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FORWORD 

The Environmental   Protect ion  Service,   Department   of   Fisher ies  

and  the  Environment,  and  the B.  C. Water and Waste Assoc ia t ion   presented  

a seminar a t  Harr ison Hot Springs,  B. C. i n   A p r i l   1 9 7 5  on s p r a y   i r r i g a -  

t i o n  of t r e a t e d  wastewater e f f l u e n t s .  A s  a r e s u l t  of t h e   i n t e r e s t  

generated by th i s   seminar ,   the   Envi ronmenta l   Pro tec t ion   Serv ice  and t h e  

Pol lut ion  Control   Branch,  B. C .  Water Resources  Service,  co-sponsored a 

seminar  on  October 29-31, 1975 i n   K e l o m a ,  B. C. on a l t e r n a t i v e s   f o r  

nu t r i en t   con t ro l .   Th i s  volume r e p r e s e n t s  a c o l l e c t i o n  of  papers  from . 
t hese   s emina r s ,   and   have   been   ed i t ed   t o   f i t   t he   fo rma t  of a s i n g l e  

pub l i ca t ion .  

These  papers were concerned  with  protect ion  of   publ ic   heal th ,  

. s o i l  and  groundwater,  with  design  and  economics  and  included  several 

c a s e   h i s t o r i e s .  While they  were not   in tended   to   be   an   exhaus t ive   rev iew 

of t he   sub jec t ,   t he   sys t ems  deemed t o  b e   t h e   m o s t   s u i t a b l e   f o r   B r i t i s h  

Columbia condi t ions   have   been   dea l t   wi th   in   cons iderable   depth .   For  
. .  

example,  most  of t h e   p a p e r s   d e a l t   w i t h   s p r a y   i r r i g a t i o n  of b io log ica l ly -  

t r e a t e d   e f f l u e n t . .  The use  of e f f l u e n t   t r e a t e d   t o  lesser degrees,  and 

a l t e rna te   sys t ems  of   l and   appl ica t ion  are ment ioned   on ly   b r ie f ly .  

Opinions  expressed by the  authors ,   and  pract ices   or   equipment  

mentioned i n  the  papers   do  not   'necessar i ly   represent   endorsement  by t h e  

sponsoring  agencies,  and are p r e s e n t e d   i n   t h e  hope t h a t   t h e y   h e l p   f i l l  

t hemeeds  of  those  contemplating  the  use  of  such  systems. ; 

> 
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Spray   i r r iga t ion   o f  sewage e f f l u e n t  i s  wi thou t   ques t ion  a 

problem many of  us w i l l  f ace   i nc reas ing ly   i n   ou r   p ro fes s iona l   r e spons i -  

b i l i t i e s .   T h e r e   h a v e   r e c e n t l y   b e e n  many a r t ic les  i n  Okanagan Val ley 

n e w s p a p e r s   r e l a t i n g   t o   t h e   s e r i o u s   c o n s i d e r a t i o n   o f   u t i l i z i n g   e f f l u e n t  

i r r i g a t i o n  as a p r a c t i c a l  and f e a s i b l e  method  of  sewage  disposal. 

Reference w a s  a l s o  made t o   t h e   l a c k  of s p e c i f i c   d i r e c t i o n s  by monitor- 

i ng   and   en fo rc ing   agenc ie s ,   and .1   be l i eve   t he re in  l ies one  of  the 

problems a t  t h i s  t i m e ;  t h a t  i s ,  t h e r e  is a l ack  of s t a t e d  government 

po l i cy .  I have  been a member of   a .provinc ia1   commit tee   regard ing   th i s  

s u b j e c t  , which  has  been  chaired by M r .  Dave Parsons,  who is  the   au tho r  

of another   paper  a t  t h i s  seminar. This committee h a s   t r i e d ,  I hope 

s u c c e s s f u l l y ,   t o   p u t   f o r t h  a s t a t e d   p o l i c y   f o r   t h i s   p r o v i n c e .  

Is our   conce rn   j u s t i f i ed? .  I t h i n k   t h e   f i r s t   a s s u m p t i o n   h a s   t o   b e  

t h a t   t h e r e   r e a l l y  are hea l th   conce rns   a s soc ia t ed   w i th   sp ray   i r r iga t ion  

of  sewage. The degree  of   r isk i s ,  o f   cou r se ,   mos t   d i f f i cu l t  t o  quan t i fy .  

However, t h e  risk t h e   p u b l i c  seems prepa red   t o   accep t  is q u i t e  small, i n  

s p i t e   o f   t h e   f a c t   t h a t  many do n o t  use seat b e l t s ,  many smoke and  drink 

to  excess,   and  most are obese.   Those  personal  choices  of  health  abuse 

somehow seem t o   b e  viewed  with much less alarm t h a n   t h e   i n f i n i t e l y  

smaller r i s k   a s s o c i a t e d   w i t h   s p r a y   i r r i g a t i o n   o f   s e w a g e .  

. .  

An e x c e l l e n t   r e f e r e n c e  ar t ic le  on t h e   a g r i c u l t u r a l  use of  sewage 

is: "The Use of Sewage f o r   I r r i g a t i o n  -- a L i t e r a t u r e  Review," S ta te  

of   Cal i fornia , .   Department   of   Publ ic   Heal th ,   Bureau  of   Sani tary  Engineer-  

ing,  1971. 

With your   permission,  Mr. Chairman, I would l i k e   t o   r e f e r   t o  a 

few documented outbreaks  of sewage i r r i g a t i o n - r e l a t e d   d i s e a s e s :  

1. Massachusetts - 1899 - 6 3  inmates suf fered   typhoid   fever  

from. e a t i n g   c e l e r y   f e r t i l i z e d   w i t h   s l u d g e .  

2. London - 1903 - 110 cases 'of typhoid  . f rom  eat ing  watercress  

f e r t i l i z e d   w i t h  sewage. 
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3. Ph i l ade lph ia  - 1913 - 18 cases of  typhoid  from  contaminated 

watercress. 

4. New Je r sey  - 1955 ,- Salmonellosis  from  watermelon,  celery,  

l e t t u c e  and f r u i t .  

I would l i k e   t o   a s s u r e  you  then  that  sewage  does  contain a 

var ie ty   of   pathogenic   organisms  and  that  T t  is p o s s i b l e   t o   t r a n s m i t  

t hese  via s p r a y   i r r i g a t i o n   t o   f e e d   a n d   t h e n c e   t o  human h o s t .  

With r e f e r e n c e   t o   t h e   q u e s t i o n   o f   s p r a y   d r i f t  and t h e   p o s s i b i l i t y  

o f   d r o p l e t   i n f e c t i o n  - c e r t a i n l y   t h i s  i s  a p o s s i b i l i t y .   I n v e s t i g a t o r s  

i n  Germany have. shown that   wi th  spray  diameters   of  15 t o  27 meters and 

head  pressures   of  45 - 60 pounds pe r   squa re   i nch ,  downwind travel 

varied  from 90 t o  160 meters when wind  speeds were between 3 and 7 

miles   per   hour .  They concluded   tha t   the   wind   t ranspor t   d i s tance  was 

independent   of   the   type  of   spr inkler   and  spray  droplet   d iameter .  They 

fu r the r   conc luded   t ha t  mist cou ld   be   ca r r i ed  up t o   1 , 0 0 0  meters if a 

f i v e  meter per  second  wind (11 miles   per   hour)  were blowing.  Other 

i n v e s t i g a t o r s  , Brengmann and  Trooldenier , showed t h a t   c o l i f o r m  travel 

was in f luenced  by  wind ve loc i ty   and  relative humidity.   Conversely,  

i n v e s t i g a t i o n s   i n   C a l i f o r n i a   i n   1 9 5 7  showed, w i th   t he  use of impinger 

air  samplers ,   ra th ,er   than  agar   plates ,   col i forms  would become a i rbo rne  

o n l y   i n   m o i s t u r e   d r o p l e t s  , and   t ha t  l i t t l e  i f  any h e a l t h   h a z a r d   e x i s t e d  

beyond t h e  mist zone.  These a u t h o r s   a l s o   f e l t   t h a t   t h e  maximum downwind . 

' mist zone was abou t   t h ree  times the  spr inkler   radius .   For   example,  a 

30 foo t   r ad ius   sp ray  zone  should  have a downwind buz fe r   d i s t ance   o f   no t  

less than 100 f e e t ,   i n   t h e   p r e s e n c e   o f  a f i v e   t o   t e n  mile per  hour  wind. 

To my knowledge,  and  based  on  the  above  mentioned  studies, i t  would seem 

t h a t   t h e   d r i f t   p r o b l e m  is r e l a t e d  most   impor tan t ly   to   p reva i l ing   winds ,  

t h a t  a b u f f e r  zone is impor t an t   t o   dec rease   po ten t i a l   ha rmfu1 ,hea l th  

e f f e c t s ,  and t h a t   i n  no case should   the  mist zone  be  allowed  to  extend 

beyond   t he '   i r r i ga t ed   p rope r ty .  It has   a l so   been   sugges ted   tha t   hedges  

and trees- w i l l  decrease   the  m i s t  d r i f t ,  and  should  therefore   be con- 

s i d e r e d  as p a r t  of a good buffer   sys tem.  

Another  possible  concern i s  t h a t   e f f l u e n t   i r r i g a t i o n  w i l l  contam- 

i n a t e  water supp l i e s .  , There  can  be  no  debate   about   the  possible   hazard 
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of   contaminat ing   sur face   supply ,   and   no   respons ib le   publ ic   o f f ic ia l  

would e n t e r t a i n   t h e   p r o s p e c t   o f   s p r a y   i r r i g a t i o n  when p o t a b l e   s u r f a c e  

s u p p l i e s  would be  contaminated. The p o s s i b i l i t y  of  contaminating 

g r o u n d w a t e r ' i s   f a r  less l i k e l y ,  though i t  ' is poss ib l e .  It is  usua l ly  

accepted   tha t   co l i form  organisms are i n c a p a b l e   o f   p e n e t r a t i n g   s o i l  

beyond 2 t o  3 fee t .   This   b road   genera l iza t ion  i s ,  o f   cou r se ,   r e l a t ed   t o  

s o i l   p o r o s i t y ,   s i n c e   p e r c o l a t i o n   i n t o   p o r o u s   t o p s o i l  i s  much d i f f e r e n t  

t h a n   p e r c o l a t i o n   i n t o   c l a y .  
I (  

I b e l i e v e  i t  is  s a f e   t o   s a y   t h a t   c o l i f o r m   b a c t e r i a  would no t  con- 

taminate  a groundwater   supply  provided  that   the   basic   prevent ive  design 

factors   of   depth  and  dis tance  f rom  the  source  of   sewage  i r r igat ion are , 

i nco rpora t ed   ' i n to   t he  scheme. 

