tu re  c o n te n t In  I t .  A lso , th e  b a s ic  rea so n  f o r  I n s t a l l i n g  

a  p a th o lo g ic a l  I n c in e r a to r  In  a d d i t io n  to  th e  m u n ic ip a l I n c in e r a to r  I s  

b ecause  m ost dead  an im a ls  t h a t  a re  k i l l e d  w ith  p e s t i c id e s  sh o u ld  b e  

t r e a te d  s a f e ly  due to  th e  to x ic  e f f e c t s  o f  p e s t i c i d e  r e s id u e s .

(4) A l te r n a t iv e  F ou r: S a n ita ry  l a n d f i l l  + com posting  p l a n t  + 

c o a l  ash  + p a th o lo g ic a l  I n c in e r a to r

The same assu m p tio n s a re  used  h e re  as  i n  A l te r n a t iv e  T h ree . U ncom postable 

m a te r ia ls  a re  assumed to  be  s e p a ra te d .

(5) A l te rn a t iv e  F iv e : S a n ita ry  l a n d f i l l  + m u n ic ip a l I n c ln e r a to t  

+ com posting  p la n t  + p a th o lo g ic a l  I n c in e r a to r  +  c o a l  ash

A ll fo u r  o f  th e  d is p o s a l  methods a re  em ployed h e r e .  The h a n d lin g  c a p a c i ty  

o f each  component w i l l  be u l t im a te ly  d e te rm in e d  by th e  d eg ree  o f  su c c e s s  

In  s e p a r a t in g  th e  o rg a n ic  f r a c t io n  by a i r  c l a s s i f i c a t i o n  a n d /o r  o th e r  

m ethods. F or th e  pu rp o se  o f  t h i s  d i s s e r t a t i o n .  I t  I s  assumed th a t  

ap p ro x im a te ly  20% w i l l  be com posted and a p p ro x im a te ly  10% w i l l  be 

I n c in e r a te d .

L a rg e r  p ie c e s  o f rag  and ru b b e r  m a te r ia l s  a re  a l s o  assumed to  

be s e p a ra te d  by hand p ic k in g  p r i o r  to  m e ch an ic a l s e p a r a t io n  b eca u se  

they  cau se  p rob lem s In  com posting . The rem ain in g  w a s te s  a re  assumed to  

be b u r le d  In  l a n d f i l l  o p e ra t io n s .
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A lt« rn« tlv  11

2,000 ToDs/Day

j _ S a n I t a a y ^ j i i i O  tona/dav ) [

_Daad Anlnala (0.10% -  
2 Tona/Day)(Pacholo(teal 

JjlS^eracor)

Altarnativa 2t

2,000 Tona/Oay

_D«ad Anlaala (0.10% 
(Pathological Inclnarator)

(1.02%, 20.4 
tons/day)

1Coal ash (62152%, 1250.4 tons/day) 
Construction and Agricultural 
purposes.

Sanitary Landfill (36.36%, 
727.20 tons/dav)

Altem atlva 3:

2,000 Tons/Day

_Dead Aniaala (0.10%) 
(Pathological incinerator)

I Receiving and S epara ting  System

Coal ash (62.52%) 
Same purposes os In 
Alternative 2_____

Municipal Incinerator 
(29.73%, 595.00 tons/ 

day)_______

Recycling
(1.022)

J_
Sanitary Landfill 
(6.61%, 132.20 tons/ 

 day)______ _

Alternative 4:

Dead Animals (0.10%) 
(Pathological Incinerator)
 Recycling

( 1.02%)Receiving and S ep ara tin g  System

Sanitary Landfill 
(11.58%, 231.6 

tons/day)

Coal aah (62.52%) 
Saas purposes as 
in Alternative 2

Cocpoating Plant 
(24.78%, 495.6

Alternative 5»

Dead Aniaala (0.10%) 
(Pathological Incinerator)

.lacyellag 
(1. 02%)

I Raceivina and Separating Svatem I,

Coal aah 
(62.52%)

Composting Plant 
20.29%, 405.8 

tons/day)

Municipal Incinarrtor 
(9.48%, 189.6 tons/ 

 day)_________

Ngura 7

Cos&ination of Thrae Altarnativa Mathoda of Solid Uaate Diapeaal -  Plov Diagra# 
(Baaad oe 2,000 Tona Daily Generation)
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Table 7
SOLID WASTE DISTRIBUTION INTO THREE ALTERNATIVE METHODS (BASED ON 859.60

LBS -  SURVEY DATA, 1974, FROM TABLE 1)

A l te rn a t iv e
Methods R ecy c lin g Composting In c in e ra ­

t io n
L a n d f i l l O th ers  

(C o n st. & 
A g ri. Use)C ategory

14 .2114 .21 14.216 .0 9P ap er

0.21 20.59 20.59 20.59Wood & S traw

130.60130.60 130.60V egetab le

1 .4 0 26.52 26 .5 2Rag

2 .4 3 2 .4 30 .0 5Rubber

4 .020.12G lass

1 .320 .0 6M etal

13 .820.88 13.82S y n th e t ic
( p l a s t i c s )

1.00Dead Anim als 
(p a th o lo g ic a l  
in c in e r a to r )

537 .40A n th ra c i te  . 
B r iq u e t te  Ash 

( c o a l  ash)

47 .88D em olition

3 .40C eram ics

5 .0 05 .00 5 .0 0G arbage

42.6042.60 42.60O th ers

537.40312.39TOTAL ( lb ) 213.00 255 .778 .8 1

36.34 65.5224 .78 29.751.02PERCENT
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I .  S o lid  W aste G en era tio n  in  S tudy A rea

The c o n c e p tu a l d e s ig n  o f th e  a l t e r n a t i v e s  was b ased  on 2 ,000  to n -  

g e n e ra tio n  p e r  day  w ith  th e  fo llo w in g  assu m p tio n :

The approx im ated  v a lu e  o f 2 ,000  to n s  o f  d a i ly  g e n e ra tio n  o f  s o l id  

w aste  in  th e  s tu d y  a re a  was c a lc u la te d  from 1972 to  1985 a c c o rd in g  to  

th e  s o l id  w as te  g e n e ra t io n  m odel.

I n  1972:

The s o l i d  w aste  m o d e l...Y ^  = 0 .5276  +  8.4xlO “ ^Xj  ̂ + 0 .2019  Xg 

w here Xĵ  = 1 ,3 0 0 ,0 0 0  p e rso n s  p e r  5600 h a , o r  60 ,141 

p e rso n s  p e r  sq u a re  m ile  

Xg = $0 .87 p e r  p e rso n  p e r  day

(1) The amount o f  s o l id  w a s te  g e n e ra tio n  in  ChungGae d ra in a g e  

a r e a  w i l l  b e  a p p ro x im a te ly  785.53 to n s  p e r  d ay .

(2) S in ce  th e r e  i s  no s e p a r a t io n  in  c o l le c t in g  b r iq u e t t e  ash  

from  th e  r e s i d e n t i a l  s o l id  w a s te , d a i ly  b r iq u e t t e  a sh  

w i l l  be 892 .39  to n s ,  w ith  th e  assum ption  t h a t  7 .1 9  pounds 

a sh  g e n e ra t io n  d a i ly  p e r  h o u seh o ld , and 248,092 h o u seh o ld s  

p e r  5600 h a . ,  b ased  on 5 .2 4  p e rso n s  p e r  h o u seh o ld .

(3) D a ily  w et s lu d g e  g e n e ra t io n  from  th e  ChungGae Sewage 

T rea tm en t P la n t  w i l l  b e  56 .23  to n s  (Appendix C ) .

TOTAL = 1734.15 to n s  p e r  day

In  1985:

Assuming th e r e  i s  on ly  a  m inim al d e c re a se  i n  p o p u la tio n  i n  th e  

s tu d y  a r e a ,  ab o u t 1 .0  p e r c e n t ,  due t o  th e  D e c e n t r a l iz a t io n  P la n  o f  th e  

Seoul m e tro p o li ta n  governm ent and th e  c e i l i n g  on th e  p o p u la t io n  h o ld in g  

c a p a c ity  in  th e  a r e a ,  th e  fo llo w in g  in fo rm a tio n  was o b ta in e d .
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w here = 68 ,400  p e rso n s  p e r  sq u a re  m ile

Xg = $2 .05  p e r  p e rso n  p e r  day (g r a p h ic a l  v a lu e  o f  

l i n e a r  a r i th m e t ic  In c re a s e )

(1) The amount o f  s o l i d  w a s te  g e n e ra t io n  In  th e  ChungGae d ra in a g e  

a r e a  w i l l  be  a p p ro x im a te ly  1068.54 to n s  p e r  d ay .

(2 ) D a ily  b r iq u e t t e  ash  w i l l  be  850 .0  to n s  p e r  day a t  a  4 .5  

pounds p e r  3 .9  p e rso n s  p e r  househ o ld  (g r a p h ic a l  v a lu e  

under l i n e a r  a r i th m e t ic  d e c re a s e ) .

( 3) D a ily  w et s lu d g e  g e n e ra tio n  w i l l  b e  56 .23  to n s  p e r  day 

w ith o u t c o n s id e ra t io n  o f  ex p an sio n  o f  th e  P la n t  u n t i l  1985.

TOTAL = 1977.77 to n s  p e r  day 

Under th e  assu m p tio n  t h a t  p a r t s  o f  th e  -so il'd  w a s te  g e n e ra te d  In  th e  

neighborhood  d ra in a g e  a re a s  such  a s  JungRyang, UkChun, KongDuk and Bong- 

Won d ra in a g e  a re a s  cou ld  be  combined in t o  th e  s tu d y  a r e a  b ecau se  o f  

s h o r t  h a u l in g  d is ta n c e  and co n v en ien ce , th e  t o t a l  q u a n t i ty  cou ld  be 

approx im ated  a t  ab o u t 2 ,000  to n s  p e r  d ay .

I I .  D esign C o n s id e ra tio n

(1) A rea req u ire m en t o f  th e  th r e e  a l t e r n a t i v e s  co u ld  be th e

most im p o rta n t f a c to r  f o r  th e  c i t y  o f  S eo u l.

(2) The n e x t most im p o rta n t f a c t o r  co u ld  b e  th e  c a p i t a l  and

o p e ra t io n  and m ain tenance c o s t s .  Those v a lu e s  w ere o b ta in e d

from p re v io u s  re s e a rc h  r e p o r t s  and p e r s o n a l  com m unications.

(3) In  I n c in e r a to r  o r  com posting p la n t  p r a c t i c e ,  r e c e iv in g  and 

s e p a r a t in g  system s o f s o l i d  w aste  a r e  n e c e s s a ry .
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A. The N e c e s s i ty  o f  a  R ece iv in g  and S e p a ra t in g  System .

1. Economics o f s o l id  w aste  r e c y c l in g ;  ou r econom ic 

system  i s  b ased  on ta k in g  n a t u r a l  r e s o u r c e s ,  c o n v e r t in g  

them in t o  consum er p ro d u c ts  by some i n d u s t r i a l  o r  

d o m estic  p ro c e s s ,  and s e l l i n g  th e s e  goods to  th e  

consum er. The consumer u s e s  them e i t h e r  p a r t i a l l y  o r  

co m p le te ly  and th e n  d is c a r d s  them a s  w a s te .  I f  th e s e  

w a s te s  a r e  d is c a rd e d  w ith o u t c a r e  o r  th o u g h t to  th e  

n a t i o n ’s  f u tu r e  n e e d s , th e s e  w a s te s  become p o l l u t a n t s .  

I n d u s try  c o n tin u e s  to  u t i l i z e  th e  l im i te d  r e s o u r c e s ,  

an d , even  on a  s m a lle r  s c a l e ,  adds to  th e  p o l lu t io n  

p rob lem  i n  th e  form  o f i n d u s t r i a l  w a s te s  (F ig u re  8 ) .

I f  th e s e  unw anted w a s te s  can  b e  r e tu r n e d  eco n o m ica lly  

to  th e  c y c le ,  i t  w i l l  c o n se rv e  o u r  n a t u r a l  r e s o u r c e s .

2 . I n c r e a s e  i n  th e  o p e r a t io n a l  e f f i c i e n c y  o f  w a s te  d i s ­

p o s a l .

3 . The la n d  can  rem ain  f r e e  o f  p o l l u t a n t s  f o r  p r e s e n t  and 

f u tu r e  g e n e ra t io n s  and th e  n a t u r a l  c y c le  can  b e  con­

t in u e d  w ith o u t i n t e r r u p t i o n .

4. R ed u c tio n  o f  th e  c i t i z e n 's  ta x e s  f o r  s o l i d  w a s te  d i s ­

p o s a l  can  b e  accom plished  th ro u g h  s e l l i n g  th e  u s a b le  

w a s te .

5 . P u b l ic  s a f e ty  o f  c o n t r o l le d  h a n d lin g  o f  s o l i d  w a s te .
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industry

products

/w a s te s ^

REUSE
Iniatiqn

ind.
wastes

ind- 
poilutan

MAN AND ENVIRONMENT

F ig u re  8

CONSERVATION OF NATURAL RESOURCES AND CLEANUP OF MAN'S 
ENVIRONMENT BY RECYCLING
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B. The D esign  o f  R ece iv in g  and S e p a ra tin g  System .

The d e s ig n  i s  b ased  upon (1 ) econom ics — m in im iz ing  c o s ts  

o f  e x p e n s iv e  equipm ent — (2) e f f ic ie n c y  o f  o p e r a t io n s ,

(3) c o n s id e r a t io n  o f a v a i l a b i l i t y  o f  la b o r ,  and (4) lan d  

a v a i l a b i l i t y .  The d e s ig n  o f  th e  system  i s  b a sed  on fo u r  

500 to n -p e r -d a y  p la n t s  r a th e r  th an  one 2 ,0 0 0  to n -p e r -d a y  

p l a n t .  D e ta i le d  p ro c e d u re s  f o r  d e s ig n in g  th e  r e c e iv in g  

and s e p a r a t in g  system  i s  reco rd ed  in  A ppendix D.

1 . S c a le  sy stem ; th e  s c a le  sh o u ld  be a b le  to  w eigh th e  

l a r g e s t  and h e a v ie s t  v e h ic le s  a n t i c ip a te d .

2 . P la t fo rm : th e  c o n c re te  p la tfo rm  i s  recommended f o r  

accom odating  th e  m a jo r i ty  of c o l l e c t io n  t r u c k s .

3 . T ip p in g  a r e a :  th e  t ip p in g  a re a  i s  a  f l a t  a r e a  a d ja ­

c e n t  to  th e  s to r a g e  p i t  where tru c k s  m aneuver i n t o  

p o s i t i o n  f o r  dumping. The a re a  sh o u ld  be  la rg e  enough 

to  a llo w  f o r  s a f e  and easy  m aneuvering and  dumping.

4 . S to ra g e  p i t :  th e  t o t a l  space  and number o f  p i t  c e l l s  

depends on th e  amount o f m a te r ia l  re c e iv e d  (2 ,000  to n s  

p e r  d a y ) , th e  s to ra g e  p e r io d ,  and th e  peak  w aste  

d e l iv e r y .

5 . S e p a ra t io n  sy stem : th e  s e p a ra t io n  o f  s o l i d  w aste  in  

t h i s  work i s  d e s ig n ed  as manual s o r t in g  on a  conveyor 

b e l t ,  and fo llo w s  w ith  m echan ica l s e p a r a t io n  such  as 

b a l l i s t i c ,  o r  a i r  c l a s s i f i e r .
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C. D esign F e a tu re s  o f Three M ajor A lte rn a t iv e s  (S a n i ta ry  L a n d f i l l ,

I n c in e r a to r  and Composting P la n t)

The a l t e r n a t i v e s  were desig n ed  w ith  th e  fo llo w in g  in fo rm a­

t io n  (A ppendix D ).

1. S a n ita ry  L a n d f i l l :

The a r e a  r e q u ire d  and o th e r  n e c e ssa ry  in fo rm a tio n  were 

o b ta in e d  th ro u g h  p e rs o n a l com m unications w ith  C a n te r , 1973.

2 . I n c in e r a to r :

The p ro c e d u re s  o f  a re a  req u irem en t f o r  m ajor p o r t io n s  

o f  th e  m u n ic ip a l i n c in e r a to r  were fo llo w ed  w ith  th e  com­

b in a t io n  o f  D a n ie lso n ’s work in  1967 and C orey’s work 

in  1969.

3 . Composting P la n t :

The d es ig n  f e a tu r e  o f th e  com posting  p la n t  i s  b ased  on 

th e  model o f  N a tu r iz e r  Company o f Norman, Oklahoma, and 

th e  model o f  th e  G a in s v il le  Composting P la n t  in  F lo r id a ,

a . O p e ra tio n a l Mechanism o f th e  P la n t :

Com postable m a te r ia l  from th e  s o l i d  w aste  i s  t r a n s ­

f e r r e d  from  th e  s o r t in g  sy stem  and mixed w ith  w et 

s lu d g e  under c o n t ro l le d  c o n d i t io n s .  The m ix tu re  i s  

ground in  p rim ary  g r in d e rs  t o  a  th r e e  o r  fo u r  in ch  

s i z e ,  depending on th e  c h a r a c t e r i s t i c s  o f  th e  m a te r ia l .  

From th e  g r in d e r ,  th e  m o isten ed  m a te r ia l  i s  e le v a te d  

o n to  th e  f i r s t  d ig e s to r ,  w here i t  w i l l  rem ain  f o r  a  

24 -h o u r p e r io d .  In co m p le te ly  d ig e s te d  m a te r ia l  from
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th e  f i r s t  ta n k  moves down one l e v e l  th ro u g h  a  r o ta t in g  

s t e e l  conveyor b e l t ,  where i t  ag a in  rem ains f o r  24 

h o u rs . From h e r e ,  i t  i s  a g a in  t r a n s f e r r e d  down one 

l e v e l  to  th e  t h i r d  d ig e s to r ,  where d ig e s t io n  c o n tin u e s  

f o r  a n o th e r  24 h o u rs .  A nother t r a n s f e r  dumps th e  

m a te r ia l  in t o  a seco n d ary  g r in d e r  w here th e  s i z e  o f  

th e  m a te r ia l  red u ces  to  th r e e - q u a r te r  in ch  o r  l e s s ,  

depending upon th e  d eg ree  o f com posting . T h is  

m a te r ia l  i s  s e n t  by a n o th e r  e l e v a to r  in to  th r e e  ad d i­

t i o n a l  d ig e s to r s  where i t  b e g in s  a  s e r i e s  o f  24 -h o u r 

d ig e s t io n  i n t e r v a l s .  A f te r  s i x  days o f d ig e s t io n ,  

th e  s i z e  o f th e  compost i s  reduced  to  1 /8  in c h  o r  

l e s s  in  a  t e r t i a r y  g r in d e r .  The m a te r ia l  p a s s e s  

a c ro s s  a  g ra d in g  s c r e e n .  The use  o f th e  e l e v a to r  

h e re  i s  n o t  n e c e s s a ry  b u t i s  c o n v e n ie n t. The s c r e e n -  

a b le  m a te r ia l  i s  s e n t  o u t as com post and th e  n o n -  

s c re e n a b le  m a te r ia l  i s  s e n t  back  th ro u g h  th e  system  

o r  to  a  l a n d f i l l .  The bo ttom  o f th e  c e l l  (F ig u re  36) 

in  Appendix D) i s  d es ig n ed  as a  r o ta t a b le  s t e e l  con­

v ey o r to  c o n tin u o u s ly  t r a n s f e r  th e  com posting 

m a te r ia l  i n t o  a  low er l e v e l  o f  th e  ta n k .  The o v er­

la p p in g  s t e e l  p l a t e s  on th e  bottom  g iv e s  an im p o rta n t 

b e n e f i t .  Through th e  o v e rla p p in g  o r i f i c e s  o r  

s p a c e s ,  a i r  p e n e t r a te s  and i s  d i s t r i b u t e d  in t o  th e  

m a te r ia l .
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b . T h e o r e t ic a l  Power R equirem ent o f  S iz e  R eduction  and 

Oxygen R equirem ents o f  th e  P la n t ;

The t h e o r e t i c a l  power re q u ire m e n t f o r  red u c in g  th e  

s i z e  o f  th e  com ponents o f  s o l i d  w aste  in to  two in ch  

and one in c h  was c a lc u la te d  in  Appendix D, w hich i s  

v e ry  c lo s e  to  th e  h o rs e  power b e in g  used  in  s i z e  r e ­

d u c tio n  in  b o th  N a tu r iz e r  Company and th e  G a in s v i l le  

Composting P la n t s ,

The oxygen req u ire m en t f o r  th e  com posting p la n t  f o r  

th e  595 to n s  o f  s o l i d  w aste  was a ls o  c a lc u la te d  in  

Appendix D, to  u n d e rs ta n d  th e  o p e ra t io n a l  c h a r a c te r ­

i s t i c s  o f  th e  com posting p l a n t .

c .  A dvantages o f  th e  N a tu r iz e r  System Over O th er 

Composting P la n t s :

( i )  R eduction  o f  as much as th r e e  tim es th e  la n d  

req u ire m en t ( e s p e c i a l l y  th e  d ig e s to r  a r e a ) .

( i i )  No n e c e s s i ty  o f  oxygen su p p ly  equipm ent d u r in g  

th e  com posting .

( i i i )  E ase o f  c o n s t ru c t io n  and ex p a n s io n .

d . D isad v an tag es  o f  th e  N a tu r iz e r  System  Over O ther 

Composting P la n t s :

( i )  More tim e to  c le a n  up .

( i i )  D ust g e n e ra t io n .
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D. In fo rm a tio n  on F ive A l te rn a t iv e s

The In fo rm a tio n  n e c e s s a ry  f o r  th e  c o n c e p tu a l d e s ig n  o f  th e  

f iv e  a l t e r n a t i v e s  l i s t e d  in  T ab les  8 th ro u g h  12 in d ic a te  

a r e a ,  c o s t ,  and em ployees r e q u ir e d  f o r  each  a l t e r n a t i v e .

The summary t a b le  (T ab le  13) o f th e  f iv e  a l t e r n a t i v e s  was 

i n s e r t e d  in  C hap ter V, f o r  s e l e c t io n  o f  th e  m ost econom ical 

and s a n i t a r y  p r a c t i c e s  w ith  th e  DARE Method (D ec is io n  

A l te rn a t iv e  R a tio n  E v a lu a t io n ) .
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T able 8 

INFORMATION ON ALTERNATIVE 1

A rea

SANITARY LANDFILL

Based on 2 ,0 0 0  Ton G en era tio n  P e r  Day

2 .6  X 10~^ a c r e s /d a y ,  o r  9 4 .9  a c r e s /y e a r  (p . 202 in  Appendix D)

L a n d f i l l  a r e a  r e q u ir e d  sh o u ld  use th e  r e q u ir e d  a re a  b e in g  c o r r e ­

l a t e d  w ith  th e  l i f e t i m e  o f  i n c in e r a t o r  and com posting p la n ts .  

Assuming te n  y e a r 's  l i f e t i m e  o f  i n c in e r a t o r  and com posting 

p l a n t s ,  th e  r e q u ir e d  a r e a  f o r  te n  y e a rs  = 949 a c r e s .

Volume o f Cover M a te r ia l

126,330 yd^ /1 0  y e a rs  

Equipm ent In v es tm en t C ost (T ab le  32 in  Appendix D)

Loader = $ 71,500 x 2 = $142,100

D ozer = $101,500 x 3 = $304,500

M isc. = $257,000

TOTAL = $703,000

O p era tin g  and M ain tenance C ost (Bond and S tra u b , 1973)

$0 .90  p e r  ton  

Number o f Employees R equ ired  a t  L a n d f i l l  S i t e  

1 s u p e rv is o r  and 1 a s s i s t a n t  = 2

1 o p e ra to r  p e r  equ ipm ent = 7

2 g a te  a t te n d a n ts  "  2

1 m ain tenance  o p e ra to r
p e r  equipm ent “  7

2 o f f i c e  w orkers ■ 2

TOTAL 20 em ployees
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T ab le  9

INFORMATION ON ALTERNATIVE 2

A rea

SANITARY LANDFILL

Based on 730 Ton G en era tio n  P e r  Day

9 .5  X 10"^ a c r e s /d a y ,  o r  3 4 .7  a c r e s /y e a r

The r e q u ir e d  a re a  f o r  te n  y e a rs  = 347 a c re s  

Volume o f co v er m a te r ia l  

89 ,790 y d^ /10  y e a rs  

Equipment In v es tm en t C ost

L oader = $ 71 ,500  x  1 = $ 71,500

D ozer = $101,500 x 2 = $203,000

M isc. = $ 93.805

TOTAL = $368,305

O pera tin g  and M aintenance C ost 

$1 .95 p e r  ton  

Number o f  Employees R equ ired  a t  L a n d f i l l  S i t e  

16 em ployees

RECEIVING AND SEPARATING SYSTEM 
Based on 2 ,000  Ton G en era tio n

A rea

Length = 140 f t  

Width = 490 f t  

S u b to ta l  = 68 ,600  f t ^  f o r  500 to n  h o ld in g  c a p a c i ty  

68 ,600  X 4 = 274,400 f t f ,  o r  6 .3  a c re s
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Table 9
(Continued)

Equipment C ost

C ost f o r  one s to ra g e  p i t  c e l l  = 475 f t ^  o f 1 /2 - i n .  o f  f l a t  

s t e e l  ( 1 - f t  X 1 - f t  = $6 .32)

475 f t ^  X $ 6 .3 2 / f t^  = $ 3 ,0 0 2 .0  (averag ed  r e t a i l  p r ic e  in  

Oklahoma C ity ,  Oklahoma, 1975)

T o ta l  r e q u ire d  c e l l s  p e r  500 to n  ( p . 225 ) = 49 

49 X $ 3 ,0 0 2 .0  = $147,098 

T o ta l  r e q u ire d  s to ra g e  p i t  c e l l  c o s t  f o r  2 ,000  to n s  = $588,392 

C ost f o r  one h o i s t  r e q u ire d  f o r  te n  p i t  c e l l s  = $550 (av erag ed  

r e t a i l  p r i c e  in  Oklahoma C ity ,  Oklahoma, 1975)

$550 X 5 = $2,750 

T o ta l  c o s t  o f  h o i s t  f o r  2 ,000  to n s  = $11,000 

T o ta l  conveyor c o s t  f o r  2 ,000  to n s  = $128,192 (P ie r s o n , 1975) 

G ran t t o t a l  equipm ent c o s t  = $727,584 

Number o f  Employees R equired

112 p e rso n s  (assum ed a t  62% o f A l te rn a t iv e  3 and 4)

O p era tin g  and M aintenance C ost

Unknown (assum ed ze ro  d o l l a r s )
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Table 10
INFORMATION ON ALTERNATIVE 3

SANITAR.Y LANDFILL

B ased on 135 Ton G e n e ra tio n  P e r  Day

Area

1 .8  X 10 ^ a c r e s /d a y ,  o r  6 .4  a c r e s /y e a r

The r e q u ir e d  a r e a  f o r  te n  y e a rs  = 64 a c re s  

Volume o f Cover M a te r ia l

17,155 yd^ /10  y e a rs  

Equipment In v es tm en t C ost

L oader = $ 71 ,500  x  1 = $ 71,500

D ozer = $101,500 x 1 = $101,500

M isc. = $ 16 .962

TOTAL = $189,962

O p era tin g  and M ain tenance Cost 

$2 .80  p e r  to n  

Number o f  Em ployees R equ ired  a t  L a n d f i l l  S i t e  

12 em ployees

INCINERATOR 
B ased on 600 Ton G e n e ra tio n  P e r  Day

A rea (pp . 204 in  Appendix- D)

G ra te  a r e a  = 1051.0  f t ^  (w id th  = 2 4 .5  f t  and le n g th  *» 4 2 .9  f t )

M ixing chamber a r e a  = 208 .7  ft%

Combustion cham ber
area 616.9 ft^
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T ab le  10 

(C on tinued)

S tac k  a r e a  = 260 .9  f t ^

TOTAL = 2137.5  f t ^ ,  o r  0 .05  a c re s

Equipm ent In v es tm en t C ost

A pprox im ate ly  $ 3 ,240 ,000  (P re s e n t c o s t  was assumed to  be 35% 

i n f l a t i o n  o f  A ch inger and D a n ie l 's  w orks, 1970)

R ate p e r  u n i t  a r e a  o f  g r a te  —  47 I b / f t ^ / h r  

O p e ra tin g  and M ain tenance C ost

O p e ra tin g  c o s t  (w ith  f in a n c in g  and ow nersh ip  c o s ts )  = 3 .3 6 / to n  

R e p a ir  and m a in tenance  c o s t  = 0 .5 3 / to n

T o ta l  o p e ra t in g  and m ain tenance  c o s t  = $ 3 .8 9 /to n  x  35% i n f l a t i o n  

= $5 .25

Number o f  Em ployees R eq u ired

1 s u p e rv is o r  and 1 a s s i s t a n t  = 2

2 o p e r a to r s  =* 2

4 m a in ten an ce  = 4

2 g a te  a t te n d a n t s  = 2

2 o f f i c e  w o rk ers  = 2

TOTAL = 12 p e rs o n s

A u x il ia ry  F u e l R equirem ents o f  W aste

S in ce  a v e ra g e ’ gas te m p e ra tu re s  used  in  A l te rn a t iv e  3 i s  726° F 

a t  300% e x c e ss  a i r ,  i t  i s  recommended an in c re a s e  to  1400° F 

—  2 ,0 0 0 °  F (M u n ic ip a l R efuse D is p o sa l —  APWA, 1970)*
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T ab le  10 

(C on tinued )

To in c re a s e  th e  gas te m p e ra tu re  to  1500° F , k e ro s in e  i s  r e q u ire d  

a t  ab o u t 196 g a l /h r  (based  on 136,000 B T U /g a l), o r  112 

b a r r e l s /d a y

408,800 b a r r e l s / t e n  y e a rs

$ 7 8 .4 0 /h r  ( $ 0 .4 0 /g a l  r e t a i l  p r i c e ,  Oklahoma C i ty ,  Oklahoma, 1975 ), 

o r  $ l ,1 8 1 .6 /d a y

RECEIVING AND SEPARATING SYSTEM 
Based on 2 ,000  Ton G en e ra tio n

A rea

6 .3  a c re s  

Equipm ent C ost

$727,584 (same as  A l te rn a t iv e  2 ) .  I t  i s  n e c e s s a ry  to  add th e  

c o s t  o f  th e  m ech an ica l s e p a r a to r  (a s  an exam ple , 1 b a l l i s t i c  

s e p a r a to r  —  1800 rpm e l e c t r i c  m otor w ith  0 .4  to n /h r  = 

$23,488) = 54 ( b a l l i s t i c  s e p a r a to r s  w ith  assumed 30% o f 

th e  t o t a l  w a s te s  b e in g  s e p a ra te d  by hand p ic k in g  e x c e p t th e  

c o a l  a sh ) + 6 f o r  rep lacem en t p u rp o ses  x  $23,488  = $1 ,409 ,280  

T o ta l  equipm ent c o s t  = $2 ,136 ,864  

Number o f  Em ployees R equ ired  

180 p e rso n s
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Table 11
INFORMATION ON ALTERNATIVE 4

SANITARY LANDFILL

Based on 235 Ton G en e ra tio n  P e r  Day

Area

1 .8  X 10~^ a c r e s /d a y ,  o r  6 .4  a c r e s /y e a r  

The r e q u ir e d  a r e a  f o r  te n  y e a rs  = 64 a c re s  

Volume o f  Cover M a te r ia l

17 ,155  y d^ /10  y e a rs  

Equipment In v es tm en t C ost

L oader = $ 71 ,500  x  1 = $ 71,500

D ozer = $101,500 x 1 = $101,500

M isc. = $ 16,962

TOTAL = $189,962

O p era tin g  and M ain tenance C ost

$2 .80  p e r  to n  

Number o f  Employees R equ ired  a t  L a n d f i l l  S i te  

12 em ployees

COMPOSTING PLANT

A rea

Based on 500 Ton G en era tio n  P e r  Day

2 ■
Sewage s lu d g e  h o ld in g  ta n k  a re a  = 116.6 f t

D ig e s to r  a r e a  = ( 4 8 4 .9 - f t  x 8 - f t ) x  2 = 7758.4 f t ^

A rea f o r  m ix in g , s c re e n in g ,  and m isc e lla n e o u s  u se s  = 0 .5  a c re s  

T o ta l  a re a  = 0 .7  a c re s
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Table 11
(Continued)

Equipment In v es tm en t C ost

$ 1 ,037 ,698  ( te n  tim es th e  c o s t  f o r  th e  d e s ig n  c a p a c ity  o f  50 

to n /d a y  — b ased  on 45% i n f l a t i o n  o f  P ie r s o n ’s w ork , 1967) 

O p era tin g  and M ain tenance Cost

$ 6 .0 0 /to n  (20% i n f l a t i o n ,  B re id en b ach , 1971)

Number o f  Em ployees R equ ired

1 s u p e rv is o r  and 1 a s s i s t a n t  = 2

6 o p e ra to r s  (3 s h i f t s /d a y )  = 6

3 m a in ten an ce  = 3

2 g a te  a t te n d a n ts  = 2

6 bagm aker and 6 t r a n s f e r r e r s  = 12

TOTAL 25 p e rso n s

RECEIVING AND SEPARATING SYSTEM 
Based on 2 ,000  Ton G en e ra tio n  P e r  Day

Area

6 .3  a c re s  (same as  A l te rn a t iv e  2)

T o ta l  Equipm ent C ost

$ 2 ,1 3 6 ,8 6 4  (same a s  A l te rn a t iv e  3)

Number o f  Em ployees R equired

180 p e rso n s  (same as A l te rn a t iv e  2)
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Table 12
INFORMATION ON ALTERNATIVE 5

SANITARY LANDFILL

Based on 135 Ton G en e ra tio n  P e r  Day

A rea

1 .8  X 10“ ^ a c r e s /d a y ,  o r  6 .4  a c r e s /y e a r  

The r e q u ire d  a r e a  f o r  te n  y e a rs  = 64 a c re s  

Volume o f Cover M a te r ia l

17,155 yd^ /10  y e a rs  

Equipment In v es tm en t C ost

$189,962 (s e e  A l te rn a t iv e  3)

O p era tin g  and M aintenance C ost 

$2 .80  p e r  to n  

Number o f  Employees R equired  a t  L a n d f i l l  S i te  

12 em ployees

INCINERATOR

A rea

Based on 190 Ton G en e ra tio n  P e r Day

G ra te  a re a  = 893 .7  f t ^

M ixing cham ber a re a  = 215 .2  f t ^
2

Combustion chamber a re a  = 6 3 6 .1  f t

S tack  a re a  = 269 .0  f t ^

TOTAL = 2014 .0  f t ^ ,  o r  0 .05  a c re s
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Table 12
(Continued)

Equipm ent In v e s tm e n t C ost
2

C ost b a se d  on th e  d e s ig n  b u rn in g  r a t e  p e r  u n i t  a re a  (4 5 .2  l b / f t  /  

h r )  = $636,739 (35% i n f l a t i o n  r a t e  o f  A chinger and D a n ie ls ' 

w o rk s, 1970)

O p era tin g  and M ain tenance Cost

O p e ra tin g  c o s t  = $ 2 .9 5 / ( in c lu d e  f in a n c in g  and to n  ow nersh ip  c o s ts )  

R e p a irs  and m a in tenance  c o s t  = $ 0 .5 / to n

T o ta l  o p e ra t in g  and m ain tenance  c o s t  = $3 .45  x (35% i n f l a t i o n  

o f  A ch in g er and D a n ie ls ' w orks) = $4 .66  

Number o f  Em ployees R equ ired

12 p e rs o n s  ( s e e  A l te rn a t iv e  3)

A u x ilia ry  F u e l R eq u ired

The w aste  u sed  in  A l te rn a t iv e  5 ,  h a v in g  an av erag e  36% m o is tu re  

and 9496 BTU /lb, in d ic a te d  1640° F o f  av e rag e  gas te m p e ra tu re  

a t  300% e x c e ss  a i r .  S in ce  th e  av e ra g e  gas te m p e ra tu re  i s  

above 1500° F , th e  w aste  co u ld  be b u rn ed  w ith o u t a u x i l i a r y  

f u e l .

COMPOSTING PLANT

A rea

Based on 410 Ton G e n e ra tio n  P e r  Day

T o ta l  r e q u ir e d  a r e a  = 0 .6  a c re s  (assum ing  a p p ro x im a te ly  80% 

o f A l te r n a t iv e  4)
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Table 12
(Continued)

Equipm ent In v es tm en t C ost

$830,158 (8 tim es  o f  th e  c o s t  f o r  th e  d e s ig n  c a p a c ity  o f  50 to n /

day —  b ased  on 45% i n f l a t i o n  o f  P ie r s o n ’s w ork, 1967)

O p era tin g  and M ain tenance C ost

$ 6 .5 0 / to n  (20% i n f l a t i o n ,  B re id e n b a c h , 1971)

Number o f  Em ployees R equ ired

23 p e rso n s  (one p e rso n  l e s s  than  A l te r n a t iv e  4 in  m ain tenance

and g a te  a t te n d a n t )

BECEIVING AND SEPARATING SYSTEM 
Based on 2 ,0 0 0  Ton G e n e ra tio n  P e r  Day

A rea

6 .3  a c r e s  (same a s  A l te rn a t iv e  2)

T o ta l  Equipm ent C ost

$ 2 ,1 3 6 ,8 6 4  ( th e  equipm ent c o s t  o f  a i r  c l a s s i f i e r  i s  assumed to  

be  th e  same as  th e  c o s t  o f  b a l l i s t i c  s e p a r a to r )  

Number o f  Employees R equ ired

180 p e rso n s  (Same as  A l te r n a t iv e  2)
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C o n s id e ra tio n  o f  Source S e p a ra tio n

To compare th e  b e n e f i t s  o f so u rce  s e p a ra t io n  w ith  c e n t r a l  s e p a r a t io n ,^  

I t  I s  n e c e s s a ry  to  u n d e rs ta n d  th e  c irc u m sta n c e s  o f  p r e s e n t  and proposed  

d is p o s a l  o p e ra t io n s  b ased  on econom ic and s a n i t a r y  v iew p o in ts  and p u b lic  

s u p p o r t .  The so u rce  s e p a ra t io n  co u ld  be d iv id e d  In to  (1) h o u s e - to -  

house s e p a r a t in g  sy stem , and (2) c e n t r a l  c o n ta in e r iz e d  system .

