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SUMMARY AND CONCLUSIONS 

Technical and cos t  da ta  f o r  t h e  major f a c i l i t i e s ,  t reatments,  and land 
app l i ca t ion  opt ions  f o r  l i q u i d  swine manure were t abu la ted  f o r  u s e  i n  economic 

revaluat ions of t h e  var ious  options.  The t h r e e  types of swine production opera- 
t i o n s  which were considered were: (1) t h e  feeder  p i g  f i n i s h i n g  opera t ion ,  (2) 
t h e  feeder  p i g  production opera t ion ,  and ( 3 )  t h e  farrow t o  f i n i s h  operat ion.  
Housing f l o o r i n g  and s to rage  p i t  c o s t s  and manure production were estimated 
f o r  t h e s e  major types  of opera t ions .  Other major f a c t o r s  which were evaluated 
were l i q u i d  manure t r anspor t  by tank wagon and i r r i g a t i o n  systems, lagoon 
treatment,  and manure value  f o r  crop n u t r i e n t s  when appl ied  a t  various t imes 
and r a t e s .  

Much of t h e  t echn ica l  da ta  and cos t  es t imates  were obtained from s t r a i g h t -  
forward computations, but  many assumptions were used i n  making es t imates  of 
some data.  Using d i f f e r e n t  assumptions could poss ib ly  change some of t h e  
r e s u l t s  of t h e  analyses ,  but based upon c o s t  comparisons of s p e c i f i c  system 
components f o r  var ious  s i z e s  of opera t ions ,  some of the  major conclusions f o r  
s p e c i f i c  components a re :  

(1) Flooring and in-house p i t s :  Any opera t ion  which hau l s  l i q u i d  manure 
w i l l  r e q u i r e  some minimum l e v e l  of s to rage  . fo r  convenience, but  a d d i t i o n a l  
s to rage  would not  be worthwhile. The p re fe r red  depth of s torageL p i t  i s  t h r e e  
f e e t ,  and t h e  p re fe r red  f l o o r  i s  t o t a l l y  s l a t t e d  f l o o r  because of  lower labor  
c o s t s  f o r  c leaning.  For opera t ions  using a  lagoon, t h e  prefer red  f l o o r i n g  
type is a l s o  t o t a l l y  s l a t t e d  f l o o r  wi th  pe r iod ic  f lush ing  t o  the  lagoon. 

(2) S o i l  i n j e c t o r :  I n j e c t i o n  of manure t o  conserve n u t r i e n t s  i s  
economically advantageous f o r  l a r g e  opera t ions  but  not  f o r  small  ones. The 
break-even s i z e s  a r e  about 30,000 t o  60,000 l b s  l iveweight ,  depending upon the  
type of swine operat ion.  

(3 )  Tank wagons; The optimal s i z e  of tank wagon increases  a s  the  opera- 
t i o n  s i z e  increases .  The changeover p o i n t s  f o r  increas ing tank s i z e  depend 
c r i t i c a l l y  on t h e  wash water d i l u t i o n  t h a t  occurs i n  t h e  house. 

(4) Lagoons: Mechanically aera ted  and n a t u r a l l y  f a c u l t a t i v e  lagoons a r e  
not  econon~ical ly a t t r a c t i v e .  The optimal  s i z e  of anaerobic lagoon depends on 
t h e  crop u t i l i z a t i o n  p o t e n t i a l ,  t h e  i r r i g a t i o n  scheme needed and t h e  lagoon 
const ruct ion  c o s t ,  but a medium-loaded lagoon (100 f t3 /100 l b s  l iveweight)  is 
probably most economical i n  t h e  Coastal  P l a i n s  and t h e  Piedmont. 

(5) I r r i g a t i o n  system: The s i z e  of t h e  ape ra t ion ,  c r i t e r i o n  f o r  de ter -  
mining e f f l u e n t  a p p l i c a t i o n  r a t e s  t o  a v a i l a b l e  land and crops,  and t h e  
lagoon loading r a t e  inf luence  which type of i r r i g a t i o n  system i s  most econo- 
mical, In  genera l ,  a  por t ab le  system i s  beat  i f  l e s s  than 35 a c  a r e  needed 
f o r  eff luent  app l i ca t ion .  Although labor-costs  tend t o  s h i f t  choices toward 
a  t r a v e l l i n g  b i g  gun system, t h e  labor involved with i r r i g a t i o n  f o r  manure 
nanagement i s  small  compared t o  normal i r r i g a t i o n  s i t u a t i o n s  because t h e  
number of a p p l i c a t i o n s  made t o  each a c r e  a r e  s o  few. Also, t h e  pumping r a t e  
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c a p a c i t y  of  i r r i g a t i o n  equipment u s ~ d  j u s t  f o r  lagoon e f f l u e n t  i r r i g a t ~ o n  can 
be lower than  normal i r r i g a t i o n  r a t e s  because of t h e  r e l a t i v e l y  small volumes 
of e f f l u e n t  t h a t  have t o  be i r r i g a t e d .  

( 6 )  Hanure va lue :  The amount of manure n i t r o g e n  a v a i l a b l e  f o r  c rop  up- 
t a k e  is  o f t e n  only  40 t o  TO percent  of t h e  p o t e n t i a l  v a l u e  of manure n i t r o g e n  

I because of s t o r a g e - l o s s e s ,  a p p l l e a t i o n  l o s s e s ,  l e a c h i n g  l o s s e s ,  and unavai l -  
a b i l i t y  of some p o r t i o n  of o rgan ic  n i t r o g e n .  Also,  when a p p l i c a t i c n  r a t e s  
are based on n i t r o g e n ,  excess  m o u n t s  of phosphorus and potassium a r e  app l i ed  
r e l a t i v e  t o  normal c rop  f e r t i l i z a t i o n .  I f  lagoon t rea tment  is used,  on ly  1 0  
t o  1 5  pe rcen t  of t h e  a r i g i n a l  p o t e n t i a l  n u t r i e n t  va lue  of manure may be 
recovered.  TO recover  a  h ighe r  pancent ,  o t h e r  c o s t s  such as s t o r a g e  ox l and  
d i v e r s i o n  a r e  i ncu r red ,  and t h e s e  w i l l  u s u a l l y  exceed t h e  va lue  of t h e  
a d d i t i w a l  n u Q r i e n t  zeesvery .  