Is ther.e a haza rd   o f   d i r ec t   pe r sona l   con tac t   such  as might  be 
. -  

p o s s i b l e   i n   p a r k s ,   g o l f   c o u r s e s  , and  municipal  grounds? I doubt   tha t  

one  could ever j u s t i f y   t h e   p u b l i c   h e a l t h   r i s k   o f   s p r a y   i r r i g a t i n g   s u c h  

land.  We have a l l  s e e n   t h e   g o l f e r   k i s s   h i s   b a l l  good l u c k   o r  good-bye, 

o r   t h e  young infan t   c rawl ing   a round a green,   lush  lawn.   Equal ly   possible ,  

of   course , is  t h e   g o l f e r  who unknowingly drinks  from a non-potable 

s p r i h k l e r  . , I a m  not   an   a la r ly i s  t , b u t  I j u s t  do n o t   b e l i e v e  w e  should 

expose   t he   pub l i c   t o   t h i s   deg ree  of r i s k ,   n o r  I suspec t   would   the   publ ic  
\ 
\ 

t o l e r a t e  i t .  \i 
While s p r i n k l e r   i r r i g a t i o n  is t h e  y s t  f e a s i b l e  method o f   app l i ca t ion ,  

\ r idge  and  furrow  appl icat i ,on i s  also  used.   This   decreases   the  problem 

o f   s p r a y   d r i f t  which i s  a s ign i f i can t   advan tage .  The p o s s i b i l i t y ,  how- 

eve r ,  of ;  pollut iyn  of   groundwaters   might   be  greater   s ince  the  furrow is 

similar t'o a n a t u r a l  water course   'd ra in ing   to  a lower level  d i t c h .  With 

\ 
\ \ 
1 \ '  

' good d e s i k .  and good ope ra t ion  I t h i n k   t h a t  / problem  could   be   eas i ly  
\ 

c o n t r o l l e d ,   b u t  i t  i s  a d i s t i n c t   p o s s i b i l i t y .  

The problem  of  great  importance i s  the   'poss ib i l i ty   o f   contaminat ion  

o f   c r o p s   r a i s e d   f o r  human consumption. . It is a matter o f .   r e c o r d   t h a t  

col i form  indicator   organisms  can  be  recovered  f rom  such  crops  and  that  

the  organisms are v e r y   d i f f i c u l t   t o   c l e a n   f r o m   v e g e t a b l e s .  It i s  

a p p a r e n t l y   q u i t e   d i f f i c u l t   t o   c l e a n   t h e s e   b a c t e r i a  by ordinary  washing, 

and f u r t h e r  i t  appears   tha t   the   o rganisms  in  some cases pene t r a t e   bo th  
\ 

'1 . . 
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broken  and  unbroken  surfaces .   Let tuce,   watercress ,   celery  and  tomatoes 

seem t o   b e   p a r t i c u l a r l y   d i f f i c u l t   t o  wash,   and  one  author   has   s ta ted 

t h a t   s o a k i n g   f o r  5 minutes a t  60 degrees  C. was t h e   o n l y   s u r e  way t o  

c lean  the  above  ment ioned items. One s h o u l d   n o t   l o s e   s i g h t   o f   t h e   f a c t  

t h a t  w e  p h y s i c i a n s   r e a l l y  do n o t  know the   s i ze   o f   an   i n fec t ive   dose   o f  

any  organism  and  the  very  fact   that  a bac ter ium  or  worm egg i s  i d e n t i f i e d ,  

does   no t   necessa r i ly  mean that i t  i s  an   in fec t ive   dose .  Even less fac- 

t u a l   i n f o r m a t i o n  i s  known about  virus t ransmiss ion   and   re infec t ion ,   bu t  

w e  do know that   about   100  types  of   pathogenic   viruses   can  of ten  be 

found i n  sewage. Worm eggs   (ascar i s   lumbr ico ides)  are p a r t i c u l a r l y  

d i f f i c u l t   t o  remove  from vegetables  and w i l l  s u r v i v e   i n   s o i l  up t o  

th ree   yea r s .  While he lminth ic   in fec t ions   have   no t   been  a p u b l i c   h e a l t h  

problem i n  Canada (i.e. no t  much r i s k   i n   s e w a g e ) ,  many d i s e a s e   p i c t u r e s  . 

are chang ing .   Fo r   t ha t   r ea son   he lmin th ic   i n fec t ion  must be  considered . 

as a r i s k .  The p r e v a i l i n g  community level o f   i n fec t ion  i s  a f a c t o r  

which a l so   i n f luences   t he   deg ree   o f  risk. 

C u r r e n t l y   i n   t h i s   c o u n t r y  I doub t   t ha t   one   cou ld   j u s t i f i ab ly   t ake  

t h e   r i s k   o f   i r r i g a t i n g   e d i b l e   c r o p s   w i t h  sewage that   has   undergone con-' 

v e n t i o n a l . t r e a t m e n t .  While t h e   d i s e a s e   r e l a t i o n s h i p  i s  a remote  one, 

i t  is never the less   p resent ,   and  is an  unwarranted  and  probably  unaccept- 

a b l e   r i s k .  

If w e  p r o h i b i t   t h e   i r r i g a t i o n   o f   c r o p s   f o r  human consumption  then 

what of t h e   u s e   o f   e f f l u e n t   i r r i g a t i o n  on  animal  crops? It would seem 

i l l - a d v i s e d   t o   a l l o w   a n i m a l s   t o   g r a z e   c o n c u r r e n t l y   o n   p a s t u r e   u n d e r  

s p r a y   i r r i g a t i o n .  The "measley  beef"  problem i n  Australia where  beef 

has  become i n f e c t e d   w i t h   b e e f  tapeworm (Taenia  Saginata)  from  grazing 

on i r r i g a t e d   p a s t u r e   l a n d ,   a n d  a similar ep i sode   i n   Ar i zona   i n   1934   has  

l e d   g e n e r a l l y   t o  a p roh ib i t i on   o f   pas tu r ing   i r r iga t ed   l and .   Aga in ,  

b e c a u s e   t h i s   i n f e c t i o n  i s  p r a c t i c a l l y  unknown i n  Canada, t h e  human- 

an ima l   r i sk  via  sewage i r r i g a t i o n  i s  remote   to   say   the  least. However, 

i t  has ' been   sugges t ed   t ha t   mi lk  cows have   been   in fec ted   wi th   typhoid  

fever f rom  i r r iga t ed   pas tu re   l and ,   and   t hen   sp read   t he   d i sease  via milk 

t o  humans. Many would   a rgue   tha t   th i s  is indeed a r e m o t e   p o s s i b i l i t y  

t o d a y   w i t h   v i r t u a l l y  a l l  d a i r y   h e r d s   i n s p e c t e d   a n d   v i r t u a l l y  all- milk 
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pas teur ized .  It  has   a l so   been   pos tu l a t ed   t ha t  cow udders became  con- 

taminated when g r a z i n g   i n  sewage i r r i g a t e d   p a s t u r e ,   a n d   g e n e r a l l y   t h i s  

p r a c t i c e  i s  a l s o   p r o h i b i t e d .  

The problem  of   infect ion  of   animals  via i r r i g a t e d   f o r a g e  i s  

d i f f i c u l t   t o   q u a n t i f y .  I th ink  i t  is s a f e   t o   s a y   t h a t   p e l l e t i z i n g   a n d  

h e a t . t r e a t m e n t  w i l l  m a k e  f o r a g e   s a f e ,  as w i l l  t h r e e   t o   f o u r  months 

s to rage .  I a m  no t  aware o f   r e f e rences   t o   t he   con t r a ry .  It would  be 

unwise t o   f e e d   a n i m a l s   d i r e c t l y   w i t h   h a r v e s t e d   s i l a g e .  I r e f e r r e d  

earlier t o   t h e  "measley  beei 'episode  and  this   r isk,   whi le   remote,  i s  a 

se r ious   po ten t i a l   p rob lem.   Fo r   t h i s   r ea son   a lone   fo rage   c rops   shou ld   be  

s t o r e d   t h r e e   t o   f o u r  months o r   p e l l e t i z e d   b e f o r e   u s e .  

The f i n a l  area t h a t   t h e  Chairman has  asked m e  t o   add res s   myse l f   t o  

was the   poss ib i l i ty   o f   contaminat ion   of   mi lk .  I r e f e r r e d   t o  two possi-  

b i l i t i e s ,  one  being  udder   contaminat ion,   the   second  being  the  possibi l i ty  

.of animals becoming ill wi th   typhoid   fever   and   subsequent ly   t ransmi t t ing  

.. the  organism  ,to  milk.  Both are p o s s i b i l i t i e s  and I would t h i n k   t h a t  

under   control led  condi t ions  where  dairy catt le are not   grazed i n  i r r i g a t e d  

l and   du r ing   t he   pe r iod   o f   sp ray   i r r iga t ion ,   t he   poss ib i l i t y  of i n f e c t i o n  

would be  remote.   I f ,   however ,   an  animal   did become infec ted   and   the   mi lk  

was channelled  throughout  the  normal  marketing  process  the  question  of 

e f f e c t   o f   p a s t e u r i z a t i o n  must be   cons ide red .   In  my view, p a s t e u r i z a t i o n  

wou ld ,   w i thou t   ques t ion ,   k i l l  any  normal  pathogenic  organisms. 

In   conclus ion  I would l i k e   t o  leave with  you  the  following  thoughts:  

1. Sewage e f f l u e n t   i r r i g a t i o n  i s  a f e a s i b l e  method of  sewage 

d i sposa l .  