The h o u se - to -h o u se  s e p a ra t in g  system  means th e  s o l id  w a s te s  a re  

s e p a ra te d  by each  w aste  g e n e ra to r  and removed s e p a r a te ly  w ith  h o u s e - to -  

house p ic k u p . The c e n t r a l  c o n ta in e r iz e d  sy stem  means t h a t  c o n ta in e r s  

would be  lo c a te d  In  a l l  p a r t s  o f  th e  c i ty  o f  S eoul b ased  on p o p u la t io n , 

r a t e  o f w aste  g e n e r a t io n ,  and convenience o f  th e  lo c a t io n  f o r  c o l l e c t io n  

from th e  w aste  g e n e ra to r  and rem oval by p u b l ic  w o rk e rs . The c o n ta in e rs  

sh o u ld  be marked f o r  each  w aste  and removed s e p a r a te ly .

The number o f  c o n ta in e rs  r e q u ire d  f o r  s e p a ra t in g  th e  w aste  

sh o u ld  be f u r t h e r  s tu d ie d ,  depending upon w hich a l t e r n a t iv e  I s  b e s t  

s u i te d  f o r  th e  c i t y  o f  S e o u l, K orea . The co m para tive  s tu d y  r e q u ir e s  

th e  fo llo w in g  b a s ic  In fo rm a tio n :

1 . How many a d d i t io n a l  em ployees w ould need  to  be used  f o r

c o l l e c t i n g  th e  s e p a ra te d  w as te s  th a n  a re  used p r e s e n t ly ;

2 . How much o f  an econom ic o b l ig a t io n  would be re q u ire d  from

th e  c i t i z e n s  to  b u i ld  th e  in c re a s e d  number o f  c o n ta in e r s ;

1
I n d ic a te s  a  r e c e iv in g  and s e p a r a t in g  system  proposed  a t  a  

g iv en  lo c a t io n .
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3. How many p u s h c a r ts  and v e h ic le s  would be  r e q u ire d  to  c o l l e c t  

th e  s e p a ra te d  w a s te ;

4. The a v a i l a b i l i t y  o f  tem porary  d e p o s i t  s i t e s  in  case  o f  h o u se -  

to -h o u se  c o l l e c t io n  system  use in  c o n s id e ra t io n  o f  th e  

narrow ness o f  r e s i d e n t i a l  ro a d s ; and

5 . The p r e s e n t  e x p e n d itu re s  f o r  c o l l e c t in g  w aste  from  th e  Seoul 

M e tro p o lita n  Government.

A dvantages o f  Source S e p a ra t io n ;

(1) In c re a s e  in  d is p o s a l  e f f i c i e n c y .

(2) R eduction  o f  th e  c o s t  o f  c e n t r a l  s e p a r a t io n .

(3 ) B e t te r  s e l e c t io n  o f a l t e r n a t i v e  d is p o s a l  m ethods.

D isad v an tag es  o f  Source S e p a ra t io n ;

(1) T r a f f i c  d is o rd e r s  due to  in c re a s e d  c o l l e c t io n  v e h ic le s .

(2) A fo o tp a th  d is o r d e r  due to  in c re a s e d  c o l le c t io n  p u s h c a r ts .

(3 ) P u b lic  e d u c a tio n  c o s t .

(4 ) P u b l ic  h e a l th  and s a f e ty  h a z a rd s  due to  g e n e ra tio n  o f  

d u s t .

P a th o lo g ic a l-W a s te  I n c in e r a to r

D an ie lso n  (1969) d e f in e d  p a th o lo g ic a l  w aste  a s  a l l ,  o r  p a r t s  o f ,  
o rg a n s , b o n e s , m u sc le s , o th e r  t i s s u e s ,  and o rg a n ic  w a s te s  o f  human o r  
an im al o r ig i n .

1. P r in c ip a l  C o n s id e ra tio n  o f  th e  I n c in e r a to r :

The p r in c i p a l  c o n s id e ra t io n  o f  th e  i n c in e r a t o r  i s  how to  manage 

th e  f lu id s  g e n e ra te d  as th e  w aste  i s  b u rn ed  due to  slow  e v a p o ra tio n  o f  

th e  f l u i d .  The c o n s tru c t io n  o f th e  i n c in e r a t o r ,  t h e r e f o r e ,  r e q u ir e s  th e  

u se  o f  a  s o l i d  h e a r th  r a th e r  th an  g r a te s  in  th e  i g n i t i o n  cham ber. The 

more d e t a i l e d  in fo rm a tio n  on th e  p a th o lo g ic a l-w a s te  i n c in e r a t o r  may be 

o b ta in e d  from  D a n ie ls o n 's  work in  1967.
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S ince p a th o lo g ic a l-w a s te  i n c in e r a t o r s  a re  u t i l i z e d  in  a l l  o f  

th e  f iv e  a l t e r n a t i v e s ,  t h e i r  c o n s tru c t io n  c o s ts  a re  n o t  in c lu d e d  in  

t h i s  p a p e r .

2 . R e s id u a l D isp o sa l C o n s id e ra t io n ;

S ince th e  p a th o lo g ic a l  w aste  o f  an im a ls  i s  m ain ly  composed o f  

r a t s  k i l l e d  by ro d e n t ic id e  (fo rm u la  u n s e a rc h e d ) , th e  re s id u e  sh o u ld  be 

d isp o se d  o f  s a f e l y .  Depending on th e  r o d e n t i c id e 's  l i f e t i m e ,  i t  sh o u ld  

be b u r ie d  f a r  from  r e s i d e n t i a l  a re a s  b ecau se  o f  th e  le a c h a te  con tam ina­

t i o n  in  ground w a te r  and ru n o f f .  A lso , quenched re s id u e  sh o u ld  be 

t r e a te d .



Chapter V

SOLID WASTE DISPOSAL -  ALTERNATIVE SELECTIŒ

T h is  work fo llo w ed  th e  b a s ic  id e a  fo rm u la te d  by Dean and N ish ry  

(1964) from  w hich a - d e c is io n  m odel in v o lv in g  w e ig h ted  and unw eighted  

s c o r in g  was used  to  e v a lu a te  an a l t e r n a t i v e  a l l o c a t io n  d e c is io n .  The 

g iv en  w e ig h ts  o r  r a t i n g  n e c e s s a ry  in  t h i s  m odel w ere d ec id ed  upon a f t e r  

c a r e f u l ly  c o n s id e r in g  th e  p r e s e n t  and f u tu r e  econom ic, s a n i t a r y ,  and 

a g r i c u l t u r a l  c o n d i t io n s  in  K orea.

There a re  f iv e  p ro p o s a ls  ( a l t e r n a t i v e s )  f o r  s o l i d  w aste  rem oval 

(F ig u re  7 ) .  S im ple d e c is io n  c r i t e r i a  w ere s e le c te d  to  e v a lu a te  th e s e  

a l t e r n a t i v e s .  They a re  (1) r e q u ir e d  a r e a ,  (2 ) c o s t  o f  m ajor equ ipm en t,

(3) o p e ra t io n  and m a in ten an ce  c o s t s ,  (4) number o f  em ployees r e q u ir e d ,  

and (5 ) f u e l  re q u ire m e n ts .  Given a s  th e  T e c h n ic a l F a c to r  (T ab le  1 3 ) , 

M arketing  F a c to rs  (T ab le  14) e v a lu a te d  as p e rc e n ta g e  s c a le s  in  (1 ) 

s a lv a g e a b le  m a te r ia l  re c o v e re d , and (2 ) m a rk e tin g  p o t e n t i a l  o f  th e  

f i n a l  p ro d u c t ,  and r a t i o  s c a le s  in  (3 ) d i s t r i b u t i o n  and in v e n to ry  

c o s t s ,  and (4) th e  s c a le  o f p o t e n t i a l  in c r e a s e  in  c rop  o ro d u c tio n .
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Table 13
Sï]MMARY OF FIVE ALTERNATIVE DISPOSAL METHODS (TECHNICAL FACTORS)

D e c is lo n -
^ s ^ f a ^ to r s

P r o je c t

A rea R eq u ired  
( a c r e / t e n  y e a r s )

Equipm ent 
In v e s tm e n t 
C ost ($)

O p e ra tio n  & 
M ain tenance 
C ost ($ / to n )

Number o f  
Em ployees 
R eq u ired

F u e l R equ irem en ts  
($ /d a y )

A l te r n a t iv e  1 949 703,000 0 .9 0 20 $50 = (25 g a l /d o z e r  x  
4 0 c /g a l  X 5)

A l te r n a t iv e  2 353 .3 1 ,0 9 5 ,8 8 9 1 .9 5 128 $30 = (25 g a l /d o z e r  x 
4 0 c /g a l  X 3)

A l te r n a t iv e  3 7 0 .4 6 ,2 9 4 ,4 1 0 8 .05 204 $1881.6  ( i n c i n e r a t o r )  +  
$20 (25 g a l /d o z e r  x  4 0 c / 
g a l  X 2) = 1901.6

A l te r n a t iv e  4 7 1 .0 3 ,3 6 4 ,5 2 4 8 .8 0 217
$20

A l te r n a t iv e  5 6 4 .7 3 ,7 9 3 ,7 2 3 1 3 .9 6 227 $20

00
VO



Table 14
INFORMATION ON FIVE ALTERNATIVES FOR MARKETING FACTORS

P r o je c t s

D e c is io n
F a c to rs

A l te r n a t iv e  1 A l te r n a t iv e  2 A l te r n a t iv e  3 A l te r n a t iv e  4 A l te r n a t iv e  5

Amount o f  S a lv a g e a b le  
M a te r ia l  R ecovered  •

10% 90% 90% 90% 90%

S c a le  o f  M ark e tin g  
P o t e n t i a l  o f  F in a l  
P ro d u c t^

0% 0% 20% 100% 60%

D is t r i b u t io n  and 
In v e n to ry  C ost^

0 0 2 5 4

S c a le  o f  P o t e n t i a l  
In c r e a s e  in  Crop 
P ro d u c tio n ^

0 0 1 5 3

voo

1 . N in e ty  p e r c e n t  re c o v e ry  o f  s o l i d  w as te  o f  th e  t o t a l  s a lv a g e a b le  m a te r i a l s  i s  assum ed to  b e  done in  
r e c e iv in g  and s e p a r a t in g  sy stem .

2 . Assumed p e rc e n ta g e  v a lu e s  (20% f o r  i n c i n e r a t o r  r e s i d u e , 100% f o r  com posting  p l a n t ,  and  60% f o r  com post 
and  in c i n e r a t o r  r e s id u e  co u ld  be  s o ld  b a se d  on th e  amount o f  g e n e ra t io n  o f  th e  f i n a l  p r o d u c t ) .

3 . Assumed r a t i o  s c a l e  b a se d  on 5 maximum v a lu e .



91

A nother assu m p tio n  im p l ic i t  in  th e  use  o f  a  model o f  th e  form o f 

e q u a tio n  i s  th e  f a c t o r  v a lu e s  as  d e f in e d  on a  r a t i o  s c a l e .  The v a lu e  o f  

s c a le  h as  an a b s o lu te  o r  h y p o th e t ic a l  e v a lu a t io n  t h a t  h as  d e f i n i t e  

e m p ir ic a l  m eaning.

The n e c e s s a ry  in fo rm a tio n  o f  th e  f a c t o r s  ( j )  in  t e c h n ic a l  f a c to r s  

among th e  f iv e  p r o je c t s  was o b ta in e d  from  th e  c o n c e p tu a l d e s ig n s  o f  

th e  f iv e  a l t e r n a t i v e s  (C h ap te r  IV ).

P r in c ip a l  o f  S co rin g  th e  Model

The s c o r in g  o f  th e  model was c o n s tru c te d  to  i d e n t i f y  th e  r e le v a n t

f a c t o r s  t h a t  a f f e c t  a l l o c a t io n  d e c i s io n s ,  to  o b ta in  u n b ia se d  v a r ia b le s  

o f  an  o b je c t iv e  f u n c t io n ,  and to  m easure t h e i r  r e l a t i v e  im p o rtan ce  a s  

f a c t o r s  and v a r i a b l e s .

The form  o f  th e  t o t a l  s c o re  e v a lu a t io n  o f  te c h n ic a l  and m ark e tin g  

f a c t o r s  used  h e re  i s :

Wi = W i' + Wi" = w ij ’ y i j  '  +  b w k' y ik '*  = t o t a l  s c o re

w h e re ,w i ' i s  th e  te c h n ic a l  s c o re  f o r  th e  i t h  p r o je c t  

w i"  i s  th e  m arket s c o re  f o r  th e  i t h  p r o je c t  

w j’ i s  th e  w eig h ted  v a lu e  f o r  th e  j  th  te c h n ic a l  f a c to r

wk" i s  th e  w e ig h ted  v a lu e  f o r  th e  k th  m ark e t f a c to r

y i j ’ i s  th e  v a lu e  f o r  th e  te c h n ic a l  f a c t o r  j  i n  th e  

i t h  p r o je c t

y ik "  i s  th e  v a lu e  f o r  th e  m ark e t f a c t o r  k  i n  th e  i t h  

p r o je c t

a ,b  a r e  d e c is io n  v a r i a b l e s ,  a  +  b » 0
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WI I s  r  wj y i j

w here i  i s  th e  s e t  o f  p r o je c t s  ( l= l= l ,2 ,3 . . .m )

j  i s  th e  f a c t o r  t h a t  i s  c o n s id e re d  to  be im p o rta n t 

in  a f f e c t in g  th e  p r o je c t  ( j ;j = l , 2 , 3 . . .n )  

wj i s  a  w e ig h ted  f a c t o r  w hich m easures th e  r e l a ­

t i v e  im p o rtan ce  o f  th e  f a c to r s  

0 < wj > 1

z  ^ 3  WJ = 1

y i j  i s  th e  v a lu e  o f  th e  i t h  p r o je c t  w ith  

r e s p e c t  to  th e  j t h  f a c t o r  

Wi, th e r e f o r e ,  i s  th e  t o t a l  w e ig h ted  s c o re  o f  

th e  i t h  p r o je c t

M atrix  Form ation

The m a tr ix  was formed from  th e  in fo rm a tio n  o b ta in e d  f o r  th e  con­

c e p tu a l  d e s ig n  o f th e  f iv e  a l t e r n a t i v e s  and from th e  m a rk e tin g  f a c to r s  

in  T ab le  14. Each f a c to r  i n  th e  f iv e  p r o je c t s  was sc o re d  as  s i x  s c a le  

v a lu e s ,  and th en  T e c h n ic a l and M ark etin g  m a tr ic e s  w ere o b ta in e d .

T e c h n ic a l F a c to r s ; (60)

A. A rea Usage (40%) Score V alue

More th an  930 a c r e s  1

Between 770 and 930 a c re s  2

Between 530 and 770 a c re s  3

Between 330 and 530 a c re s  4



93

Score Value
Between 130 and 330 a c re s  5

L ess th a n  130 a c re s  6

B. Equipm ent C ost (30%)

More th a n  $ 6 ,0 0 0 ,0 0 0  1

Between $ 4 ,8 0 0 ,0 0 0  and $6 ,0 0 0 ,0 0 0  2

Between $ 3 ,6 0 0 ,0 0 0  and $ 4 ,800 ,000  3

Between $ 2 ,4 0 0 ,0 0 0  and $ 3 ,6 0 0 ,0 0 0  4

Between $ 1 ,2 0 0 ,0 0 0  and $ 2 ,400 ,000  5

L ess th a n  $1 ,200 ,000  6

C. O p e ra tin g  and M ain tenance C ost P e r  
Ton (15%)

More th a n  $13 1

Between $1 0 .4  and $13 2

Between $ 7 .8  and $ 1 0 .4  3

Between $ 5 .2  and $ 7 .8  4

Between $2 .6  and $ 5 .2  5

L ess th a n  $2 .6  6

D. Number o f  Employees R equ ired  (5%)

More th a n  220 1

Between 176 and 220 2

Between 132 and 176 3

Between 88 and 132 4

Between 44 and 88 , 5

L ess  th a n  44 6
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E. F u e l R equirem ent (10%)

More th a n  $1 ,500  

Between $1,200 and $1 ,500  

Between $900 and $1 ,200  

Between $600 and $900 

Between $300 and $600 

L ess th a n  $300 

M arketing  F a c to rs ;  (40)

A. Amount o f  S a lv a g e a b le  M a te r ia l  
R ecovered (10%)

Less th an  50%

Between 50 and 60%

Between 60 and 70%

Between 70 and 80%

Between 80 and 90%

More th a n  90%

B. S c a le  o f  M ark e tin g  P o te n t i a l  o f  
F in a l  P ro d u c t (40%)

L ess th an  20% (no demand)

Between 20 and 40% ( l i t t l e  demand)

Between 40 and 60% ( In c re a s in g  demand)

Between 60 and 80% (m ed iu m -in c reasin g  demand)

Between 80 and 100% (h ig h  demand)

More th a n  100% (v e ry  h ig h  demand)

Score Value

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6
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Score Value
C. D is t r ib u t io n  and In v e n to ry  

C ost (30%)

L ess th an  1 (no c o s t)  6

Between 1 and 2 ( l i t t l e  c o s t)  5

Between 2 and 3 ( in c r e a s in g  c o s t)  4

Between 3 and 4 (medium c o s t)  3

Between 4 and 5 (h ig h  c o s t)  2

More th a n  5 (v e ry  h ig h  c o s t)  1

D. S ca le  o f  P o te n t i a l  In c re a se  i n  Crop 
P ro d u c tio n  (20%)

L ess th a n  1 (no e f f e c t )  1

Between 1 and 2 ( l i t t l e  e f f e c t )  2

Between 2 and 3 ( in c r e a s in g  e f f e c t )  3

Between 3 and 4 (medium e f f e c t )  4

Between 4 and 5 (h ig h  e f f e c t )  5

More th a n  5 (v e ry  h ig h  e f f e c t )  6

To e v a lu a te  th e  ra n k in g  o f th e  f iv e  a l t e r n a t i v e s ,  th e  d e c is io n

f a c to r s  o f  each  a l t e r n a t i v e  w ere a s s ig n e d  a  s c o re  v a lu e  and a l l  o f  th e

sco re  v a lu e s  w ere added a l g e b r a i c a l ly ,  g iv in g  th e  unw eighted v a lu e  in  

5 4Y ij and ^  Y’ i j  columns in  T e c h n ic a l and M arketing  f a c to r s  (T ab le  15 
j = l  j = l

and 16 ) .  The w e ig h ted  v a lu e s  Wi and W 'i columns in  T e c h n ica l and 

M arketing  f a c t o r s  (T ab le  15 and 16 ) w ere o b ta in e d  by th e  m u l t ip l ic a t io n  

o f  f a c t o r  w e ig h ts  and s c o re  v a lu e s .  For th e  f i n a l  ra n k in g  s c o re ,  th e  

r e l a t i v e  w e ig h ts  w ere g iv en  h y p o th e t ic a l ly ;  60% f o r  T e c h n ic a l f a c t o r  

and 40% f o r  M ark etin g  f a c t o r .



Table 15
TECHNICAL FACTORS (THE WJI MATRIX)

F a c to r s  j 1 2 3 4 5
5
r  Y ij 
j = l

Wi

F a c to r  W eights 
wj 40 30 15 5 10 30 600

P r o je c t  i

A l te r n a t iv e  1 1 6 6 6 1 20 350

A l te r n a t iv e  2 3 6 6 4 6 25 470

A l te r n a t iv e  3 6 1 3 2 6 18 385

A l te r n a t iv e  4 6 4 3 2 6 21 475

A l te r n a t iv e  5 6 3 1 1 6 17 410

«0O'



Table 16
MARKETING FACTORS (THE W ' I J  MATRIX)

F a c to r  j 1 2 3 4
4
z :  Y’ i j  
3=1

W 'i

F a c to r  W eights 
W 'j . 10 40 30 20 24 600

P r o je c t  1 

A l te r n a t iv e  1 1 1 6 1 9 250

A l te r n a t iv e  2 6 1 6 1 14 300

A l te r n a t iv e  3 6 2 4 2 14 300

A l te r n a t iv e  4 6 6 1 6 19 450

A l te r n a t iv e  5 6 4 2 4 16 360

vo



T ab le  17 

TOTAL PROJECT SCORES AND RANKS

(a )  U nw eighted S co res (b) W eighted S co res
T e c h n ic a l

S core
(30)

M arket
S core

(24)

T o ta l
(54)

S c o rin g
Rank

T e c h n ic a l
Score
(600)

M arket
S core
(600)

T o ta l
1200*

S c o rin g
Rank

P r o je c t  i

A l te r n a t iv e  1 20 9 29 5 350 250 310 5

A l te r n a t iv e  2 25 14 39 2 470 300 402 2

A lte r n a t iv e  3 18 14 32 4 385 300 351 4

A l te r n a t iv e  4 21 19 40 1 475 450 465 1

A l te r n a t iv e  5 17 16 33 3 410 360 390 3

vo
00

* w here a  (T e c h n ic a l F a c to r )  = 60% and b (M ark e tin g  F a c to r )  = 40% (a+ b= l)

= a  +  b W'^

= .6 X 350 +  .4  X 250
= 210 +  100 = 310

“  a  +  b W*2

= .6  X  470 +  .4  X  300
» 282 +  120 » 402

«2  = a  + b W*3

= .6 X 385 +  .4  X 300 
= 231 + 120 = 351

= a  +  b

= .6  X  475 +  .4  X  450 
= 285 +  180 “  465

Wg = a  W3 +  b W*3

= .6  X 410 +  .4  X 360 
= 246 +  144 
= 390
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R esu lts  o f  Scoring Model

The e m p ir ic a l  in fe re n c e s  drawn from th e  f iv e  p r o je c t s  (F ig u re  7) 

in d ic a te d  t h a t  th e  com posting p r o je c t  ( A l te r n a t iv e  4) was th e  m ost 

b e n e f i c i a l  p r a c t i c e  o f  d isp o s in g  o f  s o l i d  w a s te  in  b o th  unw eighted  and 

w eig h ted  ra n k in g  d e c is io n  t e s t s  (T ab le  1 7 ) .  The n e x t fa v o ra b le  p r o je c t  

was th e  s a n i t a r y  l a n d f i l l  ( A l te r n a t iv e  2 ) .  The t h i r d  ranked  p r o je c t  

was th e  com bin a tio n  o f  th re e  a l t e r n a t i v e s  ( s a n i t a r y  l a n d f i l l ,  i n c i n e r a t o r ,  

and co m p o st) . The l e a s t  f a v o ra b le  p r o j e c t  was in d ic a te d  to  be  th e  

s a n i t a r y  l a n d f i l l  p r a c t i c e  w ith o u t s e p a r a t in g  th e  c o a l a s h , m ain ly  due 

to  th e  low v a lu e s  o f  th e  m ark e tin g  f a c t o r s .

S in ce  com posting  p r a c t i c e  i s  th e  m ost fa v o ra b le  a l t e r n a t i v e  in  

h a n d lin g  th e  s o l i d  w as te  g e n e ra te d  in  th e  c i t y  o f  S e o u l, K orea, as  shown 

from  th e  s c o r in g  m odel, i f  so u rce  s e p a r a t io n  i s  n e c e s s a ry , th e  minimum 

number o f  c o n ta in e r s  r e q u ir e d  w i l l  be two f o r  th e  c o n ta in e r iz e d  s e p a r a t in g  

system  and o n e ^ fo r  th e  h o u se - to -h o u se  c o l l e c t i o n  system  f o r  s e p a ra te d  

c o l l e c t io n  o f c o a l  a sh  and o th e r  w a s te s .  S in ce  r e c y c l in g  o f  th e  s a lv a g e  

m a te r ia ls  i s  a l s o  ex tre m e ly  im p o rta n t in  a  c o u n try  w ith  l im i te d  n a t u r a l  

re s o u rc e s  a v a i la b l e  such  as  K orea , th e  c e n t r a l  s e p a r a t io n  system  sh o u ld  

be  i n s t a l l e d  in  o rd e r  to  in c re a s e  th e  r e c y c l in g  e f f ic ie n c y  o f  s a lv a g e a b le  

m a te r ia l s  and to  h e lp  e n su re  p u b l ic  h e a l th  s ta n d a r d s .  (F u r th e r  r e s e a r c h  

i s  needed  in  t h i s  r e g a r d . )

1
The o r ig in a l  one co n ta in er  prepared in  each house cou ld  be 

s u b s t itu te d  as a sep a ra tin g  co n ta in er .



Chapter VI

KOREAN COAL-ASH STUDIES

D e f in i t io n  o f  K orean C oal Ash (B r iq u e t te  Ash)

The b r iq u e t te d  a sh  i s  a  s o l id  w aste  r e s u l t i n g  from  th e  com bustion 
o f  b r iq u e t te d  c o a l .  C oal b r iq u e t t e s  a r e  u sed  a s  one o f  th e  so u rces  o f  
f u e l ,  i n  cook ing  and i n  h e a t in g ,  an  r e s i d e n t i a l ,  com m ercia l, and in d u s t­
r i a l  f a c i l i t i e s .  An a n t h r a c i t e  b r iq u e t t e  i s  a  molded c y l in d e r  abou t 15 
c e n t im e te rs  in  d ia m e te r ,  andgabout 14 c e n t im e te rs  in  le n g th ,  formed 
u nder a p p ro x im a te ly  25 kg/cm p re s s u re .

An av e ra g e  r e s i d e n t i a l  ty p e  b r iq u e t t e  w eighs 3 .5  -  3 .6  kgm and 
h as  22 h o le s  w ith  1 c e n t im e te r  d ia m e te r , form ing a  c i r c u l a r  p a t t e r n .
More th a n  one m i l l i o n  to n s  o f  b r iq u e t te d  a sh  i s  p roduced  a n n u a l ly  i n  
th e  c i t y  o f  S e o u l, K orea.

P roblem s

Over 62% o f  th e  t o t a l  s o l i d  w aste  o f  th e  c o a l a sh  co u ld  be  th e  

m ost im p o r ta n t p o r t io n  o f  th e  management o f  th e  c i t y  o f  S eoul because  

o f  (1 ) a  s e r io u s  s h o r ta g e  i n  th e  p ro d u c tio n  o f  d is p o s a l  a r e a s ,  (2) 

in c r e a s in g  c o s ts  o f  d is p o s a l ,  (3) in c re a s in g  p ro d u c tio n  o f  th e  ash  

w a s te ,  (4) p u b l i c  h e a l th  problem s caused  by d u s t  g e n e ra t io n  from  poor 

c o l le c t io n  sy s te m s , and (5) a e s t h e t i c  c o n s id e r a t io n s .  Ash w aste  has  

become a  p rob lem  t h a t  r e q u i r e s  im m ediate a c t io n .

S o lu t io n :  T h is  work i s 'd e s ig n e d  to  o p e ra te  i n  c o n ju n c tio n  w ith  th e

s o l id  w aste  d is p o s a l  management f o r  th e  c i t y  o f  S eou l and i s  d i r e c te d

100
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a t  two p u rp o se s , th e  use  o f  ash  In  c o n s tru c t io n  m a te r ia l  a n d /o r  use as a  

s o i l  c o n d i t io n e r  f o r  a g r i c u l t u r a l  p u rp o se s .

Review o f  C oal Ash U t i l i z a t i o n  as C o n s tru c tio n  M a te r ia l

In  th e  U n ited  S ta te s  and E urope, th e  m a jo r o u t l e t  f o r  f ly a s h  h as

been u t i l i z e d  f o r  c o n s tru c t io n  m a te r ia ls  such  a s  c o n c re te  b lo c k s  and

roadbed  s t a b i l i z a t i o n .

The te rm  " f ly a s h "  i s  d e f in e d  by th e  TVA a s  an  a r t i f i c i a l  p o zzo lan .
A p o zzo lan  i s  d e f in e d  a s  " s i l i c e o u s  and alum inous m a te r ia l  l i k e  
v o lc a n ic  a s h , w hich i n  i t s e l f  p o s se s s e s  l i t t l e  o r  no c e m e n titio u s  
v a lu e  b u t  w i l l ,  in  f in e l y  d iv id e d  form  and in  th e  p re sen ce  o f  
m o is tu re ,  c h e m ic a lly  r e a c t  w ith  ca lc iu m  h y d ro x id e  a t  o rd in a ry  
te m p e ra tu re s  to  form compounds p o s se s s in g  c e m e n titio u s  p r o p e r t i e s . "

The g e n e ra l  c h a r a c t e r i s t i c s  o f  p h y s ic a l  and chem ica l a n a ly s is  o f

in c in e r a to r  f ly a s h  a r e  shown below  i n  T ab le  18 .

T ab le  18

PHYSICAL AND CHEMICAL ANALYSIS OF INCINERATOR FLYASH^

P h y s ic a l Chem ical

S ieve  Mesh P e rc e n t by Elem ent P e rc e n t by
W eight W eight

+20 4 .9 S i 18.64
20 X 40 8 .3 A1 10.79
40 X  60 1 2 .5 Fe 2 .13
60 X 100 1 2 .8 T i 2 .24
100 X 200 24 .4 Ca 4 .7 0
200 X 325 1 2 .8 Mg 0 .9 8
-325 24.3 C 11.62

I g n i t io n  Loss 14.45

I n s t i t u t e  f o r  S o lid  W aste o f  A m erican P u b lic  Works A s s o c ia t io n ,
1970.
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1 . Ash U t i l i z a t i o n  in  th e  U nited  S ta t e s :

The U n ited  S ta te s  i s  p r e s e n t ly  v e ry  a c t iv e  in  s tu d y in g  p o t e n t i a l  

u se s  o f  a sh  and id e n t i f y in g  th e  te c h n ic a l  and econom ical f a c to r s  i n h i b i t i n g  

i t s  u s e .

a . Road C onstruction .

A 4 .6  m ile  t e s t  ro ad  was c o n s tru c te d  in  West V irg in ia  

(S ta te  R oute 2) made o f  f ly a s h  and s la g .  I t s  c o n s t i tu e n t  was 15.5% f l y ­

a s h , 83% s la g ,  and 1.5% lim e . F ly ash  from  l i g n i t e  c o a l  h as  been  approved  

a s  m in e ra l f i l l e r  f o r  b itum inous highway s u r f a c e s  i n  N orth  D akota.

S im ilar p r o je c ts  in v o lv in g  f ly a sh  are being conducted in  Maryland,

Kentucky, Indiana and New York.^

b . B u ild in g  C o n s tru c tio n .

F ly ash  h as  been  used  a s  a  c o n s t i tu e n t  i n  th e  c o n c re te  f o r
2

b u ild in g  o f  th e  Salem N u clea r G en era tin g  S ta t io n  i n  New J e r s e y .  I t  i s

known th a t  f ly a s h  was used  in  a l l  o f  th e  c o n c re te  s t r u c t u r e s  th ro u g h o u t

th e  p la n t  in c lu d in g  th e  r e a c to r  con tam inan t b u i ld in g ,  th e  tu rb in e

g e n e ra to r  fo u n d a tio n , and th e  a u x i l i a r y  and s e r v ic e  b u i ld in g s .

The c o n s tru c t io n  o f a  n u c le a r  power p la n t  d i f f e r s  some­
w hat from  th a t  o f  a  g e n e ra l  f o s s i l  f u e l  p la n t  i n  t h a t  
th e  r e a c to r  co n tam in a n t, a u x i l i a r y  and f u e l  h a n d lin g  
b u i ld in g s  a r e  c l a s s i f i e d  by th e  Atomic Commission a s  
C la ss  I  s t r u c t u r e s ;  t h a t  i s ,  th e  s t r u c t u r e  m ust be  a b le  
to  w ith s ta n d  s e v e re  s e ism ic  lo a d in g s .

The l ig h tw e ig h t  f ly a s h  a g g re g a te  was a l s o  used  in  th e  con -
3

s t r u c t io n  o f  th e  l i g h t  w e ig h t c o n c re te  (109 l b s / f t )  f o r  th e  ro o f  s e c t io n ,
3

and th e  s e a t  r i s e r  o f  th e  West V irg in ia  U n iv e r s i t y 's  new co liseu m .

N a tio n a l Ash A ss o c ia t io n ,  V o l. 1 , No. 3 , 1969.2
N a tio n a l  Ash A ss o c ia t io n ,  V o l. 1 , n o . 4 ,  1970. 

N a tio n a l  Ash A s s o c ia t io n , V o l. 1 , No. 1 ,  1969.
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c .  B r ic k .

The a c c e p ta n c e  o f l i g n i t e  f ly a s h  a s  m in e ra i f i l l e r  by th e

N orth  D akota Highway D epartm ent was r e p o r te d  in  th e  p ro d u c tio n  o f  f u l l

s i z e  b r i c k  from  th e  m ix tu re s  o f  12% w a te r ,  65% f ly a s h ,  and 35% bo ttom

ash  o r  san d , w ith  fo rm ing  p re s s u re  o f  2300 p s i . ^

A nother ty p e  o f  f ly a s h  b r ic k  a s  a  t e s t i n g  so u rc e  showed th e

ach ievem en t o f  a l l  ASTM’s re q u ire m e n ts  f o r  grade-SW  (s e v e re  w e a th e r)

b r ic k  and was composed o f  75% f ly a s h ,  25% bo ttom  a s h ,  and sm a ll am ounts
2

o f  b in d e r  m a te r i a l .

A p r o j e c t  was conducted  by th e  N a tio n a l  Ash A s s o c ia t io n ,  

w hich i s  approved  by th e  F ire  C o u n c il o f  U n d e rw r ite r ’s L a b o r a to r ie s ,  I n c .  

An e ig h t  in c h  b lo c k  was te s t e d  w hich was made w ith  cem en t/a g g re g a te  r a t i o s  

o f  abo u t 1 to  8 .5 ,3  w hich p roved  th e  f ly a s h  b r i c k  was s u p e r io r  to  commer­

c i a l  b r ic k  in  f i r e  en d u ran ce .

d . R iv e r  Embankment.

The M inneso ta  Highway D epartm ent approved  th e  u se  o f  f ly a s h  

f o r  an  embankment to  b r id g e  th e  C hicago , M ilw aukee, S t .  P a u l and 

P a c i f i c  R a i lro a d  t r a c k s  in  S t .  P a u l .  The f ly a s h  u sed  f o r  th e  p r o j e c t  

was a b o u t 90% s i l t  s i z e  (under 200 m esh ), an  optimum m o is tu re  c o n te n t
4

o f  27%, and a  d ry  d e n s i ty  o f  8 5 .7  pounds p e r  y a rd .

e .  F i l l e r  o f  Mine Cave

F ly ash  i s  used  f o r  f i l l i n g  v o id s  and cave a r e a s  i n  m ines 

and f o r  c o n t r o l l i n g  and c o n ta in in g  m ine f i r e s .  An ex p erim en t I n d ic a te d

^ N a tio n a l Ash A s s o c ia t io n ,  V o l. I I ,  No. 1 , 1970,

3 N a tio n a l  Ash A s s o c ia t io n ,  V o l. I I ,  No. 1 , 1969.

^ N a tio n a l Ash A s s o c ia t io n ,  V o l. I I ,  No. 4 , 1970.

^ N a tio n a l  Ash A s s o c ia t io n ,  V o l. I I ,  No. 3 , 1970.
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th a t the f ly a sh  was the most e f f e c t iv e  o f  dry m a ter ia l in  forming t ig h t  

and s ta b le  s e a ls  in  in a c c e s s ib le  open ings.^

f .  M ineral Wool Formation.

The p o s s i b i l i t y  o f the m ineral wood form ation from c o a l- s la g  

has been s tu d ie d  in  the Coal Research Bureau, West V ir g in ia  

U n iv e r s ity . D e ta ile d  in form ation  on t h is  work has not been

p u b l i s h e d .2

2 . Ash U t i l i z a t io n  in  Europe and Other C ountries :

Most European co u n tr ie s  have been a ccep tin g  f ly a sh -a e r a te d  

con crete  s in c e  World War I I .