(7 )  Manure a p p l i c a t i o n  r a t e s :  Bor t a n k  wagons, t h e  t r a n s p o r t a t i o n  c o s t s  
a r e  f a i r l y  mall. Thus, i t  w i l l  g e n e r a l l y  pay t o  apply  a t  r a t e s  f o r  normal 
c rop  f e r t i l i z a t b n  i w t c a d  a f  a t  exces s ive  r a t e s .  The i n c e n t i v e s  f o r  exces- 
s i v e  a p p l i c a t i a n s  a r e  where land  is  l i m i t e d  o r  where l and  d i v e r s i o n  away 
from t h e  most p r o f i t a b l e  c rop  would be r equ i r ed .  The economic a p p l i c a t i o n  
rates w i l l  o f t e n  be t h o s e  meeting any one o r  two (out  of t h r e e )  n u t r i e n t  
needs,  even f o r  o p e r a t i o n s  a s  l a r g e  a s  400,000 l b s  l i vewe igh t .  For a n  
i r r i g a t i o n  system, t h e  economic ra tes  of a p p l i c a t i o n  a r e  g e n e r a l l y  t h o s e  
meeting two o r  a l l  t h r e e  of t h e  n u t r i e n t  needs. Diversion c o s t s  could  tend 
t o  encourage excess ive  a p p l i c a t i o n s ,  bu t  because d i v e r s i o n  c o s t s  pe r  a c r e  
a r e  u s u a l l y  sma l l ,  and because lagoon s t o r a g e  pe rmi t s  s t o r a g e  f o r  s e v e r a l  
months, t h i s  i n c e n t i v e  is smal l .  

The above canc lus ions  apply  t o  s p e c i f i c  components of waste  management 
systems,  b u t  i n  o r d e r  t o  canpare a l t e r n a t i v e  systems f o r  hog o p e r a t i o n s ,  t h e  
v a r i o u s  systems and system components should be eva lua ted  i n  an o p t i m i z a t i o n  
model. A mathematical  i n t e g e r  l i n e a r  programming model was developed t o  
determine c o s t s  a f  t h e  v a r i o u s  manure management systems and t h e  r e t u r n s  
from v a r i o u s  croppang and a p p l i c a t i o n  schedule  a l t e r n a t i v e s ,  and t o  choose 
t h e  op t ima l  or l e a s t - c o s t  system. The programming model w a s  used t o  
e v a l u a t e  only  a  mall number of  a n a l y s e s ,  but  such a  model could e f f i c i e n t l y  
e v a l u a t e  hundreds of a l t e r n a t i v e s .  Based upon the smal l  number of  ana lyses  
which were conducted, t h e  fo l lowing  c m l u s i o n s  r e s u l t e d :  

(1) The cos t - e s t ima te s  sugges t  t h a t  almost a l l  o p e r a t i o n s  should u s e  
a lagoon and i r r i g a t i o n  i n  p re fe rence  t o  hau l ing  naanure wi th  t a n k  wagons. 
A l a r g e  o p e r a t i o n  g r e a t e r  than  200,000 l b s  l iveweight  w i th  l i t t l e  d i l u t i o n  
of  t h e  r a w  manure could  have a c o s t  advantage f o r  u s ing  t a n k  wagons, bu t  i t  
would be  smal l ,  about  4 ccnts /100  l b s  l iveweight  marketed, and would o f t e n  
he cons idered  i n s i g n i f i c a n t  t o  t h e  advantages of lagoons such a s  added 
f l e x i b i l i t y  and l e s s  f r e q u e n t  l a b o r  needs.  A s  a gene ra l  recommendation, a l l  
t o t a l l y  roofed  hog o p e r a t i o n s  i n  North Caro l ina  should ,  i f  g iven  t h e  cho ice  
of f l o o r i n g  t y p e  and manure d i s p o s a l  f a c i l i t i e s ,  choose a  t o t a l l y  s l a t t e d  
f l o o r  and a  l a g o o n - i r r i g a t i o n  syseern, the l a t t e r  most cornmanly be ing  a 
p o r t a b l e  coiwenticanal s p r i n k l e r  l i n e  system. 
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CO AT IONS 

1. E f f o r t s  should cont inue  t o  improve t e c h n i c a l  and c o s t  in format ion  f o r  
swine manure management systems. More r e sea rch  d a t a  is  needed on 
n u t r i e n t  l o s s e s  f o r  va r ious  lagoon types  and management schemes and 
on n u t r i e n t  l o s s e s  dur ing  s t o r a g e  and l and  a p p l i c a t i o n .  Also,  t h e  
organic  n i t r o g e n  a v a i l a b i l i t y  r a t e  and n i t r o g e n  leaching  l o s s e s  should 
be b e t t e r  i d e n t i f i e d .  B e t t e r  information on t h e  amounts of n u t r i e n t  
l o s s e s  a r e  needed n o t  on ly  f o r  t h e  economics, bu t  a l s o  t o  e v a l u a t e  
p o s s i b l e  environmental impact on water  q u a l i t y .  

2. More c o s t  comparisons f o r  a l t e r n a t i v e  systems should be made. The type  
s f  op t imiza t ion  model developed i n  t h i s  p r o j e c t  h a s  much p o t e n t i a l  bu t  
on ly  a  few ana lyses  were conducted i n  t h i s  s tudy.  Fur ther  s e n s i t i v i t y  
a n a l y s i s  of t h e  model t o  va r ious  f a c t o r s  should a l s o  be conducted, 

3 .  The environmental c o s t s  of some d e c i s i o n s  must be included t o  f u l l y  
e v a l u a t e  t h e  a l t e r n a t i v e s .  For example, wi th  inadequate  land f o r  apply- 
i n g  manure n u t r i e n t s  a t  normal crop f e r t i l i z a t i o n  r a t e s ,  t h e  choice  i s  
t o  buy more land  o r  t o  apply  n u t r i e n t s  a t  exces s ive  r a t e s ,  t h e  envirsnmen- 
t a l  c o s t  of which *is d i f f i cu l f z  t o  a s s e s s .  