2 .  There are d i s t i n c t  and d e f i n i t e   h e a l t h   h a z a r d s   a s s o c i a t e d  

wi th   t he   p rad t i ce .  

3. Control  mechanisms are poss ib l e   and   i ndeed   p rac t i ca l .  

4 .  Pub l i c   accep tance   o f   sp ray   i r r iga t ion  may well b e  a major 

problem. 
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DESIGN  OF  SPRAY I R R I G A T I O N  SYSTEMS 
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I. INTRODUCTION 

The purpose of t h i s   p a p e r  is t o   i l l u s t r a t e   t h e   s t e p s   i n v o l v e d   i n  

de t e rmin ing   t he   bas i c   des ign   i n fo rma t ion   fo r   sp ray   i r r iga t ion   sys t ems  

t o   b e   o p e r a t e d   i n   B r i t i s h  Columbia. 

The s tandard   in format ion   for   ob ta in ing   the   des ign   parameters   and  

d a t a  i s  con ta ined   i n   t he   " I r r iga t ion   Des ign  Manual f o r  Farm Systems i n  

B r i t i s h  Columbia" (I). There are many t ex tbooks   ava i l ab le   g iv ing   de t a i l ed  

and  comprehensive  information  on  the  design of sp ray   i r r iga t ion   sys t ems ;  

some of t hese  are g i v e n   i n   t h e  l i s t  of r e fe rences .  

I n   t h e   d e s i g n  of a sp ray   i r r iga t ion   sys t em,  i t  is  impor t an t   t o  

r e c o g n i z e   t h a t   t h e   s o i l   p l a y s   t h e  dominant r o l e   i n   t r a n s f e r r i n g  water 

f r o m   t h e   s p r i n k l e r   t o   t h e   v e g e t a t i o n .  The por t ion   of   the   so i l   which  

is i m p o r t a n t   i n   t h i s   r e s p e c t   ( d i c t a t e d  by t h e   e f f e c t i v e   r o o t i n g   d e p t h  

of t h e   c r o p   a n d   t h e   p a r t i c u l a r   s o i l s   c o n d i t i o n s )  may be  considered as 
a r e s e r v o i r .  

The crop,  by the   p rocess   o f   evapo t ransp i r a t ion ,  consumes t h e  water 

c o n t a i n e d   i n   t h i s   r e s e r v o i r .   T h e r e  i s  a l i m i t  t o   t h e  amount  of water 

which  can  be removed  from t h e  s o i l  r e s e r v o i r   w i t h o u t   a d v e r s e l y   a f f e c t i n g  

p l a n t   v i a b i l i t y ,  and  hence  crop  productivity.  

The purpose  of   an  i r r igat ion  system is  t h e n   t o   f i l l   t h e   s o i l  

r e se rvo i r   w i th  water, and t o   r e p l e n i s h   t h i s   r e s e r v o i r  a t  i n t e r v a l s   s u c h  

t h a t   t h e r e  w i l l  always  be water r e a d i l y   a v a i l a b l e   f o r   p l a n t   u s e .  

11. DETERMINATION OF BASIC DESIGN  INFORMATION 

For  the  following  example,   frequent  reference is made t o   t h e  

I r r iga t ion   Des ign  Manual''),  and t h e   t a b l e s   q u o t e d   r e f e r   t o   t h o s e   i n  

the  Design  Manual .   These  tables ,   or   port ions  of   the  tables ,  are given 

i n  Appendix A.  

More de t a i l ed   exp lana t ions  of some of t h e  terms and  concepts are 

conta ined   in   the   appendices .  
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EXAMPLE 

The purpose  of   this   example i s  t o  i l lus t ra te  the u s e   o f   t h e   " I r r i g a t i o n  

Design  Manual f o r  Farm Systems i n   B r i t i s h  Columbia" t o  arrive a t  t h e  

appropr i a t e   sp ray   i r r iga t ion   des ign   i n fo rma t ion .  

S i t u a t i o n :  A r anche r   l i v ing   nea r   100  Mile House,  growing an a l f a l f a  

c rop  on a sandy  loam s o i l ,  wishes. t o   i r r i g a t e  so as t o   a c h i e v e  optimum 

product ion  during  per iods  of   peak  crop water 'demands. 

Procedure : 

Step  Reference 

1 Estimate the e f f e c t i v e   r o o t i n g   d e p t h  of the   c rop .  

. Table 1 crop : a l f a l f a  

e f f e c t i v e   r o o t i n g   d e p t h :  4 f t .  

2 Estimate o r   d e t e r m i n e   t h e   s o i l   t e x t u r a l  classes and 

dep ths   o f   t he   so i l   l aye r s   compr i s ing   t he   roo t ing   dep th .  

depth:  0-48 i n .  

t ex tura l  class: sandy  loam 

3 

4 

Estimate o r   d e t e r m i n e   t h e   a v a i l a b l e  water s t o r a g e  

capac i ty  (AWSC) i n   i n c h e s   o f  water p e r   f o o t   o f   s o i l  

f o r   e a c h   l a y e r .  . .  

Table 2 t e x t u r a l  class: sandy  loam 

AWSC: 1 . 5   i n .   / f t .  

C a l c u l a t e   t h e   t o t a l  AWSC i n   i n c h e s  of water f o r   t h e  

root ing  depth  f rom  the  depths   .and AWSC of   each  layer .  

depth: 0-48 i n .  (4 f t .  ) 

AWSC: 1.5 i n . / f t .  

t o t a l  AWSC: ( 4  f t . )   ( 1 . 5   i n . / f t . )  = 6.0 i n .  

Note: The i n f o h a t i o n   r e q u i r e d   f o r   S t e p s  2-4 is bes t   ob ta ined   f rom  an  

a n a l y s i s  of t h e   s o i l   p r o f i l e  by a s o i l s   s p e c i a l i s t .  

5 Ob ta in   t he  maximum a l l o w a b l e   s o i l  water d e f i c i t  

(see Appendix B) by m u l t i p l y i n g   t h e   t o t a l  AWSC of t h e  

roo t ing   dep th  by the a p p r o p r i a t e   a v a i l a b i l i t y   c o e f f i c i e n t .  

Table 3 'crop : a l f a l f a  

a v a i l a b i l i t y   c o e f f i c i e n t :   0 . 5 0  

t o t a l  AWSC: 6.0 i n .  

maximum a l l o w a b l e   s o i l  water d e f i c i t :  (6.0 in . ) (0 .50)=3.0   in .  

. ,  
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6 Estimate t h e  maximum des ign   app l i ca t ion  rate (AR) under 

s p r i n k l e r   i r r i g a t i o n .  

Table 4 t e x t u r a l  class:  sandy  loam  sod  cover 

maximum des ign  AR: 0.45 i n . / h r .  

( f o r   r e l a t i v e l y  level  ground) 

Note: A s  w i t h   t h e  AWSC information,  the maximum d e s i g n . a p p l i c a t i o n  ra te  

i s  best   obtained  f rom  an  expert ,  s i t e  s p e c i f i c ,   s o i l s   a n a l y s i s .  The 

maximum des ign   app l i ca t ion  rate i s  s u b j e c t   t o   l a r g e   v a r i a t i o n s ,   d e p e n d e n t  

on t h e   s o i l   s u r f a c e   c o n d i t i o n s ,   w h i c h  are cont inual ly   changing.  (The 

maximum des ign   app l i ca t ion  rate may be  determined  from actual f i e l d . t e s t s  

conducted  under   normal   spr inkler   condi t ions) .  

7 Estimate or   determine  the  peak r a t e  of   evapot ranspi ra t ion  

pe r   , day  (&ximum d a i l y  water use).  (See  Appendix C) .  

Table 5 loca t ion :   100  Mile House 

maximum d a i l y  water use:  

0.20 in . /day i f  a 10 d a y   i n t e r v a l  i s  encountered 

0.19 i n . / d a y   i f  a 20 day i n t e r v a l  is  encountered 

0.18 i n . / d a y   i f  a 30 day i n t e r v a l  i s  encountered 

8 D e t e r m i n e   t h e   s a f e   i r r i g a t i o n   i n t e r v a l  by d i v i d i n g   t h e  

maximum s o i l  water d e f i c i t  by t h e  maximum d a i l y  water 

use. 

' 3.0 in .  
0.20 in .   /day = 15 days 

(Because t h e   i n t e r v a l  is 15 days  or  less, t h e   f i g u r e  

f o r   t h e   1 0  day i n t e r v a l  i s  the   appropr i a t e   one   t o   u se .  

I f   t h i s   c a l c u l a t i o n   i n d i c a t e d   a n   i n t e r v a l   o f ,   s a y ,  

18   days ,   t hen   t he  ET rate f o r  a 20 day  period  would 

be  more appropr i a t e ) .  

9 Estimate the a p p l i c a t i o n   e f f i c i e n c y  (AE) (Appendix D). 
Table 7 climate: hot  

AE: 72% ( f i r s t   a p p r o x i m a t i o n )  

(100 Mile House  would be   cons idered   to   have  a h o t  climate. 

The a p p l i c a t i o n   e f f i c i e n c i e s   g i v e n   i n   T a b l e  7 ,  

Appendix A, f o r  a hot .   c l imate ,   range  f rom 72% t o  78%, 
wi th  the ma jo r i ty   be ing  72%. Therefore ,   an   appl ica t ion  

of 72% would be  used as a f i r s t   a p p r o x i m a t i o n ) .  
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Calcu la t e   t he   dep th  of i r r i g a t i o n  water requi red  a t  

e a c h   i r r i g a t i o n  by d i v i d i n g   t h e  maximum a l lowable  

s o i l  water d e f i c i t   b y . t h e   a p p l i c a t i o n   e f f i c i e n c y .  