A era ted  c o n c re te ,  a l s o  known a s  gas  b e to n , c e l l u l a r  c o n c re te ,  
g a s in g  c o n c re te ,  and form ed c o n c re te ,  i s  m an u fac tu red  
th ro u g h  a u to c la v in g  (7 -  20 h o u rs  a t  150 to  175 p s i  a t  300° F 
f o r  h ig h  q u a l i ty )  and by m ixing lim e  a n d /o r  cem ent to  s l u r r i e s  
o f  s i l i c e o u s  m a te r ia l  such  a s  f ly a s h ,  s a n d , o r  m ix tu re s  o f  
th e s e  m a te r i a l s ,  w hich h as  an ad v an tag e  o f  re d u c in g  d ry in g  
s h r in k a g e . A era te d  c o n c re te  c o n ta in in g  f ly a s h  h as  a  b u lk  
d e n s i ty  ran g e  o f  40 to  50 pounds p e r  f o o t  and a  co m pressive  
s t r e n g th  o f  600 to  800 p s i .  Therm al c o n d u c t iv i ty  (K g^value) 
o f  a e r a te d  c o n c re te  ra n g e s  from  1 .3 0  -  2 .2 0  B T U -in /f t - h r -F  
(4 .0  f o r  p l a s t e r ,  8 .0  f o r  b r i c k ) .^

High q u a l i t y  l i g h t  w e ig h t a g g re g a te  i s  b e in g  p roduced  in  a  

s i n t e r in g  p la n t  n e a r  E ssen , West Germany, The p la n t  was c o n s tru c te d  

a s  a  means o f  lo w erin g  f ly a s h  d is p o s a l  c o s ts  d u rin g  th e  w in te r  months 

when c o n s t r u c t io n  a c t i v i t y  i s  low . West Germany a l s o  h as  been  u s in g  

f ly a s h  a s  an a s p h a l t i c  f i l l e r  f o r  pav ing  seco n d ary  and a c c e s s  a r e a s ,  

c a l le d  "GOOSE" p a v in g . The pav in g  c o n s i s t s  o f  s lu r r y in g  10 to  20% 

a s p h a l t  w ith  0 x  1 /4  in c h  a g g re g a te  and 28% f ly a s h .  I t  i s  r e p o r te d

N a tio n a l  Ash A s s o c ia t io n ,  V ol. I I ,  No. 3 , 1970.
2

N a tio n a l Ash A s s o c ia t io n ,  V ol. 1 , No. 1 , 1969.

^ N a tio n a l Ash A s s o c ia t io n ,  V o l. I l l ,  No. 1 , 1971.
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t h a t  W est Germany ex p e c ts  c lo s e  to  one hundred  p e rc e n t  u t i l i z a t i o n  o f  

f ly a s h  by 1 9 7 1 .^

In  E ng land , two and o n e - h a l f  m i l l i o n  to n s  o f  f ly a s h  a r e  b e in g  

used  a n n u a l ly  a s  lo a d -b e a r in g  f i l l  and embankments. B r i t i s h  e n g in e e rs

c i t e  th e  fo llo w in g  ad v an tag es  o f  f ly a s h  a s  a  f i l l e r :  (1) com pacted
3 3

b u lk  d e n s i ty  o f  80 to  90 l b s / f t  com pared to  140 to  150 l b s / f t  f o r

common b o rro w , and (2) l e s s  s e t t le m e n t  i n  enbankm ents i n  com parison

w ith  common borrow . Com plete u t i l i z a t i o n  o f  th e  a sh  i s  p r o je c te d  f o r
1

England by th e  m id -1 9 7 0 's .

W orld-W ide u t i l i z a t i o n  o f  c o a l  ash  ( f ly a s h  and bottom  a sh )  was 

e s tim a te d  to  be  30% in  n in e  c o u n t r ie s  r e p o r t i n g ,  ra n g in g  from  u n d er 20% 

f o r  S p a in , C zec h o slo v ak ia , to  a  h ig h  o f  69% i n  West Germany and 96% 

in  Denm ark.^

A s h o r t  s ta te m e n t o f  f ly a s h  u se  f o r  o i l  s p i l l a g e  a t  se a  in  

Hong Kong h as  been  re p o r te d  w ith  a  m ix tu re  o f  cem ent and f ly a s h ,

K orean Ash T e s t in g  f o r  E n g in e e r in g  U t i l i z a t i o n

1 . Sam pling :

K orean b r iq u e t t e  a s h  o r  c o a l  a sh  was c o l le c te d  random ly from  

th e  a r e a s  o f  SungBuk-Ku, DongDae Moon-Ku, YongDeoung Po-Ku, and JqngRo- 

Ku. The c o l l e c t e d  sam ples w ere d iv id e d  in to  co m p le te ly  bu rned  and 

in c o m p le te ly  bu rned  a s h e s ,  b ro k en  by  w ashed hands f o r  s to r a g e  in  c le a n  

p l a s t i c  b o t t l e s  f o r  e a se  i n  t r a n s p o r t i n g  in t o  th e  U n ited  S t a t e s .

^ N a tio n a l  Ash A s s o c ia t io n ,  V o l. I I ,  No. 1 , 1971.
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Sam pling tim e : A ugust 12 -15 , 1974.

T ota l sample w eigh t: 2000 gm.

The t e s t s  s e le c te d  in  t h i s  s e c t io n  f o r  e v a lu a t in g  th e  Korean 

b r iq u e t t e  a sh  w ere o n ly  th o se  w hich a re  g e n e ra l ly  u sed  f o r  i d e n t i f i c a t i o n  

o f  highway and c o n s tr u c t io n  s o i l  m a te r ia l .

2 . S p e c i f ic  G ra v ity ;

The s p e c i f i c  g r a v i ty  (S) o f  th e  b r iq u e t t e  a sh  was d e term ined  

in  acco rd an ce  w ith  th e  ASTM d e s ig n a t io n  D854-65 (AASHO d e s ig n a t io n  T- 

10 0 -6 0 ). The s p e c i f i c  g r a v i ty  o f  th e  p a s s in g  o f  th e  0 .0787  in c h  opening  

showed 2 .4 2  com plete  burned  ash  (CBA) and 2 .67  o f  in c o m p le te ly  burned  

ash  (IBA ). The r e s u l t s  o f  th e  t e s t  in d ic a te d  a  s l i g h t  s i m i l a r i t y  w ith  

th e  q u a r tz  m a te r ia l  (S = 2 .6 5 ) .

3 . G ra in  S iz e  A n a ly s is :

G ra in  s i z e  d i s t r i b u t i o n  was de te rm in ed  in  acc o rd an ce  w ith  th e  

ASTM d e s ig n a t io n  D422-63 (AASHO d e s ig n a t io n  T 88-57 ). Calgon was used 

a s  th e  d is p e r s in g  a g e n t .  Iowa j e t  d is p e r s io n  p r e s s u r e  o f  10 p s i  was 

m a in ta in ed  f o r  ab o u t te n  m in u te s .

The t e s t s  w ere conducted  w ith  375 .40  grams o f  IBA and 343.40

grams o f  CBA a t  25° C. A p a r t i c l e  s i z e  d i s t r i b u t i o n  cu rv e  u s in g  th e

d e f in i t i o n  f o r  s a n d , s i l t ,  and c la y  was drawn and i s  shown in  F ig u re s  9 and 10 

w ith  th e  co m p o sitio n  o f  th e  a s h  sam ple b e in g  shown in  T ab le  19".

The r e s u l t s  o f  th e  t e s t  in d ic a te d  th e  K orean b r iq u e t t e  a sh

c l a s s i f i e d  a s  sandy  loam , a s  i s  shown in  F ig u re  11.
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T e x tu ra l  C la s s i f i c a t i o n  (USDA) o f  IBA and CBA

T ab le  19

GRAIN SIZE ANALYSIS OF KOREAN COAL ASH
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4 . Ash C o n s is te n c y  T e s t;

T e s ts  w ere ru n  in  acc o rd an ce  w ith  th e  ASTM d e s ig n a t io n  D423-66 

(AASHO d e s ig n a t io n  T89-60) f o r  th e  l i q u id  l i m i t ,  and w ith  ASTM d e s ig n a ­

t i o n  D424-65 (AASHO d e s ig n a t io n  T90-61) f o r  th e  p l a s t i c  l i m i t .

The r e s u l t s  o f  th e  A tte rb e rg  l i m i t s  o f  th e  a sh  sam ple p a s s in g  

th e  0 .0165 in c h  open ing  showed ab o u t 58.95% w ith  25 b low s. The t e s t s  

o f  th e  p l a s t i c  l i m i t  w ith  th e  same s i z e  sam ple used  in  th e  A tte rb e rg  

l i m i t  showed an  a v e ra g e  52.38%, w ith  a  w ide ran g e  betw een 45 .6 1  and 

61 .54  p e r c e n t .  As th e  ash  p l a s t i c i t y  in d ex  i s  6.57%, th e  K orean b r i ­

q u e t te  ash  c o u ld  be  d e s c r ib e d  a s  a  n o n -c o h e s iv e  o r  p a r t l y  c o h e s iv e  

m a te r ia l .

As th e  r e s u l t s  o f th e  c o n s is te n c y  t e s t  and g r a in  s i z e  a n a ly s i s  

show, th e  t e s t e d  a sh  comes u n d er th e  A-2 -7 , a c c o rd in g  to  AASHO c l a s s i f i ­

c a t io n ,  w ith  a  group in d e x  o f  ze ro  in  an  e v a lu a t io n  o f  highway su b g rad e  

m a te r ia l  (K a ro l, 1 9 60 ).

5 . M o is tu re -D e n s ity  T e s ts :

T hese t e s t s  w ere ru n  in  acc o rd an ce  w ith  th e  ASTM d e s ig n a t io n  

D698-66 (AASHO d e s ig n a t io n  T -9 9 -6 1 ), w ith  th e  s ta n d a rd  p r o c to r  com paction  

a p p a ra tu s .  The sam ples w ere com pacted i n  f i v e  la y e r s  u nder a  com pactive  

e f f o r t  o f 25 b low s p e r  l a y e r ,  u s in g  a  20 pound s p r in g  lo a d ed  rammer.

A ty p i c a l  v a lu e  o f  optimum d e n s i ty  co u ld  n o t be o b ta in e d  due to  th e  

co n tin u ed  in c r e a s e s  in  th e  d e n s i ty  o f  th e  a sh  (w ith  in c r e a s e  in  m o is tu r e ) .

The com paction  cu rv e  o f  th e  K orean b r iq u e t t e  a sh  (F ig u re  12 ) 

m igh t b e  w i th in  th e  ran g e  o f  a  and b (marked) o f  a  t y p i c a l  com paction  

cu rv e  f o r  c o h e s io n le s s  s o i l ,  a s  shown in  F ig u re  13.
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6 . C om pressive S tre n g th  T e s t :

The q u a n t i ty  (200 gm) o f random ly s e le c te d  c o a l  a s h  sam ple was 

mixed w ith  27% d i s t i l l e d  w a te r  based  on an optimum m o is tu re  c o n te n t 

(Ash a t  Work, V ol. I I ,  No. 3 , 1970). The d i s t i l l e d  w a te r  added 

in c lu d e d  ab o u t one p e rc e n t  more w a te r  to  a l lo w  f o r  e v a p o ra tio n  lo s s e s  

d u rin g  m ixing  and h a n d l in g . The mixed sam ples w ere cu red  f o r  48 h o u rs  

a t  o r n e a r  100% r e l a t i v e  h u m id ity  in  g la s s  d e s ic c a to r s .  The specim ens 

w ere p re p a re d  w ith  th e  H arvard  M in ia tu re  Com paction a p p a ra tu s  and th e n  

wrapped w ith  c l e a r  p l a s t i c  wrap p a p e r . The specim en was cu red  f o r  24 h o u rs  

p r io r  to  t e s t i n g  to  b r in g  ab o u t even d i s t r i b u t i o n  o f  m o is tu re  th ro u g h o u t 

th e  specim en. D im ensions o f  th e  specim ens w ere m easu red . The specim ens 

w ere th en  t e s t e d  i n  an  u n co n fin ed  com pression  m ach ine , showing an  av e ra g e  

o f 62 .37 I b s / s q . i n .  I f  th e  d i r e c t  sh e a r  t e s t  o r  t r i a x i a l  com pression  

t e s t  was done, more r e l i a b l e  in fo rm a tio n  f o r  t h i s  c o h e s io n le s s  s o i l  

cou ld  b e  o b ta in e d ; how ever, t h i s  p ro ced u re  was n o t  u sed  b ecau se  o f  th e  

sh o r ta g e  o f  th e  t e s t i n g  sam ple.

a .  P r e r e q u i s i t e s  o f  th e  Use o f  Korean B r iq u e t te  Ash 

f o r  C o n s tru c t io n .

1 . Ash sh o u ld  be s e p a ra te d  a c c o rd in g  to  s i z e ,  c o a rs e n e s s ,  

o r  f in e n e s s ,  u s in g  a  0 .0165 in c h  opening  s ie v e  (N a tio n a l 

Ash A s s o c ia t io n , V ol. I I ,  No. 3 , 1 9 7 0 ). I t s  c e m e n ti t io u s  

v a lu e  in c re a s e s  as  i t s  f in e n e s s  in c r e a s e s ,  th e  f i n e l y  

d iv id e d  s i l i c a  com bining more r e a d i ly  w ith  th e  f r e e  lim e 

i n  th e  cem ent.

S in ce  p r e s e n t  c o l le c t io n  o f  th e  ash  i s  accom plished  as  a  m ix tu re  

w ith  o th e r  s o l i d  w a s te s ,  i t  i s  n e c e ssa ry  to  s e p a ra te  them as much as  p o s s ib le
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f o r  use  in  c o n s t r u c t io n .  For u se  as a  s o i l  c o n d i t io n e r  th e  ash  may 

n o t n e c e s s a r i ly  be s e p a ra te d  from  th e  m ix tu re  o f  s o l i d  w aste  ( f u r th e r  

re s e a rc h  i s  r e q u ir e d  in  t h i s  re g a rd )  b ecau se  th e  ash  h as  n u t r i t i o n a l  

v a lu e  and h ig h  w a te r  a v a i l a b i l i t y .

The c o l le c t e d  b r iq u e t t e  ash  c o u ld  be s to r e d  th ro u g h  th e  

fo llo w in g  s t e p s :

Ash C o lle c te d  ) - | G rin d in g  S y s te m l-1  S ie v in g  System  ( —  | S to ra g e  System

A g r ic u l tu r a l  P u rp o ses  f o r ' |  C o n s tru c t io n  P u rp o ses

The r e q u ir e d  s to ra g e _ s p a c e  o f  th e  s ie v e d  a sh  m a te r i a l  i s  dependen t

upon (1) th e  amount o f  a s h  c o l le c te d  in  a  g iv e n  p e r io d ,  (2) th e  rem oval

tim e , and (3) peak  d e l iv e r y .

i i .  Ash m igh t be s e p a ra te d  in t o  low and h ig h  carbon  c o n te n t ,

u s u a l ly  12% carbon  c o n te n t  a s  s e p a r a t in g  b a s e .^

i i i .  I t  i s  n e c e s s a ry  to  m odify  th e  p r e s e n t  s to r a g e  and c o l l e c t i n g

system  o f th e  c i t y  o f  Seoul to  in c re a s e  th e  ash  q u a l i t y .

i v .  When i t  i s  u sed  as th e  s i l i c e o u s  com ponent, i t  sh o u ld

c o n ta in  more th a n  50% s i l i c a  o x id e .

The p roblem s o f  (1) and (2 ) cou ld  be  s o lv e d  th ro u g h

ad ju s tm en t o f th e  s e t t l i n g  tim e  o f  th e  f ly a s h  s lu r r y  in

th e  h o ld in g  ta n k  by a d ju s t in g  th e  te m p e ra tu re ,  w a te r

q u a l i t y ,  and a e r a t io n  to  o b ta in  a  h ig h  q u a l i ty  a sh .

b .  P o s s i b i l i t y  o f  U t i l i z a t i o n  o f  th e  Ash as  C o n s tru c tio h

M a te r ia l  a s  an Exam ple.

1
I n s t i t u t e  f o r  S o lid  W astes, A merican P u b l ic  Works A s s o c ia t io n ,  1970.
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1 . C o n cre te .

i .  I t  i s  p o s s ib le  to  u se  th e  Korean b r iq u e t t e  ash  as  f in e  

and co u rse  a g g re g a te  f o r  u se  as an i n e r t  f i l l e r  

m a te r ia l  to  in c re a s e  i t s  b u lk ,  

i i .  Ash can b e  used  to  p r e c a s t  b u i ld in g  b lo c k s  by add ing  

cem ent.

2 . A dvantages o f  U t i l i z a t i o n  o f  Ash f o r  C o n cre te  M a te r ia l .

i .  In c re a s e  i n  h e a t  i n s u l a t i o n  and f i r e  e n d u ran c e .

i i .  Easy work a b i l i t y ,

i i i .  E ase i n  s u r f a c e  skim m ing,

i v .  H igh carbon  and h ig h  i r o n  c o n te n t does n o t  a f f e c t  th e

e n g in e e r in g  p ro p e r ty  o f  cem ent, b u t  does a f f e c t  th e  c o lo r .

V .  S l ig h t  m in im iz a tio n  o f  h a rm fu l e f f e c t s  o f  a l k a l i -  

a g g re g a te  r e a c t i v i t y ,  

v i .  In c re a s e  in  r e s i s t a n c e  to  s u lp h a te  a t t a c k  due t o  r e ­

d u c tio n  o f  th e  amount o f  f r e e  lim e l i a b l e  to  a t t a c k  

(A kroyd, 1962).

v i i .  D ecrease  in  th e  th e rm a l ex p an sio n  o f  th e  ash  c o n c re te .

3. A dvantages o f  Usage o f  K orean B r iq u e t te  Ash.

i .  R eduction  o f  th e  re q u ire m e n t o f  a  d is p o s a l  a r e a  f o r

th e  a sh .

i i .  R eduction  o f  d is p o s a l  c o s t ,

i i i .  R eduction  o f  th e  c o n s tr u c t io n  m a te r ia l  c o s t s ,

i v .  In c re a s e  i n  th e  p u b l i c  h e a l th  and la n d sc a p e  o f  th e  a r e a .

V .  A v a i l a b i l i t y  o f  th e  ash  m a te r i a l s .
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Review o f  A g r ic u l tu r a l  U t i l i z a t i o n  o f  C oal Ash

Adam (1971) a p p l ie d  th e  f ly a s h  o f  b itu m in o u s  c o a l  from  c o a l - f i r e d  

p la n t s  to  r e c la im  a c id ic  s u r f a c e  m ined c o a l la n d s  i n  N o rth ern  West 

V i r g in i a .  The a d d i t io n  o f  f ly a s h  to  th e  s o i l  in c re a s e d  th e  pH to  a  

ra n g e  t o l e r a b l e  f o r  some p la n ts  such  a s  r y e ,  o rc h a rd  g r a s s ,  and b i r d f o o t  

t r e f o i l ,  a  legum e, w h ile  th e  u n t r e a te d  s o i l  rem ain s  a c id ic  (F ig u re  14 ) .  

F ly a sh  a l s o  im proved th e  te x tu r e  o f  th e  s o i l  (F ig u re  1 5 ) ,  and in c re a s e d  

th e  a v a i la b l e  w a te r  c o n te n t (F ig u re  1 6 ) .

f ly  a sh  1 and  2, 600? #
™ / l o n s / a c r e

#  '

f ly  a sh  1 an d  2, 800 to n s /a c r e  •

A A
Fly ash  2,
600 i o n s / a c r e -

Fly a sh  1, 6 5 0  I o n s /a c r e  —

U n tre a te d  c o n tro l  (sp o il)

X T T T O U
O O O ^  O

SECOND SEASONFIRST SEASON THIRD SEASON

F ig u re  14

pH EFFECT OF FLYASH APPLIED TO ACIDIC SURFACE MINED COAL
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S tu d ie s  on p la n t  n u t r i e n t s  and th e  n e u t r a l iz in g  power o f  f ly a s h  w ere 

conducted  by M a rtin s  (1971) m a in ly  on b o ro n , p h o sp h o ru s, and z in c .  The 

t o t a l  c o n te n t o f  f ly a s h  ranged  from  48 to  613 ppm o f  b o ro n , 0 .0 3  to  0.28% 

o f p h o sp h o ru s, and 13 to  353 ppm o f z in c .  F ly ash  e x h ib i te d  n e u t r a l i z in g  

power ra n g in g  from  0 .0 4  to  3 .37  meqH^O + /gm in  d e f in e d  r e a c t io n s .

U tah S ta t e  U n iv e r s i ty  in v e s t ig a t o r s  r e p o r t  t h a t  f ly a s h  has been  

u sed  s u c c e s s f u l ly  in  th e  c o n t r o l  o f  snowmold, a  d is e a s e  w hich re d u c e s  

w in te r  w heat y i e ld s .

C z e c h o s lo v a k ia 's  I n s t i t u t e  f o r  E x p erim en ta l B otany h as  developed  

an a r t i f i c i a l  f e r t i l i z e r  composed o f  power p la n t  f ly a s h  and i n d u s t r i a l  

w a s te . T e s t work h as  shown th e  m ix tu re  to  be  a s  e f f e c t iv e  a s  m anure in  

t r e e  p la n t in g  and r e f o r e s t a t i o n .^

Korean Ash T e s tin g  f o r  A g r ic u l tu r a l  U t i l i z a t i o n

1 . A n a ly s is  o f  K orean B r iq u e t te  Ash f o r  A g r ic u l tu r a l  U t i l i z a t i o n :  

The a n a ly s i s  o f  th e  a s h  p a s s in g  th e  0 .0098  in c h  open ing  s ie v e

fo llo w ed  th e  p ro c e d u re s  o u t l in e d  in  th e  S o i l  Chem ical and P h y s ic a l  

A n a ly s is  L a b o ra to ry , D epartm ent o f  Agronomy, Oklahoma S ta te  U n iv e r s i ty .  

T h is  m anual i s  a  com bination  o f  th e  M ethods o f  S o i l  A n a ly s is  by B lack  

(1965) and o f  S o i l  Chem ical A n a ly s is  by Jack so n  (1 9 5 8 ), e x c e p t f o r  boron  

d e te rm in a tio n ,  w hich was d e te rm in ed  by W o lf 's  m ethod (1 9 7 4 ). The s o i l  

e lem en ts  w ere d e te rm in ed  w ith  a  flam e pho tom eter (P e rk in  Elm er) a c c o rd in g  

to  th e  m a n u fa c tu re r 's  d i r e c t i o n s .  The r e s u l t s  a r e  re c o rd e d  in  T ab le  2 0 .

2 . I n t e r p r e t a t i o n  o f  Coal Ash A n a ly s is :

a .  Chem ical A n a ly s is .

^ N a tio n a l Ash A s s o c ia t io n ,  V o l. I ,  No. 3 , 1969.
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T ab le  20 

ANALYSIS OF KOREAN BRIQUETTE ASH

Chem ical
S pecies

Used Sample 
& P re p a ra ­

t i o n

Method
Used

A verage T e s t 
R e s u lts

Remarks

pH S o i l :  dH_0 
( 1 : 2) ^

G la s s -
e le c t r o d e

5 .7

T o ta l
N itro g en

1 .5  gm M icrokj e ld a h l  
(B lack )*

250 ppm

C h lo rid e d-H 0 -  ■ 
E x t r a c t io n

Mohr 
(B la c k )*

9 5 .3  ppm Range o f  81 -  
105 ppm

S u lf a te d-HgO
E x tr a c t io n

I g n i t io n 6088 ppm Range o f  4500 -  
7679 ppm

Boron 10 gm + 
Azom ethine-H

(W olf) * 13 ppm Range o f  3 -  
13 ppm

Phosphorus 1 gm + 
NH^F

E x tr a c t io n

(J a c k s o n )* 2 .6 5  ppm Range o f  1 .3  -  
2 .6 5

C a tio n -
Exchange
C apac ity

5 gm (B la c k )* 2 .4 3  meq/ 
100 gm

* O rig in a l so u rc e  o f  th e  u sed  m ethod.
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Table 20
(Continued)

Volume o f  Used 
E x tra c t io n HCL(100ml) HE

Volume o f Sample 1 gm 1 gm10 gm

o n c e n tra t lo n  o f  
E x tra c t io n  

Used 48% NormalC o n cen tra te d
Chem ical ^  
Species(PPM )

21017030.40160 -Ca

100180880120

420169001580390

1103250270Na

825 100Fe

Zn t r a c e

118730194Mn

380Cu

50Cr t r a c e

277504250A1
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High c o n c e n tr a t io n s  o f  th e  p h o sp h o ru s , s u l f a t e ,  b o ro n , and 

m in e ra l e lem en ts  c o u ld  e x p la in  a  good n u t r i t i o n a l  v a lu e  o f  th e  a sh  f o r  

a g r i c u l t u r a l  p u rp o se s , b u t low n i t ro g e n  c o n c e n tr a t io n  m ight n o t be  a  

p e r f e c t  f e r t i l i z e r .  The h ig h  c o n c e n tra t io n  o f  th e s e  chem ical s p e c ie s  

co u ld  be  u sed  a s  a  s o i l  c o n d i t io n e r  o r  in c o m p le te  f e r t i l i z e r .

The h ig h  w a te r  a v a i l a b i l i t y  o f  th e  a sh  p ro v id e s  h ig h ly  s i g ­

n i f i c a n t  v a lu e s  i n  K orean a g r i c u l t u r a l  and f o r e s t r y  la n d . In  th e  e le m e n ta l 

a n a ly s i s  o f  th e  a s h ,  th e  c o n c e n tr a t io n  i n  d e io n iz e d  w a te r  e x t r a c t  i s  low , 

a s  e x p e c te d , b eca u se  o f  th e  low  s o l u b i l i t y  o f  th e  e lem en t i n  w a te r .  

H y d ro ch lo ric  a c id  e x t r a c t i o n  y e i ld e d  h ig h  c o n c e n tra t io n s  o f  th e  e lem en ts

due to  p a r t i a l  d e h y d ra tio n  o f  s i l i c a t e s  (a m ajo r c o n s t i t u t e n t  o f  th e  a sh )
♦

and th e  su b se q u en t r e l e a s e  o f  s i l i c a t e  bounded e lem en ts  in to  th e  s o lu t io n .  

The sam ples w ere d ig e s te d  w ith  H cl and th e  r e s id u e  was th e n  d ig e s te d  

w ith  HF w hich a l s o  showed c o n c e n tr a t io n s  o f e le m e n ts , b ecau se  o f  £Ke 

com plete  e v a p o ra tio n  o f  th e  s i l i c a  by th e  H F -a c id , i . e . ,

ftSiOg + 4HF ---------► S iF^ I + 2H2O

The e le m e n ta l c o n c e n tr a t io n  from  th e  HF- and HCL e x t r a c t io n  a r e  con­

s id e r e d  much h ig h e r  th a n  th e  a v a i l a b l e  "c o n c e n tra tio n  i n  th e  b r iq u e t t e  

a sh  f o r  p la n t  g row th .

b .  W ater A v a i l a b i l i t y  (T ab le  21 ).

The r e s u l t s  o f  th e  w a te r  a v a i l a b i l i t y ,  m easured u s in g  th e  

p ro ced u re s  o u t l in e d  by P e te r s  (1965, M ethods o f  S o i l  A n a ly s is  by B lack ) 

in d ic a te d  an  a v e ra g e  o f  61.7% and 28.3% m o is tu re  o f  th e  f i n e  and c o a rs e  

a sh  m a te r i a l s ,  r e s p e c t iv e l y ,  a t  1 /3  B ars  ( c lo s e  to  f i e l d  c a p a c i ty  o r
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T ab le  21 

WATER AVAILABILITY TEST

Imposed
P re s su re

Mass o f  
Wet Sample 

(gm)

Mass o f 
Dry Sample 

(gm)

P e rc e n t 
Mois tu r e

1 /3  B ar (2 5 .8  cm Hg) F ine
(0 .0 0 4 1 - in  
s ie v e  open­
in g )

28 .41 1 7 .5 7 61 .7

C oarse 
(0 .0 0 9 8 - in  
s e iv e  open­
in g )

22 .57 17.59 2 8 .3

15 Bars F in e 16 .04 13 .94 1 5 .1

C oarse 18.72 17.60, 6 .4

" A v a ila b le "
W ater F in e

C oarse

46.6%

21.9%
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m o is t end r a n g e ) . A t 15 B ars (c lo s e  to  w i l t in g  p o in t  o r  d ry  end r a n g e ) , 

an av e ra g e  re a d in g  o f  15.1% and 6.4% m o is tu re  was o b serv ed  f o r  th o se  

sam p les . The a v a i l a b l e  w a te r  c o n te n t i s  e s tim a te d  by ta k in g  th e  

d i f f e r e n c e  betw een 1 /3  B ars and 15 B a rs . T h is d i f f e r e n c e  was a p p ro x i­

m a te ly  46.6% o f  th e  f i n e  a sh  and 21.9% o f  c o a rs e  a sh  m a te r ia l s .  The 

v a lu e s  in d ic a te d  t h a t  K orean c o a l a sh  has  a  h ig h  w a te r  h o ld in g  c a p a c i ty ,  

which a b so rb s  and r e t a i n s  w a te r and can p ro v id e  p la n ts  w ith  th e  a v a i la b le  

w a te r ,  much th e  same a s  a  s o i l  c o n d i t io n e r  m ig h t. .

A. X-Ray S tu d ie s  on th e  Korean Coal Ash

1 . Sample P r e p a r a t io n ;

The in d iv id u a l  sam ples o f  a i r - d r i e d  b u lk  m a te r ia l ,  unburned 

c o a l ,  co m p le te ly  b u rn ed  a s h ,  and in c o m p le te ly  b u rned  a s h ,  s e p a ra te d  by 

s i g h t ,  w ere hand-pow dered in  a  p o rc e la in  m o rta r  and p assed  th rough  0 .0 0 4 1 -,

0 .0 0 2 9 -, and 0 .0 0 1 7 -in c h  o p en in g s . The pow dered sam ples w ere k e p t in  

p l a s t i c  b o t t l e s  f o r  s tu d ie s  by X -ray  d i f f r a c to m e te r  and sp e c tro m e te r .

2 . X-Ray Powder D if f r a c t io n :

The m in e ra l  a n a ly s i s  o f X -ray  d i f f r a c t i o n  i s  g e n e ra l ly  q u a l i t a ­

t i v e .  However, ap p ro x im ate  p ro p o r tio n s  o f  m in e ra ls  in  a  sam ple w ere 

u s u a l ly  e s tim a te d  from  th e  r e l a t i v e  i n t e n s i t i e s  o f  th e  peaks on an  X -ray  

d i f f r a c t i o n  p a t t e r n .

An X -ray  powder packed s l i d e  was p re p a re d  by random ly s e le c t in g  

th e  b u lk  powder sam ples to  d e te rm in e  th e  m a jo r c r y s t a l l i n e  m in e ra ls .

The i d e n t i f i c a t i o n  o f  th e  v a r io u s  m in e ra ls  was accom plished  by u s in g  th e  

X -ray  powder d i f f r a c t i o n  method w ith  a  N ore lco  X-Ray D if f r a c to m e te r ,
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lo c a te d  in  th e  D epartm ent o f  G eology, U n iv e rs i ty  o f  Oklahoma. D i f f r a c to -  

grams w ere o b ta in e d  by u s in g  copper r a d i a t i o n  (K -alpha) w ith  a  n ic k e l  

f i l t e r  w ith  a  s e t t i n g  o f  40 kv and 20 m illia m p . A sc a n n in g  r a t e  o f  1° 

20/m in. was used  a s  a  s c a le  f a c t o r .  The angstrom  sp a c in g s  w ere re a d  

from th e  d if f ra c to g ra m  and th e  i d e n t i f i c a t i o n  o f  th e  m in e ra ls  was a id e d  

by com paring th e  de te rm in ed  d -sp a c in g  o f  th o se  known m in e ra ls  l i s t e d  

in  th e  X -ray  d a ta  (ASIM f i l e ) .

3 . X-Ray S p ec tro m e te r:

A t o t a l  o f  fo u r  sam ples w ere s e le c te d  f o r  b u lk  ch em ica l a n a ly s i s

by th e  G enera l E l e c t r i c  X -ray  s p e c tro m e te r ,  lo c a te d  i n  th e  D epartm ent o f

Agronomy, Oklahoma S ta te  U n iv e r s i ty .  Samples w ere p a sse d  th ro u g h  0.0017
2

in c h  open ings and w ere p re s s e d  in to  d is c s  a t  a p p ro x im a te ly  24 to n s / in c h  

p re s s u re  w ith  abo u t one gram o f  b a k e l i t e  a s  bo ttom  p a c k in g -b e d . A n a ly s is  

was done w ith  a  chromium tu b e  (K -a , b) w ith  PET ( P e n ta e r y th r i t a l )  

a n a ly z in g  c r y s t a l s ,  e x c e p t f o r  th e  v e r i f i c a t i o n  o f  th e  q u e s t io n a b le  

e lem en ts . A scan n in g  r a t e  o f  5° 20 /m in . and s e t t i n g  o f  50 kv and 30 

m illiam p  w ere s e le c te d .

4 . I n t e r p r e t a t i o n  o f  th e  D iffra c to g ra m  (F ig u re s  17» 18» and 1 9 ) :  

The g e n e ra l  shape o f  th e  d if f ra c to g ra m  a sh  sam ples showed c lo s e

resem blance to  th e  ty p e  o f  c la y  m in e ra l d lf f ra c to g ra m s  (G rim , 1 9 6 8 ).

The X -ray  d lf f r a c to g ra m s  in v a r ia b ly  y ie ld e d  two p eak s i n  a l l  
_ o o

th re e  sam p les; 26 .62  2 0 (3 .34A) and 20 .8 3 ° 2 0 (4 .26A). T h is  i s  b e l ie v e d

to  be  q u a r tz  (S iO g ).
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P eaks a t  1 2 .3 4 °  2 e ( 7 . ISA) and  a t  1 9 .8 8 °  2 0 (4 .4 6 A ); 1 9 .8 8 °  20

(4.46A ) and a t  2 6 .5 0 °  2 0 (3 .36A); 28 .58°20(3 .12A ) and  a t  33 .08° 2 0 ( 2 .70A), 

a r e  m ost p ro b a b ly  a t t r i b u t a b l e  to  th e  p re se n c e  o f  sm a ll q u a n t i t i e s  o f  

K a o l in i te  (A lgOg.SiOg.HgO), I l l i t e  1 . 3 (k .N a )20 . 0 . 6 (Mg,Fe)0  3 . 3 (F e ,A l)2  

0g . l 6 ( S i ,A l ) 02 . 5H20 , and p y r i t e  (FeS2) ,  r e s p e c t iv e l y .

In  th e  d if f r a c to g ra m  o f  th e  ICB and CBA, th e r e  was no d i f f e r e n c e  

among th e  m in e ra ls  fo u n d , ex ce p t th e  s l i g h t  s h i f t  o f  peaks in  th e  d i f f ­

rac to g ram  o f th e  in c o m p le te  burned  a s h .

The peaks o f  ICB and CBA's d if f r a c to g ra m  o f  K a o l in i te ,  I l l i t e ,  

and p y r i t e  w ere n o t  c l e a r ly  shown o r  n o t  shown a s  much a s  i n  th e  c o a l .

In fo rm a tio n  from  th e se  d lf f r a c to g ra m s  made i t  e v id e n t th a t  

th e  m in e ra ls  in  th e  sam ples w ere e i t h e r  o f  ex tre m e ly  poor c r y s t a l l i n e  

s t r u c t u r e  o r  th e  p re s e n c e  o f  am orphous o r  m etam ic t m in e ra ls  was fo u n d .

5 . I n t e r p r e t a t i o n  o f  th e  X-Ray S pec tro g ram :

One o f  th e  m ajor o b je c t iv e s  o f  t h i s  work was to  d e te rm in e  

w hether to x i c  e le m e n ts  i n  th e  sam ples h ad  any r e l a t i o n  to  p la n t  g row th .

In  c o a l  and ash  (F ig u re s  2 0 , 2 1 , and 2 2 ) ,  th e  same 

spec trum  o c c u r re d ,  e x c e p t s u l f u r  a t  75 .75°20  i n  c o a l  was o b ta in e d .

M ajor e lem en ts  i n  th e  sp ec tru m  o f  a s h  and c o a l  a r e  N i (1 9 .5 4 ° ) ,  Fe (2 5 .0 3 °  

and 8 3 .2 4 ° ) ,  Cr (3 0 .3 6  and 6 3 .1 1 ) ,  Mo (3 3 .6 0  and 6 9 .1 8 ) ,  Cu (3 6 .8 0  and  

5 7 .0 2 ) ,  Ca (4 1 .1 4  and 45 .15  and 1 0 0 .2 8 ) , K (5 0 .6 4 ) ,  and  S i (1O 9°20).

I n  th e  com post spec trum  (F ig u re  23 ) ,  in  a d d i t io n  to  th e  above 

e le m e n ts , P (8 3 .1 0 °  and 8 9 .4 0 °) p eaks  showed s t r o n g ly .



125

A lthough x -ra y  f lo r e s c e n s e  sp ec tro g ra m s f o r  q u e s tio n a b le  

e lem en ts  w ere an a ly zed  w ith  Ammonium D ihydrogen p h o sp h a te , p e n t a e r y t h r i t a l  

and L ith iu m  f l o r i d e  c r y s t a l s ,  no heavy o r  to x ic  e lem en ts  in  th e  s p e c tr o ­

grams w ere re v e a le d  d u rin g  t h i s  r e s e a r c h .
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X-RAY SPECTROGRAM FOR UNBURNED COAL
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Figure 23
X-RAY SPECTROGRAM FOR COMPOST

DIFFRACTION ANGLE 20



Chapter VII

EVALUATION AND REQUIREMENTS OF COMPOST IN KOREAN LAND

E v a lu a tio n  o f  Compost

One o f  th e  p u rp o ses  o f t h i s  work i s  to  a s s i s t  i n  v e r i f y in g  th e  

im portance  o f  com post-in  a g r i c u l t u r a l  s o i l  f o r  p la n t  g row th . T e s ts  

w ere perform ed  w ith  th e  compost p ro d u c t (p ro v id ed  by th e  N a tu r iz e r  

Company o f  Norman, Oklahoma) o f  s i x  d a y 's  d ig e s t io n  p e r io d .  The r e s u l t s  

a r e  a s  fo llo w s .