4.  Technical  and c a s t s  d a t a  should be obta ined  and economic comparisons of  
manure management systems f o r  o t h e r  l i v e s t o c k  and p o u l t r y  systems should 
be conducted i n  o rde r  that l i v e s t o c k  and p o u l t r y  producers  can adequately 
e v a l u a t e  t h e  a l t e r n a t i v e s  a v a i l a b l e  f o r  manure management, and a l s o  t o  
r e a l i z e  t h e  oppor tun i ty  c o s t s  of choosing a  poor system o r  us ing  a 
system inappropr i a t e ly .  The oppor tuni ty  c o s t s  of  wast ing n u t r i e n t s  
p a r t i c u l a r l y  needs f u r t h e r  eva lua t ion .  
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Z * 

1.1 General Pe r spec t ives  
S ince  t h e  advent of r e a d i l y  a v a i l a b l e ,  e a s i l y  a p p l i e d ,  cheap commercial 

f e r t i l i z e r ,  animal manure has gene ra l ly  been considered t o  be a  waste pro- 
duc t  t o  be disposed of as cheaply as poss ib l e .  Often,  d i s p o s a l  has been 

I synonymous wi th  d i r e s t  d i scha rge  i n t o  a s tream. Three t r ends  have necess i -  
t a t e d  a r e a p p r a i s a l  s f  t h e  manure d i s p o s a l  ques t ion .  F i r s t ,  t h e  t r e n d  to-  
wards more and l a r g e r  confinement animal product ion  ope ra t ions ,  inc luding  
swine, has  meant t h a t  l a r g e r  q u a n t i t i e s  of more l o c a l i z e d  manme have t o  be 
d i s s i p a t e d .  Extensive r e s e a r c h  i n d i c a t e s  t h a t  hogs produce manure a t  a  r a t e  
of 1 U . S .  g a l . f l 0 0  l b s  l iveweigbt lday ,  approximately, so  t h a t  a  hog opera-  
t i o n  c a r r y i n g  P00,000 l b s  l iveweight  on t h e  average w i l l  produce about 
365,000 g a l .  of s a w  l i q u i d  manure p e r  year .  P r a c t i c a l  exper ience  a s  re- 
por ted  by George (1975) sugges t s  t h i s  volume may be increased  from 2 t o ' 8  
f o l d  through leaky  wa te re r s  and shed c l ean ing  ope ra t ions .  The opera t ion .  
c a r r y i n g  100,000 l b s  Ikveweight may have t o  d i s s i p a t e  as much a s  1,470 
tons  of l i q u i d  manure per  y e a r ,  o r  4 t o n s  pe r  day. 

The second s i g n i f i c a n t  t r end  is  t h e  p u b l i c ' s  growing environmental 
awareness,  and concern. The developing,  and changing, p re fe rences  of s o c i e t y  
have been towards a c l e a n e r  environment. Consequently, t h e  s o c i a l  c o s t s  of 
stream d i s p o s a l ,  and o t h e r  uncontroLled forms of d i s p o s a l ,  have r i s e n  s i g n i -  
f i c a n t l y  compared t o  t h e  p r i v a t e  c o s t s  i ncu r red  by the  producer t o  t h e  po in t  
where governmental s e g u l a t i o n s  have been introduced t o  c o n t r o l  manure d i s -  
posa l .  

A t h i r d  t rend  has  been t h e  move towards conserva t ion  o f , e n e r g y ,  born 
. l a r g e l y  of t h e  r a p i d  r i s e  i n  o i l  p r i c e s  i n  1973. The repercuss ions  of t h e  

o i l  p r i c e  r i s e  included rises in p r i c e s  of o t h e r  energy sources ,  Gonmercial 
f e r t i l i z e r  p r i c e s  were no t  exempt, and al though they  have dec l ined  from a 
peak i n  1975, they  remain h igher  t han  they  had been f o r  many years .  The 
h igher  p r i c e s ,  and a n  awareness of t h e  p o s s i b i l i t y  of  energy sho r t ages  have 
con t r ibu ted  t o  a reassessment  of t h e  manure d i s p o s a l  ques t ion ,  

Manure can  no longer be cursorily dismissed a s  waste .  Its economic 
p o t e n t i a l  as a n  energy and b i o l o g i c a l  food source  must be considered.  In  
t h i s  volume, t h e  w r i t e r  r e p o r t s  on an a t tempt  t o  ana lyze  one aspec t  of t h e  
economics of manure u t i l i z a t i o n ,  namely choosing economical, s o c i a l l y  
accep tab le  methods of Band a p p l i c a t i o n  of  manure produced i n  confinement 
hop ope ra t ions .  

1.2 General Objec t ives  of  t h e  Analys is  
An obvious means of d i s s i p a t i n g  manure is  t o  r e c y c l e  it by a p p l i c a t i o n  

t o  l a n d  as was t h e  p r a c t i c e  p r i o r  t o  t h e  widespread usage of commercial 
f e r t i l i z e r .  Manure s u p p l i e s  s u b s t a n t i a l  amounts of t h e  primary p l a n t  
n u t r i e n t s  n i t rogen  ( N ) ,  phosphorus ( P ) ,  and potassium ( K ) ,  and s i g n i f i c a n t  
q u a n t i t i e s  of t r a c e  minera ls .  Add i t i ona l ly ,  i t  provides  s o i l  o rganic  ma t t e r  
which c o n t r i b u t e s  t o  improved t i l t h ,  s t r u c t u r e ,  water  holding capac i ty ,  and 
gene ra l  s o i l  cond i t i on .  The disadvantages  of d i s s i p a t i n g  manure by land 
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application I b e  i n  the p o t e n t i a l  f o r  build-up of s o i l  sa l t ,  pathogen, and 
metal  concen t r a t ions ,  t h e  p o t e n t i a l  f o r  p o l l u t i o n  of s t reams through runoff  
and l each ing ,  t h e  p o t e n t i a l  f o r  malodors,  and h igh  l a b o r  and ope ra t ing  c o s t s .  

A l t e r n a t i v e s  t o  land a p p l i c a t i o n  inc lude  r ecyc l ing  t h e  manure a s  a  
n u t r i e n t  source  i n  va r ious  b i o l o g i c a l  systems. Manure can be r e f e d  t o  hogs, 
o r  t o  o t h e t  mammals, t o  f i s h ,  t o  a l g a e ,  o r  t o  more advanced a q u a t i c  p l a n t s .  
P r i o r  t o  d i s p o s a l ,  t h e  manure can  be t r e a t e d  i n  a  v a r i e t y  of ways, e i t h e r  
t o  d e l i b e r a t e l y  e x t r a c t  some u s e f u l  product ,  e .g . ,  methane gas ,  o r  t o  a i d  
i n  d i s s i p a t i n g  p o t e n t i a l l y  troublesome elements ,  e.g., N. 