3 .0   in .  
0.72 - 4.16 in . '   (gross  water appl ' icat ion)  

Obtain  the minimum time o f   app l i ca t ion  by d i v i d i n g  

the   dep th  of water requi red  a t  e a c h   i r r i g a t i o n  by 

t h e  maximum des ign   app l i ca t ion  rate. 

depth  of water r equ i r ed :  4.16 i n .  

maximum AR: 0.45 i n . / h r .  

minimum time of a p p l i c a t i o n :  4.16 i n .  
0.45 in .   /h r .  = 9.2  hrs .  

time of a p p l i c a t i o n  w i l l  be  dependent on t h e  management 

p a r t i c u l a r   i r r i g a t i o n  s i t e .  In   the   p roceeding ,  la teral  

l i n e s  w i l l  have t o  be moved a t  r e g u l a r   i n t e r v a l s ,  times of a p p l i c a t i o n  

of 11% hrs .   (2  moves per   day)   or  23 h r s .  (1 move per   day)  are  more 

convenient.  These times of a p p l i c a t i o n  are t h e  most common encountered 

wi th  handmove o r  wheelmove systems. 

(Note: . 1 2  o r -  24 hr .   pe r iods  are not used, as  some time must  be  allowed 

f o r  moving t h e  l a te ra l  l i n e s ) .  

I f   a n  1 1 %  h r .  time o f   app l i ca t ion  i s  c h o s e n ,   t h e   f i n a l   d e s i g n   a p p l i c a t i o n  

ra te  becomes: 

time of app l i ca t ion :  11% h r s .  

d e p t h   o f .   a p p l i c a t i o n :  4.6 i n .  

design AR: 4*16 11+ hirs. in* = 0.36 i n . / h r .  

Note: The f i n a l   d e s i g n  AR must be   equa l   t o   o r '  less than   t he  maximum 

a l lowable   des ign  AR. The f i n a l   d e s i g n   i n t e r v a l  must  be less than o r  

e q u a l   t o - t h e '   s a f e   i r r i g a t i o n   i n t e r v a l .  

12  -Choose  the  most   sui table   spr inkler   and  determine  the 

r e l e v a n t   d a t a .  

For t h i s  example, a 40 f t .  x 60 f t .  

spacing i s  chosen. (A 40 f t .  x 60 f t .  

spac ing ,   meaning   tha t   the   spr inklers  are 40 f t . .   apa r t  

. .  and t h a t   t h e  la teral  l i n e  is  moved 60 f t .   e a c h  move, 

i s  t h e  most common s p a c i n g   u s e d   f o r   t h e   i r r i g a t i o n   o f  
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a l f a l f a  a n d   g r a s s   s p e c i e s   i n   B r i t i s h  Columbia.  There 

are two reasons as t o  why t h e  40 x 60 f t .   s p a c i n g  i s  so  

.common. F i r s t l y ,  the common l e n g t h s   f o r   i r r i g a t i o n  

p i p e  are 20, '30, and  40 f e e t ,   t h e r e f o r e   t h e  common 

spacings are go ing   t o   be   mu l t ip l e s   o f   t hese   t h ree  

lengths .   Secondly ,   wi th  a por tab le   sys tem,  a 40 f t .  

l ength   o f   p ipe  i s  the   longes t   l ength   which   can   be  

handled  conveniently  and a 60 f t .   d i s t a n c e  i s  t h e  

maximum spac ing   one   can   use ,   wi th  small s p r i n k l e r s ,  

and s t i l l  main ta in  a r e a s o n a b l e   d i s t r i b u t i o n  of wa te r ) .  

See  Appendix H f o r  comments on   var ious   types   o f   spr inkler  

i r r iga t ion   sys t ems .  

. .  

Table 7 The f o l l o w i n g   s p r i n k l e r   s e l e c t i o n  and d a t a  i s  obtained:  

spac ing  : 40 f t .  x 60 f t .  

a p p l i c a t i o n  rate: , 0.36   in . /h r .  

sp r ink le r   nozz le   s i ze :   3 /16   i n .  x 3/32  in .  

p re s su re  a t  nozz le :  49 p . s . i .  

f low  per   nozz le :  9.0 USgpm 

c o e f f i c i e n t  of   uniformity:  84% 
wind range : 0-1 m.p.h. 

a p p l i c a t i o n   e f f i c i e n c y   ( h o t ) :  72% 

Final  Design  Information:  This  example  ranch a t  100 Mile House,  growing 

a l f a l f a  on a sandy loam s o i l  would use   sp r ink le r s   w i th   3 /16   i n .  x 3/32  in .  

nozz le s   ope ra t ing  a t  49 p . s . i .  and w i t h  a flow of 9.0 USgpm p e r   s p r i n k l e r .  

The g ross  water app l i ca t ion   on  a 40. f t .  x 60 f t .   s p a c i n g   w i t h   a n  11% hr .  

set time would  be  4.16  in.  of water. Wi th   an   appl ica t ion   e f f ic iency  of 

72%, t h e   n e t  amount a p p l i e d   t o   t h i s   c r o p  would  be  3.0  inches,  and  with a 

maximum d a i l y  water use  of 0.20 in .   per   day ,   the   3 .0   inches  would l a s t  

f o r  15 days. 

I t  is i m p o r t a n t   t o   k e e p   i n  mind t h a t   t h e   a p p l i c a t i o n  rate,  t h e  time 

of appl ica t ion ,   and  the i r r i g a t i o n   i n t e r v a l  are a l l  interdependent   and  can 

be   ad jus t ed   t o  meet the  needs  of  a pa r t i cu la r   sys t em.  
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I f  , for   example,  a f i e l d   t o   b e   i r r i g a t e d  was such a s i z e   t h a t  

12  days were r e q u i r e d   t o  move t h e  lateral  l i n e s   a c r o s s   t h e   f i e l d ,  a 

1 2  day i n t e r v a l   c o u l d   b e   u s e d ,   r a t h e r   t h a n   s a y  a 15 day i n t e r v a l .  

Referring  back  to  our  example,   and  to  Table 7 of the  Design  Manual, 

we see that the optimum o p e r a t i n g   p r e s s u r e   f o r   a n   a p p l i c a t i o n  r a t e  of 

0.36 in . /h r .  is 49 p . s . i . ,  whereas t h e  optimum o p e r a t i n g   p r e s s u r e   f o r  

an AR of  0.32  in.  /hr. i s  40  p.s. i. It may b e   d e s i r a b l e   t o   i r r i g a t e  a t  

a rate of  0.32 in . /hr .   and   thereby   decrease   the   p ressure   requi rement  by 

9 p . s . i .  

I f   a n  AR of  0.32  in./hr.  were u s e d ,   t h e   f i n a l   d e s i g n   i n f o r m a t i o n -  

would b e  : 

AR: 0.32 i n . / h r .  

s p r i n k l e r   n o z z l e   s i z e :  3 /16   in .  x 3/32  i n .  

p ressure ,  a t  nozz le :  40 p . s . i .  

f low  per   nozzle:  8 .0  USgpm 

c o e f f i c i e n t  of uniformity:  84% 

wind range: 3-6 m.p. h. 

a p p l i c a t i o n   e f f i c i e n c y   ( h o t ) ;  76% 

(Note: I n   t h i s  case, t h e r e  would a l s o   b e   a n   i n c r e a s e   i n  AE.) 

I f   t h e  time of a p p l i c a t i o n  were s t i l l  11% h r s . ,  

t h e   g r o s s   a p p l i c a t i o n  would  be 

(0 .32  i n . / h r . )  (11% h r s . )  = 3.68  in.  

t h e   n e t   a p p l i c a t i o n  would be 

g r o s s   a p p l i c a t i o n  x a p p l i c a t i o n   e f f i c i e n c y  

(3.68  in.)   (0.76) = 2.80 in .  

The s a f e   i r r i g a t i o n   i n t e r v a l  would be  

2.80  in.  
0.30 in .   /day = 1 4  days 
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111. AVERAGE SEASONAL  POTENTIAL  EVAPOTRANSPIIUTION 

Average   seasonal   po ten t ia l   evapot ranspi ra t ion   f igures   have   been  

c a l c u l a t e d  by W. N. Sly  and M. C.  C ~ l i g a d o ' ~ ' .  The average   seasonal  

' ET is t h e  summation  of d a i l y  estimates of p o t e n t i a l  ET f o r   t h e  months 

o f  May t o  September.  These  daily estimates were ca l cu la t ed   u s ing  a 

mod i f i ed   ve r s ion   o f   t he   r eg res s ion  model  proposed by Baier and  Robertson (8) 

and are re la ted   to   recorded   as t ronomica l   and   meteoro logica l   var iab les .  

The va lues   p resented  by Sly  and  Coligado are based  on a 30 year   average.  

These   Seasonal   Poten t ia l   Evapot ranspi ra t ion   f igures  are presented  

i n   T a b l e  6 of the  Design  Manual,   and  can  be  used  to  determine  the maximum 

a p p l i c a t i o n  of  sewage e f f l u e n t   t h r o u g h ,   s p r a y   i r r i g a t i o n .   T h i s  maximum 

a p p l i c a t i o n  is c a l c u l a t e d  by d i v i d i n g   t h e   a v e r a g e   s e a s o n a l   p o t e n t i a l  

evapo t ransp i r a t ion  by the   app l i ca t ion   e f f i c i ency   o f   t he   i r r i ga t ion   sys t em.  

. .  

Example 

Locat ion : Merrit t 

Seasonal ET : 17.82  inches 

Appl ica t ion   Ef f ic iency:  72% 

maximum seasona l   app l i ca t ion  = 17.82 i n .  = 2 4 - 7 5 '  in. 0 . 7 2  

I V .  FINAL  SYSTEM  DESIGN AND LAYOUT . .  

Once t h e   b a s i c   d e s i g n   i n f o r m a t i o n   f o r  a s p r a y   i r r i g a t i o n   s y s t e m   h a s  

been   de te rmined ,   the   p r inc ip les  of hydraul ic   engineer ing .  are used   t o  

develop a f ina l   sys tem  des ign   which  w i l l  meet the   bas ic   des ign   requi rements  

and  design cr i ter ia ,  inc lud ing  the appropr i a t e   s a fe ty   f ea tu re s .   (See  

Appendix G ,  "Design Criteria", of this paper .   and  Par t  X ,  "General  Design 

Considerat ions" ,   of   the   I r r igat ion  Design  Manual . )  

In   ou r   d i scuss ion   o f   t he   de r iva t ion   o f   t he   bas i c   des ign   i n fo rma t ion  

and   of   the   average   seasonal   po ten t ia l   evapot ranspi ra t ion ,  w e  have 

cons idered   on ly   the  water tjalance o f  t h e  area t o   b e   i r r i g a t e d .  