A. Chem ical and P h y s ic a l  A n a ly s is  o f  Compost

S in ce  th e r e  i s  no s p e c i f i c  method f o r  a n a ly z in g  com post, th e  method 

o f  p la n t  m a te r ia l  a n a ly s i s  was used  h e re  (B la ck , 1965; Ja c k so n , 1958). 

The r e s u l t s  o f  th e  t e s t  a r e  re c o rd e d  in  T ab le  22 .

B. E x p erim en ta l D esign  C o n d itio n s

T e s t P la n t  — l e t t u c e  (L ac tu ca  s p p .)  and sw iss  ch a rd  (B eta  V u lg a r is  

v a r i e t y  c i c l a )

T e s t S o i l  — sandy loam w ith  86.67% sand  and 13.33% c la y .  The 

t e s t i n g  s o i l  was o b ta in e d  from  Norman, Oklahoma.

T e s t L o c a tio n  — te m p e ra tu re  c o n t ro l le d  g re e n  h o u se , a u th o r iz e d  by 

th e  D epartm ent o f  Botany a t  th e  U n iv e r s i ty  o f  Oklahoma.

133
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TABLE 22

CHEMICAL AND PHYSICAL ANALYSIS OF COMPOST

C hem ical-Phys i c a l % o f  C o n c e n tra tio n Remarks o f
C h a r a c te r i s t i c s Range A n a ly s is

C alcium 0 .3 7  -  2 .3 5 ^ 1 i n d i c a te s  th e
a n a ly s i s  by

P o tassiu m 0 .5 2  -  2 .8 0 a to m ic  ab so rp ­
t i o n  (P e rk in -

Magnesium 0 .0 6  -  0 .3 5 Elm er)

Manganese — 0 . 0 2 - 0 . 0 4 ^ 2 in d i c a te s
1 c o lo r im e t r ic

I ro n 1 .96  -  6 .5 3 ^ m ethod

Copper 0 .02  -  0 .0 5 ^

N ick e l 0 .007  -  0 .0 1 ^ 3 in d i c a te s
1 a n a ly s i s  by

Lead 0.02  -  0 .0 7 t i t r a t i o n a l
m ethod

Cadmium 0.001  -  0 .01

Zinc 0.02  -  0 .0 6 8 ^
4 in d i c a te s

Cromium 0.001  -  0 .0 3 a n a ly s i s  by
i g n i t i o n  m ethod

P hosphorus 0 .1 3  -  0 .2 6

Or g a n ic - c h lo r id e 0 .0 4 ^
5 in d i c a te s

'  N i t r a t e - n i t r o g e n 0 .032^ a n a ly s i s  by
9 g la s s - e l e c t r o d e

A m m onia-nitrogen 1 .0 9 m ethod
L (Beckman)

S u l f a te 0 .0 1  -  0 .3 0

Ash r e s id u e 5 3 .5  -  68 .2*

PH 6 .9  -  7 .6 ^
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C. Chem ical and P h y s ic a l  A n a ly s is  o f  T e s t in g  S o i l

The a n a ly s i s  o f  th e  s o i l  fo llo w ed  th e  p ro c e d u re s  recommended by 

B lack  (1965) and Jack so n  (1 9 5 8 ).

T o ta l  n i t r o g e n  = 249 .7  ppm

P hosphorus = 0 .0 8 8  ppm

P o tass iu m  = 10 ppm

C alcium  = 15 ppm

S u l f a te  = 738 ppm

Magnesium = 8 ppm

pH . = 6 . 9

Dry d e n s i ty  = 25 .56  gm /inch^

D. T e s t f o r  Com parison o f  Compost and A r t i f i c i a l  F e r t i l i z e r  w ith  

Sw iss Chard

1 . T e s tin g  Box P re p a ra t io n ;

The t e s t  boxes w ere d es ig n ed  f o r  th e  a v a i l a b i l i t y  o f  a  p o t  

h o ld in g  desk  i n  th e  g re e n  h ouse . The d im ensions o f  th e  t e s t  boxes 

w ere 20 in c h e s  w ide by 20 in c h es  lo n g  by 11 in c h e s  d eep , made o f  p in e  

wood. The t o t a l  h o ld in g  c a p a c ity  was 4 ,4 0 0  c u b ic  in c h e s .  The number 

o f t e s t i n g  boxes used  in  t h i s  w ork was two f o r  com post and two f o r  th e  

same amount o f  com post and f e r t i l i z e r .  I t  i s  n e c e s s a ry  to  p re p a re  h o le s  

in  th e  box f o r  a i r  c i r c u l a t i o n  and w a te r  d ra in a g e  p u rp o se s . T here w ere 

81 h o le s  1 /2  in c h  i n  d ia m e te r , 9 h o le s  in  th e  s id e  w a ll  two in c h e s  

above th e  b o tto m , and 1 /2  in c h  in  d ia m e te r . F or s e e d in g  and grow ing 

bed p r e p a r a t io n  f o r  sw iss  c h a rd , th e  t e s t  box  was f i l l e d  to  a  d ep th  o f
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th r e e  In ch es  w ith  o n e -h a l f  in c h  o f  m arb le  c h ip s  w hich w ere washed and 

o v e n -d r ie d . S o i l  was th e n  m ixed w ith  com post and added to  th e  box 

u n t i l  i t  was f i l l e d  to  w i th in  one in c h  o f th e  to p .

2 . F e r t i l i z e r  A p p lic a tio n :

A f e r t i l i z e r  t e s t  was conducted  w ith  th e  sw iss  chard  in  th e  

8 5 -to n  p e r  a c re  t e s t  b o x es .

F e r t i l i z e r  a p p l ie d ^  — n i t r o g e n  -  100 lb s / a c r e

PgOg -  30 l b s / a c r e  

KgO -  200 l b s / a c r e  

CaO -  461 lb s / a c r e  

MgO -  20 l b s / a c r e  

S in ce  no a r t i f i c i a l  f e r t i l i z e r  c o n ta in in g  th e s e  chem ica ls  in  

th e  above m en tioned  p ro p o r t io n s  i s  a v a i l a b l e ,  la b o ra to ry  

ch em ica ls  w ere u sed  in  t h i s  ex p erim en t as fo llo w s :

KNOg -  0 .0259 lb s  

Ca(N03>2 * AHgO -  0 .0129  lb s  

NH^NOg -  0 .0037  lb s  

MgO -  0 .0040  lb s

3 . S o i l  and F e r t i l i z e r  A p p lic a tio n :
2

Amount o f  s o i l  u sed  — 20 in c h e s  by 20 in c h e s  by 7 in c h e s  =*

2800 in .^

^ The amount o f  f e r t i l i z e r  a p p l ie d  was su g g e s te d  by Dr. Ray C am pbell,
D epartm ent o f  H o r t i c u l tu r e ,  Oklahoma S ta te  U n iv e r s i ty .

2 2 Volume w e ig h t c a l c u la t io n :  1 a c r e  = 6 ,2 7 2 ,6 4 0  i n  »
= 4 2 ,0 2 6 ,6 8 8  in  (assum ed a t  6 .7

in .  d ep th )  » ~
= 4 2 ,0 2 6 ,6 8 8  in  x  25 .56  gm /in  =

2 ,3 6 6 ,1 0 6  lb s
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Amount o f  com post used  -  11 ,33  lb s /b o x

4 . Seeding  o f  Sw iss Chard ( f o r  85 to n s /b o x ) :

Time: F eb ru ary  2 , 1975

W ater: C o n tro lle d  a p p l ic a t io n  o f  0 .5  l i t e r  p e r  day

Tem perature : C o n tro lle d  a t  5 5 -65° F

Spacing  o f s e e d s : Two in c h  sp aces  betw een seeds  in  f i v e  rows

Number o f  seed s  a p p l ie d :  45 p e r  box

D epth: O n e-h a lf in c h

5 . P rep lanned  E x p erim en ta l D esign :

For e v a lu a tin g  th e  e f f e c t  o f  com post a g a in s t  chem ica l f e r t i l i z e r ,  

one-way a n a ly s is  o f v a r ia n c e  d e s ig n  was p rep la n n ed  as  fo llo w s : 

D esign o f  T e s t No. o f  P la n ts /B o x

Compost +  f e r t i l i z e r  16

Compost o n ly  16

F e r t i l i z e r  o n ly  16

S o i l  o n ly  16

E. T es t f o r  Econom ical F e a s i b i l i t y  o f  Compost Use

1. T e s tin g  Box P re p a ra t io n :

To exam ine th e  econom ic f e a s i b i l i t y  o f  compost u sa g e , compost 

was a p p l ie d  a t  r a t e s  e q u iv a le n t  to  6- ,  1 2 - , 2 4 - ,  4 8 - ,  and 

85- to n s  p e r  a c re .

D im ensions o f th e  t e s t  box — 42.5  in ch  le n g th  x  5 .5  in c h  w id th ,

w ith  7 .8  in c h  d ep th .

c i r c u l a t i n g  h o le s  — 40 h o le s  in  th e  bottom  two in c h e s  in  

d ia m e te r , 20 h o le s  in  th e  s id e  w a ll  o n e -h a lf  in c h  in  d ia m e te r

and one in c h  above th e  bo tto m .
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Amount o f  s o i l  u sed  p e r box -  4 2 .5  i n .  x  5 .5  i n .  x  6 .0  i n .  =

1402.5 in ^ ,  o r  9 5 .4 1  lb s /b o x .

Amount o f  com post a p p l ie d  -  0 .4 8  lb s  a t  6 to n s /a c r e

0 .9 8  lb s  a t  12 to n s /a c r e  

1 .9 6  lb s  a t  24 to n s /a c r e  

3 .92  lb s  a t  48 to n s /a c r e

2 . Seeding  o f  Sw iss Chard ( f o r  6- ,  1 2 - ,  2 4 - ,  and 4 8 - to n s /b o x ) ;

Time; F eb ru ary  23 , 1975

The a p p l ie d  c o n d it io n s  w ere i d e n t i c a l  to  th e  85 to n s /b o x  e x p e r i­

ment o f  s e e d in g  sw iss  ch a rd .

Spacing o f  seed s  -  1 .8  in c h  sp aces  in  two row s, two in c h e s  a p a r t .  

Number o f  seed s  a p p lie d  -  40 each  p e r  box.

F . T e s t f o r  Compost w ith  L e t tu c e

1 . Seed Bed P r e p a r a t io n :

22 .5  in c h  le n g th  x  15 in c h  w id th  x  2 .2  in c h  d ep th  

S o i l  h o ld in g  c a p a c i ty  -  4 1 .8  lb s

Seeding tim e : F eb ru a ry  2 , 1975

W ater: 1 /2  L i t t e r  ev e ry  two days

C o n tro l c o n d i t io n s  w ere th e  same f o r  l e t t u c e  se e d in g  as  f o r  th e  

chard  p l a n t s .

Spacing : Two in c h e s  o f  sp ace  betw een se e d s  i n  f iv e  row s.

D epth: 3 /15  in c h

Number o f  s e e d s  a p p l ie d :  45 p e r  box

A pp lied  com post: 20 to n s /a c r e
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2 . T ra n s p la n t in g :

Hand t r a n s p l a n t in g  was done f o r  th e  l e t t u c e  a t  a  d ep th  o f  one- 

h a l f  in c h .  P la n ts  w ere random ly s e le c te d  f o r  t r a n s p l a n t in g  in to  

th e  p o ts .

T ra n s p la n tin g  tim e : F eb ruary  2 3 , 1975. The p la n ts  w ere t r a n s ­

f e r r e d  to  p l a s t i c  p o ts  s i x  in c h e s  h ig h  and fo u r  In c h e s  w id e . 

A p p lied  com post: 6 to n s /a c r e

Number o f  p o ts  u sed : 20 p o ts  f o r  s o i l  w ith o u t com post, 20

p o ts  f o r  s o i l  w ith  com post.

3 . Growth C o n d itio n  A f te r  T ra n s p la n t in g :

T em pera tu re : Not c o n t r o l le d .

W ate rin g ; Not g iv en  r e g u la r ly  b u t  w henever s o i l  was d ry . The 

p u rp o se  o f  t h i s  t e s t  was to  v e r i f y  p la n t  grow th d i f f e r e n c e s  

betw een c o m p o st-ap p lie d  s o i l  and uncom posted s o i l  under a  

minimum c o n t ro l le d  c o n d i t io n .

R e s u l ts  o f  Compost E v a lu a tio n  T e s t

A. Compost E v a lu a tio n  w ith  Sw iss Chard

1 . G erm in a tio n  and Growth A f te r  25 Days From S eed ing :

G e n e ra l ly ,  th e  g e rm in a tio n  o f  th e  sw iss  ch a rd  began f i v e  to  

s i x  day s  a f t e r  s e e d in g  and r a p id  grow th o f  th e  ch a rd  n e c e s s i t a te d  

th in n in g  them o u t a f t e r  25 d a y s . Assuming t h a t  t r e a tm e n t c o n d i t io n s  

o f  85 to n s  p e r  a c r e  o f  com post and low er l e v e l s  o f  com post a p p l ic a t io n  

a r e  th e  same b e c a u se  o f  c o n t r o l le d  room te m p e ra tu re  and w a te r in g ,  and 

m o is tu re  c o n te n t  i n  th e  g reen  h o u se , g row th and g e rm in a tio n  o f  th e
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ch ard  w ere exam ined 25 days a f t e r  s e e d in g  (F ig u re s  24 , 25 , T ab le  2 3 ,  and 

Appendix E ) . The ch a rd  grow th a t  low er le v e ls  o f  com post shown In  

F ig u re  26 I s  46 days o ld  b eca u se  o f  f a i l u r e  o f  p h o to g ra p h ic  p ro c e s s .  The 

th in n in g  o f  p la n ts  was done random ly, le a v in g  16 p la n ts  In  th e  85 to n s  

p e r  a c re  box f o r  a p p l ic a t io n  o f  f e r t i l i z e r  f o r  f u r th e r  e x p e rim e n t, and 

10 p la n ts  In  low er compost a p p l ic a t io n  boxes f o r  s tu d y in g  th e  grow th 

v a r i a t i o n  In  l a t e r  days as a  c o n t ro l .  The random th in n in g  was done w ith  

th é  ta g  m ethod.

T ab le  23

MEAN GROWTH AND NUMBER OF GERMINATIONS OF SWISS CHARD

6-Ton 12-Ton 

a  b

24-Ton

c

48-Ton

d

85 T ons/A cre 
W ith Compost 

e f

45 Seeds/Box 
W ithout Compost 

g h

No. o f  G erm ina tions

26 28 30 29 31 35 16 17

Mean Growth (cm)

1 .82  2 .3 8 2 .52 2 .40 2 .4 1  2 .0 3 1 .1 8 1 .70

a . S t a t i s t i c s  o f  Growth and Number o f  G e rm in a tio n s :

As shown In  Appendix F , I t  I s  n e c e s s a ry  to  s im p l ify  th e  

c a lc u la t io n s  Involved- and to  make an e q u a l number o f  o b s e rv a t io n s .  To 

make an e q u a l  number o f  o b s e rv a t io n s ,  a  random draw ing was p r a c t ic e d  as 

fo llo w s . The o b s e rv a tio n s  o f  th e  ch ard  grow th w ere w r i t t e n  on ta g s  and
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FIGURE 24

SWISS CHARD GROWTH AFTER 25 DAYS (0 TON OF COMPOST/ACRE)
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FIGUSE 25

SWISS CHARD GROWTH AFTER 25 DAYS (85 TONS OF COMPOST/ACRE)
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agi1

FIGURE 26

SWISS CHARD GROWTH AFTER 46 DAYS
Where,

1 = 6  TONS OF COMPOST/ACRE 
2 = 12 TONS OF COMPOST/ACRE

3 = 24 TONS OF COMPOST/ACRE
4 = 48 TONS OF COMPOST/ACRE
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p la c e d  In  a  b a s k e t .  A f te r  th e  numbered ta g s  i n  th e  b a s k e t  w ere th o ro u g h ly  

s h u f f le d ,  one ta g  was drawn and re c o rd e d  w ith o u t r e p la c in g  i t  in  th e  

b a s k e t .  The rem ain in g  ta g s  in  th e  b a s k e t  w ere a g a in  th o ro u g h ly  s h u f f le d  

b e fo re  draw ing a g a in . T h is  p ro c e s s  was r e p e a te d  u n t i l  16 o b se rv a tio n s  

w ere re c o rd e d . The draw ing was done by p e rso n s  o th e r  th an  th e  re s e a rc h  

p e rs o n n e l to e l im in a te  b i a s .  I f  th e  new mean o f  th e  chard  p la n t  grow th 

gave a v a lu e  th a t  v a r ie d  g r e a t ly  from th e  o ld  mean v a lu e ,  th en  th e  ta g  

draw ing p ro c e s s  was s t a r t e d  a g a in  u n t i l  th e  new o b s e rv a tio n  mean was 

c lo s e  to  th e  o r i g i n a l  mean.

The s e v e n te e n  o b s e rv a tio n s  o f  ta g s  from  boxes h av in g  no 

compost ( c o n t r o l  H in  A ppendix E) w ere changed to  s ix te e n  o b s e rv a t io n s ,  

ig n o r in g  a  5 .2 5  cm o f  an u n u su a l grow th v a lu e .  The two o b s e rv a tio n s  

o f  th e  chard  grow th w ith o u t com post and w ith  85 to n s  o f  compost p e r  a c re  

ag a in  w ere combined and changed in t o  16 o b s e rv a tio n s  each  b ecau se  o f  

d i f f i c u l t y  in  o b ta in in g  th e  ta b u la te d  v a lu e s  o v er one hundred  d eg ree s  

o f freedom  (L i ,  1969).

To accom plish  th e  pu rpose  o f  th e  t e s t ,  th e  e r r o r  mean 

sq u a re  w ith in  o b s e rv a tio n s  was c a lc u la te d  by one-way a n a ly s i s  v a r ia n c e ,  

and th e  New M u ltip le  Range T e s t (L i ,  1969, and Dunn e t .  a l . ,  1974) was 

conducted  to  d i r e c t l y  compare th e  mean o f  each  o b s e rv a t io n .

b . New M u ltip le  Range T e s t P ro ced u re  o f  Econom ical E valua­

t i o n  T e s t .

1 . The mean v a lu e s  o f  th e  s i x  tr e a tm e n ts  a re  a rra n g e d  

acc o rd in g  to  t h e i r  m agn itudes a s  fo llo w s :
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A B O D E  F

1 .4 1  1 .82  2 .3 3  2 .3 4  2 .4 3  2 .55

2 . The s ta n d a rd  e r r o r  (Sy) o f  th e  means (T ab le  24 )

Sy = /  n = 0 .2 6

w here n = th e  number o f  o b se rv a tio n s

= th e  r e s id u a l  mean o f  th e  sq u a re

3 . At th e  90 d eg ree  o f  fre e d o n  and 5% s i g n i f i c a n t  l e v e l :

Group ( g ) : 2 3 4 5 6

S h o r te s t  
S ig n i f i c a n t  
Range (SSR)

0 .7 3 0 .7 7 0 .79 0 .8 1 0 .8 3

T ab le  24

ANALYSIS OF VARIANCE FOR SWISS CHARD GROWTH 
(From Appendix E)

S ource  o f  
V arian ce

Sums o f  
Squares

d . f Mean o f  S quares

Due T rea tm en t 15.35 5 3.07

R e s id u a l 99.22 90 1.10
TOTAL 114.56 95
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T ab le  25

NEW MULTIPLE RANGE TEST FOR SWISS CHARD 
(ECONOMICAL CONSIDERATION)

g T rea tm en ts D if fe re n c e SSR C onclusion

6 F -  A 1 .1 4 0 .83 S ig n i f i c a n t

5 F -  B 0 .7 3 0.83 I n s ig n i f i c a n t

5 E -  A 1.02 0 .81 S ig n i f i c a n t

4 E -  B 0 .6 1 0 .79 I n s ig n i f i c a n t

4 D -  A 0 .9 3 0.79 S ig n i f i c a n t

3 D -  B 0 .5 2 0.77 I n s i g n i f i c a n t

3 C -  A 0 .92 , 0 .79 S ig n i f i c a n t

2 C -  B 0 .5 1 0.77 I n s ig n i f i c a n t

2 B -  A 0 .4 1 0.30 I n s ig n i f i c a n t

c .  S t a t i s t i c a l  R e s u lts  o f  Compost E v a lu a tio n  w ith  Sw iss Chard:

i .  The c o n c lu s io n s  o f  econom ica l e v a lu a t io n  o f  com post 

a p p l ic a t io n  shown i n  T ab le  23 in d i c a te s  t h a t  t r e a tm e n t 

o f  com post o v e r 12 to n s  p e r  a c r e  h a s  b e t t e r  grow th 

y ie ld  f o r  th e  ch a rd  p la n t  a t  a  95% s i g n i f i c a n t  l e v e l .  

However, among th e  t e s t s  a p p l ie d  w ith  a  d i f f e r e n t  r a t e  

o f  com post, any  s i g n i f i c a n t  r e s u l t  h a s  n o t  been  y ie ld e d ,

i i .  The tre a tm e n t o f  th e  com post w ith  a  f e r t i l i z e r  (T ab les  

26 and 27) h a s  n o t  c l e a r l y  been  d em o n stra ted  s u p e r io r
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to  f e r t i l i z e r  a p p l ic a t io n  a lo n e . However, f e r t i l i z e r  

a p p l ic a t io n  d i f f e r s  s i g n i f i c a n t l y  to  th e  a p p l ic a t io n  

o f  compost a lo n e . (F ig u re s  27, 28 , 29, and 30)

i i i .  The r e s u l t s  shown in  T ab le  27 a ls o  in d i c a te  t h a t  

tre a tm e n ts  o f  compost have s ig n i f i c a n t l y  h ig h e r  

grow th th an  p la n ts  grown in  s o i l  a lo n e . (F ig u re s  

24 and 25)

T ab le  26

ANALYSIS OF VARIANCE OF SWISS CHARD AT FOUR DIFFERENT CONDITIONS
(From Appendix G)

Source o f  
V arian ce

Sums o f  
Squares

D egrees o f  
Freedom

Mean o f 
S quares

Due T rea tm en t 3290.02 3 1096.67

R e s id u a l 804.07 60 13 .40

TOTAL 4094.08 63
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TABLE 27
THE MULTIPLE RANGE TEST 

(FERTILIZER.v s  COMPOST)

g
T reatm en t
D if fe re n c e SSR C onclusion

4 D -  A (16 .40 ) 2 .8 3 S ig n i f i c a n t

3 D -  B (12 .66 ) 2 .74 S ig n i f i c a n t

2 D -_C ( .9 0 ) 2 .6 0 I n s ig n i f i c a n t

3 C -  A (1 5 .5 0 ) 2 .7 4 S ig n i f i c a n t

2 C -  B (1 1 .7 6 ) 2 .6 0 S ig n i f i c a n t

‘ 2 B -  A (3 .7 4 ) 2 .6 0 S ig n i f i c a n t
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FIGURE 27

SWISS CHARD GROWTH AFTER 71 DAYS (85 TONS OF COMPOST/ACRE)

FIGURE 28
SWISS CHARD GROWTH AFTER 71 DAYS (85 TONS OF COMPOST + 100 LBS. OF NO- +
30 LBS. OB P2O5 + 200 LBS. OF K2O + 461 LBS. OF CaO + 20 LBS.' OF mgo
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FIGURE 29

SWISS CHARD GROWTH AFTER 71 DAYS (0 TON OF COMPOST/ACRE)

FIGURE 30
SWISS CHARD GROWTH AFTER 71 DAYS (100 LBS. OF NO3 + 30 LBS. OF 
P2O5 + 200 LBS. OF K2O + 461 LBS. OF CaO + 20 LBS. OF mgo/ACRE)



151

2. Sw iss Chard Root E xam ination :

To e v a lu a te  th e  e f f e c t  o f com post on grow th o f  th e  ch a rd  

t e s t e d  in  t h i s  r e s e a r c h ,  th e  ro o ts  w ere exam ined a f t e r  61 days o f  grow th 

(F ig u re  3 1 ). The ro o t  grow th c l e a r ly  showed a  d i f f e r e n c e  betw een th e  

t e s t  c o n d i t io n s .  The ro o ts  grown a t  compost w ith  f e r t i l i z e r  w ere much 

lo n g e r  th a n  th o s e  grown by th e  o th e r  th r e e  tr e a tm e n ts .  Roots grown in  

compost a lo n e  a re  v e ry  s im i la r  in  s i z e  to  th o s e  grown in  f e r t i l i z e r  a lo n e .

A nother i n t e r e s t i n g  p o in t  i s  th a t  r o o ts  grown in  f e r t i l i z e r  

and s o i l  have many more ro o t  h a i r s  th an  th e  specim ens grown in  com post.

B. Compost E v a lu a tio n  w ith  L e ttu c e

The grow th o f  l e t t u c e  p la n ts  under c o n t r o l le d  c o n d itio n s  showed 

a d e f i n i t e  d i f f e r e n c e  betw een com post a p p l ic a t io n  (6 to n s  p e r  a c re )  and 

s o i l  .a lo n e . The one-way a n a ly s i s  o f  v a r ia n c e  was used  to  e v a lu a te  th e  

e f f e c t s  on th e  l e t t u c e  grow th f o r  61 days (T ab le s  28 and 29)* The 

r e s u l t s  o f  th e  a n a ly s i s  showed th e  compost s t im u la te s  l e t t u c e  grow th 

(F ig u re  3 2 ).
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FIGURE 31

AN AVERAGE ROOT GROWTH OF SWISS CHARD AFTER 71 DAYS 

Where

A = COMPOST ONLY 

C = SOIL ONLY 

B = COMPOST + FERTILIZER 

D = FERTILIZER ONLY
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T ab le  28

LETTUCE GROWTH. FOR 61 DAYS AT UNCONTROLLED CONDITIONS

^'''̂ '■'■^...,̂ 8 e r  v a  t  io n  

T rea tm ent — ___
Growth (cm)

Compost

(6  T ons/A cre In  
86.67% sand  & 13.33% 
c la y )

6 .0  5 .5  6 .0  5 .0  6 .0  6 .0  5 .5  4 .5  6 .0  6 .0  

5 .5  8 .0  6 .0  4 .5  6 .0  7 .0  5 .0  5 .5  6 .0  6 .5

S o il  Only

(86.67% sand  & 13.33% 
c la y )

2 .0  2 .0  4 .0  2 .0  3 .0  4 .0  2 .5  2 .5  3 .0  3 .5

4 .0  3 .0  2 .5  4 .5  3 .5  4 .0  3 .5  1 .0  6 .0  3 .0

T ab le  29 

ANALYSIS OF VARIANCE FOR LETTUCE

Source o f  
V a r ia t io n

Sums o f  
Squares

D egrees o f  
Freedom

Mean o f  
Squares

Computed
F-V alue

Tabled
F-V alue

Due T rea tm en t 70.22 1 70.22 75.51 8 .55  ( a t  
0.5% le v e l )

R e s id u a l 35 .28 38 0 .9 3

TOTAL 105.50 39



1%

FIGURE 32
LETTUCE GROWTH AFTER 71 DAYS UNDER UNCONTROLLED. CONDITIONS 

W here,

A = 6 TONS OF COMPOST/ACRE B = 0 TONS OF COMPOST/ACRE
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R equirem ent o f  OrRanic M a tte r  In  K orean Land

A. P ro c e ss  o f  S o i l  F o rm ation

Many th e o r i e s  o f  s o i l  form ing p ro c e s s e s  have been  p ro p o se d , none o f  

them I s  s im p le . Man c a n , n e v e r th e le s s ,  o b ta in  maximum b e n e f i t s  from  th e  

s o i l  w ith in  ran g e  o f  h i s  u n d e rs ta n d in g  and h i s  a b i l i t y  to  c o n t r o l  th e  

co m p lex ity  o f  s o i l  p r o p e r t i e s .

F o r a  t y p i c a l  exam ple, Jenny (1941) e x p la in e d  th e  co m p lex ity  o f  

th e  s o i l  fo rm ing  f a c t o r s  In  th e  m a th em a tic a l m odel a s  f i v e  m ajo r In d e­

pend en t v a r i a b l e s .

• F (CL, 0 ,  R, P , T) = 0 

w here CL = c l im a te ,  m ain ly  m o is tu re ,  a i r ,  and tem pera­

tu r e

0 = s o i l  o rgan ism s (o rg a n ic  m a t te r s )

R = topog raphy  (s lo p e )

P = p a re n t  m a te r ia l s  (m in e ra l e lem en ts)

T = tim e  (age)

The r e l a t i o n s h ip  betw een th e  s o i l  p r o p e r t i e s  and th e  fo rm ing  

f a c t o r s  a r e :

S = f(C L , 0 , R, P , T)

“ I' +  + < - t > c l , o , p . t  "

^ ■ ~ 9 P ^ c l ,o ,r , t  ( a T ^ c l ,o , r ,p

A c lo s e  f u n c t io n a l  r e l a t i o n s h i p  o f  th e  s e t  o f  f iv e  f a c t o r s  can n o t b e  

e x p la in e d  s im p ly  due to  th e  co m p lex ity  o f  th e  f a c t o r s  th e m se lv e s .
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Man can  h a n d le ,  to  some e x te n t ,  one f a c t o r  — s o i l  o rganism s — 

among th e  f i v e  f a c t o r s .  The e q u a tio n  th e n  w i l l  change to :

S = f ( 0 ) ^  +  C

w h ile  assum ing th e  fo u r  f a c to r s  beyond man’s c o n t r o l  a r e  c o n s ta n t .  In  

f a c t ,  s o i l  p ro p e r ty ,  o r  s o i l  p r o d u c t iv i ty ,  can  b e  e v a lu a te d  th ro u g h  

ex am in a tio n  o f  th e  fu n c t io n s  o f  s o i l  o rg an ism s.

The fu n c t io n s  o f  th e s e  o rgan ism s a r e  v e ry  d i f f i c u l t  to  d e f in e  

a n a l y t i c a l l y .  I f  th e  fu n c t io n s  a re  c h a r a c te r iz e d  a s  a c t i v i t i e s  o f  s o i l  

m icro -o rg an ism s such  a s  b a c t e r i a  f u n g i ,  p ro to z o a , a lg a e ,  e t c . ,  th e n  t h e i r  

a c t i v i t i e s  depend on th e  amount o f  n u t r i e n t  so u rc e s  a v a i la b l e  u nder th e  

g iv en  c o n d i t io n s .  G e n e ra lly ,  th e  n u t r i e n t s  f o r  h e t e r o t r o p ic  m ic ro -  

o rg an sism  a r e  s u p p lie d  by th e  amount o f o rg a n ic  m a tte r  p r e s e n t .

Now, we f a c e  a  problem  o f how to  m a in ta in  o r  su p p ly  th e  r e q u ir e d  

o rg a n ic  m a tte r  to  o b ta in  maximum b e n e f i t s  from  th e  s o i l .

The q u a n t i ty  o f  o rg a n ic  m a tte r  r e q u ire d  f o r  p la n t  g row th , depending  

on th e  p l a n t ,  i s  g e n e r a l ly  low in  p e rc e n t by w e ig h t .  For exam ple, i n  

s i l t y  loam s o i l  f o r  f a v o ra b le  p la n t  grow th th e r e  i s  around f iv e  p e rc e n t  

o rg a n ic  m a t te r ,  compared w ith  20 p e rc e n t  a i r ,  30 p e rc e n t  w a te r ,  and 45 

p e rc e n t  m in e ra ls .  The r e l a t i v e l y  sm a ll p e rc e n ta g e  o f  o rg a n ic  m a tte r  

a p p e a r in g  in  s o i l  te n d s  to  be  m is le a d in g  when c o n s id e re d  in  r e g a rd  to  

i t s  f u n c t io n a l  im p o rtan ce .

B. Im p o rtan ce  o f O rgan ic  M a tte r  f o r  S o i l  F e r t i l i t y

An a d e q u a te  su p p ly  o f  a v a i la b le  p la n t  n u t r i e n t s  te n d s  to  e n su re  

su c c e ss  i n  th e  p ro d u c tio n  r a t e  o f  crop  and f o r e s t r y  la n d . Man, th e r e ­
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f o r e ,  h as  endeavored  to  c o r r e c t  n u t r i e n t  d e f ic ie n c y  i n  o rd e r  to  in c re a s e  

maximum p ro d u c tio n , w ith  a lo n g  h i s to r y  o f  in c re a s in g  s o i l  f e r t i l i t y  

th rough  academ ic and p r a c t i c a l  ex p e rim en ts .

The m a in tenance  o f f e r t i l i t y  a t  a  s a t i s f a c t o r y  l e v e l  in  c u l t iv a t e d  

s o i l  i s  g e n e ra l ly  re c o g n iz e d  a s  a  m ajor problem  o f  a g r i c u l t u r a l  p ro ­

d u c t io n . Some re g io n s  o f  European and O r ie n ta l  c o u n tr ie s  have been 

farm ed s u c c e s s f u l ly  f o r  thousands o f y e a rs  b eca u se  th e  s o i l  h as  been  

e n ric h e d  by f e r t i l i z a t i o n  w ith  manure o r  com post.

As lo n g  a s  man d i s tu r b s  a  n a t u r a l ly  s e l f - s u f f i c i e n t  b a lan ced  

a g r i c u l t u r a l  eco sy stem ,, an a d ju s tm en t sh o u ld  be made to  b a la n c e  th e  

system  by m a in ta in in g , a s  n e a r ly  a s  p o s s ib le ,  i t s  o r ig i n a l  s t a t e  i n  

o rd e r  to  g u a ra n te e  c o n tin u in g  p ro d u c tio n  o f  c ro p s .

The o rg a n ic  m a t te r  in  a  g iv e n  s o i l  i s  d e te rm in ed  by th e  incom ing 

and o u tg o in g  n i t r o g e n ,  ca rb o n , p h o sp h a te , p o ta ss iu m , th e  amount o f  

t i l l a g e ,  and crop  p l a n t s .  The o rg a n ic  su b s ta n c e s  in  s o i l  a r e  p a r t i a l l y  

d e r iv e d  from  p la n ts  and m acro- and m icro -o rg an ism  r e s id u e s .  The t o t a l  

amount o f  s o i l  o rgan ism s a re  m ain ly  dependen t upon th e  c o n te n t o f  

o rg a n ic  m a t te r .  O rgan ic  m a tte r  p ro v id e s  th e  m ic ro -o rg a n ism 's  c o n s t i t ­

u e n ts  and energy  so u rc e s  th ro u g h  tr a n s fo rm a tio n  p ro c e s s e s  o f  o rg a n ic  

r e s id u e s .  The m ain tra n s fo rm a tio n  p ro d u c ts  a r e  humic su b s ta n c e s  such  

a s  hym atom elonic, a -  and b-hum ic a c id  th ro u g h  h u m if ic a t io n  p ro c e s s e s .

h u m if ic a t io n  m in e r a l iz a t io n
R e s id u e s -o rg a n ic  ---------------------------- ► Humus su b s ta n c e s  ----- :-----------------► COg +

t r a n s i t i o n a l
s ta g e

c a rb o r ic  a c id  
+  n i t r i c  a c id

HgO + 

m in e ra ls
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H u m ifica tio n  p roduces r e l a t i v e l y  s t a b l e  o rg a n ic  and humus compounds t h a t  

a re  amorphous and d a rk  brown in  c o lo r .

The h u m ified  p ro d u c ts  o f  th e  s o i l  may be d is p e rs e d  in  th e  m in e r a l i ­

z a t io n  p ro c e s s  w hich r e le a s e s  n u t r i e n t s  f o r  organ ism s in h a b i t in g  th e  

s o i l  and f o r  p l a n t s .

The o rg a n ism 's  a c t i v i t y ,  th e  im p o r ta n t e lem en ts f o r  grow th in  

p l a n t s ,  e s p e c ia l ly  c a rb o n , n i t r o g e n ,  and p h o sp h o ru s, a re  k e p t in  a  

c o n s ta n t  n u t r i e n t  c y c le .  As e x p la in e d  ab ove , th e  s o i l  i s  n o t  a  dead 

system  b u t r a th e r  i s  team ing w ith  l i f e .

1 . P h y s ic a l-C h e m ic a l P ro p e r ty  o f  O rgan ic  M a tte r  in  S o i l :

I t  i s  a l s o  known th a t  o rg a n ic  m a tte r  p la y s  an  e s s e n t i a l  r o l e  

in  s e c u r in g  s o i l  s t r u c t u r e  and p h y s ic a l-c h e m ic a l p ro p e r ty ,  in  o rd e r  

to  in c re a s e  th e  p r o d u c t iv i ty .

The g e n e ra l  e f f e c t  o f  humus c o l lo id s  on th e  m in e ra l s o i l  may 

p e rh ap s  b e s t  b e  summed up as  t h a t  o f  a  b u f f e r  s u b s ta n c e . P a r t i c l e s  o f  

o rg a n ic  m a tte r  o r  humus form d i f f e r e n t  p h y s ic a l  and chem ica l com binations  

w ith  th e  c la y  and m in e ra l p o r t io n s  o f s o i l ,  by c o l lo id a l  fo rm a tio n . 