Despi te  t h e  numerous a l t e r n a t i v e s ,  and c o m b i n a t i ~ ~ s  of  a l t e r n a t i v e s ,  
d e c i s i o n s  a t  t h e  swine producer l e v e l  have t o  be made between a l t e r n a t i v e s  
which a r e  c u r r e n t l y  f e a s i b l e  and p r a c t i c a l .  For most confinement hog pro- 
duc t ion  ope ra t ions ,  t h e  only  op t ion  i s  t o  i n s t a l l  f a c i l i t i e s  f o r  l a n d  a p p l i -  
c a t i o n  of manure. Lack of knowledge, a t  t h e  s c i e n t i f i c  and eng inee r ing  
l e v e l s  as w e l l  as a t  t h e  product ion l e v e l ,  p rec ludes  t h e  widespread adop- 
t i o n  of more novel  technology a t  t h i s  t ime,  There a r e  s t i l l  many d e c i s i o n s  
t o  be made by t h e  producer even when t h e  only op t ion  is t o  apply  t h e  manure 
t o  land. Decis ions  have t o  b e  made about s t o r a g e ,  handl ing,  t r ea tmen t ,  and 
methods, rates and t imes  of a p p l i c a t i o n s .  It is towards t h e s e  d e c i s i o n s  
t h a t  t h i s  s tudy  i s  o r i e n t e d ,  w i th  t h e  o v e r a l l  aim being t o  p rov ide  meaning- 
f u l  economic informat ion  t o  a s s i s t  t h e  hog producer i n  making d e c i s i o n s  
about  l and  a p p l i c a t i o n  based manure handl ing  f a c i l i t i e s  and p r a c t i c e s .  
Basic  o b j e c t i v e s  of  t h e  s tudy  a r e :  

(1) t o  i d e n t i f y  t h e  major f a c i l i t i e s ,  t r ea tmen t s ,  and a p p l i c a t i o n  
o p t i o n s  f o r  l i q u i d  manure; and, where r e l e v a n t ,  t o  provide  
e s t ima te s  of t h e  investment and ope ra t ing  c o s t s  of t h e s e  i t e m s ;  

(2) t o  determine t h e  opt imal  f a c i l i t i e s  f o r  land a p p l i c a t i o n  of 
manure, and t h e  i d e a l  u se  of t hose  f a c i l i t i e s ,  f o r  important  
c a t e g o r i e s  of North Caro l ina  confinement hog product ion 
ope ra t ions ;  

(3)  t o  e s t i m a t e  t h e  c o s t s  of  d i s s i p a t i n g  swine manure i n  a s o c i a l l y  
accep tab le  way; and t o  i d e n t i f y  d i f f e r e n c e s  i n  c o s t s  between 
a l t e r n a t i v e  hog product ion o p e r a t i o n s  and s i z e s  of ope ra t ion ;  

( 4 )  t o  i n v e s t i g a t e  t h e  economic s e n s i t i v i t y  of d e c i s i o n s  r e l a t i n g  
t o  manure d i s s i p a t i o n .  

I n  pursuing t h e s e  o b j e c t i v e s ,  va luab le  information i s  genera ted  t o  a i d  
both  hog producers  i n  making d e c i s i o n s  about manure d i s s i p a t i o n ,  and re- 
sea rche r s  engaged i n  manure d i s p o s a l  s t u d i e s  i n  dec id ing  on d i r e c t i o n s  f o r  
f u t u r e  r e sea rch .  
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1 . 3  Methodology 
Manure management is  b u t  one component of t h e  management system f o r  

a hog product ion ope ra t ion .  Decis ions made i n  t h e  former n e c e s s a r i l y  
a f f e c t  t hose  i n  she l a t t e r ;  and v i c e  ve r sa .  To t h i s  e x t e n t ,  a whole-farm 
systems approach i s  needed i n  ana lyz ing  t h e  manure d i s s i p a t i o n  problem. 
I n t e r a c t i o n s  between f l o o r i n g  type ,  c l ean ing  p r a c t i c e s  and r a t e  of 
bodyweigbt g a i n ,  o r  f eed ing  r a t i o n s  and manure composition could then  be 
s tud ied .  However, recogniz ing  t h e  i n f i n i t e  complexity of  t h e  r e a l  world, 
and t h e  n e c e s s i t y  t o  c u r t a i l  t h e  a n a l y s i s  a t  some p o i n t ,  t h e  p re sen t  
s tudy  concen t r a t e s  on t h e  ques t ion  of what t o  do wi th  t h e  manure t h a t  i s  
produced by a  confinement hog ope ra t ion .  The supply s i d e  of t h e  manure 
ques t ion  is ignored beyond recogniz ing  t h a t  some d i f f e r e n c e s  i n  manure 
concen t r a t ion  and volume occur  wi th  d i f f e r e n t  types  of hog ope ra t ions  and 
d i f f e r e n c e s  i n  shed cons t ruc t ion  and c l ean ing  p r a c t i c e s .  

Since t h e  emphasis i n  t h i s  s tudy  i s  on he lp ing  and adv i s ing  hog pro- 
ducers  about  manure d i s s i p a t i o n  d e c i s i o n s ,  a  normative d e c i s i o n  a n a l y s i s  
is cons t ruc t ed  and manipulated t o  y i e l d  opt imal  d e c i s i o n s  by syn thes i s .  
An a l t e r n a t i v e ,  d e s c r i p t i v e  mode of a n a l y s i s ,  based on surveys of e x i s t i n g  
manure d i s s i p a t i o n  systems was deemed u n s u i t a b l e  because i t  would se rve  
only  t o  d e s c r i b e  what i s  done ow farms,  not what should be  done. 

The main model used i s  a  mathematical programming model, i n  which 
l i n e a r  equa t ions  a r e  used t o  r ep re sen t  engineer ing  and economic r e a l i t y .  
Models of t h i s  t ype  enable  many a l t e r n a k i v e  f a c i l i t i e s ,  and t h e i r  modes 
of usage, t o  be e f f i c i e n t l y  examined and compared t o  y i e l d  an opt imal  sys- 
tem of manure d i s s i p a t i o n .  Unnecessary i s o l a t i o n  of t h e  manure management 
system and excess ive  prede termina t ion  s f  d e c i s i o n s  can thus  be avoided. 