I n  a proper ly   des igned   i r r iga t ion   sys tem,   there  w i l l  be  no s u r f a c e  

runof f ,  

inf low: 

- - 

and the water balance  equation  becomes,  neglecting  groundwater 

P r e c i p i t a t i o n  + I r r i g a t i o n   A p p l i c a t i o n  

Evapot ranspi ra t ion  + Deep P e r c o l a t i o n  



- 8 -  

-An i r r i g a t i o n   s y s t e m ,   f o r  most a g r i c u l t u r a l   a p p l i c a t i o n s ,  i s  designed 

t o  meet the   c rop  water requi rements   evapot ranspi ra t ion  with no  input   f rom 

p r e c i p i t a t i o n .   P r e c i p i t a t i o n  may be  considered when de termining   seasonal  

water requirements  and when schedu l ing   an   i r r i ga t ion   sys t em.  

In   an '   e f f luen t   sp ray ,   i r r i ga t ion   sys t em,  the c o n t r i b u t i o n  of  pre- 

c i p i t a t i o n  must   be  considered.   I f   not ,  excess a p p l i c a t i o n  may r e s u l t ,  

and w i t h   e f f l u e n t ,  this may have  ser ious  consequences.  

It shou ld   be   po in t ed   ou t   t ha t   one   o f   t he   l o s ses , cons ide red   i n   t he  

a p p l i c a t i o n   e f f i c i e n c y  i s  deep  percolat ion  losses .   Because  the water. 

d i s t r i b u t i o n  i s  no t   pe r f ec t ly   un i fo rm,  excess water must   be  appl ied  to  

some areas t o   b r i n g   t h e   t o t a l . a r e a   i r r i g a t e d   t o   F i e l d   C a p a c i t y   ( t o   f i l l  

t h e   e n t i r e   s o i l   r e s e r v o i r ) .   T h i s  excess water is los t   t o   g roundwate r .  

With e f f l u e n t ,  more t h a n   j u s t  water i s  be ing   appl ied .  It is 

the re fo re   necessa ry   t o   cons ide r   t he   compos i t ion  of t h e   e f f l u e n t   a n d   t o  

cons ider  more t h a n   j u s t  a water b a l a n c e .   O t h e r   f a c t o r s   t o   c o n s i d e r  would 

inc lude  : 

- n i t r o g e n  organic  material 

- potassium . PH 
calcium conduc t iv i ty  
s u l f a t e s  heavy metals 

- boron * crop   to le rances  

Any one  of   the  above,   or  some other   fac tor   which   has   no t   been  

mentioned  here,  may b e   t h e   l i m i t i n g   f a c t o r   i n   d e t e r m i n i n g   t h e   d e s i g n  

e f f l u e n t   a p p l i c a t i o n  rate. .Both short   and  long term e f f e c t s  of  sewage 

a p p l i c a t i o n  must  be  considered. 

I n   t h e   s c h e d u l i n g   o f   a n   e f f l u e n t   s p r a y   i r r i g a t i o n   s y s t e m ,   o n e  must 

remember t h a t  rest p e r i o d s   f o r   r e - a e r a t i o n   o f   t h e   s o i l  must  be  provided. 

Add i t iona l   f ac to r s   impor t an t   i n   de t e rmin ing   t he  area of   land 

r e q u i r e d   f o r   a n   e f f l u e n t   s p r a y   i r r i g a t i o n   s y s t e m  are: 

l eng ths  of f r o s t   f r e e   s e a s o n  and  growing  season 

non-uniformity  of   soi ls  

p o r t i o n  'of area n o t   s u i t a b l e   f o r   i r r i g a t i o n .  

I n   t h e   f i n a l   d e s i g n   o f   a n   i r r i g a t i o n   s y s t e m ,   c o n s i d e r a t i o n s   o f   t h e  

fol lowing  must   be made: 
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management a n d   c u l t u r a l   p , r a c t i c e s  

- c r o p p i n g   p r a c t i c e s ,   c r o p   r o t a t i o n s  

w i t h   e f f l u e n t ,  a h i g h   p r i o r i t y  must   be   g iven   to   hea l th  

a s p e c t s   a n d .   t o   - t h e  uses of   the   sur rounding   land  

topography  and  layout 

groundwater  f low  into  and  out  of  the  design area 

* su r face   runof f   i n to   des ign  area 

- a n   i n c r e a s e   i n   s l o p e  w i l l  r e s u l t   i n  a d e c r e a s e   i n  maximum 

des ign   ' app l i ca t ion  rate 

buffer   zones   requi red  

bu i ld ings  , roads,   fences   and  other   permanent   s t ructures  

e l e v a t i o n s  . 

- prox imi ty   t o  water sources   and power sources  

- d i s t a n c e   t o  water (or   e f f luent )   source   and  power sou rce  

w i l l  e f f e c t   t h e   c o s t   o f   t h e   s y s t e m  

- w i t h   e f f l u e n t   i r r i g a t i o n ,   d i s t a n c e   t o  water courses  

(including  groundwater) i s  important 

wind cond i t ions  

a f f e c t   a p p l i c a t i o n   e f f i c i e n c y  

wind d i s t o r t s   t h e   d i s t r i b u t i o n   p a t t e r n  and may cause  high 

a p p l i c a t i o n  rates i n   c e r t a i n  areas (amount o f   d i s t o r t i o n  

dependent  on  wind  velocity  and water d r o p l e t   s i z e ) .  

- i f  wind speeds   g rea t e r   t han  15 m.p.h. are to   be   encountered  

f r equen t ly   and   fo r   l ong   du ra t ions ,  it may be wise t o   s h u t .  

the   sys tem  of f   dur ing   such  times; the-down-time  would  then 

have   t o   ' be   cons ide red   i n   t he   des ign  of the  system. 

spray   (aerosols )  may travel a cons iderable   d i s tance .   This  

will i n f l u e n c e   t h e   s i z e   o f   b u f f e r   z o n e s   i n   e f f l u e n t   s p r a y  

systems'  (windbreaks may h e l p ) .  

r e s o u r c e s   a v a i l a b l e  

t h e   r e l a t i v e   a v a i l a b i l i t i e s   o f   l a b o u r  and c a p i t a l  w i l l  be  

very   impor tan t   in ' choos ing   the   type   o f   i r r iga t ion   sys tem.  

fu tu re   expans ion  

there shou ld   be   su f f i c i en t   sys t em  capac i ty   t o  accommodate 

fu ture   expans ion .  . , 
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Appendi.x A 

EXCERPTS FROM THE IRRIGATION DESIGN  MANUAL(^) 

Table I 

Effective Rooting Depth o f  Crops fo r  
I r r iga t ion  System Desiqns in Br i t i sh  Columbia 

Providing  soil  conditions and w a t e r  tables  depths are  n o t  l i m i t i n g  

Shallow 

1% feet 

Cabbages* 
Caul i f l  owers* 
C1 over ( 1 adi no) * 
Cucumbers* 
Lettuce* 
Onions* 
Pasture  species* 
Radishes* 
Turnips" 

- 
1- 
" 

1 

_I_ 

Medi urn Shal1,ow 

2 f e e t  

Beans** 
Beets** 
Broccol i ** 
Carrots** 
Ce1 ery** 
Peas** 
Potatoes*** 
Spinach** 
Strawberries*** 

I 
L 

Shallow rooted  crop 
( le t tuce)  

* B.C. I r r i g a t i o n  Guide 
** . .  1964 I r r iga t ion  b!orkshop 

Medi urn Deep 

3 f e e t  3 f e e t  Dl us 

Cereals* Asparagus* 
C1 over ( red) * Cane f ru i  ts  ( 4 '  ) 
Corn ( sweet) * Coro l f i e?d ) (4 ' )  
Eggpl an t*  Grapes * 
Peppers* Hubbard* 

Squash* Sugar  Beets(4') 
Toma toes * Tree Frui ts  ( 4 '  ) 

. Deep-rooted crop 
( a l f a l f a )  

*** Soi  1 Corlserua t i  on S w v i  ce 
( 4 ' )  Conventionzl D2sisn Depth. 
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Table 2 

A Guide t o  Avai lzble   Water   Storage 
C a p a c i t i e s  ( A W S C )  f o r  B .  C. Soi  1 s 

Textural  Class 

Sand 
Loamy Sand 
Sandy Loam 
Fine Sandy Loam 
Loam 
S i l t  Loam 
Clay Loam 

, C1 ay 
Organic Soi 1 s (muck) 

sand 

1.0" in/ft f2 Awsc "._ - 

Table 2 has been 

Avai lable   ldater   StoraQs  Capaci ty  , i 
(AWSC) in Avai lab le   Inches  o f  ' ,later 1 

i 

S t o r e d  in Each Foot of Soi 1 i t 

1 .O in./ft. 
1.2 in./ft. 
1.5 in. / f t .  
1.7 in .  /ft. 
2.1 in./ft. 
2.5 i n . / f t .  

2.4 in./ft. 
2.4 in./ft. 
3.0 in./ft. 

_I_ 

.!? 

/1 ft. Of 
soi  1 - 4 

* 9 c  

4 2.4 in/ft. ql-f- 

" - 1" water  AWS C "" 

2.4" w a t e r  
removed t * removed 

ob ta ined  from th'e E.C. I r r i g a t i o n  Guide. 
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Table 3 

Availabil i ty  Co2fficients 

' Maximum Percentage o f  Available Water Storage Capacity (AIJSC) 
t h a t  can be  removed from the Soil  Before  Irrigation is  Required 

Crop 

Potatoes . 

Tree Fruits , , 

- Coarse tex tures   so i l s  
- Other s o i l s .  