C e r ta in  o rg a n ic  compounds a c t  a s  p e p t iz e r s  f o r  c la y -w a te r  sy s te m s , and 

m odify th e  w e tt in g  c h a r a c t e r i s t i c s  o f  th e  c la y  by a b s o rp tio n  on th e  c la y  

s u r fa c e  (van Olephe , 1963). The c o l lo id s  i n  s o i l  im prove w a te r  h o ld in g  

c a p a c ity  and d i s s o lv e  s a l t s  p r e s e n t ,  th u s  s w e llin g  and s h r in k in g  in  

such  a  way a s  to  make- s o i l  s t r u c t u r e  lo o s e  and p o ro u s . F u rth e rm o re , 

th e  c o l l o i d 's  a c t io n  on th e  s o i l  p re v e n ts  le a c h in g  o f  p la n t  n u t r i e n t s  

from s o i l  and p ro v id e s  a  so u rce  o f  n u t r i e n t s  f o r  p la n t  l i f e .
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The amount o f  w a te r  and o f  n u t r i e n t  s a l t s  ab so rb ed  by th e  

c o l lo id a l  system  i s  o f  g r e a t  a g r i c u l t u r a l  s ig n i f i c a n c e .  McGeorge (1930) 

s t a t e d  t h a t  th e  exchange c a p a c ity  o f  s o i l  h ig h  in  o rg a n ic  m a tte r  i s  

g e n e r a l ly  in  a  d i r e c t  l i n e a r  r e l a t i o n s h ip  w ith  th e  amount o f  o rg a n ic  

m a tte r  p r e s e n t ,  such  a s  l i g n i n ,  l i g n o - c e l l u lo s e ,  and l ig n o - h e m ic e l lu lo s e .

I t  has a l s o  been  d em o n stra ted  in  B ro a d b e n t 's  r e s e a r c h  (1955) on 

th e  d e t a i l e d  mechanism o f  th e  in c re m en t o f  c a t i o n - r e t e n t io n  c a p a c i ty  

by humic su b s ta n c e s  th a t  th e  in c re a s e d  exchange c a p a c i ty  i s  due in  

p a r t  to  fo rm a tio n  o f  c a rb o x y lic  group th ro u g h  h y d ro ly s is  o f  e s t e r  o r  

la c to n e  l in k a g e s  an d -ijy  o x id a tio n  o f  s id e  c h a in s  o f  a ro m a tic  r in g s  and 

in  p a r t  to  ex p o su re  o f th e  p h e n o lic  o r  h y d ro x y l g roup .

S telm ach  (1962) rev iew ed  a  g e n e ra l  fu n c tio n  o f  o rg a n ic  m a tte r  

i n  s o i l  by  sa y in g  th a t  s o i l  a g g re g a tio n , r e d u c t io n  o f  r u n o f f ,  and s o i l  

te m p e ra tu re  a r e  g r e a t ly  im proved.

I t  i s  known th a t  th e  a b i l i t y  o f  o rg a n ic  m a t te r  o r  humus sub ­

s ta n c e s  i n t e r a c t i n g  w ith  ro c k  o r  m in e ra ls  a c c e le r a te s  th e  s o i l  p e d g e n e s is  

th ro u g h  c h e la t io n  o r  complex fo rm a tio n .

The s t r u c t u r e  o f  humus o r  o rg a n ic  m a tte r  depends on th e  n a tu re  

o f  m a te r ia l s  from  w hich i t  o r ig in a te d ,  upon th e  d eg ree  o f  t h e i r  decom­

p o s i t i o n ,  upon th e  r e a c t io n  o f  th e  s o i l ,  and upon th e  en v iro n m e n ta l 

c o n d i t io n  u n d er w hich deco m p o sitio n  i s  ta k in g  p la c e .

In  summary, th e  fo llo w in g  a r e  some o f  th e  im p o r ta n t r e s u l t i n g  

c h a r a c t e r i s t i c s  o f  o rg a n ic  m a tte r  o r  humus m a te r ia ls  i n  s o i l  f e r t i l i t y :

a .  Supply  o f  n u t r i e n t s .

b . In c re a s e  in  s o i l  a e r a t i o n .
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c .  Change In  c h a r a c t e r i s t i c  s t r u c t u r e .

d . I n c r e a s e  In  w a te r  h o ld in g  c a p a c i ty .

e .  I n c r e a s e  in  p r o p e r t i e s  o f  co h es io n  and a d h e s io n .

f .  In c re a s e d  s o i l  p e rm e a b il i ty  in  e n te r in g  w a te r  f a s t e r .

g .  H eat c a p a c i ty  and a b s o r p t io n .

h .  C o a g u la tio n  by e l e c t r o l y t e s .

i*  H igh b u f f e r in g  p ro p e r ty .

j . S h rin k ag e  on d ry in g  and v ic e  v e r s a .

k .  A c c e le ra t io n  o f  s o i l  p e d io g e n e s is .

1 .  L ess s o f i  bak in g  and l e s s  c r u s t  fo rm a tio n .

m. More u n ifo rm  te m p e ra tu re . I n  w in te r ,  s o i l s  w ith  an  o rg a n ic  

m ulch a r e  warmer and in  summer th e y  a r e  c o o le r  th a n  s o i l s  

w ith  no such  o rg a n ic  b la n k e t  (R o d a le , 1 9 7 3 ).

n .  P r o te c t io n  a g a in s t  d ro u g h t.

2 . G reen M anure P r a c t i c e  in  K orea;

U n d e rs tan d in g  o f  th e  v a lu e  o f  o rg a n ic  m a t te r  i n  c ro p  p ro d u c tio n  

and s o i l  im provem ent goes f a r  b ack  beyond re c o rd e d  K orean h i s t o r y .

From 1962 to  1974, K orean fa rm e rs  p roduced  an  a v e ra g e  o f  ab o u t 9 .7  to  25 

m i l l io n  to n s  p e r  y e a r  o f  g re e n  m anure and raw p l a n t  m a te r i a l s  ( th e  

d i f f e r e n c e  betw een  g re e n  m anure and raw  p la n t  m a te r i a l s  i s  u n c le a r )  f o r  

m a in ta in in g  o rg a n ic  m a tte r  i n  t h e i r  fa rm lan d s  (T ab le  30 ) •  In  K orea, 

th e  g reen  m anure d eco m p o sitio n  m ethod h as  b een  p r a c t i c e d  u n d er a  sem i- 

a n a e ro b ic  c o n d i t io n  and has th e  fo llo w in g  d is a d v a n ta g e s :

a .  D elayed  d eco m p o sitio n  tim e .
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T ab le  30

AMOUNT OF UTILIZATION OF MANURE IN KOREAN AGRICULTURAL LAND̂

^ \ s l t e m

Y ear
G reen Manure 

(Ton)
Raw M a te r ia ls  

F o r Manure
TOTAL

1962 1 ,3 4 3 ,5 6 2 9 ,9 9 6 ,1 0 2 1 1 ,3 3 9 ,6 6 4

1963 1 ,5 5 1 ,4 0 8 8 ,2 0 4 ,3 9 0 9 ,7 5 5 ,7 9 8

1964 1 ,8 3 9 ,3 1 3 9 ,9 3 7 ,1 3 7 1 1 ,7 7 6 ,4 5 0

1965 2 ,4 8 1 ,5 8 9 1 4 ,012 ,495 16 ,4 9 4 ,0 8 4

1966 1 ,8 2 7 ,0 8 4 15 ,7 3 1 ,8 7 7 17 ,6 1 8 ,9 6 1

1967 1 ,8 8 3 ,6 5 9 1 6 ,8 1 9 ,8 0 0 1 8 ,7 0 3 ,4 5 9

1968 -2,206,216- 1 6 ,7 2 2 ,7 3 6 1 8 ,9 2 8 ,9 5 2

1969 1 ,2 8 9 ,9 0 5 21 ,2 8 3 ,4 3 3 2 2 ,5 7 3 ,3 3 8

1970 1 ,4 3 0 ,6 6 2 22 ,9 0 7 ,6 6 4 24 ,3 3 8 ,3 2 6

1971 1 ,7 7 6 ,3 3 8 24 ,260 ,023 26 ,0 3 6 ,3 6 1

1972 1 ,4 0 2 ,7 7 8 2 3 ,298 ,420 24 ,7 0 1 ,9 8 0

1973 2 ,4 2 6 ,0 5 3 23 ,3 2 2 ,7 1 3 25 ,7 4 8 ,7 6 6

1
A nnual r e p o r t  o f  th e  M in is try  o f  A g r ic u l tu r e  and F o re s try  

(1973 and 1 9 7 4 ).
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b . Loss o f n u t r i t i o n a l  v a lu e  by le a c h in g  and o v erflo w  o f 

r a i n f a l l .

c . U n sa n ita ry  c o n d it io n s  and h e a l th  h a z a rd s .

d . L oss o f  r u r a l  b e a u ty .

C. Korean F o re s t  S o i l  S tudy

The w ork done h e re  i s  d e f in e d  s o le ly  f o r  th e  p u rp o se  o f  d e s c r ib in g  

th e  n e c e s s i ty  and p o s s i b i l i t y  o f u s in g  compost a s  an  a id  i n  r e f o r e s t a ­

t i o n  o f  th e  K orean w oodlands.

Chung (1 9 7 4 ), F o re s t  S o i l  Survey S e c tio n , F o re s t  R esou rces Survey 

and R esearch  C e n te r , S e o u l, k in d ly  p ro v id ed  an u n p u b lish e d  f i v e  y e a r  

s tu d y  (A ppendix H ) on a  su rv ey  encom passing, random ly, a l l  a r e a s  o f  

Korean f o r e s t  la n d  e x c e p t th e  i s la n d s  (F ig u re  3 3 ) .

The d e t a i l e d  chem ica l co m p o sitio n  o f  th e s e  is la n d  sam ples was n o t  p ro ­

v id ed  b u t  a  g e n e ra l  s o i l  p r o f i l e  i s  shown in  th e  fo llo w in g  th r e e  q u a l i ­

t a t i v e  w ays: ( 1) f a v o ra b le  —  h ig h  amount o f o rg a n ic  m a tte r  and good

c o n d itio n s  f o r  p la n t  g ro w th . G e n e ra lly  B u p p e r - s u b s o il  o r  t r a n s i t i o n a l  

zone betw een A and B h o r iz o n .  (2) A ccep tab le  — sh a llo w  co v er o f  

o rg a n ic  m a tte r  and f a i r  c o n d i t io n s  f o r  p la n t  g row th , u s u a l ly  m id d le  o r  

low er p o r t io n  o f  B h o r iz o n .  (3) U nfavorab le  —  low  in  o rg a n ic  m a t te r ,  

g e n e ra l ly  c a lc a re o u s ,  a r i d i c  and e ro s io n  c o n d i t io n s ,  u s u a l ly  C and 

low er p o r t io n  o f B h o r iz o n .

The l e t t e r s  A, B, and C a r e  d e s ig n a te d  c o n v e n tio n a lly  a s  s o i l  
l a y e r  o r  h o r iz o n s ,  a s  A f o r  h o riz o n  in c o rp o ra te d  w ith  humus,
B f o r  acc u m u la tiv e  h o r iz o n , and C f o r  p a re n t m a te r i a l .
(W ilde, 1953)
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-6 9

F ig u re  33

MAP OF FOREST AREA SURVEYED AND SURVEYING YEARS
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R esearch  I n d ic a te s  21.19% a s  f a v o ra b le ,  15.22% a s  a c c e p ta b le ,  and 63.59% 

a s  u n fa v o ra b le  c o n d i t io n s  in  Korean f o r e s t r y  la n d .  (A ppendix H)

To m a in ta in  p ro p e r  le v e l s  o f  o rg a n ic  m a tte r  f o r  th e  63.59% o f 

u n fa v o ra b le  K orean f o r e s t  la n d  i s  a  d i f f i c u l t  problem  in  p r a c t i c a l  

te rm s . However, b e fo re  ap p ly in g  o rg a n ic  m a tte r  d u rin g  p l a n t in g ,  d e t a i l e d  

p r a c t i c a l  p o in ts  such  a s  economy and s o u rc e  o f  su p p ly  m ust b e  c o n s id e re d .

1 . E conom ical View:

The fo llo w in g  c o n d it io n s  p ro v id e  econom ic ad v an tag es  f o r  a p p l i ­

c a t io n  o f  o rg a n ic  m a te r ia ls  to  K orean f o r e s t  la n d :

a .  The K orean governm ent p r a c t i c e s  o f  p la n t in g  a c t i v i t y  

in v o lv e  la rg e  e x p e n d itu re s  a n n u a l ly  a s  a  lo n g -ra n g e  p r o j e c t  

o f  m a jo r n a t io n a l  p o l i c y .

b .  The g e n e ra l  p ro ced u re  f o r  p la n t in g  a  s a p l in g  (2 o r  3 y e a rs  

o f  age) i s  to  make a  ho llo w  h o le  (around  10 in c h es  x  10 

in c h e s )  f o r  th e  p u rp o se  o f  ad d in g  ch em ica l f e r t i l i z e r s  

and w a te r .  At t h i s  tim e , o rg a n ic  humus m a te r ia l s  co u ld

be a p p l ie d  ab o u t two in c h e s  from  th e  bottom  (a p p ro x im a te ly  

1 .8  to  2 .0  pounds) w ith o u t a l t e r i n g  th e  e f f i c i e n c y  o f  th e  

b a s ic  p ro c e d u re .

c .  The la b o r  i s  a v a i l a b l e .

d . By ad d in g  th e  o rg a n ic  m a te r i a l ,  th e  amount o f  f e r t i l i z e r  

can b e  red u ced  more th a n  40%, depending on th e  topography  

o f th e  f o r e s t  la n d .
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e .  The com post p ro v id e s  an  a d e q u a te  su p p ly  o f  o rg a n ic  m a te r ia l s  

r e q u ir e d  (T ab le  2 2 ) .

f .  By p a l l e t i z i n g  th e  com post, th e  la b o r  f o r c e  and i t s  volume 

re q u ir e d  f o r  a p p ly in g  th e  com post d u r in g  p la n t in g  would be 

re d u c e d .

g . E f f i c i e n t  u se  o f  th e  com post w ould g r e a t ly  red u ce  th e  

problem  o f  m u n ic ip a l s o l id  w a s te  d is p o s a l  in  th e  l a r g e  

K orean c i t i e s .

h . As a  so u rc e  o f  su p p ly , th e  c o n tin u o u s  su p p ly  o f  o rg a n ic  

m a t te r  o f  com post i s  s e c u re d .

As a lo n g -te rm  b e n e f i t  o f  o rg a n ic  com post, th e  fo llo w in g  a s s e t s

w ould be d e r iv e d :

a .  I n c r e a s e  o f  th e  f o r e s t  p r o d u c t iv i t y  and f e r t i l i t y .

b .  R ed u c tio n  o f  th e  amount o f  governm ent r e f o r e s t a t i o n  ex p en se .

c .  F u tu re  r e d u c t io n  o f  im p o r ta t io n  o f  e x p e n s iv e  f o r e ig n  h a rd  

wood.

d . R e d u c tio n  o f  th e  m u n ic ip a l s o l i d  w a s te  c o s t .

e .  I n c r e a s e  in  th e  p u b l ic  a t t e n t i o n  on p r o te c t io n  o f  f o r e s t r y  

la n d .

f .  I n c r e a s e  in  th e  e f f i c i e n c y  o f  s u r v iv a l  and grow th o f  new ly 

p la n te d  t r e e s .

To know th e  a c tu a l  b e n e f i t s  ( c o s t  b a la n c e )  o f  u s in g  com post 

i n  p l a n t in g ,  a  d e s c r ip t iv e  b a la n c e  form  i s  fo rm u la te d  in  T ab le  31..
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T ab le  31

COST BALANCE OF PLANTING WITH AND WITHOUT COMPOST

P la n t in g  C ost M ain tenance Cost Labor and 
Equipm ent C ost

C o n v en tio n a l

Seeding P ro p e r ty  Tax

S h ipp ing F i r e  P r o te c t io n

F e r t i l i z i n g  
A r t i f i c i a l  & 
In o rg a n ic — 
N u tr ie n t s  .

M ain tenance C ost

Compost Adding

Same e x c e p t re d u c in g  
amount o f  f e r t i l i z e r  
b u t  ad d in g  h a u lin g  
c o s t s .

Same e x c e p t red u ce  
m a in ten an ce  c o s t .

No d i f f e r e n c e  
ex c e p t t h a t  more 
manpower i s  r e ­
q u ire d  .

To o b ta in  a  d e t a i l e d  c o s t  b a la n c e  i t  i s  n e c e s s a ry  to  com pare th o s e  two 

m ethods. In  s h o r t  r a n g e , i f  an  in c re a s e  in  th e  number o f  w o rkers  

r e q u ir e d  f o r  p la n t in g  i s  n o t  c o n s id e re d  a  problem  a s s o c ia te d  w ith  th e  

add ing  o f  com post, th e n  by a  f r e e - l a b o r  a d ju s tm e n t p r o je c t  o f  th e  K orean 

governm ent, com post ad d in g  p r a c t i c e s  w i l l  d e f i n i t e l y  b r in g  much more 

e f f e c t iv e  r e s u l t s  o v e r th e  c o n v e n tio n a l m ethod. F u rth e rm o re , low  

ra n g e s  (0 .7  -  4 .0  p e rc e n t)  o f  th e  r e q u ir e d  o rg a n ic  c o n te n t  a t  th e  

p la n t in g  s i t e  (A ppendix I )  in d i c a te  t h a t  th e  usage o f  o rg a n ic  compost 

p ro v id e s  n u t r i e n t  re q u ire m e n ts  (T ab le  22 ) .
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D. P r o f i le  o f  Korean A g r icu ltu ra l Land

The ch em ica l com po sitio n  o f  K orean c u l t iv a t e d  s o i l  f o r  b o th  

up land  and bo ttom  la n d  i s  k in d ly  p ro v id ed  by P a rk  (1 9 7 4 ), S o il  F e r­

t i l i t y  and C hem istry  D iv is io n , I n s t i t u t e  o f  P la n t  E nvironm ent, O ff ic e  

o f  R u ra l D evelopm ent, Suwon, K orea (A ppendix J ) .

T here  i s  no s in g le  means to  e v a lu a te  th e  q u a l i ty  s ta n d a rd  o f  a g r i ­

c u l t u r a l  la n d  b eca u se  o f  v a ry in g  re q u ire m e n ts  o f  n u t r i e n t s  f o r  each 

p a r t i c u l a r  c ro p .

P ro d u c tio n  c a p a b i l i ty  o r  g e n e ra l  re q u ire m e n ts  o f  a  g iv en  lan d  

cou ld  b e  d e te rm in e d  by: (1) s o i l  s t r u c t u r e  ( t e x t u r e ,  s u r f a c e ,  d ra in a g e ) ,

(2) c l im a te  ( te m p e ra tu re ,  r a i n f a l l ,  w a te r  a v a i l a b i l i t y ) ,  (3) ad eq u a te  

su p p ly  o f  p l a n t  n u t r i e n t s .

P la n t  n u t r i e n t s  m ost commonly la c k in g  in  c u l t iv a t e d  s o i l  a r e  

n i t r o g e n ,  p h o sp h o ru s , and p o ta ss iu m . The m inor o r  t r a c e  e lem en ts  f o r  

p la n t  grow th  in c lu d e  ca lc iu m , magnesium, s u l f u r ,  aluminum, i r o n ,  

m anganese, c o p p e r, z in c ,  bo ron  and m olybdenium , w ith  v a ry in g  re q u ire m e n ts  

f o r  each  p l a n t .

G e n e ra l ly ,  i t  i s  known th a t  th r e e  to  fo u r  p e rc e n t  o f  o rg a n ic  m a tte r  

in  crop  la n d  i s  r e q u i r e d ,  b u t  th e  ran g e  (0 .1  -  6 .0  p e rc e n t)  f o r  u p lan d  

and (0 .6  -  5 .0  p e rc e n t)  f o r  bo ttom  la n d  o f  o rg a n ic  m a t te r ,  based  on th e  

g iv e n  in fo rm a tio n  in  Appeftdix J ,  makes i t  d i f f i c u l t  to  reac h  any q u a n t i ­

t a t i v e  c o n c lu s io n s .

I n  th e  K orean f a rm e r 's  h a rv e s t in g  p r a c t i c e s ,  a l l  r e s id u e s  o f  crop  

p la n ts  e x c e p t th e  r o o ts  a r e  removed f o r  u se  a s  e n s i l a g e ,  g reen  m anure i s
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u sed  f o r  b u rn in g  f o r  cooking  and warming th e  h o u se s , and i n  m an u fac tu rin g  

goods; th e r e f o r e ,  one o f  th e  f a r m e r 's  m ajor problem s in  Korea i s  s e c u r in g  

o rg a n ic  m a tte r  to  r e p la c e  th e  removed o rg a n ic  m a t te r .  As a  r e f e r e n c e ,  

g e n e ra l  in fo rm a tio n  on n u t r i e n t  re q u ire m e n ts  (assum ing th r e e  to  fo u r  

p e rc e n t  o rg a n ic  m a t te r  i s  p r e s e n t)  f o r  K orean m a jo r up land  c ro p s  i s  

shown in  Appendix K.

1 . Need f o r  S tudy:

P e rs o n a l com m unications w ith  H in k le  (1975 ), D epartm ent o f  

Agronomy, U n iv e r s i ty  o f  A rk an sas , and Lynd (1 9 7 5 ), D epartm ent o f Agronomy, 

Oklahoma S ta te  U n iv e r s i ty ,  in d ic a te d  th a t  th e  n u t r i t i o n a l  re q u ire m e n ts  

o f  th e  r i c e  p l a n t ,  one o f  th e  m ajo r c ro p s  i n  th e  Korean bo ttom  la n d ,  

i s  a v a i la b le  b u t  th e  n e c e s s i ty  o f  o rg a n ic  m a tte r  h as  n o t been s tu d ie d  

c l e a r ly .  They em phasized th a t  o rg a n ic  m a tte r  in  paddy la n d  i s  ex trem ely  

im p o rta n t f o r  c o n tin u o u s  r i c e  p ro d u c tio n , n o t  o n ly  in  p ro v id in g  n u t r i ­

t i o n a l  su p p ly  and h o ld in g  th e  n u t r i e n t s  i n  i r r i g a t e d  la n d ,  b u t  a ls o  

f o r  im proving  th e  s o i l ' s  p h y s ic a l-c h e m ic a l p ro p e r ty .

2 . P o s s i b i l i t y  o f  th e  Usage o f  M u n ic ip a l Compost in  C u lt iv a te d

Land in  K orea:

a .  S im i la r i ty  o f  th e  m u n ic ip a l com post w ith  th e  c o n v e n tio n a l 

Korean m anure:

i .  M u n ic ip a l m a jo r com postab le  m a te r ia l  d e r iv e s  from 

v e g e ta b le ,  food  w a s te , and p ap e r m a te r ia l s ,

i i .  I t s  n u t r i t i o n a l  v a lu e  may be  e q u a l o r  b e t t e r  b ecau se  

o f  th e  a d d i t io n  o f  sewage s lu d g e  d u rin g  th e  decompo­

s i t i o n  s ta g e .
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i l l .  S im i la r i ty  o f  d eco m p o sitio n  p ro d u c t  — one from  th e

a n a e ro b ic  p ro c e ss  w ith  a  lo n g e r  p e r io d ,  and th e  o th e r  

from  th e  a e ro b ic  m ech an ica l p ro c e s s  w ith  a  s h o r te r  

p e r io d ,

iv .  The to x ic  e f f e c t  on p la n ts  from  m u n ic ip a l com post has  

n o t  been  re c o rd e d .

V .  European c o u n t r ie s ,  I s r a e l ,  and o th e r  c o u n tr ie s  i n  

th e  w orld  c o n s id e r  th e  m u n ic ip a l com post as  a  p e r f e c t  

humus m a te r i a l . 

v i .  S a fe  u sage  by com plete  d e s t r u c t io n  o f  p a th o g e n ic  

o rg a n ism s .

b . A dvantages f o r  Korean fa rm e rs  from  th e  u se  o f  m u n ic ip a l 

com post;

i .  R ed u c tio n  o f  f a r m e r 's  la b o r  and tim e  o f  p re p a r in g  

th e  m anure.

i i .  More com post r e q u ire d  f o r  b o th  c u l t iv a t e d  and 

c u l t i v a t i n g  la n d ,

i i i .  P r o te c t io n  o f  th e  a g r i c u l t u r a l  and f o r e s t r y  la n d  by 

p re v e n tin g  th e  rem oval o f  g re e n  m anurab le  p l a n t s ,  

i v .  R ed u c tio n  o f  th e  amount o f  a r t i f i c i a l  f e r t i l i z e r  

r e q u ir e d  by a s  much a s  f o r t y  p e r c e n t .

V .  An in c re a s e  in  th e  K orean n a t io n a l  w e lfa re  f o r  b o th  

m u n ic ip a l and r u r a l  r e s i d e n t s :

1 . R eduction  o f  s o l i d  w a s te  d is p o s a l  f e e s .

2 . C lean  env ironm ent.
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v i .  S a n i ta ry  a s p e c ts  —  m u n ic ip a l com posting  a llo w s  many 

p a th o g e n ic  o rgan ism s i n  th e  p la n t  and an im al m a te r ia l s  

to  b e  d e s tro y e d  b e fo re  th e  r e s id u e  i s  p u t  back  on th e  

la n d .



Chapter VIII

CONCLUSIONS MD RECOMMENDATIONS FOR FURTHER RESEARCH

One o f  th e  aim s o f  t h i s  work on s o l i d  w aste  d is p o s a l  management 

f o r  th e  c i t y  o f S e o u l, K orea , i s  to  h e lp  d e c is io n  m akers o f  th e  c i t y  

and n a t io n a l  governm ent d e a l w ith  th e  p roblem s o f  m ajo r concern  in  th e  

f i e l d  o f  s o l id  w aste  management.

In  s o l i d  w aste  management in  K orea , as in  o th e r  a s p e c ts  o f ad m in is­

t r a t i o n ,  good d e c is io n  making i s  e s s e n t i a l  w here n a t u r a l  re so u rc e s  a re  

l im i te d  and a g r i c u l tu r e  h as  been th e  m ost im p o r ta n t in d u s t r y .  T h is 

work in c lu d e s  a  s p e c i f i c  g u id e l in e  p ro v id in g  f a c t s  co v e rin g  b ro ad  b u t  

s p e c i f i c  p roblem s and answ ers.

The c o n c lu s io n s ,  d is c u s s io n s ,  and recom m endations n e c e s sa ry  f o r  

f u r th e r  r e s e a r c h  have been c o n s id e re d  in  each  c h a p te r .

On th e  b a s i s  o f  th e  d a ta  o b ta in e d  in  t h i s  w ork , th e  fo llo w in g  

g e n e ra l  c o n c lu s io n s  a re  drawn:

I .  D evelopm ent o f  S o lid  Waste Model

1. M ajor c o n s t i tu e n t s  o f  s o l i d  w aste  g e n e ra te d  in  th e  c i t y  

o f  S e o u l, K orea , a r e  b r iq u e t t e  ash  and v e g e ta b le  m a te r ia l .

171
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2 . An in c re a s e  in  th e  p o p u la tio n  and income shows a  g e n e ra l  

tendency  tow ard  in c re a s in g  s o l id  w aste  g e n e ra t io n .

3. The b e s t  m a th em a tic a l model o f r e s i d e n t i a l  s o l id  w aste  i s ;

= 0 .5276  + 8 .4  x 10"^ + 0.2019 Xg

w here = th e  amount o f  s o l id  w aste  g e n e ra tio n  

( Ib /p e rs o n /d a y )

X^ = p o p u la tio n  d e n s i ty  (p e r s o n /s q .  m ile )

%2 = income l e v e l  ($ /p e rso n /d a y )

For d evelop ing  a m o re^ d efin ite .m od el, the fo llo w in g  are recommended fo r  

fu r th er  work:

1. In c re a s e  th e  number o f  o b s e rv a tio n s  to  o b ta in  a  b e t t e r  

s o l i d  w as te  m odel.

2 . E s tim a te  s o l i d  w aste  c h a r a c t e r i s t i c s  and com position  

th ro u g h  d e t a i l e d  in v e s t ig a t io n s  p e r io d i c a l ly  (su rv ey  d a ta  

a r e  p ro v id e d  in  Appendix B ) .

I I .  The Combination o f  A lte r n a tiv e s  fo r  D isposing  o f  S o lid  Waste

1. Land req u ire m e n t o f  l a n d f i l l  p r a c t i c e s  h as  c re a te d  a  

s e r io u s  p rob lem  o f  la c k  o f  space  in  th e  c i t y  o f  S eo u l, 

K orea. T h is  prob lem  w i l l  become more a c u te  in  th e  f u tu r e .  

(949 a c r e s /1 0  y e a rs /5 6 0 0  h a  o f  ChungGye D rainage  A rea b ased  

on 2,000  to n s  g e n e ra t io n  p e r  d a y .)

2 . B ased on 2 ,0 0 0  to n s /d a y  g e n e ra tio n  o f  s o l i d  w a s te ,  th e  DARE 

s c o re  in d ic a te d  th e  b e s t  a l te im a t iv e  m ethod o f  d is p o s in g

o f th e  s o l i d  w aste  t h a t  i s  g e n e ra te d  in  th e  c i t y  o f
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S e o u l, K orea, was th e  com bination  o f  com posting and l a n d f i l l  

p r a c t i c e ,  a long  w ith  s e p a ra t io n  o f  c o a l  a sh .

3 . The com posting p r a c t i c e  developed  by hhe N a tu r iz e r

Company o f Norman, Oklahoma, h as  a  sm a ll a re a  req u ire m en t 

(0 .7  a c re s /5 0 0  to n ) due to  th e  co n tin u o u s  e le v a t io n  con­

s t r u c t i o n  o f d ig e s t iv e  ta n k s .

4. The second m ost fa v o ra b le  a l t e r n a t i v e  was found to  be 

th e  s a n i t a r y  l a n d f i l l  o p e ra t io n  a lo n g  w ith  s e p a ra t io n  o f  

c o a l a s h . However, la n d  re q u ire m e n ts  (3 5 3 .3  a c re s /1 0  

y e a r s ) '”f o r  730 to n s  g e n e ra t io n  p e r  day cou ld  be a  l im i t in g  

f a c t o r  f o r  th e  c i t y  o f S eo u l.

5 . The t h i r d  m ost fa v o ra b le  a l t e r n a t i v e  method i s  th e  o p e ra ­

t io n  o f  th e  com bination  o f  th r e e  a l t e r n a t iv e s  ( s a n i t a r y  

l a n d f i l l ,  i n c in e r a t o r ,  and co m p o stin g ).

6 . A p a th o lo g ic a l  i n c in e r a t o r ,  in  sm a ll s c a le ,  sh o u ld  be 

b u i l t  f o r  d is p o s in g  o f  dead an im al and com b u stib le  r a d io ­

a c t iv e  ly  co n tam ina ted  w aste  f o r  p u b l ic  h e a l th .

For f u r t h e r  work;

1 . I t  w ould be v a lu a b le  to  s tu d y  th e  so u rc e  s e p a ra t io n  sy stem  

(h o u se - to -h o u se  and c o n ta in e r iz e d  s e p a ra t io n )  f o r  com pari­

son w ith  c e n t r a l  s e p a r a t io n  sy stem .

2 . The c o a l  ash  s e p a ra t io n  sy stem  sh o u ld  b e  f u r th e r  s tu d ie d .

3 . The s e a s o n a l v a r i a t io n  and i t s  c h a r a c t e r i s t i c s  sh o u ld  be 

in v e s t ig a te d .
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I I I .  K orean Coal Ash S tu d ie s

A. C o n s tru c tio n  o f  Ash U t i l i z a t i o n

1 . Ash t e s t s  in d ic a te  th e  ash  co u ld  b e  used  as  a highway 

s u b m a te r ia l .

2 . The ash  m ight a l s o  be used  in  b r ic k  and c o n c re te  

making f o r  a  h ig h  q u a l i ty  f i l l e r .

3. T here a re  many o th e r  p o s s i b i l i t i e s  f o r  use  o f ash  in  

o th e r  c o n s tru c t io n  p r o je c t s  b e s id e s  1 and 2 above.

4. A f te r  b u rn in g  th e  c o a l a t  a  h ig h  te m p e ra tu re , th e  

m in e ra l and chem ica l and p h y s ic a l  c h a r a c t e r i s t i c s  a re  

changed.

For fu r th er  work:

1. I t  i s  e s s e n t i a l  to  v e r i f y  th e  above co n c lu s io n s  w ith  

f i e l d  o r  la b o ra to ry  t e s t s .

2 . S tudy i s  needed on s e p a ra t io n  o f  ash  by s i z e .

B. A g r ic u l tu r a l  P u rp o ses  o f Ash U t i l i z a t i o n

1. The ash  t e s t  showed th a t  ash  h as  some c h a r a c t e r i s t i c s  

o f  com post, in c lu d in g  h ig h  w a te r  h o ld in g  c a p a c ity  

(46.6% in  f in e  ash  and 21.9% in  c o a rs e  a s h ) .

For f u r t h e r  w ork:

L ong-range s tu d y  (p ro b ab ly  o v er te n  y e a rs )  i s  n e c e ss a ry  

f o r  v e r i f y in g  w h e th e r th e  a p p l ic a t io n  o f  ash  w i l l  

r e a c t  w ith  unknown s u b s ta n c e s  and h a rd e n  in  a g r ic u l ­

t u r a l  la n d .

C. L a n d f ill  Cover M ateria l

The ash  m a te r ia l  cou ld  be  u sed  as  a  p a r t i a l  l a n d f i l l  

cov er m a te r ia l .
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IV. E v a lu a tio n  and R equirem ents o f  Com posting in  K orean Land 

Â. E v a lu a tio n  o f Compost

1 . Sw iss chard  ex p erim en ts  g e n e r a l ly  showed t h a t  compost 

p ro v id e s  b e t t e r  g e rm in a tio n  and grow th  when a p p lie d  as 

a p p l ic a t io n  r a t e s  w ere in c re a s e d  up to  12 t o n s /a c r e .

2 . Root grow th o f  sw iss  ch ard  in  com post p lu s  s o i l  showed 

g r e a t e r  in c re a s e  th a n  in  f e r t i l i z e d  s o i l ,  o r  non­

f e r t i l i z e d  s o i l .

3 . Compost p lu s  f e r t i l i z e r  was th e  m ost e f f e c t i v e  tre a tm e n t 

among th e  tre a tm e n ts  t e s t e d ,  such  as  f e r t i l i z e r  a lo n e , 

s o i l  a lo n e , and com post a lo n e .

4 . L e t tu c e  ex p erim en ts  in d ic a te  t h a t  com post a t  s i x  to n s  

p e r  a c re  p ro v id e s  b e t t e r  grow th th a n  s o i l  a lo n e .

5 .  R equirem ent o f compost f o r  p l a n t  grow th i s  dependent

on th e  ty p e  o f p l a n t .

B. R equirem ents o f  Compost

1 . K orean s o i l  f o r  b o th  a g r i c u l tu r e  and f o r e s t r y  r e q u ir e s  

a  so u rc e  o f  o rg a n ic  m a t te r .

2 . In  1973, th e  K orean fa rm er a p p l ie d  o v e r 25 m i l l io n  to n s

o f o rg a n ic  m a tte r  a t  a  g r e a t  e x p e n d itu re  o f tim e and la b o r .

3 . B ased on Korean a g r i c u l t u r a l  p r a c t i c e s ,  i t  i s  p o s s ib le

to  ap p ly  m u n ic ip a l com post t o  a g r i c u l t u r a l  la n d  and

f o r e s t r y  la n d .
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4 . Sewage s lu d g e  cou ld  p ro v id e  a  su p p ly  o f  m o is tu re  and

n u t r i e n t s  d u rin g  d ig e s t in g  p e r io d s ,  th u s  im proving  th e  

q u a l i ty  o f th e  com post.

For f u r th e r  w ork:

1 . For u t i l i z i n g  m u n ic ip a l com post, i t  i s  n e c e s s a ry  to  seek  

more econom ical means o f  a p p l ic a t io n  to  th e  s o i l .

2 . I t  i s  n e c e ss a ry  t o  s tu d y  f u r t h e r  th e  t r a n s p o r t a t io n  system  

o f  com post in t o  r u r a l  a r e a s  and th e  s to ra g e  system  o f 

com post.

3 . To v e r i f y  th e  above c o n c lu s io n s  in  th e  e v a lu a t io n  o f  

com post, f i e l d  s tu d ie s  sh o u ld  be conducted .
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APPENDIX A

COMPUTER PROGRAM OF THE REGRESSION COEFFICIENT FOR ESTIMATING 

SOLID WASTE GENERATION MODEL IN THE CITY OF SEOUL, KOREA
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//WASTfcGEN JDH M J J N U 2 I T , 'TAE B VlM 
// EXEC BU8Lia,PRUGsOLS« • 
XXHOSLIB PRUC

•«CLAS3SA

<*** PHUCfcOURE T(i EXECUTE PMOGMA m S IN 3YS6,BUSLIB,M00UI.E5 
*  *  *
*** TECHNICAL CONSULTING—  » » E COMPUTING SERVICES------
***

***
* * *
***

X X G U -------  EXEC PGMc&pHOG --
UF6i>3I SUBSTITUTION JCL • PRMsOLSW 
XXSTEPLIB 
XXETOSEOOl 
XXE tOhFOOI
xxE rnypooi

JOB 918

OOOOOOlO
00000020-
00000030
0 0 0 0 0 0 0 0
00000050-
00000060
00000070
00000080-

OD OSNsSYSb.BUSLIH,MODULES,WISPsSHR
DD OONAWEsSYSIN---------------------------------------------
UO SYSUUTsA 
00 SYSUUT b B

   //3YSIN 00--A— ----------------- GENERATED—STATE MENT

00000090 
00000100- 
0 0 0 0 0 1 1 0  
0 0 0 0 0 1 2 0

/ /
lEf 
IEK257I 
IEF237I 
IEF237I 
IEF237I 
1EF1U2I 
IEF2B5I 

•1EFPB5I 
IEF575I 
IEF37UI 
UUXOOOI- 
UOKOOOI 
U'JXOOOI 
UUKOOQl 
UÜK001I 
UOK0 02I 
IEP375I 
IEF376I

A L L U C , ■ uu
STEPLta-156 ALUUCA1ED TU

600 ALLUCATED TO FT05E001
6<i6 ALLOCATED TO FT06FO01
6H3 - A L LOCATED TO FT07F001-----
- STEP WAS EXECUTED - CÜNO CODE 

SYS*.MUSLIM,MODULES 
VOL SER NOS® UO k IIO,-*— —------

0 00 0
KEPT

/ s t a r t  75106,1633 
/  s t u b  75106,1633

COUNT--------58----------
COUNT 25
COUNT 285
C OUN T— O-——— — -

104 
16

STEP /GU 
STEP /GO
156 EXCP
604 EXCP 
606 EXCP 
683 EXCP 
PAGE-IMS 
PAGE-OUTS 

- J O B  /wASTEGfcN/.START 75106,1633 
JOB /w a STEGEN/ STOP 75106,1633

CPU OMIN 00,9bSEC STüR VIRT 128K

CPU OMIN 00,968EC
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SPACt ALLOCATED POP 30 VARIABLES» 506 OHSERyATlQMS 
9  9  «

  (F5,0i3F5,3»F8,3,P8,l,P«.a»Fa,2,F5,2)-----------------
S N 0 T R A N 5
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o b s e r v a t i o n YEAR 8«iC/P 8HG/P/BA DWC/rf PD S M OIPP NHPH

1
2

— J -

u
- 5A .