I n  a d d i t i o n  t o  t h e  main model, s e v e r a l  sma l l e r  s u b s i d i a r y  models a r e  
used t o  compute va r ious  c o s t  and t e c h n i c a l  c o e f f i c i e n t s  f o r  use  i n  t h e  main 
model. Examples i nc lude  t h e  model f a r  c a l c u l a t i n g  t h e  t ime and l a b o r  
requirements  f o r  spreading  l i q u i d  manure wi th  a  tank  wagon, and t h e  model 
f o r  determining t h e  n u t r i e n t s  made a v a i l a b l e  by a  manure a p p l i c a t i o n ,  

The r e l a t i o n s h i p s  incorpora ted  i n  t h e  model a r e  mainly t e c h n i c a l  ones,  
d e f i n i n g  t h e  r e s t r i c t i o n s  on t h e  hog producer i n  t he  p u r s u i t  of h i s  goa ls .  
It is assumed t h a t  t h e  hog producer is  p r o f i t  motivated,  d e s i r i n g  t o  
minimize t h e  n e t  c o s t  of manure d i s s i p a t i o n ,  o r  e q u i v a l e n t l y ,  t o  maximize 
t h e  n e t  r e t u r n s  t o  manure and h i s  management of i t ,  The producer i s  
assumed t o  he a  p r i c e  t a k e r  f o r  h i s  i n p u t s  and o u t p u t s .  That is ,  t h e  
supply and demand curves  t h a t  t h e  i n d i v i d u a l  producer f a c e s  a r e  assumed t o  
be p e r f e c t l y  e l a s t i c ,  For many goods, e , g . ,  corn seed ,  t h i s  assumption i s  
very  reasonable ,  For o t h e r s ,  e , g . ,  an hour of co rn  p l a n t e r  ope ra t ion ,  it 
may be quest ioned.  For machinery, t h e r e  i s  o f t e n  a f i x e d  c o s t  component 
(e .g . ,  d e p r e c i a t i o n )  independent of annual  hours of use.  Machinery c o s t s  
would be independent of t h e  t o t a l  annual usage of t h e  machine i n  manure 
d i s s i p a t i o n  a c t i v i t i e s  i f  t h e  produces only  h i r e d  t h e  s e r v i c e s  of t h e  
machine i n  a  p e r f e c t l y  compet i t ive  market,  r a t h e r  than  owning h i s  own 



maohdtia, atla wbuld Bw 4 * ; i , p \ a ; " " ~  k j  mDt u L * *  indsaaadawaE: 9.5 rhe prkfcr~ducer engaged i n  
a l a r g e  commercial farmins s p e r s t i n n  i n  a d d i t i o n  t~ h i s  manure d i s s i p a t i o n  
program, Details o f  ~TIC~R b ad cosc calculations are given later. 

A major psobhefi 2.2 a;! ?r:.s;.mnFc anaalys:"~ of  waste management i s  t h e  
divergence o f  the a x f a ? .  C ; : E C ~  and. p r i v a t e  c0s~r.s of waste  management 
p r a c t i c e s .  For khe p o l i c y  makol: , t h e  prcbl.en seems more complex than  many 
o t h e r  e x t e m a l t t y  p r a S 1 ~ m ,  Ae-auss the e x t e r n a l i t i e s  a s soc i a red  w i t h  
manure d i s s ipa t ion .  aye  :nr~l.r:h-.dirnortsio.t11 s t ream p o l l u t i o n ,  ground water  
p o l l u t i o n ,  po t e n ~ b k l .  2est.rr:c f:ion o f a ?and  x:esouree, odors ,  and h e a l t h  
e f f e c t s ,  Some s f  these sEf~2crs are d a f f i c u l t  to q u a a t i f y .  Moreover, t h e  
e x t e n t  of t h e  externalikies i s  h i g h l y  va~iable, depending on t h e  weather  - 
r a i n f a l l ,  wind direction , c" k ~ ! . ' ~ s p t ~ x i ~ ~  ~ D ~ ~ B C I O T I S ,  With t h e  m u h i p l e  
dimensions, t h e  var i&hl l . i cy  and tire d i f f  fic.aal.ty of  measuring t h e  e f f e c t s ,  
how is  a p o l i c y  making bodjr i o  ii?i:mse mxes or s u b s i d i e s  t o  c o n t r o l  po l lu-  
t i o n  o r  t o  sel l  r i g h i x  ca p o l l u t e ,  or  c o  def ine  accep tab le  p r a c t i c e s ?  
Although economists wcsuld g e n e r a l l y  p r e f e r  t o  impose t a x e s  t o  induce t h e  
p o l l u t e r  t o  switch Lo mare soeia3.1-y acceptabl.e p r a c t i c e s  or t o  c r e a t e  a  
market f o r  poPlrrti.on r i g h t s ,  the  c a m p l e r c i t y  of the manure: d i s s i p a t i o n  
problem would seem t o  hnecessli;cbls t h e  w e  of bread r e g u l a t i o n s  i n s t e a d ,  
w i th  i n d i v i d u a l  eases of p o l l u t i o n  being t r e a t e d  s e p a r a t e l y  i n  g r e a t e r  
d e t a i l  on t h e i r  own d e m z r i z s ,  

Current  r e g u l a t i m s  eniasrate from t h e  Agr i c~a l tu ra1  and Consumers Protec-  
t i o n  Act (19731, and f rom P u b J i c  Law 92-500. Provis ions  f o r  f e e d l o t  opera- .----- 
t i o n s  i n  t h e  l a t t e r  arc 1rraple.aneatr;d by che Environmental P r o r e c t i o n  Agency 
through i ts  regulak;ir:ns fa>;: :-.I.,.? Nat ten2 1- Poll.uten"bDischarge EPiminat i on  
System as  p ~ h l i s k k ~ d  i r  rhe Per?ernl Regisfier (1976),  Fn essence, t h e s e  
r e g u l a t i o n s  recj~aire tha? a hop producer obta in  a permi t  if they  both  (a)  
o p e r a t e  a concent ra ted  animal  feeding  operation in which animals  a r e  can- 
f i n e d  at: such d e n s i t i e s  Por 45 d a y s  or nore L n  any 1 2  months s o  as t o  pre- 
yent  normal p l a n t  growth; and ? b )  hidye e i ther  2590 hogs c a p a c i t y  and d i s -  
charge p o l l u t a n t s ,  or 750 hogs c ~ p a ~ ~ t y  8 ~ d  d i scha rge  p o i l u t a n t s  d i r e c t l y  
t o  s t reams,  provided thas: %hes~3 diaellmrges occur i n  cases o t h e r  t han  i n  a 
25-year, 24-hour storm o r  greater s!:orw event, Permi ts  may a l s o  be re- 
qu i r ed  f o r  smaller ope ra t ions  9f an-sire f i e l d  i n spec t ion  by a p p r o p r i a t e  
o f f i c e r s  sugges t s  the need f o r  a p e ~ m i c ,  