(see  Defici t  Budgeting  Factor i n  
B.C. I r r iga t ion  Guide for.more 
d e t a i l )  

Peas 
Other  crops u n t i  1 additional 
data becomes avai lable  

Maximum Percent ( X )  

35 

40 
50 

35 

50 

Table 3 has been extracted from the B.C.  I r r iga t ion  Guide. 
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1 
1 
I 
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1 
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1 
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Table 4 
Maximum Design App l i ca t i on   Ra tes  

Textural Class 

Sand 
Loamy sand 
Sandy loam 
Fine sandy  1 oam 
Loam 
Si 1 t .loam 
Clay loam 
C1 ay 
Organi c soi 1 s (muck) 

Application Rate i 
Grass Sod 

0.75 
0.65 
0.45 
0.40 
0.35 
0.35 
0.30- 
0.25 
0.50 

Inches per Hour I 
i C y 1  ti va ted 

0.40 I 
0.35 

' 0.25 
0.25 1 
0.20 
0.20 
0.15 
0.10 . 

0.50 . J 
i 

10.25 I 0.10 ! 

High i n f i l t r a t i o n  rate  Low i n f i l t r a t i o n  rate 

Table 4 has been obtained f r o m  the B . C .  I r r iga t ion  Guide. 

9 a 
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I 
1 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 

,Table 5 
De te rmina t ion   o f  Maximum D a i l y  Water U s e  f o r  

V a r i o u s  Areas  i n  B .  C .  

( T h i s  i s  a p a r t i a l   r e p r o d u c t i o n  of Table 5) 

Location 

Abbo t s fo rd  

Cawston 

Kamloops 

Kelowna 

Merritt 
Nanaimo . 

100 Mile, House 

Vancouv& 

Vernon 

Maximum Average   Da i ly  Water U s e  for 

10 -day  per   iod  20-day  per iod  30-day  per , iod 
i n   i n c h e s / d a y  i n  i nches /day  i n  i n c h e s / d a y  

0.17 0.15 0.13 
0.32 0 .29  0.28 

0.24  0 .22  0.21 

0.24 0 . 2 3  0.22 

0 . 2'6 0.25 0.24  

0.19  ' 0.17 0.16 

0.20 0.19 0.18 

0.18 0.17 . 0.16 

0.23 0.22 0 . 2 1  

* .Values a d j u s t e d   t o  actual f i e l d '   e x p e r i e n c e .  

Table 6 
A v e r a g e   S e a s o n a l   P o t e n t i a l   E v a p o t r a n s p i r a t i o n  (P .E . )  

( T h i s  is a p a r t i a l   r e p r o d u c t i o n  of Table 6) 

1 'Lo,c,a t i o n  Avg. S e a s o n a l  P .E.  
i n  i n c h e s  

Abbo t s fo rd  15 io0 

Kamloops  21.71 

Kelowna  19.69 

Merf itt 17.82  

Vernon  Col .   .18.19 
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Appl ica- 
t i  on Ratc 

(i n / h r )  
0.13 
0.14 

0.15 
0.16 
0.17 
0.18 
0.19 
0.21 
0.22 

0.23 
0.24 
G.25 , 

0.26 
0.27 
0.28 
0.29 
0.30 
0.31' 
0.32 
0.34 
0.36 
0.38 
0.40 
0.42 
0.46 

0.48 

Table 7 

S p r i n k l e r  Select ion for 40' x 60' Spacinq 

( p s i  ) 

1 /8 
9/ 64 
9/64 
9/64 
5/ 32 
5/32 
5/32 

11  /64 
11/64 

11 /64 
i / 3 2 ~ 3 / 3 2  
5/32x3/32 
i/32x3/32 
;/32x3/32 
~ 1 /64x3/32 

1/64x3/32 
1 /64x3/32 

I 1 /64x3/32 

3/16x3/32 
3/16x3/32 
3/16x3/32 
3/16x1/8 
31 16x1 /8 

3/16x1/8 
3/64x1/8 
3/64x1/8 

. .  

51 
3 7. 
43 
48 

37 
41 
46 
38 
42 

45 
38 
42 
45 

4FJj 

40 

42% 
45 
47!5 
40 

44 
49 
40 

44 
49 
46 

5015 

Flow per 
Nozzle 

U.S. qpm) 

3.. 25 
3.50 
3.. 7 5 
3.95 
4.30 
4.50 

4.76 
5.23 
5.51 
5.70 

6.01 
6.25 
0.48 

6.73 
7.0.3 
7.25 

,7.46 
7.70 
8.00 

8.50 

9.00, 
9.48 

10.00 

10.50 
11.50 
12.00 

- 

Coeff ic ien t  
Of 

Uni f ormi t y  

( a  
86 
85 
86 
83 
80 
86 

a7 
86 
86 

86 

82 
77 
79 
82 
82 
83 
85 

84 
84 

83 
84  
84 
88 

90 
85 

89 

" 

IJ i  nd 1 Appl i ca t i  on F. F f i c  i ency 

1 1 - - 2, 31 
2' - 5 
2 - 7  
0 -  1 
2 "  7 
5 - 7  
2 - 5  
4 - 6  

3 - 4  
3 - 6  
5 -10 
5 - 7  
2 - 6 ,  
3 - 4  

2 - 3  
4 - 7  
3 - 6  
3 - 6  
3 - 7  
0 -  1 
1 - 2  

3 - 7  
0 - 7  
4 -  7 
4 - 8  

75 
74 
74 
74 
74 
.74 
74 
74 
74 
75 
74 . 

74 
74 
74 
74 
74 
74 
77 
78 
74 
74. 
74 
80 
80 

78 
80 

- 
iio t 

C1 ina t e  
( X )  

73  
72 
72 . 

72  

72 
72 
72 
72 
72 
73 
72 
72 
72 
72 
72 
72 
72 
75 
76 
72 
72 
72 
78 
78  
76 

78 

Spr ink le r   Se l ec t ion   Char t s   fo r   o the r   spac ings   a r e  a l s o  contained i n  
the D e s i g n  Manual(1) . 
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Appendix B 

MAXI" SOIL WATER DEFICIT 

The a v a i l a b l e  water s to rage   capac i ty  (AWSC) of t h e   s o i l   h a s   b e e n  

de f ined   a s , t he   d i f f e rence   be tween  the f i e l d   c a p a c i t y  (FC) and t h e  

permanent w i l t i n g   p o i n t  (PWP). Over this a v a i l a b l e  water conten t   range ,  

water i s  n o t   e q u a l l y   a v a i l a b l e   t o   t h e   p l a n t s .  Water i s  r e a d i l y   a v a i l a b l e  

over   the  upper   port ion  of   the  range,   and becomes i n c r e a s i n g l y  less . 

a v a i l a b l e  as more water i s  removed f r o m   t h e   s o i l .  

Tha t   po r t ion   o f   t he   ava i l ab le  water s torage   capac i ty   over   which  water 

i s  r e a d i l y   a v a i l a b l e   t o   t h e   p l a n t s  i s  r e f e r r e d   t o  as t h e  maximum s o i l  

water d e f i c i t ,  and i s  ca l cu la t ed  by m u l t i p l y i n g   t h e  AWSC by t h e   a p p r o p r i a t e  

a v a i l a b i l i t y   c o e f f i c i e n t .  

The a v a i l a b i l i t y   c o e f f i c i e n t  i s  a func t ion  of bo th   t he   c rop  and t h e  

soils. The a v a i l a b i l i t y   c o e f f i c i e n t s   c o n t a i n e d   i n   t h e   I r r i g a t i o n   D e s i g n  

Manual'') (Table 3 )  are given as a func t ion  of crop  only;   Experience 

has  shown t h a t   u s e  of t h e s e   f i g u r e s  i s  adequa te   fo r   t he   des ign  of 

i r r i g a t i o n   s y s t e m s ' o n  most B. C. s o i l s .  
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.Appendix C 

EVAPO.TWSPIRATION 
. .  

. .  

The e v a p o t r a n s p i r a t i o n . r a t e  (ET) is  the smi of two terms: 

(1)   t ranspir 'a t ion,   which  includes the water w h i c h   e n t e r s   t h e . p l a n t  ' , ,  

t h rough   t he   roo t s  and i s  u s e d , t o   b u i l d   p l a n t   t i s s u e s   o r  enters . 

the   a tmosphere   th rough  the   l eaves ,  

(2) evaporat ion,   which is t h e  water which   evapora tes   f rom  the   sur faces  

o f   t he  leaves of t h e   p l a n t   w i t h o u t   f i r s t  moving through  the  plant. ,  

. .  and  from the a d j a c e n t   s o i l  and water s u r f a c e s .  

' .  The evapo t ransp i r a t ion  rate i s  . .  a dynamic func t ion  of many i n t e r a c t i n g  

v a r i a b l e s ,  the major  ones  being: 

(1)  crop - ET i n c r e a s e s  a s  the crop grows ( leaf  area i n c r e a s e s ) .  Whee 
. .  

t h e  ground  cover i s  complete ,   the  ET w i l l  be  similar f o r  all crops ,  

ET rates a r e ' a l s o  a f u n c t i o n   o f   t h e   s t a g e  of  growth  of  the  crop. 

(2) weather - ET inc reases  with increasing  sunshine,   temperature ,   and 

wind,  and  with  decr'easing  humidity. 

(3) s o i l   m o i s t u r e   l e v e l  - ET decreases  with dec reas ing   so i l .mo i s tu re . -  

' A s  t h e   s o i l   m o i s t u r e  i s  dep le t ed ,  i t  becomes i n c r e a s i n g l y  more . 

d i f f i c u l t   f o r   t h e   p l a n t   t o  remove water f r o m   t h e   s o i l .  As t h i s  . 

occurs ,   the   p lan ts   g rowth  rates slow down and less water is 

consumed. 

. .  

. ( 4 )  s o i l   f e r t i l i t y  - Less water i s  requ i r ed   pe r   un i t   g rowth   unde r ,  .. 

c o n d i t i o n s   o f   h i g h   f e r t i l i t y   t h a n   u n d e r   c o n d i t i o n s   o f  low f e r t i l i t y .  

When n u t r i e n t s  ',are r e a d i l y  available, more e f f i c i e n t   u s e '  of t h e  
. .  

a v a i l a b l e  water is made. 

E v a p o t r a n s p i r a t i o n   d a t a   c a n   b e   e x p r e s s e d   i n   v a r i o u s  ways,  depending 

upon how i t  is  to   be   used .  It may be expressed as t o t a l   s e a s o n a l  ET, 

as a func t ion  of a s p e c i f i c  time period  such as a n   i r r i g a t i o n   c y c l e ' o r  a 

peak   use   per iod ,   o r   i t 'may  be   expressed  as a d a i l y  ET. 