7
B

. .  -9

1964.00 
1 96! , , 00

- 1 9 6 6 , 0 0
1 9 6 7 . 0 0
1 9 6 0 . 0 0  

-4 9 6 9 , 0 0 -
1-970,01)
1 9 7 1 . 0 0
1 9 7 2 . 0 0

1 , 6 6 9 0 0  
1 , 7 ) 9 0 0  
1 , 9 6 9 0 0  -  — 
2 , 0 1 5 0 0  
I , 9 9 2 0 0
2, 12)0(1---
. 2 , 2 t ) u u
2,271011
2 ,2 6 5 0 0

0 , 7 0 8 0 0 0  
0 , 7 ) 5 0 0 0  
0 , 7 6 ) 0 0 , 0 -  
0 , 7 9 0 0 0 0  
0 . 8 1 7 0 0 0  

- 0 , 8 9 4 0 0 0  • 
i / , ô 7 i ù v v  
0 , 6 9 6 0 0 0  

• 0 , 9 2 5 0 0 0

9 , 1 0 6 0 0
9 , 1 9 0 0 0

- 9 , 9 2 5 0 0
9^66100
9 , 5 5 9 0 0

- 9 , 9 7 1 0 0 -

9 , 7 0 6 0 0  
- 9 , 7 8 2 0 0 -

9 , 6 8 0 0 0  
9 , 8 8 1 0 9  

- l l , ) 9 1 0  
1 1 , 89 1 0  
1 1 , 11 7 0  

- 1 1 , 2 6 8 0 -  
« 1 , 6 6 4 0  

1 ! , 9 0 0 0  
- 1 1 , 71 20

MEAN 1 9 6 8 , 0 0  2 , 0 2 7 3 )  0 , 8 1 6 7 7 8  9 , 9 9 9 1 1  11 , 167 1

VARIANCE 7 , 5 0 0 0 0  0 , 9 7 9 1 7 6 0 - 0 1  0 , 5 5 1 9 9 5 0 - 0 2  0 , 5 2 1 9 ) 0 0 - 0 1  0 , 6 9 1 6 6 8

OEVlAllUN 2 , 7 ) 8 6 1  0 , 2 1 7 7 5 6  U, 792b26E>01 0 , 2 2 8 ) 9 8  0 , 8 ) 1 6 6 6

1 9 9 6 7 , 8  
1 9 6 6 9 , 2  

- 1 6 0 6 8 , 9  - 
1 6 7 69 , 7  
1 8 ) 1 9 , 9  

- 2 0 1 8 2 , 2 -  
2 ) 3 9 0 , 8  
2 9 7 : 9 , 8  

- 2 5 6 7 1 , ) -

0 ,36 0 0 0 0  
0 ,3 6 0 0 0 0  

- 0 ,9 8 0 0 0 0 -  
0 ,6 1 0 0 0 0  
0 ,69 0 0 0 0  

-0 f7 9 0 J0 O -  
0 ,7 8 0 0 0 0  
0 ,8 0 0 9 0 4  

- 0 ,8 7 0 0 0 0 -

2 6 7 9 , 9 9
2 7 9 3 , 2 1

- 3 1 0 2 , 5 1 -
3 1 8 6 , 7 0
3 5 3 7 , 8 0

- 9 0 6 2 , 2 9 -
9 6 ) 9 , 2 1
9{!6),2Î

- 9 9 9 6 , 6 9

1 93 61 , 1  0 , 6 2 6 6 6 7  3 7 5 5 , 6 7

0 ,1 8 7 6 2 6 0  08 0 ,3 6 2 2 5 0 0 -0 1  8 2 8 0 9 1 ,

9 3 3 1 , 5 8 0 , 1 9 0 ) 2 9 9 0 9 ,9 6 8

OBSERVATION OIPM

1
2
3---
9
5

7
m

MEAN

2 , 1 0 0 0 0  
2 , 0 6 0 0 0

  2 ,  76000-
3 , 6 0 0 0 0
3 , 5 8 0 0 0

— 3 , 9 0 0 0 0  
9 , 1 1 0 0 0  
9 , 2 1 0 0 0

—  9 , 5 0 0 0 0 -

3 , 9 2 9 9 9

VARIANCE 0 , 6 2 2 8 0 3

  —  STANOARO"
DEVIATION 0 , 9 0 7 0 8 5
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KEGHESSIUN t DEPENDENT VAR IAB LE S W C / P

-VAR I  A BL E - N A M E -

CONSTANT 
— PDSM—  

DIPP

- R E G R ,  - C O E F F I C I E N T -

1,2935766
 0 , 6 3 2 8 9 4 5 9 0 - 0 5 .

0 , 9 7 5 3 5 2 9 7

-NUMBER-OF- 08SENVATIUf*-3--------- 9--- -

R-SNUARbOs 0,94585324

-STANDARD-  ERROR-

0 , 1 1 2 1 6 2 6 0
 0 , 1 4 8 4 4 9 5 8 0 - 0 4  -

0 , 3 3 7 6 4 7 7 9

THE D U R BI N WATSON S T A T I S T I C S  

- THE -  S T  ANllARD ERROR UR-  R E G R E S S I O N :

1 , 6 5 2 3 9 9 6

 0 , 5 8 5 1 1 9 5 8 0 - 0 1 -

_T-STA4-TST-ICS---

1 1 , 5 3 3 0 2 7
- 0 , 4 2 6 3 5 6 2 5

2 , 8 8 6 9 5 9 7

—  THE V A R I A N C E - C O V A R I A N C E  MATRIX--------

- 0 , 1 2 5 8 0 5 0 - 0 1 - 0 ,  1 2 9 0 8 0 0 - 0 5  0 , 2 0 4 1 1 4 0 - 0 1  -  
• 0 , 1 2 9 0 8 0 0 - 0 5  0 , 2 2 0 3 7 5 0 - 0 9 - 0 , 4  74 8 7 0 0 - 0 5  

0 , 2 0 4 1 1 4 0 - 0 1 - 0 , 4  7 4 8 7 0 0 - 0 5  0 , 1 1 4 1 4 1
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NU, ÜUSER, ACTUALS PREDICTED RESIDUALS R E S , / a c t .

1 1 , 0 0 9 0 1 , 7 3 6 3 - 0 , 6 7 2 6 9 0 , 0 1 - 0 , 0 0 1 0 6 0 - 0 1
■2------------------- 1 , 7 3 0 0 — ------------- 1 , 7 1 7 6 ------------ « 0 , 1 6 1 2 0 0 - 0 2 - — - 0 , 2 0 2 6 6 0 - 0 2 —
S 1 , 9 6 0 0 I , «610 0 , 1 0 0 6 6 0 , 6 1 1 9 9 0 - 0 1
0 2 , 0 1 6 0 1 , 9 90 7 0 , 2 0 1 2 u O - 0 1 0 , IOOH6D-OI

--------  1 , 9 9 2 0 - —— — • ■ 2 , 0 1 1 7 - —- — - 0 , 0 1 7 1 7 0 - 0 1 - 0 , 2 0 9 0 2 0 - 0 1 —
6 2 , 1 2 1 0 2 , 1 0 1 1 - 0 , 2 0 0 7 0 0 - 0 1 - 0 , 9 0 5 1 6 0 - 0 2
7 2 , 2 1 3 0 2 , 2 0 2 0 0 , 1 0 6 0 9 0 - 0 1 0 , 0 7 9 3 8 0 - 0 2

^ ----------------2 , 2 7 1 0 — ———  — 2 ,  2101 — —------ 0 , 0 0 6 9 1 0 - 0 1 -  - 0 , 1 7 9 1 8 0 - 0 1 —
9 2 , 2 6 6 0 2 , 3 0 0 6 - 0 , 1 9 6 0 6 0 - 0 1 - 0 , 1 7 0 8 6 0 - 0 1

ESTIMATIUN UF HENRY THEIU U TEST

YEAR ACTUAL RATE l'F CHANGE -  -PREDICTED RAfÈ-OF CHANGE--

1
2

-3-
<1
5 

- 6 -

7
6

0 , 3 8 2 ü f t E " 0 1
0,l245t)

 ü,25fa3^>E»01 —
-o ,n a a o E -o i
O,63690t"01

 0,«1S19E-0I —
0 , 2 5 Ü / J f c > 0 1

- 0 , 26Rb»E-û2

0,71S00E-0Î 
0,69972tn0l• 
-0,6ü05«4E**Ül—  
0,19383E-0l 
0,!>2379E-0t 
-0,2/309f01 - 
0,12'J‘îbE-Ol 
0,32769E-01

HENRY ÎHEIL i n e q u a l i t y  U COEFFICIENT

VARIANCE PROPORTION 
COVARIANCE PROPORIION- 
«I AS PROPORTION 
REGRESSION PROPORTION

  D l S T l I R H A N C E  P R O P O H Î I O N -

0.2 20 10  
-0,77299- 
0,00691 
0,00466 

- 0,98803-

0,60611
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— RtGKESSIOff — 2- -  -OEPENOEn T VARIABUE-SWC/P/BA —

v a r i a b l e  NAME REGH, COEFFICIENT STANDARD ERROR

c o n s t a n t  0 , 5 2 7 6 2 7 8 6
PDSM 0,8.69997270-05
DIPP— ■ — •——.... — M0 , 2 0 ] 8 8 9 5 8  ■ -■ — .. .——-

0 , 1 8 1 1 6 6 1 8 0 - 0 1  
0 , 2 5 9 7 7 6 8 6 0 - 0 5  

- 0 , 5 9 5 6 9 4 2 5 0 - 0 1 -

NUMPER OF o b s e r v a t i o n  a  9

W - S O O AH E Oa  0 , 9 8 7 6 5 9 2 6

— 7 HE" OORR IN- ^*^ATSON s t a t i s t i c ® - —  — 2 , 0 5 8 1 2 9 5 -  — -

THE s t a n d a r d  ERROR OF R E G R E S S I O N S  0 , 9 9 5 0 8 9 9 8 0 * 0 2

THE V A R I a N C E - C O V A R I A N C E  MATRIX

0 , 5 2 8 2 1 2 0 - 0 3 - 0 . 5 5 6 / 5 6 0 - 0 7  0 , 5 3 2 5 1  1 0 - 0 3  
■ 0 , 3 3 6 7 5 6 0 - 0 7  0 , 5 7 9  9 2 9 0 - 1 1 - 0 , 1 2 3 8 8 9 0 - 0 6 .  

0 , 5 3 2 5 1 3 0 - 0 3 - 0 , 1 2 3 8 6 9 0 - 0 6  u . 2 9 7 7 8 2 0 - 0 2

t s t a t i s t i c s

2 9 , 1 2 3 9 7 2
3 , 5 0 3 2 9 5 7
-3,6996632
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MO, OF U08EH, ACTUALS PREOlcreO HESIOUALS NES,/ACT,

1
-2----------
3
4

b
7

- ft — — ■

9

0,70«00
--0,73500-
0,70300
.0,79000

- 0,H1700- 
0,04400 
0,87100

- 0,89800- 
0,92500

0,72184
0,72349-
0,75951
0,79165
0,81066
0,64656
0,68156
0,896/9-
0,91891

-0,138370-01 
0,115130-01-- 
0,348680-02 
•0,164550-02 
0,631820-02 
•0,255600^02 
• 0 ,105840-01 
-0,121490-02- 
0,609000-02

-0,195440-01 
- 0,156640-01- 
0,456990-03 

-0,208290-03 
0,773340-03- 

«0,302850-02 
-0,121510-01 

-■0,135290-02- 
0,658300-02

ESTÎm ATIOM UF HE^RY THEIL U TEST

-YEAR-ACTUAL RATE-UF CHANGE- PREDICTED-RATE- OF -CHANGE-

1
2

-3-
.4
5 

-6"
7
6

0,37426E-01 
0,37387E"01 
-0,347741.01- 
0,3.36IJ6E-01 
0,325l3f-01 
0,314896-01- 
0.30527E-01 
0,29623F.»01

0,22624E-02 
0.46595E-0I 

-0,4l4.36E-0l- 
0,2376t£-0l 
0,43300E-0l 

- 0 , 4 0 5 4 3 6 - 0 1 -  
0,17095E-01 
0,243/lE-Ol

HENRY THEIL INEQUALITY U COEFFICIENT

VARIa m CF PROPORTION 0,61501
c o v a r i a n c e  PROPORTION--------------------- 0,34085-
81 AS PROPORTION 0,04415
REGRESSION PROPORTION 0,92390
d i s t u r b a n c e  p r o p o r t i o n — -— ——  ... 0,03196

0,46060
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HfiGHESSIUN- -----------O£PEMü ENT-VA«IA0CE-OWG/H-

VARIABUE NAME REGR, COEFFICIENT STANOARO ERROR

c o n s t a n t
NHPM 

- OIPH -

a,7177221 
-0,R993948‘jD»0S 
— I * 2S71219----

0,63967830 
0,420389410-03 

- 0,42172549----

NUMBER UF observation b 

R-SQUAHEOS 0,80200413

TN6- DURBIN WATSON STATISTIC" --1,6344914------

The STANDARD ERROR UF REGRESSIONS 0,42734507

T STATISTICS

13,659557
-1,1879319
-2,9809056-

i M t  VARl  A N ( , C - t U V A K l A N t t  HAI KI X

0,409188 -0,1059730-03 0,2658450-02
• 0, 10597 30-0 3 0,1767270-0 6 - 0 , 1628750-03- 
0,2658450-02-0,1628750-03 0,17 7852
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NO, OF ÜBStiM, ACTUALS PREDICTED RESIDUALS RES,/ACT,

»0,i74020"0l 
• 0,7n720"02-

0,l8/t2iî0-0l 
»,31885U'0l-

1
- 2-

3
H

-s-
6
7

-e -
9

9,6800
-9,8610-
11,391 
11,891 

— 11,117 —  
11,266 
11,660 
11,900 ——■ 
11,712

1 0 ,0 0 2  
-9,9675 - 
10,656 
11,672 
11,071 - 
11,612 
11,590 

—11,602 
11,699

-0,36205 
"0,760510-01 
0,73299 
0,21905 

■ 0 1 3500 f —  —  
-0,30380 
0,757980=01

-0,29806----
- 0 ,1 8 7 0 8

--0,318850-01—
<•0,305150-01
0,652700-02

— -0,250810-01-
-0,160080-01

ESTIMATION OF HENRY THEIL U TEST

 YEAR-ACTUAL RATE ÜF -CHANGE - PHfOICTEO HATE-ÜF CHANGE-

1
2

- 3-

0
5
6 
7 
B

0.20552L-01 
0,1 022 1 

-• 0,029'iUb-01- 
- 0 ,hV S0ofc"0 1 
0.13091E-01 
0,305396-01 
0,2003ie»01 

-0,159206-01

-0.80606F.-02 
0.67990E-OI 

— 0,908/7E-01—  
-0,17325E-0I 
0,121626-01 

-0,166552-02- 
0.97700E-03 
0,253S6F.-01

HENRY THEIL INEQUALITY U COEFFICIENT

VAHIa '.'CF PROPORTION 0,20317
COVARIANCE- PROPORTION---------- :-----------0,79310-
61 AS PRUPORTION 0,00373
RFGRESSIUN p r o p o r t i o n  0,00029
L'IST'jRBANCE PR'JPORTION-  - - -  - ■ - • 0,99596-

0,70703
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•HEGKÉ3SI0N-  ------- DEPENDENT V*»I*»LE-SWG/H/BA-

VARIAHLE NAME REGR, COEFFICIENT STANOARO ERROR

CONSTANT
NHPM

—  0 1PH--

J.7R79RJI 
■ 0,ed 6b'>lU3D-0i» 
O,3lbb05i6-----

0 ,n 0 8 9 b 8 l
0,860253620*04
-0,862966610*01-

MUMUtR OF ÜH5ERVATIÜN n

R-SOUAREOa 0,89007953

- THE OijRHIn" h a TSDN s t a t i s t i c » r --- 1,2710418-----------

THE s t a n d a r d  e r r o r  of r e g r e s s i o n s  0,874665810*01

THE VARTANCE-COVARIANCE m a t r i x

0,1715570*01*0,4 457560.US 0,1115160-05
• 0,4457 560*1)5 0,740 0000-08*0 ,6819970*05-- 
0,1115169-0 3-0,68199 70-05 0,7447110*02

T s t a t i s t i c s

28,653010
-1.0305950
-3,6685702-
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NO, UF ÜUSEH,

-----^
6
7

-----8
9

ACTUALS PREDICTED RESIDUALS RES,/ACT,

0,1060 0,1757 -0,696620-01 -0,169660-01
-0,1900------ — “  I t, 1669 ----  0,330930-01-— —  0 ̂ /8982D—02
0,0250 0,3067 0,7833/0-01 0,17/030-01
0,6610 0,6051 0,558690-01 0,119870-01

-• 0 ,5590--------- — 0,567 7---- - -0,867270-02 -0, 190230-02 -—
0,0/30 0,6225 -0,10909 -0,339200-01
0,5900 0,6383 -0,002610-01 -0,105190-01

— 0,7060------ - 0,6096 - - - 0,56 3850-01 — 0,119820—01...
0,7820 0,7296 0,520020-01 0,109580-01

e s t i m a t i o n  of h e n r y  THEIL U TEST

-YEAR-ACTUAL-RATE-UF CHANGE—  PREDICTED RATE OF CHANGE-

1
2

-3-

5
- 6 -

7
8

0,202Slfc-01
0,!,il569t>0l

- , - 0 , ! i J 9 h O f c - 0 1 —
-0.22127Ê-01

-•O,2Ü82üE«0l—

0,l602lf."0l

-0,«fS019f.-02 
0,9^Jôi6Ê"Uj 

—0,b7/62L"Vl-^ 
-0,8l675t"02 
0,U929K-0I 

-0,390696-02: 
0,29991E-0‘2 
Q.WOViE-Ol

HENRY THEIL INEDUALITY U COEFFICIENT

v a r i a n c e  PRUPORTION 
-COVARIANCE PRiJPIJRTION—  
BIAS PROPORTIUN 
RECiRtSSIl'N PROPORTION 
DISTURBANCE PRUPURTIUN-

0,58551

0,00992
0,916/8-
0,0.1331
0,02929
0,93701-
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stop



Appendix B

FORM 1
(FOR RESIDENTIAL INFORMATION)

L o c a tio n :
D a te :
U n it W eight:

D e s c r ip t io n
Type o f  

W aste
Amount o f  
S o lid  W aste

S ource  o f  
W aste

M o is tu re
C on ten t

S to ra g e
P e r io d

Type o f  
Removal

B a l.
W aste

REMARKS
In c No. & 

Age o f  
Fam ily

No. o f  
Rooms

Item L ev e l 
o f  Edu­
c t i o n

B r iq u e t te d
Ash

P a p e r

Veg. M a te r ia l  

Food W aste

Rags
Rubber

G lass

M eta l & Cans

S y n th e t ic
C hem ical

D e m o litio n

Dead A nim als

1
V e g e ta b le  m a te r i a l  g e n e ra t io n  fo llo w s  th e  V e g e ta b le  M a te r ia l  Survey S h e e t.



Appendix B

(Continued)
FORM 2

(FOR VEGETi\BLE MATERIALS FOR RESIDENTIAL AND COMMERCIAL AREA)
Location 
Date: ___
Unit Weight:

K
Dpte

Item

\
Amount of 
Veg. Pur­
chased o r  
growing 
except 
Klmchl 
prepara­
tio n

Waste of
Vegetable
M ateria l

Removal 
Type & 
Storage 
Period

Amount of Vegetable 
Purchased fo r  Kimchl 
p rep ara tio n  

Nov. -  Dec.

\

Waste
Ocher
Than
Veg.

Removal 
Type & 
Storage 
Period

Amount of 
Vegetable 
Production 
I f  Any

Waste
Genera­
tio n

Removal 
Type &  
P eriod

Redish X  Waste Cabbage X  Waste Seasoning X  Waste TOTAL 
WASTE 

GENERATION

V O



A ppendix B 

(C on tinued )

FORM 3
(COMMERCIAL WASTE & INDUSTRIAL WASTE)

Com m ercial Type: 
D a te :

Type o f  In d u s try :  
L o c a tio n :

Com m ercial W aste I n d u s t r i a l  W aste

A Amount o f  
C urrency  
H andled 
F o r Comm. 
A c t iv i ty

P r ic e  o f
M a te r ia ls
H andled

No. o f  
Em ployees 
In c lu d in g  
Enq>loyer

Amount o f  
Raw
M a te r ia l

In d u s .
P roduc­
t i o n
M ethod

Amount o f  
W ater o r  
F u e l 
Used

No. o f  Em ployees
In c lu d in g
E m ployer

g

1
w here Y

= a i  +

lb /p e r s o n /d a y  
c u rre n c y  v o l . / p e r i o d

2

w here  Y2 = Ib /p e r s o n /d a y
%2 = amount o f  w a te r  o r  e l e c t r i c i t y

u sed  p e r  p e r io d

A. Use th e  form  o f  R e s id e n t i a l  Survey  S h ee t o r  c o n tin u e  w ith  t h i s  form .
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A ppendix C

DAILY WET SLUDGE GENERATION FROM THE 
CHUNG-GAE SEWAGE TREATMENT PLANT

Amount o f  w et s lu d g e  g e n e ra tio n  from  th e  ChungGye C hannel T re a t­

ment P la n t ;

250,000 to n s /d a y  = t re a tm e n t c a p a c i ty  o f  sewage 

350 ppm BOD

300 ppm d is s o lv e d  s o l id s  

C a lc u la t io n :  "

350(250 ,000) = 87.5  to n s /d a y
10

Assuming t h a t  30% o f  th e  t o t a l  BOD i s  c o n v e r te d  to  b io l o g ic a l  s o l id s  

0 .3 (8 7 .5 )  = 26 .25  to n s /d a y .

Assuming t h a t  60% o f  th e  t o t a l  d is s o lv e d  s o l id s  a r e  removed

0 .6 (3 0 0 )(2 5 0 ,0 0 0 )  = 45 to n s  p e r  day

10^

The p la n t  i s  d e s ig n e d  so  th a t  60% o f  th e  t o t a l  sewage p a s s e s  th ro u g h  

secondary  t r e a tm e n t .

Assuming th a t  75% o f  th e  BOD in  th e  e f f l u e n t  from  th e  p rim ary  t r e a t ­

ment i s  removed.

3 5 0 (1 5 0 .0 0 0 )( .7 5 )  = 39 .4  to n s  p e r  day

10®

Assuming th a t  95% o f  th e  BOD i s  removed in  seco n d ary  t re a tm e n t

0 .9 5 (3 9 .4 )  = 37 .43  to n s  p e r  day
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Assuming th a t  30% o f  th e  BOD removed i s  c o n v e rte d  to  b io l o g ic a l  

. s o l i d

0 .3 (3 7 .4 3 )  = 11 .23  to n s  p e r  day

T o ta l  w et s lu d g e  = 45 to n s  from  p rim a ry  tre a tm e n t + 11 .2 3  to n s  from  

seco n d ary  tre a tm e n t = 5 6 .2 3  to n s .



APPENDIX D

CALCULATION EXAMPLES OF CONCEPTUAL DESIGN OF THREE ALTERNATIVES 
FOR DISPOSING OF SOLID WASTES

201
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I .  S a n ita ry  L a n d f i l l

A. D a ily  Land R equirem ent f o r  2000 Tons o f  W aste

V = 1 .2  R (1 -  P )
D 100

assum ing 1 ,9 7 7 ,7 7  to n s /1 ,4 0 9 ,5 8 7  p e rso n s /5 6 0 0  h a .a n d  22 .23  to n s /  

15 ,844  p e rso n s  from o th e r  a r e a s
3

w here V = yd /p e rs o n /d a y

R = lb /p e r s o n /d a y  (2 .8 0 6 /p e rso n /d a y )

P = p e rc e n t volume r e d u c t io n  by com paction a t  l a n d f i l l

^  (assum e 40% re d u c t io n )

D = d e n s i ty  (850 lb s /y d ^ )

V = 2 .377  X 10 ^ y d ^ /p e rso n /d a y

A = 27 (V) (N) 
d(43560)

w here A = a c re s /d a y  

N = p o p u la tio n

d = com pacted d ep th  (assume 8 f e e t )

A = 2 .6  X lO” ^ a c r e s /d a y ,  o r  94 .9  a c r e s /y e a r

Volume o f  cover m a te r ia l  r e q u ir e d  (c) = (A )(3 5 0 0 )(Tc)
27

w here Tc = top  co v ered  r e q u ir e d  (assume 1 .0  f e e t  enough 

f o r  in te rm e d ia te  cover because  o f  65% o f  

a sh  w a s te  o f  th e  t o t a l  w aste)
• o  3

c = 3 4 .6 1  yd /d a y ,  o r  12 ,633 yd /y e a r

B. S a n i ta ry  L a n d f i l l  Equipment R equirem ents

Equipm ent r e q u ire d  to  o p e ra te  a  s a n i t a r y  l a n d f i l l  v a r ie s  w ith  th e  

c h a r a c t e r i s t i c s  o f  th e  s i t e ,  b u t  th e  minimum req u ire m en ts  o f equipm ent

f o r  b u ry in g  2 ,000  to n s  o f  re fu s e  p e r  day i s  t h e o r e t i c a l l y  shown in  T ab le  3 2 .



Table 32
SANITARY LANDFILL EQUIPMENT REQUIRED (2000 TON/DAY)

M achine Type Number Max. W aste 
H andled  (Ton/8  

H ours)

A pprox. C ost*  
P e r  1 M achine

F u n c tio n

Main Equipm ent

C raw le r L oader 2 250 $71,050 S p read in g

C raw le r D ozer 3 500 $101,500 E x c a v a tin g  
& S p read in g

A c c e s s o r ie s

D ozer b la d e  (U -shape) 3 $6,000

M u ltip le  b u c k e t 1 $4,000

S p e c ia l  Equipm ent

S c ra p e r . 1 $200,000 H au lin g

W ater t r u c k 1 $35,000 D ust C o n tro l 
& F i r e  
P re v e n tio n

^Oklahoma r e t a i l  p r i c e ,  Oklahoma C i ty ,  Oklahoma (1975)
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C. A sso c ia te d  S a n ita ry  L a n d f i l l  Im provem ents

1 . F en c in g .

2 . B u ild in g  -  a  b u i ld in g  i s  needed f o r  o f f i c e  sp a c e  and employee 

f a c i l i t i e s .

3 . Road -  a  la r g e  s i t e  may have to  have perm anent ro a d s  th a t  le a d  

from  th e  e n tra n c e  to  th e  v i c i n i t y  o f  th e  w ork ing  a r e a .

4 . S c a le s  f o r  re c o rd in g  am ounts o f  m a te r i a l .

5 . A l l  s a n i t a r y  l a n d f i l l  s i t e s  sh o u ld  have e l e c t r i c a l ,  w a te r ,  and 

s a n i t a r y  s e r v ic e s .  W ater sh o u ld  be  a v a i la b le ,  f o r  d u s t  c o n t r o l ,  

f i r e  p re v e n t io n ,  and em ployee s a n i t a t i o n .

I I .  INCINERATOR (F ig u re  34)

D aily  q u a n t i ty  = 600 to n s

A n tic ip a te d  o p e ra t in g  days = 350 days p e r  y e a r

T o ta l  o p e ra t in g  day tonnage = 625 .7  to n s

A. C o n s id e ra tio n  o f Use v s .  T h e o r e t ic a l  D esign

D esign c a p a c ity  = 62 5 .7  to n s  p e r  day

R ated  c a p a c ity  = 625 .7  to n s  p e r  day

D ependable c a p a c ity  (assum ing 80% o f  r a te d  c a p a c ity )  = 782.1  to n s  

p e r  24 h o u r p e r  day

A n tic ip a te d  o p e ra t in g  tim e = 12 h o u rs  c o n tin u o u s  c y c le

A c tu a l c a p a c ity  = 1564.3  to n s  p e r  24 h o u rs ,  o r  6 5 .2  to n s  p e r  h o u r

B. D esign o f  I n c in e r a to r  Based on R ate o f  6 5 .2  Tons P e r  Hour (w ith o u t
C o n s id e ra tio n  o f Peak L o a d in g p -

1
Danielson (1967)
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C IH W U T OOOIIS I I T I i -  
W OEmilUtE I I »  PGRIS

'CURTIIN MU MIT

F ig u re  34 

CUTAWAY OF MULTIPLE CHAMBER INCINERATOR 

(D a n ie lso n , 1967)
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M o istu re  c o n te n t  o f  co m b u stib le  m a te r ia l s  = 58.7% (w/w)

W eight o f  d ry  co m b u stib le  s o l id  w aste  = 2 6 .9  t o n s /h r ,  o r  53 ,800 

lb s /h r

Weight o f  m oisture = 3 8 .3  to n s /h r , or 76,600 lb s /h r  

The gross h ea t o f combustion o f  one pound:

4 44 ,441 ,800  B Tü/hr = (53 ,800  l b / h r ) (8261 BTU/lb -  w e ig h ted  

a r i th m e t ic  means o f  T ab le 33)

Heat l o s s e s :

(1) Assume 20% r a d ia t io n , c o n v ec tio n , and sto ra g e  heat lo s s e s  

( 0 .2 ) (4 4 4 ,4 4 1 ,8 0 0  BTU/hr) = 8 8 ,8 8 8 ,3 6 0  BTU/hr

(2) E v a p o ra tio n  o f  m o is tu re  (assum e th e  g ro ss  h e a t  o f v a p o r i­

z a t io n  o f  w a te r  a t  60° F i s  1 ,0 6 0  BTU/lb)

(7 6 ,6 0 0  l b s / h r ) (1 ,060  BTU/lb) = 8 1 ,196 ,000  BTU/hr

(3) Evaporation o f  water formed by combustion

(0 .5 6  HgO lb / h r ) *  (76 ,6 0 0  l b s / h r ) (1 ,0 6 0  BTU/lb) = 4 5 ,469 ,760  

BTU/hr

T o ta l  h e a t  lo s s e s  = 215 ,554 ,120  BTU/hr

N et h e a t  a v a i l a b l e  = 228 ,8 8 7 ,6 8 0  BTU/hr

W eight o f  p ro d u c ts  o f com bustion  w ith  300% ex ce ss  a i r :

(53 ,800  l b s / h r ) (23 .15  I b s - g a s / lb )  = 1 ,2 4 5 ,4 7 0

M o is tu re  = 76,600

TOTAL = 1 ,3 2 2 ,0 7 0

*

0 .5 6  lb  o f  w a te r  form ed a t  ze ro  e x c e ss  a i r  a s  in  T a b le 3 4 ..



T ab le  33

COMPOSITION AND ANALYSIS OF AN AVERAGE REFUSE, SEOUL, KOREA

M o is tu re
(%)

Dry W eight 
(Ton)

A n a ly s is  (% by Dry W eight -  
C H O N

C orey , 1969)
S BTU/lb

P a p e r 4 0 .0 33 .04 4 3 .4 5 .8 4 4 .3

4 2 .4

0 .3 0 .2 7572

Wood & S traw ■ 4 0 .0 47 .9 5 0 .5 6 .0 0 .2 0 .0 5 8613

G rass & V e g e ta b le s 7 5 .0 303.80 4 3 .3 6 .0 4 1 .7 2 .2 0 .0 5 7693

Rubber 10.0 5 .7 7 7 .7 1 0 .4 — - 2 .0 11,330

P l a s t i c 10.0 3 2 .1 6 0 .0 7 .2 22.6 - - 1 4 ,368

Rags 5 0 .0 61 .7 0 5 5 .0 6.6 31 .2 4 .6 0 .1 3 7652

G arbage (fo o d  w aste ) 

M eta l and  Cans

8 0 .0

10.0

11.6

3 .1

4 5 .0 6 .4 2 8 .8 3 .3
w eighted
(u n se p a r

0 .5 2
av e ra g e
a te d )

8484
8261

Dead A nim als 
(P a th o lo g ic a l  I n c in ­
e r a t o r )

9 0 .0 2 .0 5 8 .2 8 .7 20 .76 .7

(s é p a ra

.13

te d )

1 2 ,2 5 5 .5

D em o litio n  & 
C eram ics

5 .0 11 1 .4 •

G lass 1.0 9 .3

B r iq u e t te d  Ash 1 5 .0 1 2 50 .4

O th ers 12.0 100.0

too



T able 34

CALCULATION OF AIR REQUIREMENT AND GAS COMPOSITION AT ZERO EXCESS AIR

C hem ical
S p e c ie s

W eight Atomic
W eight

Atom ic
U n it

Mole o f  
Og R eq u ired

Com bustion
P ro d u c t

\

Mo] e s  o f  E f f lu e n t
From
Com bustion

From
A ir

T o ta l P e rc e n t

C 4 7 .6 3  . 12.01 3 .97 3 .9 7 COg 3 .9 7 .006 3 .9 7 6 1 6 .7 1

H 6 .2 4 1.00 6 .2 4 1 .5 6 HgO 3.12 .264 3 .3 8 4 14 .2 2

0 38.39 16 .00 2 .4 0 - 1.20 - ------ — —— —

N 1 .9 4 14 .00 0.''14 ------ 0 .0 7 16.351 1 6 .431 69 .03

S 0.12 32 .06 0 .01 0 .01 SO2 0 .01 — 0 .01 0 .0 4
NJ
§

. TOTAL .= 4 .3 4 2 3 .801

M oles o f  a i r  r e q u i r e d  p e r  100 lb  f u e l  = 4 ,3 4 / ,2 0 6 9  = 20 ,97



T ab le  34 
(C o n tin u ed )

EFFLUENT OF EXCESS AIR ON GAS COMPOSITION

E xcess
A ir

M oles o f  
E xcess A ir

T o ta l
M oles

(raw.

CO2

44)

Gas
°2

(32)

C om position  
' «2

(28) '

H2O

(18)

SO2

(64)

F lu e  Gas 
W ith % 
E xcess A ir  
I n d ic a te d  

( lb s )

F lu e  Gas 
W ith
E x cess  A ir  
I n d ic a te d  

( f t 3 ) *

0 0 .0  - 100.0 a
b

1 6 .7 1
1 6 .7 1

0.00
0.00

69 .0 3
69 .0 3

14.22
14.22

0 .0 4
0 .0 4

6 .4 5 8 6 .3

50 4 4 .0 144 .0 16.72
11 .62

9 .1 0
6 .32

103.36
71.78

14 .77
10.26

0 .0 4
0 .0 3

9 .2 2 124 .3

100 88.0 18 8 .0 16 .74
8 .9 0

1 8 .2 1
9 .6 9

137.69
73 .24

1 5 .3 3
8.15

0 .0 4
0.02

12.01 16 2 .3

200 ' 17 6 .0 276 .0 16 .76
6 .0 7

36 .41
13 .19

206 .35
74.76

16.44
5 .9 6

0 .0 4
0 .0 1

17 .55 2 3 8 .2

300 2 6 4 .0 364 .0 16.79
4 .6 1

5 4 .6 2
1 5 .0 1

2 75 .00
75.55

17.55
4 .82

0 .0 4
0 .0 1

2 3 .1 5 3 1 4 .1

a  = c a l c u la te d  v a lu e  
b = % o f  th e  t o t a l

Ifo le s  o f  a i r  p e r  m ole o f  gas = 20 .9 7
2 3 .8 0

0.88

* B ased on 0 .0 8 2  l i t e r  a tm osphere  p e r  m ole p e r  d eg ree  K e lv in  (R) a t  25 C and 1 a tm o sp h eres  p r e s s u r e .
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A verage Gas T em p e ra tu re ;

Q = »pCpff2-''l>
w here Q = n e t  h e a t  a v a i la b le  (2 2 8 ,8 8 7 ,6 8 0  BTU/hr)

Wp = w e ig h t o f p ro d u c ts  o f  com bustion  (1 ,3 2 2 ,0 7 0  lb s /h r )

Cp = s p e c i f i c  h e a t  o f  p ro d u c ts  o f  com bustion (assume

0 .2 6  B T U /lb-° F)

Tg = av e ra g e  gas te m p e ra tu re

T^ = i n i t i a l  te m p e ra tu re  (assum e 60° F)

Î 2 = 726° F

Combustion A ir  E o r t  A re a ;

P rim ary  A ir  P o r t  A rea

Assuming p rim ary  a i r  a t  100% e x c e ss  a i r

(1 6 2 .3  c f / lb ) ^ ( 5 3 ,8 0 0  lb / h r )  = 8 ,7 3 1 ,7 4 0  c f / h r ,  o r

145,529 c f/m in

Assuming th e  av e rag e  a i r  v e lo c i ty  th ro u g h  th e  p rim ary

p o r t  i s  900 fpm, a r e a  = 1 6 1 .7  f t ^

Over F ir e  A ir  P o r t  A rea

Assuming 90% o f th e  p rim ary  a i r  p o r t  a re a

( .9 ) ( 1 6 1 .7  f t ^ )  = 145.5  f t ^

Under F ir e  A ir  P o r t

Assuming 10% o f th e  p rim ary  a i r  p o r t  a re a

( 1 6 1 .7 ) ( .1 )  = 16 .2  f t ^

Secondary A ir  P o r t  A rea

Assuming 50% o f  t h e o r e t i c a l  a i r  r e q u ir e d

1
C onversion  v a lu e  o f  f lu e  gas from  T ab le  3 4 .
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(4 3 .2  c f / lb )^ (5 3 ,8 0 0  lb / h r )  = 2 ,3 2 4 ,1 6 0  c f / h r ,  o r

38 ,736  c f /m in .