Acceptable  practices m-2 l oose ly  i d e n t i f i e d  i n  t h e  p re sen t  s tudy .  By 
f o r c i n g  a l l  manure t o  h e  dissipated iultimately) through land a p p l i c a t i o n ,  
d i r e c t  s t ream discharge i s  pravented ,  IJitla regard t o  l and  a p p l i c a t i o n ,  
d i f f e r e n t  op t  i o n s  r,ms5&ered ~ r t s v i d e  differing amaunts of odor c o n t r o l .  
S imi l a r ly ,  d i f f e r e n t  pretreatmenrs a f f e c t  odor l e v e l s .  .Although t h e s e  
odor e f f e c t s  a r e  nag qkeaot.l.fied, 3,- exp'? . lc i t ly  considered i n  t h e  a n a l y s i s ,  
e s t i m a t e s  a r e  made of  t h e  ctsszs of V X ~ ~ O U S  p r a c t i c e s ,  and t h e s e  could be 
i n t e r p r e t e d  as some g u k d ~  %I-: t h e  c o s i s  cf odor c o n t r o l ,  The b e n e f i t s  o f  
t h a t  c o n t r o l  a r e  not  assesced,, F i c a l l y ,  there  are many p o s s i b l e  r a t e s  and 
t imes  at which manure could  i,e app l i ed  tc Rand, Not all o f  t h e s e  would be  



environmental ly  a ~ c e p ~ a b l e ,  aitheugh wP~at i s  ascepcsble has no t  y e t  been 
s n t a l  s e i a n t i s t s .  I n  t h e  a n a l y s i s ,  r a t e s  which a r e  

obviously s o  h igh  a s  t o  cause p o l l u t a n t  d i scha rge  t o  s t reams a r e  not  consi-  
dered a s  f e a s i b l e  r a t e s .  Other than  t h i s ,  no s e r i o u s  a t tempt  is  made t o  
d e f i n e  environmental ly  accep tab le  r a t e s .  In s t ead ,  t h e  economic a n a l y s i s  i s  
allowed t o  r e v e a l  t h e  economically p r e f e r r e d  r a t e s  and t i m e s  of a p p l i c a t i o n .  
These p r e f e r r e d  p r a c t i c e s  a r e  then  a s ses sed  i n  terms of t h e i r  environmental 
a c c e p t a b i l i t y ,  and compliance w i t h  t h e  c u r r e n t  r e g u l a t i o n s .  

1 .4 North Caro l ina ' s  Confinement Hog Operat ions and Manure Di s s ipa t ion  
A l t e r n a t i v e s  

Confinement hog f a c i l i t i e s  range  from fenced p a s t u r e s ,  t o  open l o t s  ( d i r t  
o r  conc re t e  base ) ,  t o  f u l l  housing (concre te  o r  s l a t t e d  f l o o r s ) .  The most 
common systems a r e  p a s t u r e s  and l o t s .  Overcash and Humenik (1976), i n  a n  
a n a l y s i s  of a 1974 Extension Swine Survey of North Caro l ina  hog producers ,  
es t imated  t h a t  57% of o p e r a t i n g  u n i t s  were open Lo t s ,  23% were p a s t u r e s ,  13% 
were s o l i d  conc re t e  f l o o r s ,  and 7% involved s l a t t e d  f l o o r s .  On a hog b a s i s ,  
t h e  corresponding percentages  were 41% (pas tu re  and l o t s  combined), 28% 
( s o l i d  conc re t e  f l o o r )  and 31% ( s l a t t e d  f l o o r s ) .  C lea r ly ,  t h e  more numerous 
p a s t u r e  and open l o t  o p e r a t i o n s  send t o  be  sma l l e r  i n  capac i ty  t han  t h e  
housed hog ope ra t ions .  F u r t h e r ,  s i n c e  housing o p e r a t i o n s  u s e  h ighe r  l i v e -  
w e i g h ~ / a r e a  d e n s i t i e s  than  t h e  p a s t u r e  and open l o t  ope ra t ions ,  t h e  p o t e n t i a l  
was te  management problems a r e  g r e a t e s t  i n  housed hog ope ra t ions .  

The major hog product ion o p e r a t i o n s  i n  use  i n  North Caro l ina  a r e  i d e n f i -  
f i e d  i n  Table 1. Operat ions d i f f e r  i n  t h e i r  l o c a l e  (Coastal  P l a i n ,  Piedmont, 
and Mpuntains),  i n  t h e i r  t ype  ( f eede r  p i g  f i n i s h i n g  (FPF), f eede r  p i g  
product ion (FPP), and farrow t o  f i n i s h  (FTF)), and i n  t h e i r  f a c i l i t i e s  and 
p r a c t i c e s .  Di f fe rences  occur  i n  f l o o r i n g  ( p a s t u r e ,  d i r t ,  conc re t e ,  p a r t i a l  
s l a t s ,  and t o t a l  s l a t s ) ,  i n  roof cover  (none, a t h i r d ,  and t o t a l ) ,  i n  ven t i -  
l a t i o n  ( forced  o r  n o t ) ,  i n  t h e  u s e  of summer fogge r s  (yes  o r  no ) ,  and i n  
f l o o r  c l ean ing  (none, s c rape ,  and wash),  On t h e  b a s i s  of f a c i l i t i e s  and 
p r a c t i c e s ,  t h e r e  a r e  16  a l t e r n a t i v e  product ion  systems. Each of t h e s e  can 
be adopted i n  any of t h e  t h r e e  l o c a l e s ,  w i t h  any o f  t h e  t h r e e  types  of 
ope ra t ion ,  g iv ing  a t o t a l  of 144 systems. I n  p r a c t i s e ,  some of t h e s e  systems 
may he r a r e  o r  non-exis tent ,  I n  t h e  f i r s t  p l ace ,  hog product ion  i n  North 
Caro l ina  occu r s  mainly i n  t h e  Coas ta l  P l a i n ,  and t o  a l e s s e r  e x t e n t  i n  t h e  
Piedmont. The Mountain a r e a  has  r e l a t i v e l y  few hogs, Esr imates  r epo r t ed  i n  
N. C .  A g r i c u l t u r a l  S t a t i s t i c s  (1978) f o r  t o t a l  hogs on farms a t  December 1, 
1976, are 1,525,000 f o r  t h e  Coas ta l  P l a i n ,  365,700 f o r  t h e  Piedmont, and 
49,600 f o r  t h e  Mountain. Second, most of North C a r o l i n a ' s  hog o p e r a t i o n s  are 
far row- to- f in i sh  o r  f i n i s h i n g  ope ra t ions .  Feeder p i g  product ion i s  l e s s  
s i g n i f i c a n t .  Third,  a n  i t em such a s  summer foggers  w i l l  be l e s s  common i n  
t h e  coo le r  mountain a r e a  than  i n  t h e  warmer c o a s t a l  reg ions .  On t h e  o t h e r  
hand, t h e r e  are o t h e r  systems i n  a d d i t i o n  t o  t hose  a l r e a d y  i d e n t i f i e d .  The 
fa r row- to- f in i sh  o p e r a t i o n ,  f o r  example, u sua l ly  i nvo lves  s e v e r a l  houses,  
i n  some of which a s l a t t e d  f l o o r  i s  used,  and i n  o t h e r s  a s o l i d  conc re t e  
f l o o r .  There are obvious1.y many such combinations. For t h e  purposes of 
t h i s  s tudy ,  each  type  of o p e r a t i o n  i s  represented  by only one t y p i c a l  set-up. 
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I 
1 2 X X X X X 10 11 12 13 I4 15 16 17 18 X 