Maximum d a i l y   e v a p o t r a n s p i r a t i o n   v a l u e s   f o r   l O . d a y ,  20 day,  and 30 day 

p e r i o d s   f o r   v a r i o u s   l o c a t i o n s   i n   B r i t i s h  Columbia  have  been  compiled by 

Dr. J. C. W i l c o ~ ' ~ ) .  Average   seasonal   po ten t ia l   evapot ranspi ra t ion  

f i g u r e s  have been  calculated  by W. N. S ly  and M. C. Coligado . . (7). 
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Other  factors  which  should,   be  considered when making u s e  of ET d a t a  

are the   dep th  of r o o t i n g ,   d e p t h   t o   r o o t i n g ,   a n d   c l i m a t i c   p r o b a b i l i t i e s .  

I n   s i t u a t i o n s   w h e r e   t h e  water t a b l e  i s  r e l a t i v e l y   c l o s e   t o   t h e  

ground  surface,   the   apparent  ET, t h e   p o r t i o n   t o   b e   s a t i s f i e d  by prec i -  

p i t a t i o n  and i r r i g a t i o n ,  will be 1ower:than  expected. A t  p re sen t   t he re  

i s  no method of e s t i m a t i n g   t h e   c o n t r i b u t i o n  of  groundwater  sources a t  ' 

i n d i v i d u a l   l o c a t i o n s .  

Because of c l i m a t i c   v a r i a b i l i t y ,   t h e   i r r i g a t i o n   r e q u i r e m e n t  of a 

crop w i l l  be   dependent   on  the  probabi l i ty   of   encounter ing climatic 

p e r i o d s   w h i c h   n e c e s s i t a t e   i r r i g a t i o n .   I n   t h e   d e s i g n   o f   i r r i g a t i o n  

systems,  peak ET f i g u r e s  must b e   i n t e r p r e t e d   i n  terms of a propor t ion  

of y e a r s   i n  which  such a peak  requirement is l i k e l y   t o   o c c u r .  
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Appendix D 

APPLICATION  EFFICIENCY 

I r r iga t ion   methods   have  their i n e f f i c i e n c i e s   i n  that not  a l l  of 

t h e   a p p l i e d  water becomes a v a i l a b l e   t o   t h e   p l a n t s .  The term a p p l i c a t i o n  

e f f i c i e n c y   r e f e r s   t o   t h e   f r a c t i o n  of t he   app l i ed  water which  ul t imately 

becomes a v a i l a b l e   f o r   p l a n t   u s e .  

A more   fo rma l   de f in i t i on   o f   app l i ca t ion   e f f i c i ency   fo r   sp ray  
. .  

i r r i ga t ion   has   been   g iven  as " t h e   r a t i o   o f   t h e   n e t  volume  of t h e   d e s i r e d  

a p p l i c a t i o n   t o  the gross  volume  of  the water de l ive red  by t h e   s p r i n k l e r s  

t o   e f f e c t   t h e   d e s i r e d   a p p l i c a t i o n ' '  . . (2) 

A p p l i c a t i o n   e f f i c i e n c i e s   v a r y   w i t h   t h e   o p e r a t i n g   c o n d i t i o n s   o f   a n  

i r r iga t ion   sys t em.  The f i g u r e s   p r e s e n t e d   i n   T a b l e  7 and  Appendix I of 

t h e   I r r i g a t i o n   D e s i g n  Manual are t h e  optimum combina t ion   of   nozz le   s ize ,  

ope ra t ing   p re s su re ,   and   app l i ca t ion   e f f i c i ency   fo r   t he   des i r ed   app l i ca t ion  

ra te .  
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Appendix E 

SPRIW.ER SELECTION 

I ' .  

1. 
8 '  
1' 
8 
I 
I 

I n   t h e   d e s i g n   o f   a n   i r r i g a t i p n   s y s t e m  i t  i s  most  important.   that  

t h e   s p . r i n k l e r   s e l e c t e d  meets the   spec i f i c   cond i t ions   o f   t he   sys t em.  

S p r i n k l e r s  are manufactured i n  many s i z e s  and   capac i t i e s ,  and  each  one 

has  i ts  own spec i f i c   ope ra t ing   p re s su re   r ange .  

S p r i n k l e r s   o p e r a t i n g  a t  h i g h e r , . t h a n   t h e  recommended p res su re  w i l l  

d i s p e r s e   t h e  water i n t o  a f ine  spray  which i s  s u b j e c t   t o   p o o r   d i s t r i b u -  

t ion  because  of  wind condi t ions   and   ex tens ive   evapora t ion   losses  

( a p p l i c a t i o n   e f f i c i e n c y  may b e   d r a s t i c a l l y   r e d u c e d ) .   S p r i n k l e r s   o p e r a t i n g  

a t  lower  than  the recommended p res su re  w i l l  be   sub jec t   t o   poor  stream 

breakup  and  large droplets which may cause   poor   so i l   su r f ace   cond i t ions  

and may l ead  t o  e r o s i o n   l o s s e s .  

S p r i n k l e r s   n o t   o p e r a t i n g   w i t h i n   t h e  recommended pressure  range 

w i l l  l e a d   t o  a h i g h   i r r i g a t i o n   c o s t   p e r   u n i t   h a r v e s t e d .  

The Engineering  Branch  of  the  Briri tsh  Columbia  Department of 

Agricul ture ,?   with  the  use  of   an I B M  360 conputer ,   has 'compiled  over  

10,000 d i s t r i b u t i o n s ,   b a s e d  on f i e l d  tests,  f o r  commonly used   spr inkler  

spac ings .  

Tables   p repared   f rom  these   d i s t r ibu t ions   g ive   the   appl ica t ion  ra te ,  

I 
1 

t he   f l ow  pe r   nozz le ,   t he   coe f f i c i en t   o f   un i fo rmi ty   and   t he   app l i ca t ion  

e f f i c i e n c y   f o r   v a r i o u s   n o z z l e   s i z e s   o p e r a t i n g  a t  t h e  optimum pres su re  

under   var ious  wind  condi t ions  and  spr inkler   spacings.  
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I Appendix F 

RECOMMENDED DESIGN PROCEDURE 

1. Make an   inventory   o f   the   ava i lab le   resources   and   opera t ing  

condi t ions .   Inc lude   in format ion   on   so i l s ,   topography,  water supply,  

sources  of  power,   crops,  wind condi t ions  and  farm  operat ion.  

2 .  De te rmine   t he   bas i c   des ig i r equ i r emen t s  of the  system,  and make 

, .  

\ 

t h e   s p r i n k l e r   s e l e c t i o n ,  as o u t l i n e d   i n   S e c t i o n  11. 

3. Determine  the  approximate  capaci ty   of   the   system. 

453 Ad , ' 

Q =  FH 

Q = d i s c h a r g e   c a p a c i t y   i n  USgpm 

A = acreage   of   the   des ign  area 

d = gross   dep th   o f   app l i ca t ion   i n   i nches   pe r  acre 

F = number of ,days   a l lowed  for   comple t ion   of   one   i r r iga t ion  

sequence 

H = number of ac tua l   ope ra t ing   hour s   pe r  day. 

4 .  Determine  the number  of sp r ink le r s ,   ope ra t ing   s imul t aneous ly ,  

r e q u i r e d   t o  meet system  requirements.  

5. Determine  the  best   layout  of main' and la teral  l i n e s   f o r   s i m u l t a n e o u s  

ope ra t ion  of abou t   t he   r equ i r ed  number o f   sp r ink le r s .  

6. Make n e c e s s a r y   f i n a l   a d j u s t m e n t s   t o  meet layout   condi t ions .  

7.  Determine   requi red   s izes  of la teral  l i n e   p i p e .  

8. Determine  the maximum t o t a l   p r e s s u r e   r e q u i r e d   f o r   i n d i v i d u a l  

l a t e ra l  l i n e s .  

9. De te rmine   r equ i r ed   s i ze s   fo r   ma in l ine   p ipe .  

10. Check m i a n l i n e   p i p e   s i z e s   f o r  power  economy. 

11. Determine maximum and minimum opera t ing   condi t ions .  

12 .  S e l e c t  pump and  power u n i t   f o r  maximum operat ing  condi t . ions.  

13. P repa re   p l ans ,   s chedu les   and   i n s t ruc t ions   fo r   p rope r   l ayou t   and  

opera t ion .  ' 

The above  design  procedure is a s l i g h t l y   m o d i f i e d   v e r s i o n  of t h e  

procedure   p resented   in   Sec t ion  11, P a r t  1-A of '  t h e  B. C .  I r r i g a t i o n  

Guide , . (2 1 

. .  
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Appendix G 

DESIGN CRITERIA 

1. Design  Applicat ion Rate 

A proper ly   des igned   and   opera ted   i r r iga t ion   sys tem  should 'meet   the  

fo l lowing   cond i t ions   w i th   r e spec t  t o  water a p p l f c a t i o n :  

a )  Water should  be  applied a t  a rate s u c h   t h a t   t h e r e  i s  no 

su r face   accumula t ion   o r   runof f .  

bl Water appl ica t ion   should   no t   exceed   the   peak  water demand of 

t h e   i r r i g a t i o n   c y c l e .  

c )   App l i ca t ion   shou ld   be   such   t ha t   t he  minimum a p p l i c a t i o n  

e f f i c i e n c y  is 7,2%. (Analyses of d i s t r i b u t i o n   p a t t e r n s   h a v e  

-shown tha t   unde r  most condi t ions   encountered   in   Br i t i sh   Columbia ,  

a p p l i c a t i o n   e f f i c i e n c i e s  of 72% or   higher   can  be  achieved.  

The r e s u l t s  of t hese   d i s t r ibu t ion   ana lyses   compr i se   t he  

s p r i n k l e r   s e l e c t i o n   t a b l e s  of the  Design Manual").) 