Assuming 1000 fpm a i r  v e lo c i ty  th ro u g h  th e  secondary

p o r t  a r e a ,  th e  a re a  = 3 8 .8  f t ^

Volume o f  P ro d u c ts  o f Com bustion;

Volume th ro u g h  flam e p o r t

Assuming 100% e x ce ss  a i r  th ro u g h  flam e p o r t

co m b u stib le  = & 62.3 c f / l b ) (5 3 ,8 0 0  lb / h r )  = 8 ,7 3 1 ,7 4 0  c f / h r

m o is tu re  = (76 ,600  l b / h r ) (—5Z2— c f / l b  mole  ̂ _
18 l b / l b  mole

1 ,6 1 2 ,8 5 5 .5  c f / h r  

t o t a l  = 26 ,881  c f /m in , o r  448 c f / s e c . -  

Volume th ro u g h  m ixing  chamber

Assuming 50% t h e o r e t i c a l  a i r  i s  added th ro u g h  seco n d ary  

p o r t  to  com bustion p ro d u c ts  from  p rim ary  chamber 

(53 ,800  l b / h r ) (4 3 .2  c f / l b )  = 2 ,3 2 4 ,1 6 0  c f / h r ,  o r  

64 5 .6  c f / s e c .

t o t a l  volume = 448 c f / s e c .  +  645 .6  c f / s e c .  = 1093.6 c f / s e c .  

Volume th ro u g h  com bustion chamber

Assuming 50% t h e o r e t i c a l  a i r  i s  added th ro u g h  c o o lin g  

a i r  p o r t s  i n  c u r ta in  w a ll

t o t a l  volume = (1093 .6  c f / s e c .  + 645 .6  c f / s e c . )  =

1739.2  c f / s e c .

1
H a lf  v a lu e  o f  z e ro  e x c e ss  a i r  in  T ab le  34 .
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I n c in e r a to r  C ross S e c t io n a l  A rea:

Flame P ort Area

D esig n in g  f o r  an av erag e  v e lo c i ty  o f  50 fp s  and 1500° F

as  gas te m p e ra tu re

A rea = (448 c f / s e c . ) (1960° R) = 20 8 .7  ft%
(25)(5200  R)

C u r ta in  W all P o r t  A rea

D esig n in g  f o r  20 fp s  v e lo c i ty  and 1400° F gas tem pera­

tu r e

A rea = (1 7 3 9 .2 )(1 8 6 0 °  R) = 31 1 .1  f t ^
(2 0 )(5 2 0 °  R)

G rate  A re a :

The g r a te  lo a d in g  = Lg = 10 lo g  R^

w here Lg = g r a te  lo a d in g  ( I b / f t ^ - h r )  =*

Rg = com bustion r a t e  ( l b / h r )  = 65 .2  to n s /h r

G ra te  lo a d in g  (Lq) = 5 1 .2  I b / f t ^ / h r

A rea = (5 3 ,8 0 0  lb /h r )  = 1051.0  f t ^
(5 1 .2  I b '/h r - f t^ )

H o r iz o n ta l  D im ension o f I g n i t io n  Chamber:

Assuming th e  le n g th  to  w id th  r a t i o  = 1 .75  ( l e t  W = w id th

and L = le n g th )  L = 1 .75  W,

G ra te  a r e a  = 1 .75 = 1051 f t^

W idth = 2 4 .5  f t ^

L ength  = 42 .9  ft%

Combustion Chamber A rea :

D esig n in g  th e  com bustion chamber f o r  9 fp s  w ith  a  v e lo c i ty

o f 1200° F

A rea = (1 7 3 9 .2 )(1 6 6 0 °  R) » 616 .9  f t ^
(9 fp s )  (520° R)
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S tack  H e ig h t;

D esign ing  s ta c k  w ith  an e f f e c t i v e  d r a f t  o f  0 .25  in .  W.C.

(w a te r  column) in  th e  com bustion cham ber. Assuming 12.5%

f r i c t i o n  lo s s e s  a t  20 fp s  a t  1200° F

T h eo retica l d ra ft required  = 0 .286  in  W.C. = _____ 0 .25
1 -  0 .125

D. = 0 .5 2  PH ( i  “  i  ) ' t  T

where = th e o r e t i c a l  d r a f t ,  in  W.C. (0 .286  in  W.C.)

T = am bient a i r  te m p e ra tu re  (90° F)

= average  s ta c k  gas te m p e ra tu re  (1100° F)

P = atm ospheric p ressure (assume 14 Ib /in ^ )

H = s ta c k  h e ig h t  

S tack  h e ig h t  = 31 .7  f t  

S tack  A rea ;

D esig n in g  f o r  20 fp s  v e lo c i ty  and 1100° F gas te m p e ra tu re

A rea = (1 7 3 9 .2 )(1 5 6 0 °  R) = 260 .9  ft%
(20) (520° R)

I I I .  COMPOSTING PLANT (F ig u re  35)

The composting p la n t i s  designed  and based on modem and s c i e n t i c i c

com posting co n ce p ts  -  th e  r a p id  b u t p a r t i a l  decom position  o f  m o is t ,  s o l i d

o rg a n ic  m a t te r  by th e  u se  o f  a e ro b ic  m ic ro -o rg an ism s under m e ch an ic a lly

c o n t ro l le d  c o n d i t io n s .

A. S ize  R eduction

1. P r in c ip le s  o f  S ize  R eduction ;

S ize  r e d u c t io n  o f  m u n ic ip a l s o l id  w aste  means th e  m ech an ica l

s e p a r a t io n  o f  b o d ie s  o f  m a te r ia l  i n t o  sm a ll p ie c e s  by
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F ig u re  36 

DETAILS OF DIGESTOR IN FIGURE 35
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F ig u re  37 

DETAILS OF SCREEN IN FIGURE 35
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m ech an ica l f o r c e s .  The fo rc e s  a re  c a te g o r iz e d  a s  fo llo w s : 

te n s io n  f o r c e s ,  com pression  f o r c e s ,  and s h e a r  f o r c e s .  In  

s i z e  re d u c t io n  o f  s o l id  w a s te , th e s e  fo rc e s  a re  in s e p a ra b le  

due to  th e  h e te ro g e n e i ty  o f  s o l id  w a s te s .

2 .  T h e o r e t ic a l  Power R equirem ent (D robny, e t .  a l . ,  1971):

The power re q u ire m e n ts  f o r  s i z e  re d u c t io n  o f  s o l id  w aste  were 

ap p ro x im ated  f o r  2 -  and 1 - in c h  p ie c e s  o f  m a te r ia l  (T ab le  3 5 ).

a .  Example o f Com putation o f  T h e o re t ic a l  Power R equirem ents 

f o r  D u c ti le  S te e l .

The fo r c e  r e q u ir e d  f o r  two in c h  p ie c e s  = 50 ,000  p s i  x  0 .0 5  

i n .  X 2 i n .  X 2 = 10,000 lb s  (w ith  th e  assum ption  o f 

re d u c t io n  o f  la rg e  s h e e ts  o f  0 .0 5  i n .  s t e e l  to  2 i n .  

s q u a r e s ) .  The fo rc e  f o r  one in c h  p ie c e s  = 50 ,000 p s i  x

0 .0 5  i n .  X 1 i n .  x 2 = 5 ,000  l b .

W ith th e  assum ption  o f  20% e lo n g a t io n  ( y ie ld  f a c to r )  and 

o f  y i e l d  o c c u rr in g  f o r  two In ch es  on each  s id e  o f  th e  

f r a c t u r e  l i n e .

T ra v e l le n g th  = 0 .2  x  4 = 0 .8  i n .  (assume 0 .1  f t . )

Clamping energy  = 2200 l b / t o n  x  1 /1 2  i n .  = 183 f t / l b  (w ith  

assu m p tio n  o f 1 to n  g r ip  f o r c e  to  p roduce a  one in c h  

deep c o r ru g a t io n )

B reak in g  energy  = 10 ,000  lb  x  0 .1  f t  = 1000 f t / l b  f o r  

two in c h  p ie c e s  

B reak in g  energy  ,= 5 ,0 0 0  lb  x  0 .1  f t  = 500 f t / l b  f o r  one 

in c h  p ie c e s

Two in c h  p ie c e s  p e r  to n  = ■ =

39 ,600  p ie c e s / to n
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One in c h  p ie c e s  p e r  to n  = =

158,400 p ie c e s / to n
2

w here 0 .05  i n .  s t e e l  w eigh ing  a b o u t 2 l b s / f t

b .  Power re q u ire m e n t p e r  to n .

in c h  P ie c e s  = 3 9 , 6 0 g ^ ^ e ^ , . X 1 0 ^  f , / l .  + 183 f . / l b ,  =

23-66 H P -h r/to n

0„ .  in c h  p ie c e s  = 1^3 ,400 , P i - e s / t . n  x  183 f c - l h )

= 54 .6 4  H P -h r/to n
1

Wood fo r . two in c h  p ie c e s  = 23 .66  x  — x .08  x  .5  =

11 .52  H P -h r/to n

11.52Wood f o r  one in c h  p ie c e s  = 54 .6 4  x  g j-g g  = 26 .6 0  H P -h r/to n

c . Equipm ent f o r  S iz e  R e d u c tio n .

D a ily  s o l id  w as te  q u a n t i ty  = 500 .0  to n s  

A n tic ip a te d  o p e ra t in g  days = 350 days p e r  y e a r  

T o ta l o p e ra t in g  day tonnage  = 521 .4  to n s /d a y

d . C o n s id e ra tio n  o f  Use v s  T h e o r e t ic a l  D esign .

D esign  c a p a c ity  = 521 .4  to n s /d a y

R ated c a p a c i ty  = 52 1 .4  to n s /d a y

D ependable c a p a c ity  (assum ing 80% o f  th e  r a t e d  c a p a c ity )  =

27 .2  to n s /h r  

A c tu a l c a p a c ity  = 2 7 . 2  to n s /h r

I t  i s  assumed t h a t  27 .2  to n s  o f  s o l id  w aste  i s  e v en ly  d i s ­

t r i b u t e d  and fe d  in t o  f iv e  s iz e  r e d u c t io n  system s (2 7 .2  

t o n s /h r  ) = 5 .5  to n s /h r .  S ince  th e  s iz e  o f  ru b b e r m a te r ia l  

in  s o l i d  w aste i s  to o  s m a l l ,  i t  i s  n o t n e c e s s a ry  to  c o n s id e r



Table 35
THEORETICAL POWER REQUIREMENTS FOR SIZE REDUCTION OF COMMON SOLID WASTE

Component o f  
S o lid  W aste

D en s ity *
( I b / in 3 )

R a tio  to  
S te e l

S tre n g th *
( p s i )

R a tio  to  
S te e l

Y ie ld *
F a c to r

(%)

M ajor
F o rce

2" P ie c e s  
H orse  

Power

I "  P ie c e s  
H orse 

Power

M eta l 0 .2 8 0 1 . 000 5 0 ,0 0 0 1 . 00 2 0 (1 .0 0 ) T en sio n  
& S hear

23 .6 6 5 4 .6 4

Wood 0 .0 2 3 0 .0 8 2 4 ,0 0 0 .0 8 1 0 ( .5 0 ) S h ear & 
T en sio n

1 1 .5 2 2 6 .6 0

B ric k
(d e m o lit io n )

0 .065 0 .232 4 5 ,000 .9 0 K .0 5 ) Compres­
s io n

4 .5 9 1 0 .6 0

G lass 0 .094 0 .336 11 ,5 0 0 .2 3 I ( .0 5 ) Compres­
s io n

.8 1 1 .8 7

Rubber 0 .0 4 0 0 .1 4 3 3 ,0 0 0 .0 8 750
(3 7 .5 0 )

T en sio n 49 6 .8 6 1 ,1 4 5 .4 5

Rag
( f i b e r  p la n t )

0 .055 0 .1 9 6 4 2 ,0 0 0 .8 4 7 ( .3 5 ) T en sio n 3 5 .4 1 8 1 .7 8

P l a s t i c 0 .045 .161 8 ,9 0 0 .1 8 1 ( .0 5 ) T en sio n I .  I I 2 .5 6

P ap er
(p ack in g )

.034 .121 6 ,345 .13 2 .5 ( . I 3 ) S hear 3 .2 9 7 .6 0

(D robny, e t .  a l . ,  I 9 7 I ;  M iner and  S e a to n e , 1955; W east, 1968; P e r ry  and  C h i l to n ,  1973)



220

th e  power re q u ire m e n t o f  ru b b e r . T h e re fo re ,  35 .41  H P -h r/to n  

f o r  two in c h  p ie c e s  co u ld  be u sed .

B. P r in c ip le s  o f  Com posting

Com posting enhances th e  o x id a t io n  o f  o rg a n ic  m a t te r  p r im a r i ly  to

+  “2

1 . M in e ra ls  +

2 . Humus +

3 . COg +

4 . HgO

The e m p ir ic a l  m o le c u la r  fo rm u la  o f  i n i t i a l  m a te r i a l  i s  

^28^46^26^ (m o le c u la r  w e ig h t = 812 . 3) (T ab le  36)

The e m p ir ic a l  m o le c u la r  fo rm ula  o f  f i n a l  m a te r i a l  i s

^18^26*^8^ (m o lecu la r  w e ig h t = 3 8 4 .2 )  (T ab le  36)

1 . T h e o r e t ic a l  O xygen,R equirem ent:

G^Hj^OcNd = 0 .5  (ny + 2s +  r  -  c)02

nC^H^ Gy Ng +  sCOg +  r  HgO + (d  -  nz)NHg

w here r  = 0 .5  (b -  nx -  3 (d  -  n z ) )  

s  = a  -  nw
M oles o f  o rg a n ic s  e n te r in g  th e  p ro c e s s  = 5 7 3 ,1 7 0 .0  Ib * /8 1 2 .3  

m o le /lb  = 705 .6  

M oles o f o rg a n ic s  le a v in g  th e  p ro c e s s  p e r  m ole e n te r in g  th e  

p ro c e s s  (assum ing 80% re d u c t io n  o f  th e  i n i t i a l  m a te r ia l  (R ic h , 

1963)) = n  = 2 6 0 ,0 0 0 .0  lb  (7 0 5 .5  m ole) x  384 .2  m o le /lb  = . 9 6

*Based on 2 8 6 .6  to n s  o f  d ry  w eig h t p e r  24 h o u rs



Table 36
THEORETICAL FORMULA OF COMPOSTABLE WASTE

C hem ical W eight A tom ic A tom ic R a tio  o f Atoms in  E m p ir ic a l
S p e c ie s (%) W eight U n it Atoms M oles

INITIAL

c . 4 4 .1  . 1 2 .0 1 3 .6 8 5 6 .6 2 28

H 6 .0 1 .0 0 6 .0 0 9 2 .3 1 46

0 4 1 .8 1 6 .0 0 2 .6 1 4 0 .1 5 20

N 1 .8 1 4 .0 0 .13 2 .0 0 1

FINAL*

C 3 1 .97 2 .6 6 3 5 .46 18

H 3 .9 0 3 .9 0 5 2 .0 0 26

0 1 8 .5 5 1 .1 6 1 5 .4 6 8

N 2 .1 3 0 .1 5 2 .0 0 1

N>

(W ilso n , 1970; R ic h , 1963; and  An In te r im  R e p o rt o f  th e  G a in s v i l l e  Compost P l a n t ,  1969)
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r  = 1 0 .5  

s = 1 0 .7

Q u a n ti ty  o f  oxygen r e q u ir e d  by th e  p ro c e s s  = 0 . 5  (ny +  2s + r  -  

0)0% = 1 5 3 ,3 1 2 .7  lb /d a y  

C hecking by u se  o f  m a te r ia l s  b a la n c e :

O rgan ic  m a te r i a l  = 5 7 3 ,1 7 0 .0  lb

oxygen = 1 5 3 ,3 1 2 .7  lb  

T o ta l  = 7 2 6 ,4 8 2 .7  lb

O rgan ic  m a te r i a l  = 2 6 0 ,0 0 0 .0  lb

carbon  d io x id e  = 3 3 2 ,1 9 6 .5

w a te r  = 1 3 3 ,3 5 8 .4

ammonia = 479 .8

T o ta l  = 7 2 6 ,0 3 4 .7  lb

DIFFERENCE = 448 .0  lb

Assume th e  g e n e ra tio n  o f  f i n a l  m a te r i a l  ta k e s  7 days by

m ech an ic a l o p e r a t io n ,  d a i ly  oxygen req u ire m en t = 2 1 ,9 0 1 .8  lb /d a y .

2 . C o n s id e ra t io n  o f  Use v s .  T h e o r e t ic a l  D esign :

D a ily  q u a n t i ty  = 500 to n s .  A n tic ip a te d  o p e ra t in g  dyas = 350 

days p e r  y e a r .  T o ta l o p e ra t in g  day  to n n ag e  = 5 21 .4  to n s .  R ated 

c a p a c i ty  = 5 2 1 .4  to n s .  D ependable c a p a c i ty  (assum ing 80% o f 

r a t e d  c a p a c i ty )  = 651 .7  to n s .  M o is tu re  c o n te n t = 55.91% (from  

T ab le  33 by w eig h ted  a v e r a g e ) .

3 . D esign  o f  D ig e s te r :

D im ension o f  S iz e :

T o ta l  q u a n t i ty  = 6 5 1 .0  to n /d a y  (dependab le  c a p a c ity )
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W idth = 8 f t  (assum ed v a lu e )^

H e ig h t = 8 f t  (assum ed v a lu e )^

L ength  = 646 .5  f t  (assume 850 Ib /y d ^  o f  com postab le

m a te r ia l )

I f  we c o n s id e r  25% i n i t i a l  s h r in k a g e  a f t e r  m o is tu re  add ing  

and g r in d in g ,  le n g th  w i l l  be 484 .9  f e e t  w ith  th e  same p re v io u s  

c o n d i t io n s .

I f  th e  com posting m a te r ia l  i s  l e s s  th a n  65% by w eigh t 

m o is tu re ,  i t  has been found advan tageous to  in tro d u c e  w et 

sewage s lu d g e . S ince  w et sewage s lu d g e  i s  a v a i la b le  from 

th e  ChungGae Channel T rea tm en t P l a n t ,  a  sewage h o ld in g  

sy stem  i s  d e s i r e d .

4 . Sewage H old ing  System :

The model o f  t h i s  system  was s e le c te d  from  th e  G a in s v i l le  

P la n t .

M o is tu re  d e s ir e d :  64% o f  th e  t o t a l  = 651 .3  to n /d ay

P re s e n t  m o is tu re  c o n te n t :  55.91%

M o is tu re  re q u ire d :  8.1% = 5 2 .8  to n s /d a y

Assuming 56 .2 3  to n s  o f  m o is tu re  i s  r e q u ire d  because  o f

th e  s ig n i f i c a n t  amount o f  b r iq u e t t e  ash  e n te r in g  t h i s

p r o c e s s ,

D im ension o f  h o ld in g  ta n k :

1
P e rs o n a l com m unications w ith  Mr. P ie r s o n ,  1975.
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Assuming 2430 Ib /y d ^  o f sewage s lu d g e , 1 0 .8  f t  x  10 .8  f t  x 

10 .8  f t  = 1259.71 f t ^  w ith  o u te r  w a lls  o f  one fo o t  th i c k  

c o n c r e te .

5 . Pumping System ;

The pumping system  i s  n e c e ss a ry  to  t r a n s f e r  w et s lu d g e  

from  th e  p la n t  to  th e  h o ld in g  tan k  w here i t  i s  moved to  

th e  m ix ing  screw s w ith o u t d e w a te rin g . T h ere , s o l id  

m a te r ia ls  a re  m ixed w ith  th e  s lu d g e .

E x p erien ce  a t  th e  G a in s v il le  Compost P la n t  shows a  3-HP 

w ith  50 g a l lo n  p e r  m inute a t  420 rpm w i l l  s a t i s f y  t h i s  

p u rp o se .

6 . S ludge A e ra tin g  System :

The sewage s lu d g e  sh o u ld  be k e p t a e ro b ic  by co n tin u o u s  

a e r a t io n  w ith  a i r  s u p p lie d  by a  p r e s s u re  b lo w er.

IV. RECEIVING AND SEPARATING SYSTEM

A. D im ensions o f  T ip p in g  A rea

W idth: The t ip p in g  a r e a  shou ld  be g r e a t e r  th a n  th e  tu rn in g  r a d a i

o f any t r u c k  ( u s u a l ly  50 to  70 f e e t ) .

L ength ; The t o t a l  le n g th  o f  th e  t ip p in g  a r e a  sh o u ld  ex ten d  th e  

le n g th  o f  th e  s to r a g e  p i t  (420 f e e t ) .

For economy o f  p la n t  o p e ra t io n ,  i t  i s  recommended to  b u i ld  a  sem i­

e n c lo se d  s t r u c t u r e .  The c e i l in g  o f  an e n c lo se d  t ip p in g  a re a  m ust 

be h ig h  enough t o  p ro v id e  th e  n e c e ss a ry  c le a ra n c e  f o r  th e  dump 

tru c k s  (g e n e ra l ly  a  minimum o f  24 f e e t ) . The e n tra n c e  and e x i t  

sh o u ld  p ro v id e  a  minimum o f 18 f e e t  v e r t i c a l  c le a r a n c e .
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S p e c ia l  c o n s id e r a t io n s  o f  th e  t ip p in g  a r e a :  a) The t ip p in g  a r e a

sh o u ld  p ro v id e  an a r e a  o f  r e in f o r c e d  c o n c re te  a t  an a n g le  o f  8° 

to  10° from  th e  b a c k in g  bumper f o r  c le a n in g  and s a f e ty  p u rp o se s , 

b) The h e ig h t  o f  th e  b ack in g  bumper i s  recommended to  be abou t 

one fo o t  h ig h  to  p re v e n t damage to  th e  t r u c k  w h ile  b a c k in g , c) 

D u st, o d o r , r o d e n ts ,  f i r e  and n o is e  h a z a rd s  sh o u ld  be  c o n s id e re d  

f o r  em ployee s a f e ty .

B. S to ra g e  P i t

The s to r a g e  p i t  i s  u s u a l ly  d e s ig n ed  to  c o n ta in  1 .5  tim es  th e  24 

h o u r c a p a c i ty .  Assume th e  s o l i d  w aste  g e n e ra t io n  i s  500 to n s  p e r  

day , (1 .5 ) (5 0 0  to n s /d a y )  = 750 to n s /d a y  (d e n s i ty  850 Ib /y d ^ )  = 

47 ,647 f t 3 .

A r e c ta n g u la r  o p e n -c e l l  i s  recommended f o r  e a sy  c o n s tr u c t io n  and 

f o r  u sage o f  a  h o i s t .  C e ll le n g th  i s  a  fu n c tio n  o f  th e  number 

o f  dumping sp a c e s  (assum e n in e  f e e t  f o r  each  dumping space  +  .5

f e e t  o f w alk in g  sp ace  betw een dumping s p a c e s ) :  10 f e e t .

W idth = assume 15 f e e t .

Depth = assume 6 .5  f e e t .

C e ll c a p a c ity  = 975 f t ^ ,  o r  15 .35 to n s  o f  r e f u s e .

N et c e l l  w e ig h t = 4 .8 6  to n s  (assum e 20 .40  l b / s q . f t .  in  1 /2  i n . )  

T o ta l  c e l l  w e ig h t = 2 0 .2 1  to n s .

T o ta l  le n g th  o f  p i t  r e q u ir e d  = 490 f e e t .

Number o f  c e l l s  r e q u ir e d  = ap p ro x im ate ly  49 c e l l s .

C harging sy stem : f o r  econom ica l d e s ig n , i t  i s  recommended th a t
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an a u to m a tic  o r  manual h o i s t  be used to  c o n tin u e  th e  flow  o f  re fu s e  

i n t o  th e  s o r t in g  sy stem .

L i f t i n g  h e ig h t  = ap p ro x im ate ly  s i x  f e e t  w ith  an av e rag e  c o e f f i c i e n t  

o f  f r i c t i o n  (u  = 0 .5 ) .

C harging a d a p to r :  to  c o n t ro l  th e  flow  o f re fu s e  from th e  p i t  c e l l

in t o  th e  s o r t in g  b e l t  f o r  hand p ic k in g .

C. D im ensions o f A daptor

W idth = assume 12 f e e t  a t  th e  f r o n t  and 3 .5  f e e t  a t  one en d ,

depending  on th e  w id th  o f th e  s o r t in g  b e l t .

L ength  = assume 9 .0  f e e t  (7 f e e t  f o r  th e  f r o n t  and 3 f e e t  f o r  th e  

e n d ) ,  depending  on th e  d is ta n c e  from th e  c e l l  to  th e  s o r t in g  b e l t .  

D epth = assume 10 f e e t ,  depend ing  on th e  flow  r a t e  o f  th e  s o r t in g  

b e l t .

D. S p e c ia l  C o n s id e ra tio n s  o f  th e  A daptor

1. Easy h a n d lin g  and moving c a p a b i l i t i e s  from  one r e c e iv in g  c e l l  

to  a n o th e r  w ith  some ty p e  o f  r a i l r o a d  o r  h a rd - ru b b e r  r o l l e r .

2 . The a d a p to r  sh o u ld  be t i g h t l y  f ix e d  in  th e  s t a t io n a r y  p o s i t i o n .

3. The a n g le  o f th e  a d a p to r  sh o u ld  n o t  exceed  45° d u rin g  o p era ­

t i o n  b ecau se  o f d u s t g e n e ra tio n  and r a p id  flow  o f  r e fu s e  rrom 

th e  c e l l .

4 . P r e p a r a t io n  o f  a  v e n t i l a t i o n  system  above th e  a d a p to r .

5 . The a d a p to r  sh o u ld  be la r g e  enough t o  t h a t  a t  l e a s t  two 

w orkers  can f r e e l y  work each  s id e .

E. Conveyor B e l t  f o r  S e p a ra tio n

The s a lv a g e  o f  r e c y c la b le  m a te r ia l  i s  ex tre m e ly  im p o rta n t in  K orea
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in  o rd e r  to  co n serv e  th e  n a t u r a l  r e s o u rc e s  and in c re a s e  th e  

e f f i c i e n c y  o f  i n c in e r a t i n g  o r  com posting r e f u s e .

F. S ize  o f Conveyor B e lt

W idth = a p p ro x im a te ly  fo u r  f e e t ,  w ith in  hand r e a c h ,  depending  on 

th e  e l e v a t io n  o f  th e  b e l t .

Length = assume 20 f e e t ,  depending  on th e  p la n t  sp ace  a v a i l a b i l i t y .  

S ide  w a ll  h e ig h t  = 1 /2 .5  f e e t  above th e  b e l t  to  p re v e n t run o v er 

o f  r e fu s e  from  th e  s o r t in g  b e l t .

G. C onsideration  o f Undercover o f  the Conveyor B e lt

I f  a  s c re e n in g  ty p e  o f b e l t  i s  u se d , p a r t i c l e s  o f  r e fu s e  l e s s  than  

sc re e n  opening  s i z e  w i l l  f a l l  o n to  th e  f l o o r ,  c a u s in g  d u s t  g en e ra ­

t i o n ,  e s p e c i a l l y  pow dered b r iq u e t t e  ash  w hich can end an g er th e  

w o rk e rs . T h e re fo re , i t  i s  n e c e ssa ry  to  b u i ld  a  w a ll  to  p re v e n t 

th e  d u s t g e n e ra tio n  u n d er th e  b e l t .  I t  i s  recommended t h a t  a 

d u s t s u c t io n  c o l l e c t io n  sy stem  be u sed .

3
One c y c le  c a p a c i ty  = 32 f t  , o r  0 .5  to n s

Number o f  s o r t in g  conveyor b e l t s  r e q u ire d  = 25

Number o f  c y c le s  r e q u ir e d  f o r  s o r t in g  th e  d a i ly  g e n e ra t io n :

(500 to n ) / ( 2 5 ) ( . 5 /c y c le )  = 40 c y c le s /8  h o u rs  

A c tu a l w ork ing  hour = 6 .5  hour

R ate  o f  c y c le s  = 4 9 /6 .5  h o u r , o r  7 .6  c y c l e s /h r ,  o r  3 ,8  to n s  

R equ ired  la b o r  = 5 .2  p e rso n s  p e r  b e l t  when assum ing 0 .5  to n s  

h an d led  p e r  p e rso n  p e r  h o u r
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T o ta l la b o r  r e q u ire d  = 130 p e rso n s

25 p e rso n s  (g e n e ra l h e lp e r -o n e  p e rso n

* p e r  b e l t )

25 p e rso n s  (2 p e rso n s  p e r  a d a p to r ,  w ith

one a d a p to r  h a n d lin g  fo u r  o f

_____________ th e  p i t  c e l l s )
TOTAL =180 p e rso n s  (n o t in c lu d in g  p e rs o n n e l

re q u ire d  i n  r e c e iv in g  o r  s u p e r ­

v is io n  in  s o r t in g  system )

T o ta l  r e q u ire d  a r e a :

L ength : (10 f e e t  f o r  d is ta n c e  betw een th e  s o r t in g  .b e l t  and p i t

c e l l )  + (65 f e e t  f o r  th e  le n g th  o f s o r t in g  b e l t )  + (65 f e e t  f o r  

em ployee f a c i l i t y ,  s c a l i n g ,  and b a i l i n g  system ) = 140 f e e t  t o t a l  le n g th .  

W idth: (15 f e e t  f o r  each  s id e  o f s o r t in g  b e l t ,  f o r  w a lk in g  and

tr a n s p o r t in g )  + (4  f e e t  f o r  w id th  o f  th e  b e l t )  + (4 f e e t  betw een 

b e l t s )  = 214 t o t a l  f e e t  f o r  th e  w id th  o f th e  b e l t .  T o ta l  w id th  

i s  490 f e e t .

A v a i l a b i l i ty  o f s to r a g e  a r e a  f o r  s a lv a g e a b le  m a te r ia ls  and c o a l

ash  = 38,640 f t ^ .  - .
2

T o ta l a r e a  r e q u ire d  = 68 ,600  f t

H. C o n tro l Tower

To r e g u la te  th e  speed  o f  th e  s o r t in g  b e l t  and to  p r o te c t  t h e ' 

w o rk er’ s s a f e ty ,  th e  c o n t ro l  tow er p la tfo rm  i s  lo c a te d  a t  a  h ig h  

e le v a t io n .



APPENDIX E 

CHARD GROWTH 25 DAYS AFTER SEEDING

T rea tm en t
^^^^gbnV Acre)

O b s e r v a t i o n ^ '^ s ^

e
(A)

12
(B)

24
(C)

48
(D)

85
'(E )

85
(F)

C o n tro l
(G)

C o n tro l
(H)

1 .8 7 * 0 .9 5 3 .0 0 1 .0 0 0 .8 0 1 .6 5 1 .4 0 * 0 .5 5
• 2 .9 5 3 .0 2 * 2 .8 9 * 1 .7 5 * 3 .8 7 * 2 .0 0 * 2 .0 0 1 .0 0 *

2 .2 6 * 3 .5 0 2 .3 5 1 .4 5 1 .0 0 1 .2 0 0 .2 0 * 2 .8 0
2 .1 2 0 .8 1 * 3 .0 0 2 .1 3 * 0 .7 0 1 .6 0 * 0 .2 0 1 .5 0 *
1 .7 5  . 1 .5 3 * 2 .6 4 * 1 .8 5 * 4 .6 0 2 .2 5 1 .4 5 * 2 .5 0
3 .2 3 * 2 .0 0 4 .0 5 * 1 .2 5 * 1 .1 0 0 .2 0 0 .7 0 2 .2 5 *
1 .5 0 * 1 .3 2 * 2 .5 0 * 2 .5 0 * 3 .2 0 * 1 .2 6 0 .8 0 * 5 .2 5
1 .4 0 * 0 .1 5 * 2 .4 2 * 1 .2 0 1 .1 0 4 .0 4 2 .0 0 * 1 .7 0
2 .3 5 * 2 .2 6 * 2 .5 5 2 .6 0 * 1 .5 0 * 2 .5 7 0 .7 0 0 .9 3
1 .6 0  . 4 .0 0 1 .0 0 3 .1 5 2 .3 5 2 .2 7 1 .3 0 1 .6 0 *
1 .5 0 * 0 .7 0 * 3 .7 0 * 2 .5 5 * 2 .7 0 * 1 .9 8 1 .2 5 * 1 .1 0
3 .2 5 2 .4 5 * 4 .2 5 2 .0 5 3 .5 0 2 .0 0 * 1 .8 7 0 .7 0 *
1 .6 0 * 1 .8 0 * 1 .3 0 * 3 .0 0 3 .2 5 0 .7 5 1 .6 0 1 .9 0 *
0 .4 0 * 1 .0 0 2 .4 5 1 .5 0 * 4 .5 0 2 .1 5 2 .0 0 * 0 .5 0
1 .6 0 * 0 .8 5 2 .8 6 * 3 .3 5 . 2 .8 0 2 .9 0 * 1 .2 0 1 .3 5 *
3 .0 0 * 1 .7 0 * 2 .2 5 2 .7 0 * 0 .9 0 3 .2 5 0 .1 7 1 .6 5 *
0 .9 0 * 3 .3 5 3 .5 0 * 4 .0 0 2 .5 0 2 .10* 1 .5 5 *
1 .0 0 4 .3 0 * 1 .8 4 * 2 .35 0 .3 0 1 .0 7
0 .4 5 4 .2 5 1 .8 0 2 .2 5 2 .4 0 2 .5 0
2 .3 4 * 2 .1 5 1 .1 5 * 0 .2 5 * 3 .6 0 * 2 .8 9
1 .1 0 * 2 .5 0 * 2 .0 0 0 .8 5 3 .0 0 0 .8 0 *

VO
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(C ontinued)

T rea tm en t
^ ^ ^ s^ (T o n /A cre )

O b s e r v a t i o n ^ . . ^

6
(A)

12
(B)

24
(C)

48
(D)

85
i(E)

85
(F)

C o n tro l
(G)

C o n tro l
(H)

2 .8 0 3 .25 1 .2 0 * 1 .0 0 * 2 .8 0 1 .8 3
1 .7 0 * 2 .8 0 * 2 .8 5 2 .5 0 1 .6 0 1 .8 5
0 .9 0 2 .5 0 0 .8 5 * 2 .2 5 * 1 .7 0 1 .5 3
1 .3 5 4 .5 0 * 4 .5 0 * 5 .5 8 * 1 .8 3 * 1 .7 5 *
2 .4 0 * 4 .2 5 * 2 .1 5 5 .4 5 * 2 .2 6 1 .8 5

1 .5 0 0 .9 5 3 .5 4 2 .2 7 * 1 .0 0
3 .2 5 * 1 .5 0 * 2 .0 0 * 3 .8 0 0 .8 0

• 4 .2 5 3 .5 5 * 4 .8 3 4 .4 0
3 .8 5 * 3 .0 0 4 .6 0

0 .9 5 0 .9 5
2 .9 6 *
3 .0 0

, 2 .4 0 *

* d en otes  randomly s e le c t e d  o b serv a tio n
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APPENDIX F

SIX RANDOM OBSERVATIONS OF SWISS CHARD DRAWN FROM APPENDIX
(From Appendix E)

T rea tm en t 6-Ton 12-Ton 24-Ton 48-Ton 85-Ton C o n tro l 
(No Com­
p o s t)Ob s e rv a  t io n '^ v -  

Number

A cre A cre A cre A cre A cre

1 1 .8 7 3 .0 2 2 .89 1 .75 3 .87 1 .4 0

2 2 .2 6 0 .8 1 2 .64 2 .13 3 .20 0 .2 0

3 3 .2 3 1 .5 3 4 .05 1 .85 1 .5 0 1 .4 5

4 1 .5 0 1 .3 2 2 .50 1 .25 2 .70 0 .8 0

5 1 .4 0 0 .1 5 2.42 2 .50 3 .60 • 2 .0 0

6 " 2 .3 5 2 .2 6 3 .7 0 2 .60 1 .83 1 .2 5

7 1 .5 0 0 .7 0 1.30 2 .55 2 .27 2 .00

8 1 .6 0 2 .45 2.86 1 .5 0 2.40 1 .0 0

9 0 .4 0 1 .8 0 3 .50 2 .7 0 2 .0 0 1 .5 0

10 1 .6 0 1 .7 0 1.84 0 .25 1 .6 0 2 .2 5

11 3 .0 0 4 .3 0 1.15 1 .0 0 2 .00 1 .6 0 i

12 0 .9 0 2 .5 0 1 .20 2 .25 2 .9 0 0 .7 0

13 2 .3 4 2 .8 0 0.85 5 .5 8 2 .10 1 .9 0

14 1 .1 0 4 .5 0 4 .50 5 .45 0 .8 0 1 .3 5

15 1 .7 0 4 .2 5 1 .5 0 2 .00 1 .75 1 .6 5

16 2 .4 0 3 .2 5 3 .85 3 .55 2 .96 1 .55

MEAN 1 .8 2 2 .3 3 2 .55 2 . # - 2 .34 1 .4 1
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GROWTH OF SWISS CHARD UNDER FOUR DIFFERENT TREATMENT CONDITIONS