1 3 X X X X X 19 20 21 22 23 24 25 26 27 X X 

I 4 X X X X X 192021 222324 252627 X X 

1 5 X X X X 
I 

X 28 28 28 29 29 29 30 30 30 X 

6 
I 

X X X X X 28 28 28 29 29 29 30 30 '30 X 

i Q. 7 X X X X X 31 31 31 32 32 32 33 33 33 X X 

8 X X X X X 31 31 31 32 32 32 33 33 33 X X 

9 X X X X X 31 11 31 32 32 32 33 33 33 X X 

10 X 
1 

X X X X 28 28 28 29 29 29 30 30 30 X 

I 11 X X X X X 28 28 28 29 29 29 30 30 30 x 

I 12 X X X X X 28 28 28 29 29 29 30 30 30 
I X 

I 
13 X X X X X 28 28 28 29 29 29 30 30 30 

I X 

I 14 X X X X 
I 

X 28 28 28 29 29 29 30 30 30 X 

I 15 X 
I 

X X X X 28 28 28 29 29 29 30 30 30 X 

16 
1 

X X - x - ~ -  X X 28 28 28 2929 29 30 30 30 
% t & x < - i G d y  o f  t a b l e  a r e  iwrnlre t y p e  numbers. See T a b l e  2. 

I 
X- 

b F ~ ~  Weeder P l g  F l n l s l ~ i n g ) .  FIT (Feeder P l g  P r o d w t i o n ) .  and FW (Farrow t o  F l n b L ) .  
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F i n a l l y ,  f o r  each  
s i z e  of ope ra t ion  
l a t t e r  depends on 
of wa te re r s ,  

of t h e  systems a l r e a d y  i d e n t i f i e d  t h e r e  is a whole range of 
( c a p a c i t y ) ,  and a  range of manure volumes produced. The 
t h e  e x t e n t  of f l o o r  washing, fogger  u se  and t h e  cond i t i on  

Despi te  t h e  many product ion o p e r a t i o n s ,  t h e r e  a r e  only  a  few types  of 
I 

manure produced. A t  a  very  c rude  l e v e l ,  t h e  manure produced by a  hog opera- 
t i o n  i s  i n  one of t h r e e  forms: l i q u i d ,  s o l i d ,  and both ,  For manure manage- 
ment, t h e  c r i t i c a l  s p e c i f i c a t i o n s  of manure a r e  i t s  form, t h e  t o t a l  volume o r  
amount produced, t h e  t ime p a t t e r n  of product ion and t h e  amounts of n u t r i e n t s  
and o t h e r  e lements  i n  t h e  manure. Ignor ing  volume and d i l u t i o n  e f f e c t s ,  
t h e r e  a r e  only  33 manure types  produced by North Caro l ina ' s  hog ope ra t ions .  
These a r e  l i s t e d  i n  Table 2. The manure type  r e l e v a n t  f o r  any p a r t i c u l a r  
hog ope ra t ion  i s  r epor t ed  i n  Tzble 1, A producer w i th  a  given manure type  
has  a  s e t  of broad a l t e r n a t i v e  ways of d i s s i p a t i n g  t h e  manure. The a l t e r n a -  
t i v e s  comprising t h i s  d i s s i p a t i o n  p r a c t i c e s  oppor tuni ty  s e t  i nc lude  s to rage ,  
p re t r ea tmen t ,  t r a n s p o r t ,  a p p l i c a t i o n ,  and cropping a l t e r n a t i v e s .  For s t o r a g e  
of  l i q u i d  manure, t h e r e  a r e  s i x  in-house p i t  arrangements,  namely p a r t i a l  slats 
and t o t a l  s l a t s  p i t s  f o r  each of t h e  t h r e e  types  of  hog production. These a r e  
d i s t i n g u i s h e d  from each o t h e r  because t h e i r  construct i .on d i f f e r s ,  s o  t h a t  
c o s t s  and amounts of s t o r a g e  d i f f e r .  A lagoon can a l s o  be  used f o r  s to rage .  
A lagoon a l s o  performs a  pre t rea tment  func t ion .  When a lagoon i s  f e a s i b l e ,  
s e v e r a l  s p e c i f i c a t i o n s  a r e  p o s s i b l e ,  These a r e  def ined  l a t e r .  Lagoons a r e  
d i f f e r e n t i a t e d  by reg ion  s i n c e  t h e i r  c o n s t r u c t i o n  and c o s t s  can vary  wi th  
topography. Transport  of l i q u i d s  can  be by t a n k  wagon (of which s e v e r a l  s i z e s  
a r e  a v a i l a b l e ) ,  o r  by a n  i r r i g a t i o n  system ( s e v e r a l  types  can be used) ,  t h e  
l a t t e r  be ing  used f o r  lagoon e f f l u e n t s ,  and t h e  former f o r  l i q u i d  manure prop- 
e r .  Tank wagon use  is  accompanied 'by t h e  u s e  of a pumping p i t  and t h e  
p o s s i b l e  use  of an i n j e c t o r .  Where t h e  s o l i d  form of manure is  produced, a  
s c rape r  and spreader  a r e  r equ i r ed .  F i n a l l y ,  t h e  manure can be app l i ed  t o  
crops.  Three oppor tun i ty  sets of crop e x i s t s ,  one f o r  each region.  Within 
each reg ion ,  t h e  choice  betweencrops w i l l  be determined by economic f a c t o r s .  