T rea tm en t Compost Only Compost & S o i l  Only F e r t i l i z e r  O nly

O bservatl& Ax^^
Number

(A)
1 2 3

F e r t i l i z e  
1 2

s r  (B) 
3

(C)
1 \ 2 3

(D)
1 2 3

1 1 8 .8 5 -3 .8 7 1 4 .9 8 3 2 .0 0 -2 .8 9 2 9 .1 1 1 3 .1 5 -2 .0 0 11 .15 2 7 .0 0 -0 .5 5 26 .45

2 1 1 .9 5 -0 .7 0 11 .25 3 5 .1 5 -3 .2 5 3 1 .9 0 1 0 .0 0 -1 .4 0 8 .6 0 2 6 .1 5 -1 .0 0 2 5 .15

3 1 2 .5 0 -1 .0 0 1 1 .5 0 2 6 .2 0 -1 .5 3 24 .67 1 3 .5 5 -1 .4 5 1 2 .1 0 3 0 .5 5 -1 .5 0 2 9 .05

4 1 5 .8 5 -1 .1 0 1 4 .7 5 2 9 .4 5 -1 .2 6 2 8 .1 9 1 2 .0 0 -0 .8 0 1 1 .2 0 3 6 .1 4 -2 .2 5 33 .89

5 1 1 .3 5 -0 .9 0 12 .45 3 2 .5 0 -2 .5 0 3 0 .0 1 3 .0 0 -2 .0 0 1 1 .0 3 5 .0 0 -2 .5 0 3 2 .5 0

6 1 4 .4 5 -2 .3 5 1 2 .1 0 2 4 .0 0 -2 .0 0 2 2 .0 1 1 .1 5 -0 .7 0 1 0 .4 5 2 1 .0 0 -0 .9 3 2 0 .0 7

7 1 2 .2 0 -1 .1 0 1 1 .1 0 3 0 .1 5 -3 .0 0 27 .15 6 .0 0 -0 .2 0 5 .8 2 2 .1 5 -1 .7 0 . 20 .45

8 1 8 .7 5 - 1 .7P 1 7 .0 5 3 2 .5 0 -2 .2 7 3 0 .2 3 5 .0 0 -0 .2 0 4 .8 3 2 .9 5 -1 .9 0 31 .05

9 1 6 .0 0 -2 .2 6 1 3 .7 4 1 7 .8 5 -0 .8 0 1 7 .0 5 1 1 .5 5 -0 .7 0 1 0 .8 5 2 3 .5 5 -1 .6 0 2 1 .95

10 1 6 .3 8 -3 .0 0 1 3 .3 8 2 9 .1 5 -1 .9 8 27 .17 1 1 .2 5 -1 .3 0 9 .9 5 2 2 .4 0 -2 .8 0 1 9 .6 0

row
I »
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(C on tinued )

T rea tm en t

O b se rv a tio n ^ .
Number

Compost
(A)

1 2

Only

3

Compost & 
F e r t i l i z e  

1 2
r  (B) 

3 1

S o i l  Onl 
(C)

\ 2

y

3 1

F e r t i l i z e
(D)

2

r  Only 

3

11 1 7 .5 0 -2 .5 0 1 5 .0 2 5 .0 0 -1 .0 7 23 .93 6 .5 0 -1 .2 5 5 .2 5 26 .1 0 -0 .7 0 2 5 .4 0

12 1 4 .9 0 -1 .6 0 1 3 .3 2 8 .1 4 -1 .8 3 2 6 .3 1 11 .8 5 -1 .8 7 9 .9 8 25 .5 0 -1 .1 0 2 4 .4 0

13 1 4 .5 5 -2 .4 0 12 .15 1 6 .5 0 -0 .7 0 1 5 .8 0 9 .0 0 -1 .6 0 7 .4 0 25 .0 0 -0 .5 0 2 4 .5 0

14 1 3 .9 5 -1 .5 0 1 2 .4 5 2 1 .0 0 -0 .9 5 20 .05 13 .5 5 -2 .0 0 11 .5 5 22 .9 5 -1 .3 5 2 1 .6 0

15 1 1 .7 5 -  .9 5 1 0 .8 0 3 5 .0 0 -4 .4 0 3 0 .6 12 .1 5 -1 .2 0 1 0 .9 5 24 ;0 0 -1 .6 5 22 .35

16 1 6 .8 0 -3 .0 0 1 3 .8 0 2 9 .1 5 -1 .0 0 28 .1 5 9 .0 0 -0 .1 7 8 .8 3 21 .0 0 -1 .5 5 19 .4 5
MEAN 1 3 .1 1 25 .77 9 .3 7 2 4 .8 7  t

1 d e n o te s  g row th  h e ig h t  (cm) f o r  61 days

2 d e n o te s  grow th  h e ig h t  (cm) f o r  25 days

3 d e n o te s  g row th  a f t e r  a p p ly in g  f e r t i l i z e r
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KOREAN FOREST SOIL SURVEY

Y r. o f  Survey 

S o i l  Type

1968-1969
a c re s 1970 1971 1972 1973 TOTAL

F a v o ra b le  

(Humid Brown S o i l )

1 0 ,7 2 7 .9 5

3.89%

1 4 4 ,2 8 5 .0 5

51.71%

1 1 1 ,3 2 6 .6 0

33.02%

2 7 ,6 5 1 .1 6

8.27%

1 8 ,5 5 7 .1 1

7.47%

3 1 2 ,5 4 7 .8 7

21.19%

A c c e p ta b le

Wet Brown S o i l  
(Dry Subhumid)

3 3 ,7 9 8 .4 9

12.26%

2 ,5 3 1 .7 5

0.91%

316 .16

0.09%

1 0 5 ,0 4 2 .4 3

31.42%

8 2 ,7 4 7 .4 7

33.29%

2 2 4 ,4 3 6 .3 0

15.22%

U n fav o rab le

A rid : Brown S o i l  
S e ra i-a r id : Brown 

S o i l  
A r id : Red S o i l  
S e ra i-a r id : Red S o i l

M l l ^  e ro s io n

2 3 1 ,1 2 3 .0 8

83.85%
t ■

1 3 2 ,2 2 6 .5 1

47.38%

2 2 5 ,5 2 4 .5 8

66.89%

2 0 1 ,6 7 0 .3 1

60.31%

1 4 7 ,2 4 6 .5 8

59.24%

9 3 7 ,7 9 1 .0 6

63.59%

2 7 5 ,6 4 9 .5 2 2 7 9 ,0 4 3 .3 1 3 ,3 7 1 ,1 6 7 .3 4 3 3 4 ,3 6 3 .9 0 2 4 8 ,5 5 1 .1 6 1 ,4 7 4 ,7 7 5 .2 0

to
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MINIMUM CONTENT OF ESSENTIAL NUTRIENT NECESSARY FOR A SATISFACTORY GROWTH OF 
REPRESENTATIVE TREE SPECIES AT PLANTING SITE REQUIREMENTS OF REFORESTATION

Item
A v a ila b le Exchangeable

Ca
( lb s /a c r e )

Min. Depth to  
Ground Water 

( f t . )Tree
C la s s i f ic a t io n ( lb s /a c r e )

200 2 .0  -  3 .0M icrotrophs 50Tr

M esotrophs 50 500 120

12550 1200Megatrophs 300 1 .0  -  3 .5

W ild e , 1958.

5
Ln



APPENDIX I

(C o n tin u ed )

PH Range o f  
Optimum Re­
a c t io n

Minimum C o n ten t o f  
S i l t  and  C lay 
P a r t i c l e s  (%)

Minimum C o n ten t o f  
O rg an ic  M a tte r  i n  
6" L ay er (%)

M ic ro tro p h s^ 4 .5  -  7 .0 5 - 1 0 ' 0 .7

2
M esotrophs 4 .7  -  7 .5 15 -  25 1 .8  -  2 .5

3
M egatrophs 4 .7  -  8 .0 25 -  40 1 .8  -  4 .0

N»wCT>

Example 1 . J a c k  p in e ,  lo n g  l e a f  p in e ,  s c o tc h  p in e ,  e t c .

Example 2 . L o n g to o th  a sp e n , y e llo w  b i r c h ,  d o u g la s  f i r ,  n o r th  r e d  o ad , 
e a s te r n  w h ite  p in e ,  w h ite  s p r u c e ,  e t c .

I  I

Example 3 . W hite a s h ,  bassw ood , w h ite  c e d a r ,  b la c k  l o c u s t ,  h a rd  m ap le , 
w h ite  oalc', t u l i p  p o p la r ,  b la c k  w a ln u t ,  e t c .



APPENDIX J

CHARACTERISTICS OF CULTIVATED SOIL, KOREA 
(UPLAND)

P rov in ce (DO) Range o f  pH

Gyong-Gi 4 .5  -  6 .8 0 .9  -  3 .5

Chung-Buk 4 .8  — 6 .8 0 .8  -  3 .7

Chung-Nam 4 .6  -  7 .1 0 .7  -  3 .6

Kyung-Buk 4 .9  -  6 .7 0 .8  -  3 .2

Kang-Won 4 .9  -  6 .9 0 .9  -  2 .4

J e - J u 4 . 1 -  7 .2 0 .8  -  6 .1

Kyung-Nam 4 .5  -  6 .7 0 ,9  -  3 ,8

No. o f  Sample 4 1325 2065

A verage Range <4.5 4 .6 - 5 .6 -
5 .5 6 .5

P e rc e n t* 0 .1 37
____ L:_

5 5 .9

267 

> 6.6  

7 .0

Range o f  Organic 
M atter (%)

371 

<1.0 
10

A v a ila b le  PoOc 
(PPM)

8

8

5

7

13

9

4

2-8

206

178

185

198

184

198

1928 871 481 216 751 915 1750

1 .1 - 2 .1 — >3.1 <40 4 1 - 121- > 200
2 .0 3 .0 120 200
53 24 13 6 20 25 49

tow

* P ercen t a s  a w hole country .
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(C ontinued)

Exchangeable
K(meq./100gm)

C#E,C*
(meq/100 gm)

Exchangeable CA 
(meq/100 gm)

Exchangeable Mg
(mg/100 mg)

0 .1 2  -  0 .7 2  

0 .1 3  -  0 .8 6  

0 .1 1  -  0 .7 0  

0 .1 2  -  1.00  

0 .1 2  -  0 .7 8  

0 .1 1  -  1 .0 3  

0 .1 1  -  0 .9 0

4 .7

4 .0  

0 .5

3 .0  

. 5 .0

7 .5

4 .6

1 5 .3

1 7 .3

1 6 .7

13 .2

1 6 .7

15 .2  

19 .9

= 6 .8  
I

1 .0  -  6 .8

3 .4 2  -  5 .3 2 0 .9  -  7 .8

0 .2 2  -  8 .40 0 .6  -  7 .9

2 .8 0  -  4 .1 4 1 .2  -  8 .6

1 .4 5  -  6 .29 1 .8  -  7 .9

= 6 .85 0 .7  -  6 .8

0 .1 0  -  7 .9 4 1 .6  -  10.

N9W
00

338 

< 1 0 9 .2  

9

1570 1378

1 0 9 .3 - 2 1 8 .5 -
2 1 8 .4 4 3 6 .8

43 38

352 

> 436.8  

10

45

Is.o
3 .8

218 675

,5 .1 - 7 .6 -  :
7 .5 1 2 .5

1 8 .2 5 6 .5

258

2 1 .5

15

<800

4 .7

16 106 185 20 136 427 , 411

801- 1601- >3200 <480 481- 96 1 - >1920
1600 3200 960 1920

5 .0 32 .9 5 7 .4 2 14 43 41

D ata  shows s i n g l e  ra n g e .
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(C ontinued) 

BOTTOM LAND

P ro v in c e  (DO Range o f  PH Range o f  O rganic 
M atter

A v a ila b le  
P^Og (PPM)

Gyong-Gi 4 .0  -  7 .1 0 .9  -  3 .6

Chung-Buk 4 .5  -  6 .3 0 .8  -  4 .0

Chung-Nam 4 .9  -  7 .0 0 .6  -  4 .3

Kyung-Buk 4 .4  -  6 .7 0 .7  -  3 .7

Kyung-Nam 4 .4  -  6 .8 0 .8  -  4 .3

Kang-Won 4 .8  -  6 .7 0 .7  -  4 .0

J e - J u 5 .0  -  6 .6 1 .8  -  5 .0

7

7

4

7

3

7

17

146

173

183

169

180

175

146

roÜ)\o

No. o f  Sample 

A verage Range 

P e rc e n ta g e

22

4 .5

0 .4

3192

4 .6 —
5 .5

6 2 .6

1 8 0 1 j ‘
». ■

5 .6 -
6 .5

36

74

6 .5

1 .0

109

1.0
3

1329

1.1-
2 .0

29

1752

2 . 1-
3 .0

39

4515

3 .0

29

1088

40

22

2271

4 1 -
120

56

852

121-

200
18

849

200

4
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(C on tin u ed ) 

BOTTOM LAND

E xchangeab le 
K(meq./lOOgm)

C.E.G Ca Mg

0 .1 1  -  0 .9 1  

0.11  -  0.88  

0 .1  -  0 .8 7  

0 .1 0  -  0 .8 5  

0 .1 1  -  0 .8 4  

0 .1 1  -  1 .7 6  

0 .1 2  -  0 .6 7

6 .9  -  1 6 .5 1 .6  -  6 .5 0 .4  -  5 .1

4 .3  -  2 2 .6 1 .9  -  1 3 .5 0 .3  -  5 .1

4 .4  -  1 6 .6 1 .5  -  7 .6 0 .4  -  5 .6

6 .9  -  2 0 .2 1 .0  -  7 .4 0 .4  -  5 .2

4 .2  -  1 6 .2 1 .8  -  7 .5 0 .4  -  4 .0

4 .9  -  1 7 .0 1 .6  -  6 .9 0 .3  -  4 .8

11 .9  -  1 4 .5 4 .6  -  9 .2 1 .3  -  2 .8

I

216 1869 656 66 713 617 258

'5 .0 5 .1 - 7 .6 - 1 2 .6 1600 1601- 3201- 4800
% 7.5 12 .5 3200 4800
1 8 68 23 4 43 37 16

1142 2869 876

109 .2 1 0 9 .3 - 2 1 8 .5 -
( l b / a c r e ) 4 3 6 .8 4 3 6 .8
22 18 18

225

4 3 6 .8

4

145

480

397 633

481- 961 -
960 1920

479

1921



APPENDIX K

NUTRIENT REQUIREMENTS FOR UPLAND CROPS

Com (G ra in ) C o tto n S m all G ra in

Y ie ld  G oal N Y ie ld  Goal N Y ie ld  G oal N
Bu/A lb s /A lb s /A Ib s /A Bu/A Ib s /A

50 60 200 30 10 20

60 80 500 70 20 40

80 105 700 90 30 60

100 140 900 110 45 90

140 200 1100 130 56 115

180 260 1300 150 60 145

200 300 1500 175
•

^ a k e r  and T u ck e r, 1974 .
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(C o n tin u ed )

PHOSPHORUS REQUIREMENTS 
(UPLAND)

S o i l  T e s t Soybeans C o tto n S m all G ra in
( lb s / a c r e ) P e rc e n t P2O5 P e rc e n t ^2°5 P e rc e n t P2O5

S u f f ic ie n c y lb s /A S u f f ic ie n c y IJjs/A S u f f ic ie n c y Ib s /A

0 - 1 0 40 50 -  70 55 60 -  75 25 6 0 - 8 0

11 -  20 60 30 -  50 70 45 -  60 45 40 — 60

2 1 - 4 0 80 2 0 - 3 0 85 3 0 - 4 0 80 20 -  40

41 -  65 95 s t a r t e r 95 2 0 - 3 0 90 s t a r t e r

65+ 100 none 100 none 100 none
N9

1 .
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(C on tin u ed )

POTASSIUM REQUIREMENT 
(UPLAND)

S o i l  T e s t Soybeans C o tto n S m all G ra in
Ib s /A P e rc e n t KgO P e rc e n t ^2° P e rc e n t KgO

S u f f ic ie n c y lb s /A S u f f ic ie n c y J,bs/A S u f f ic ie n c y Ib s /A

0 - 7 5 40 70-80 40 80-110 50 50-60

76 -  125 60 60-70 60 60—80 70 40-50

126 -  200 75 40-60 75 40-60 80 20-40

201 -  250 90 20-40 90 20-40 95 15-20

250+ 100 none 100 0-20 100 none
w

SECONDARY MICRONUTRIENTS

Z inc
(PPM)

0 -  0 .5 (L )  
.5 1  -  1 .0 (M) 
1 .0 +  (A)

I ro n
(PPM)

0 -  2 .0 (L )  
2 .1  -  4 .5  (M) 
4 .5 +  (A)

M anganese
(PPM)

0 -  l.O (L ) 
1 .0 +  (A)
20+ (T)

Boron
(PPM)

0 -  .2 5 (L ) 
.26  -  .50(M) 
.50+  (A)

Magnesium s o i l  sh o u ld  c b n ta in  a t  l e a s t  100 pounds p e r  a c re  s o i l  t e s t  magnesium.

L = low 
M = m a rg in a l 
A = a d e q u a te



ADDENDUM



SOLID WASTE MANAGEMENT -  POLICY DECISION

The p u rp o se  o f  t h i s  s e c t io n  i s  to  s e e k  an  e f f e c t i v e  management 

sy stem  w hich w i l l  a p p r o p r ia te ly  a c h ie v e  s o lu t io n s  to  th e  problem s o f  

s o l id  w a s te s .  Management p r a c t i c e s  sh o u ld  b e  d i r e c te d  tow ard a l l o c a t in g  

more o f  o u r r e s o u rc e s  to  m a in ta in in g  and im proving  th e  q u a l i ty  o f  th e  

en v iro n m en t.

A. S o lid  W aste Management T echniques

A number o f  te c h n iq u e s  a re  a v a i l a b l e  i n  th e  f i e l d  o f  s o l id  w as te  

managem ent. A ll  th e  m ethods r e q u i r e  a  b a s ic  s t a t i s t i c a l  m ethodology 

w hich i s  a p p r o p r ia te  f o r  a n a ly s i s  and f o r e c a s t in g  o f  s o l id  w as te  g en e ra ­

t i o n  r a t e s ,  p o p u la t io n ,  economic c o n d i t io n s ,  a g r i c u l t u r a l  c o n d i t io n s ,  

and f u tu r e  la n d  u s e s .  T h is in fo rm a tio n  a l s o  i s  e s s e n t i a l  in  d ev e lo p in g  

p la n n in g , program m ing, and b u d g e tin g  system s (PPBS) (N ig ro , 1973;

D av is , J r . ,  1969; Lyden, e t .  a l . ,  1 969 ), a  m a jo r s u b je ê t  in  t h i s  s e c t io n .  

The PPB system  f o r  weapon system  a n a ly s i s  had  i t s  r o o t s  in  in d u s tr y  

and was i n i t i a t e d  by th e  Rand C o rp o ra tio n , who p u t in t o  la r g e  s c a l e  u se  

i n  th e  D epartm ent o f  D efense in  1963. I t  i s  now b e in g  im plem ented 

th ro u g h o u t th e  e x e c u tiv e  b ran ch  o f  th e  U n ite d  S ta te s  governm ent. T h is

244
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system  i s  one to o l  o f  management t h a t  p ro v id e s  a  m ethod o f r a t i o n a l  

d e c is io n  making on th e  w a s te  ( d is p o s a l )  p rob lem .

The b a s ic  e lem en ts  o f  PPBS a r e  b a se d  on th e  fo llo w in g  c o n d i t io n s :

1 . R e c o g n itio n  and a c c u r a te  d ia g n o s is  o f  th e  K orean s o l id  

w a s te  p rob lem .

2 . D e te rm in a tio n  o f  a l l  p o s s ib le  a l t e r n a t i v e s ,  su ch  a s

i n c i n e r a t o r s ,  com posting , and s a n i t a r y  l a n d f i l l .

3 . I n v e s t i g a t io n  and a n a ly s i s  o f  f a c t s  r e l a t i n g  to  each

a l t e r n a t i v e .

4 . Com parison o f  th e  consequences o f  each  a l t e r n a t i v e .

5 . S e le c t io n  o f  th e  b e s t  p o s s ib le  s o lu t io n  f o r  th e  s o l i d  

. w a s te  p rob lem .

However, th e  d e c is io n -m a k in g  e f f o r t  h as  a  d e f i n i t e  ra n g e  due to  th e  

l im i te d  am ount o f  t im e , sm a ll f r a c t i o n s  o f t o t a l  in fo rm a tio n  n e c e s s a ry  

f o r  any d e c i s io n s ,  and inv o lv em en t o f  u n s k i l l e d  p e r s o n n e l .  F u rth e rm o re , 

common e r r o r s  i n  d e c is io n -m a k in g  in v o lv e  (1) c o g n i t iv e  n e a r s ig h te d n e s s : 

th e  d e c i s io n  m aker h a s  to  em phasize th e  d e c is io n s  t h a t  s a t i s f y  th e

im m ediate n e e d s  r a t h e r  th a n  lo n g -ra n g e  g o a ls .  (2) O v e r s im p l i f ic a t io n
-  ■

o f  c a u s e s : a n o th e r  ten d en cy  o f  d e c i s io n  m akers in v o lv e s  d e a l in g  w ith

th e  symptoms o f  th e  p roblem  r a t h e r  th a n  th e  c a u s e s .  T hat i s ,  a s  lo n g  

a s  th e  symptom does n o t  b r in g  a b o u t l a r g e  s c a le  p u b l ic  p r e s s u r e ,  th e n  

th e  d e c is io n  m aker does n o t d e v o te  h i s  f u l l  a t t e n t i o n  to  th e  c a u s e s .

(3) U n w illin g n e ss  to  e x p e rim e n t: some d e c is io n  m akers a r e  u n im a g in a tiv e ,

n e i th e r  in n o v a t iv e  n o r  l i k e l y  to  en cou rage  a  c r e a t iv e  ex p erim en t f o r
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s o lv in g  a  p rob lem . (4) R e lu c ta n c e  to  make a  d e c i s io n ;  th e  c h o ice  

o f th e  b e s t  p o s s ib le  a l t e r n a t i v e  w ith  rem oval o f  th o s e  e r r o r s  r e q u ir e s  

p r o f e s s io n a l  s k i l l ,  depending  on th e  m agn itude and im p o rtan ce  o f  th e  

p rob lem . I n  S e o u l, K orea, i n s t a l l i n g  th e  PPBS f o r  s o lv in g  s o l id  w aste  

problem s sh o u ld  in v o lv e  r e l a t i n g  to  a  s p e c i f i c  c h a r a c t e r i s t i c  o f  Korean 

problem s on a  n a t io n a l  b a s i s ,  r a th e r  th a n  a s  a  m u n ic ip a l s o l id  w aste  

problem  f o r  a  l im i te d  community. To o rg a n iz e  th e  problem s in v o lv in g  

s o l id  w a s te  d i s p o s a l ,  a s  an  exam ple, i t  i s  n e c e s s a ry  to  fo rm u la te  a  

com m ittee f o r  c lo s e  work w ith  d e c is io n  m ak ers. The com m ittee sh o u ld  

a c h ie v e  p lan n ed  o b je c t iv e s ,  have a u th o r i ty  and r e s p o n s i b i l i t y  app ro ­

p r i a t e  to  th e  t a s k ,  and have ad eq u a te  num bers o f  q u a l i f i e d  p e rs o n n e l.

1 . N a tio n a l  A dv iso ry  Committee (NRC):

The com m ittee h as  good p o t e n t i a l  f o r  g u id in g  and s u p p o r tin g  

an e n v iro n m e n ta l management, a n a ly z in g , p la n n in g , and Im p lem en ta tion  

program  a t  th e  n a t io n a l  l e v e l  and cou ld  a l s o  p ro v id e  te c h n ic a l  e x p e r t i s e  

and a d v ic e  to  th e  d e c is io n  m akers. An NRC w ith  b ro ad  r e s p o n s i b i l i t i e s  

m ight have th e  fo llo w in g  fu n c t io n s :

a . P ro v id e  te c h n ic a l  in s ig h t  in t o  en v iro n m e n ta l p ro b lem s.

b . A ssu re  a d e q u a te  c o o rd in a tio n  w ith  d e c i s io n  m akers.

c .  O ffe r  n a t io n a l  p o l ic y  d e c is io n  in fo rm a tio n  on r e g u la t io n ,  

p la n n in g , and te c h n ic a l  a s s i s t a n c e ,  such  as  a i r ,  w a te r ,  

s o l i d  w a s te ,  r a d io a c t iv e  w a s te ,  and n o is e  p la n n in g , e t c .

d . D i r e c t  th e  subcom m ittees w ith  c lo s e  c o o p e ra tiv e  c o o rd in a ­

t i o n .
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2. Subcom m ittee f o r  S o lid  W aste Management (Sub-NRC):

The subcom m ittee on s o l id  w as te  management sh o u ld  be g iv e n  

fo u r  c r u c i a l  a u t h o r i t a t i v e  d u t i e s ;  (a )  D esign a  p rogram  to  a c h ie v e  

p lanned  o b je c t iv e s ,  (b) A cq u ire  ad eq u a te  o p e ra t in g  fu n d s f o r  

re s e a rc h  and  g r a n t  p u rp o ses  to  prom ote th e  d e m o n s tra tio n , c o n s t r u c t io n ,  

and a p p l ic a t io n  o f  s o l i d  w a s te  management and r e s o u rc e  re c o v e ry  system s 

w hich p r e s e rv e  and enhance th e  q u a l i ty  o f  la n d ,  a i r ,  and w a te r  r e s o u rc e s ,  

(c )  C oopera te  w ith  NRC and d e c is io n  m akers to  c o o rd in a te  re s e a rc h  

e f f o r t s  f o r  advancem ent o f  s o l id  w as te  management, to  o b ta in  maximum 

e f f ic ie n c y  in  o rd e r  -to s o lv e  th e  g iv e n  problem , (d) P ro v id e  te c h n ic a l  

s e r v ic e s  o r  a s s i s t a n c e  i n  s o l id  w aste  management. The subcom m ittee 

sh o u ld  a l s o  s tu d y  th e  scope  and l e v e l  o f  p u b lic  c r i t i c i s m  o r  co m p la in ts  

on th e  e n v iro n m e n ta l prob lem  and s e a rc h  f o r  e f f e c t i v e  means to  communi­

c a te  and s o lv e  th e  co m p la in ts  b ased  on an a c c e p ta b le  l e v e l  o f  s e r v ic e .  

P a r t  o f  t h i s  r e s p o n s i b i l i t y  can be  accom plished  by th e  f a c t  s h e e ts  and 

g u id e l in e s  r e l a t e d  to  s o l id  w as te  p rob lem s.

3 . C om m ittee’s  W orking P h ase :

The aim o f  th e  com m ittee i s  to  f in d  new ways to  do th e  g iv e n  

program  q u ic k ly ,  l e s s  e x p e n s iv e ly , and more th o ro u g h ly , to  in s u r e  sound 

judgm ent th ro u g h  m ore a c c u r a te  in fo rm a tio n . F ig u re  38 d e p ic ts  th e  

m ajor p h a se s  in  th e  c o m m itte e 's  l i f e  c y c le  and s e t s  f o r t h  ty p e s  o f  

d ec is io n -m ak in g  r e le v a n t  to  each com m ittee. The f i r s t  p h a se , e s ta b ­

l i s h i n g  and  l e g i t i m a t i z in g  th e  co m m ittee 's  m andate , o r  m is s io n , i s  

accom plished  in  th e  p o l ic y  p ro c e s s  by d e c is io n s  ab o u t th e  c r e a t io n  and
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E s ta b l is h in g  th e  C om m ittee 's 
M andate (P u b lic  P o lic y  P ro c e ss )

P la n n in g , Program m ing, and 
B udgeting

I D efin in g  P roblem s and Demands I

INPUT
C o l le c t in g  and A nalyzing  

In fo rm a tio n

I Choice o f  th e  B es t A l te rn a t iv e  I

R eg io n a l E xperim en t, in  
Sm all S ca le

I

D ec is io n  Maker | ^ “

i

I E v a lu a tio n  E f f ic ie n c y  I -------  I P u b lic  O pinion I

N a tio n a l Im p lem en ta tio n , in  
________ L arge  S c a l e ________ I P u b lic  O pinion I

(OUTPUT)
(feedback )

F ig u re  38 

PHASES OF COMMITTEE'S WORKING CYCLE
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m ain tenance  o f th e  o rg a n iz a t io n .  In  th e  second  p h a se , d e f in in g  ob­

j e c t i v e s ,  th e  o rg a n iz a t io n s  make d e c is io n s  ab o u t how to  t r a n s l a t e  th e  

m andate in to  o p e r a t io n a l  te rm s . In  th e  t h i r d  p h a se , th e  PPB system  

i s  a s s o c ia te d  w ith  d e c is io n s  on how to  combine l im i te d  re s o u rc e s  to  

acco m p lish  th o s e  o p e r a t io n a l  o b je c t iv e s  s u i t a b l e  to  n a t io n a l  and 

r e g io n a l  demands.

The n e x t p h ases  a r e  to  c o n c e n tr a te  on so lv in g  th e  s p e c i f i c  

problem s w hich a r e  co n fro n te d  in  th e  p r e s e n t  o r  f u tu r e  th ro u g h  th e  

c o l l e c t io n  and a n a ly z in g  o f  d a ta ,  and th ro u g h  th e  choosing  o f  th e  

b e s t  a l t e r n a t i v e .  ^

The r e s u l t  o f  th e  b e s t  c h o ic e  a p p l ie d  to  th e  r e g io n a l  sm a ll 

s c a le  i s  th e n  p u t in to  u se  on a  n a t io n a l  s c a l e ,  w ith  su b seq u en t e v a lu a ­

t io n  o f p u b l ic  o p in io n . The u n iq u e  c h a r a c t e r i s t i c s  o f  t h i s  m odel a r e

to  d e s ig n  th e  o r g a n iz a t io n s ,  n a t io n a l  com m ittee and subcom m ittee to

o p e ra te  in  c lo s e  r e l a t io n s h ip  w ith  th e  p u b l ic  and th e  d e c is io n -m a k e rs  

a s  a  t r i n i t y .

P r e r e q u i s i t e s  f o r  th e  com m ittee a r e :

a .  I d e n t i f y  n a t io n a l  g o a ls  w ith  g r e a t e r  p r e c i s io n .

b . • D eterm ine w hich o f  th o s e  g o a ls  a r e  th e  mOBf u rg e n t.

c .  I d e n t i f y  a l t e r n a t i v e  means o f  re a c h in g  th o s e  g o a ls .

d . S e le c t  th e  b e s t  r e p r e s e n ta t iv e  o f  p u b lic  o p in io n .

e .  D eterm ine th e  n e c e s s a ry  c o s t  o f  th e  a l t e r n a t i v e s  i n  p re ­

lim in a ry  t e s t i n g ,  and l a t e r  i n  f i n a l  n a t io n a l  a p p l i c a t io n .

F in a l  d e c is io n s  i d e a l ly  sh o u ld  r e s t  w ith  th e  r e s p o n s ib le  s o l id  

w a s te  management agency ; f o r  exam ple, th e  n a t io n a l  governm ent, c i t y
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governm ent, l o c a l  a d m in i s t r a to r s ,  a n d /o r  r e p r e s e n ta t iv e s  o f  th e  p u b l ic ,  

and NRC.

I f  th e  b e s t  c h o ic e  o f  th e  a l t e r n a t i v e s  i n  s o l id  w as te  manage­

ment i s  found  to  b e  co m p o stin g , th e  f u r t h e r  d e t a i l e d  d e c i s io n s ,  such  a s  

d i s t r i b u t i o n ,  fu n d in g , and e d u c a tio n , co u ld  be  d ec id ed  w ith  c lo s e  

c o o p e ra tio n  betw een th e  D epartm ent o f  A g r ic u l tu r e  and T r a n s p o r ta t io n ,  

c i t y  and lo c a l  a d m in is t r a to r s ,  o r  f a r m e r s ' g ro u p s , w ith  NRC (a n d /o r  

sub-NRC) (F ig u re  39).

B. A d m in is t ra t iv e  and L e g i s l a t i v e  C o n s id e ra t io n  o f S o lid  W aste Management

H ere , a  m essage by th e  P r e s id e n t  o f  th e  U n ited  S ta te s  o f  A m erica,

J .  F . K ennedy, and an  a c t  p a s se d  by  th e  U .S . C ongress on s o l id  w as te

p ro b lem s, a r e  re c o rd e d :

C oncern ing  c o n s e rv a t io n  p rog ram s, a  m essage from  th e  P r e s id e n t  
o f  th e  U n ited  S ta te s  (March 1 , 1962) s t a t e d :  "As o u r p o p u la tio n
ex p an d s , a s  o u r  i n d u s t r i a l  o u tp u t in c r e a s e s ,  and a s  r i s i n g  p ro ­
d u c t i v i t y  makes p o s s ib le  in c re a s e d  enjoym ent o f  l e i s u r e  tim e , 
th e  o b l ig a t io n  to  make th e  m ost e f f i c i e n t  and b e n e f i c i a l  u se  o f  
n a t u r a l  r e s o u rc e s  becomes c o rre s p o n d in g ly  g r e a t e r .  The s ta n d a rd  
o f  l i v i n g  we e n j o y , . . . i s  a t t r i b u t a b l e  in  l a r g e  m easure to  th e  
w ide v a r i e t y  and r i c h  abundance o f  t h i s  c o u n t ry 's  p h y s ic a l  
r e s o u r c e s .  B ut th e s e  re s o u rc e s  a r e  n o t  in e x h a u s t ib le  -  n o r do 
th e y  a u to m a tic a l ly  r e p le n is h  th e m se lv e s . We depend on ou r 
n a t u r a l  r e s o u rc e s  to  s u s t a in  us -  b u t  i n  tu r n  th e i r - c o n t in u e d  
a v a i l a b i l i t y  m ust depend on o u r u s in g  them p ru d e n tly ,  im proving  
them w is e ly ,  an d , w here p o s s ib le ,  r e s to r in g  them p ro m p tly . We 
m ust r e a f f i r m  o u r d e d ic a t io n  to  th e  sound p r a c t i c e s  o f  co n se rv a ­
t i o n  w hich can  b e  d e f in e d  a s  th e  w ise  u se  o f  ou r n a t u r a l  e n v iro n ­
m en t; i t  i s ,  i n  th e  f i n a l  a n a l y s i s ,  th e  h ig h e s t  form  o f  n a t io n a l  
t h r i f t  -  th e  p re v e n t io n  o f  w a s te  and d esp o ilm en t w h ile  p r e s e r v in g ,  
im prov ing , and renew ing  th e  q u a l i t y  and u s e fu ln e s s  o f  a l l  o u r  
r e s o u r c e s .  Our deep s p i r i t u a l  c o n f id e n c e  t h a t  t h i s  N a tio n  w i l l  
s u rv iv e  th e  p e r i l s  o f  to d ay  -  w hich may w e ll  be w ith  us f o r  
decad es  to  come -  com pels us to  in v e s t  i n  o u r N a t io n 's  f u tu r e ,
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to  c o n s id e r  and m eet ou r o b l ig a t io n s  to  o u r c h i ld r e n  and 
num berless g e n e ra tio n s  th a t  w i l l  fo llo w . Our n a t io n a l  con­
s e rv a t io n  e f f o r t  m ust in c lu d e  th e  com plete spectrum  o f  
r e s o u rc e s :  a i r ,  w a te r ,  and la n d ; energy  and m in e ra ls ;  s o i l s ,
f o r e s t ,  and fo ra g e ;  f i s h  and w i l d l i f e . "

The S o lid  W aste D is p o sa l A ct (P u b lic  Law 8 9 -2 7 2 ), Sec. 202 a - (4 ) ,

T i t l e  I I ,  S o lid  W aste D is p o s a l,  f in d s  t h a t :

" I n e f f i c i e n t  and im proper m ethods o f  d is p o s a l  o f  s o l id  w as te s  
r e s u l t  in  s c e n ic  b l i g h t s ,  c r e a te  s e r io u s  h aza rd s  to  th e  
p u b lic  h e a l th ,  in c lu d in g  p o l l u t io n  o f  a i r  and w a te r  r e s o u rc e s ,  
a c c id e n t h a z a rd s ,  and in c re a s e s  in  ro d e n t and in s e c t  v e c to r s  
o f  d is e a s e ,  have an  a d v e rse  e f f e c t  on la n d  v a lu e s ,  c r e a te  
p u b lic  n u is a n c e s ,  o th e rw is e  i n t e r f e r e  w ith  community l i f e  and 
developm en t."

Sec. 202 a - (5 ) f u r t h e r  s t a t e s :

"T hat th e  f a i l u r e  o r  i n a b i l i t y  to  sa lv a g e  and r e u s e  such  
m a te r ia ls  eco n o m ica lly  r e s u l t s  i n  th e  u n n ece ssa ry  w aste  and 
d e p le t io n  o f  ou r n a t u r a l  r e s o u r c e s ."