For any manure type  def ined  i n  Table 2 ,  t h e r e  is gene ra l ly  only one 
d i s p o s a l  p r a c t i c e s  oppor tuni ty  s e t .  For example, a  producer wi th  manure type  
1 has  t o  d i s s i p a t e  t h e  manure through a Coas ta l  P la in  lagoon, an  i r r i g a t i o n  
system and a  Coas ta l  P l a i n  cropping p lan .  For some manure types ,  however, 
t h e r e  a r e  s e v e r a l  corresponding oppor tun i ty  s e t s .  Hanure type  30, f o r  example, 
is  a s s o c i a t e d  wi th  t h r e e  oppor tun i ty  s e t s  depending on which reg ion  t h e  manure 
i s  produced i n .  I n  a l l ,  24 d i s p o s a l  p r a c t i c e s  oppor tuni ty  s e t s  can be 
i d e n t i f i e d  f o r  North Carol ina.  These a r e  de f ined  i n  Table 3 ,  whi le  t h e  
oppor tun i ty  s e t s  corresponding t o  each manure type  a r e  l i s t e d  i n  Table 2 .  

I n  a l l  t h e r e  a r e  6 3  manure type  - d i s s i p a t i o n  oppor tun i ty  s e t s  combina- 
t i o n s .  These combinations do not  i nc lude  volume and d i l u t i o n  e f f e c t s  on t h e  
manure type  s i d e ,  and l and  area r e s t r i c t i o n s  and o t h e r  r e s t r i c t i o n s  on t h e  
d i s s i p a t i o n  oppor tun i ty  s e t s  s i d e .  I n  r e a l i t y ,  t h e r e  a r e  any number of 
o p e r a t i o n s  when t h e s e  e f f e c t s  a r e  considered.  However, by s e l e c t i n g  a  repre-  
s e n t a t i v e  f i n i t e  s e t  of s i z e s  of ope ra t ions  (4 s a y ) ,  d i l u t i o n s  (3 s a y ) ,  and 
l and  a r e a  c o n s t r a i n t s  (3  s a y ) ,  a reasonably  complete a n a l y s i s  of t h e  hog 
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1,5 Scope of t h e  Analysis  
Not a l l  t h e  va r ious  manure type  - d i s s i p a t i o n  oppor tuni ty  s e t  combina- 

t i o n s  could be  examined i n  t h i s  s tudy.  Those t h a t  were examined a r e  l i s t e d  
l a t e r .  However, d e s p i t e  t h e  many combinations, t h e r e  i s  a  r e l a t i v e l y  small  
s e t  of c o s t  and t e c h n i c a l  d a t a  t h a t  is  r equ i r ed  f o r  t h e  a n a l y s i s  of a l l  t h e  
combinations. Mosr of t h i s  d a t a  i s  presented  i n  t h i s  r e p o r t .  Table  4 
i d e n t i f i e s  t h e  va r ious  d a t a  c a t e g o r i e s ,  and t h e  f i g u r e s  and t a b l e s  w i t h  t h e  
corresponding informat ion .  No d a t a  i s  presented  on i tems  r e l a t i n g  t o  s o l i d  
manure product ion  and d i s s i p a t i o n .  Also,  on ly  l i m i t e d  d a t a  is  presented on 
cropping a l t e r n a t i v e s  f o r  t h e  Piedmont and Mountains, and r e g i o n a l  v a r i a t i o n  
i n  n u t r i e n t  a v a i l a b i l i t y  is  noc presented .  The emphasis on t h e  Coastal  
P l a i n s  r eg ion  and t h e  l i q u i d  form of manure r e f l e c t s  t h e  g r e a t e r  manure 
d i s s i p a t i o n  problems encountered i n  t h e  numerous, l a r g e ,  f u l l y  housed hog 
ope ra t ion  i n  t h i s  reg ion .  

In  a d d i t i o n  $0 t h e  b a s i c  d a t a ,  a  programming model i s  presented .  This  
model can be used t o  determine t h e  opt imal  means of d i s s i p a t i n g  manure f o r  
a l l  t hose  North Caro l ina  hog ope ra t ions  which produce manure i n  t h e  l i q u i d  
form. 

2. Basic  Cost and Technical  Data f o r  Manure Management Analys is  

2 .1  C l ima t i c  Data 
C l ima t i c  v a r i a b l e s  impinge on manure management i n  s e v e r a l  d i r e c t  ways. 

The ch ie f  e f f e c t  is  t h e  n e t  a d d i t i o n  t h a t  p r e c i p i t a t i o n  can make t o  t h e  
t o t a l  volume of  manure. Any hog ope ra t ion  t h a t  i s  not  f u l l y  roofed w i l l  be 
a f f e c t e d  by r a i n f a l l .  Also any o u t s i d e  pre t rea tment  process ,  such a s  a  
lagoon, w i l l  b e  a s s o c i a t e d  w i t h  n e t  changes i n  manure volume a s  a  r e s u l t  of 
r a i n f a l l .  R a i n f a l l  can a l s o  a f f e c t  lagoon pre t rea tment  through a l t e r a t i o n  
of manure d e t e n t i o n  t imes,  and may l i m i t  o p p o r t u n i t i e s  f o r  l and  a p p l i c a t i o n .  
In  a d d i t i o n  t o  r a i n f a l l ,  temperatures  can a f f e c t  lagoon performance, bio-  
l o g i c a l  degrada t ion  being reduced as tempera tures  drop,  Humidity and wind 
p a t t e r n s  may o p e r a t e  t o  cau'se unacceptable  odors  from l and  a p p l i c a t i o n  o r  
lagoons, and can t h u s  s e r v e  t o  l i m i t  f e a s i b l e  opt ions .  

Most of t h e s e  e f f e c t s  a r e  ignored i n  t h i s  s tudy .  Only t h e  r a i n f a l l  
e f f e c t  on t o t a l  volume i s  accounted f o r  i n  t hose  i n s t a n c e s  where r e l e v a n t .  
Tahle 5 r e p o r t s  t y p i c a l  monthly p r e c i p i t a t i o n  and n e t  p r e c i p i t a t i o n  f i g u r e s  
f o r  each of t h e  t h r e e  reg ions .  

2 . 2  Three Types of Hog Product ion Operat ions 

2.2.1 The feeder -p ig- f in i sh ing  (FPF) ope ra t ion  
The FPF o p e r a t i o n  involves  a  monthly i n t a k e  of f eede r  p i g s  w i th  sub- 

sequent r e s a l e  114 days l a t e r .  The f eede r  p i g s  a r e  bought a t  50 I b s ,  (about 
72 days o l d )  and so ld  a t  220 l b s .  A 3% dea th  r a t e  i s  assumed. A t  any one 
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