2.  System Capacity 

The capaci ty   of  an i r r iga t ion   sys t em  shou ld :  

a )  s a t i s f y   p e a k  d&nand 

b)   a l low time f o r  moving  equipment 

c )   p e r m i t   c u l t u r a l   p r a c t i c e s  on t h e  area 

d l   i n   t h e  case of spec ia l   uses ,   supply   the   des igned  amount t o   t h e  

des ign  area w i t h i n   t h e   n e t   o p e r a t i n g  time ' - 
e )   p rov ide   an   add i t iona l  amount of water f o r   s y s t e m s   l o c a t e d   i n  

areas where  high wind v e l o c i t i e s  are l i k e l y   t o   b e   e n c o u n t e r e d ,  

as a p p l i c a t i o n   e f f i c i e n c i e s  may be  unavoidably  reduced. 

3. Amount of Water per   Appl ica t ion  

The  amount of water appl ied  a t  each   i r r iga t ion   should   be   governed  

by t h e   a v a i l a b l e  water s to rage   capac i ty  of t h e   s o i l ,   t h e   e f f e c t i v e  

r o o t i n g   d e p t h ,   t h e   a v a i l a b i l i t y   c o e f f i c i e n t  of t h e   p a r t i c u l a r   c r o p ,  

t h e   c a l c u l a t e d  amount of water consumed between i r r i g a t i o n s  and 

the a p p l i c a t i o n   e f f i c i e n c y .  

4 .  Uniformity  of Water Appl ica t ion  

a ) .   P r e s s u r e   t o   b e   s u p p l i e d  a t  s p r i n k l e r  - t he   des ign   p re s su re  

a t  the   nozz le   should   be   wi th in   the  recommended pressure   range .  
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b)   Spac ing   of   spr inklers  - maximum spacings are a func t ion  of t h e  

wet ted   d iameter   o f   the   spr inkler   and   the  wind condi t ions .  

5. Lateral Lines  

Lateral p ipe   s i ze s   shou ld   be   such  that t h e   p r e s s u r e   v a r i a t i o n  

between  any two s p r i n k l e r s   o n   t h e  la teral  does  not  exceed 20% of 

t h e   d e s i r e d   s p r i n k l e r .   o p e r a t i n g   p r e s s u r e .   ( T h i s   s p e c i f i c a t i o n  

w i l l  no t   apply  when f low  r egu la to r s  are p laced   under   every   spr inkler ,  

bu t   i n   such   cond i t ions   t he   p re s su re   d rop   t h rough   r egu la to r s  must 

be considered) .  

I f   t he   t opography  is such that the   p re s su re   va r i a t ion   canno t   be  

c o n t r o l l e d   t o   w i t h i n  20%, su i t ab le   con t ro l s   shou ld   be   p rov ided .  

Lateral l ines   should   be   p laced   across   s lopes .   This  w i l l  g ive  more 

un i fo rm  p re s su re   a long   t he  la teral ,  and  hence. a more  uniform water 

d i s t r i b u t i o n .  

6. Mainl ines  

Main l ines  sizes should   be   such   tha t  a reasonable  balance  between 

pumping c o s t s  and   p ipe   cos ts  i s  obtained.   Mainl ines   should  be 

, placed with the   s lope .   This  w i l l  c a u s e   a . p r e s s u r e   v a r i a t i o n   a l o n g  

t h e   m a i n l i n e ,   b u t   i f   t h e   d e s i g n   a l l o w s   f o r   a d e q u a t e   p r e s s u r e  a t  t h e  

lateral  t akeof f   l oca t ion  where t h e   m a i n l i n e   p r e s s u r e  w i l l  be   t he  

l o w e s t ,   p r e s s u r e s   t o   o t h e r  laterals may be   con t ro l l ed  by a d j u s t i n g  

the  opening on the   t akeof f   va lves .  
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Appendix H 

COMMENTS ON VARIOUS SPRAY IRRIGATION SYSTEMS 

P o r t a b l e  Handmove System 

The la terals  have   spr inklers   every  20 t o  40 f e e t   a n d  are manually 

c a r r i e d   t o   t h e   n e x t  la teral  p o s i t i o n ,   u s u a l l y   a . d i s t a n c e  of 40 t o ,  

80 f e e t .  Low in i t i a l   i nves tmen t   bu t   h igh   l abour  and ope ra to r  

a t t en t ion   r equ i r emen t .  

Tomove  System . .  

The laterals w i t h   s p r i n k l e r s  are mounted  on s k i d s   o r  small wheels 

and the   who le   l i ne  i s  towed  by a t r a c t o r   t o  i t s  next  l a te ra l  

s e t t i n g .  High ope ra to r   a t t en t ion   r equ i r emen t  and   h igh   probabi l i ty  

of  damaging  crop  and s o i l   c o n d i t i o n  when moving. 

Wheelmove System  (or  Side-RQlLSystem) 

The laterals are supported  on  wheels 30 t o  40 f e e t   a p a r t   w i t h   t h e  
p i p e  act ing   as  an ax le .  A small gasoline  engine i s  used t o  r o l l  

t h e   l i n e   t o  i ts  nex t   pos i t i on .   Th i s   t ype  of  system i s  ex tens ive ly  

used   for   hayland   appl ica t ion ,   bu t  i s  l i m i t e d   t o  more o r  less 

r e c t a n g u l a r   f i e l d s .   F a i r i y   h i g h   l a b o u r   r e q u i r e m e n t   ( a l t h o u g h  less 

than  with handmove) and h ig   ope ra to r   a t t en t ion   r equ i r emen t .  

Boom Type Spr ink le r  System 

The boom is  a nozz led ,   s lowly   ro t a t ing   p ipe l ine   wh ich  i s  mounted 

on a portable   tower.  The s p r i n k l e r s  are moved by towing  the  tower 

from p o s i t i o n   t o   p o s i t i o n .  Not used   ex tens ive ly .  

Handmove Giant Gun System 

A l a r g e  volume gun used   wi th   por tab le  aluminum pipe .  Can do several 

acres a t  one set, b u t   t h e r e  i s  a r e l a t i v e l y   h i g h   l a b o u r  and ope ra to r  

a t t en t ion   r equ i r emen t .  

Trave l l ing   Giant  Gun System 

The s p r i n k l e r  i s  connec ted   to  a f l ex ib l e   h igh   p re s su re   hose . .  The 

v e h i c l e  i s  towed  by a power winch  and c a b l e   a c r o s s   t h e   f i e l d  a t  

, .  

r e g u l a r   i n t e r v a l s .  The sp r ink le r '  i s  a 

type  and i n  one  pass i t  usual ly   c 'overs  

1 ,320  f e e t   l o n g .  

h igh  vo1ume;high p res su re  

an area 330 f e e t  wide  by 
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7. Centre  Pivot  System 
. .  

A s i n g l e   s p r i n k l e r  l a te ra l  i s  supported  on  towers  anchored a t  t h e  

cen t r e   w i th   t he   o the r  end m0vin.g i n  a c i rc le  about the p ivo t .  

There i s  a g rad ien t  of spr inkler   nozz le   s izes   and   spac ings   a lo .ng  

the la teral  'to a t t a i n  a reasonably  uniform  appl icat ion rate. . Each 

tower  has i t s  own power u n i t ,   a n d   t h e s e   u n i t s  are sychron ized   t o  

ensure  proper  la teral  alignment.  Large (40 t o   1 6 0   a c r e )   f l a t  

l o c a t i o n s  with l i g h t   s o i l s  are r equ i r ed .   F i e lds  w i l l  b e   c i r c u l a r ,  

-and i f  used  on  heavier sails, movement of   the  wheels  may l e a d   t o  

compaction  and  rutting.  (Systems are a v a i l a b l e   t o   i r r i g a t e   t h e  

corners  of a r e c t a n g u l a r   f i e l d   l e f t  by the   cen te r   p ivo t   sys t em) .  

8. Solid  Set  (Permanent)  System 

The s p r i n k l e r s ,  laterals,  submains  and  mainlines are a l l  permanently 

ins ta l led .   These   sys tems.   can   be   des igned   to   'use  a l l  ranges  of 

. spr inkler   heads   f rom  shrub   nozz les   to   g ian t   guns .  Can be  used  with 

any   combina t ion   of   c rop ,   so i l ,   and   topographic   condi t ions   ( so i l   and  

topography may d i c t a t e   t h e   t y p e  of s p r i n k l e r   t o   b e   u s e d ) .  Can be  

fu l ly   au tomated  so  t h a t   o p e r a t i o n  becomes p r imar i ly  a job of 

. i n s p e c t i o n .   . T h i s   t y p e  of sys tem  has   the   lowes t   opera t ing   cos ts ,  

b u t   t h e   h i g h e s t   i n i t i a l   c o s t .  

Note: I r r i g a t i o n   w i t h   g i a n t  gun systems is  l imi t ed  by t h e i r   h i g h   a p p l i c a t i o n  

rates. This  may p reven t   u se   . unde r   ce r t a in   so i l   ( heavy   so i l s )   and  

topographical   (s teep  s lopes)   cond. i t   ions .  

The sp,r inkler   systems  which  would  be  considered  for   eff luent  

i r r i g a t i o n  would b e   t h e  handmove system, handmove gun ,   t r ave l l i ng   gun ,  

wheelmove, c e n t e r   p i v o t ,   a n d   s o l i d  set system. 

The  handmove system  would.be  considered  only  for   very small e f f l u e n t  

i r r i g a t i o n  sites because   o f   the   h igh   labour   and   opera tor   a t ten t ion  

requirement.  Gun sys t ems ,   bo th   t r ave l l i ng  and  handmove,  have  been  used, 

bu t   a l so   r equ i r e   cons ide rab le   amoun t s   o f   ope ra to r   a t t en t ion   and   t he i r  

a p p l i c a t i o n  rates may be   t oo .   h igh   fo r  some s o i l  .and  topographic   condi t ions.  

Their  main  advantage would  be their a b i l i t y   t o   i r r i g a t e   i n   i r r e g u l a r l y  

shaped areas. 
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The  wheelmove systems are becoming  very  popular  for  hay  and  pasture 

i r r iga t ion .   These   sys t ems   f a l l   be tween ' the   po r t ab le   and   so l id  set 

systems in   bo th   cap i t a l '   expend i tu re   and   l abour   r equ i r emen t s ,   and   shou ld  

b e   c o n s i d e r e d   f o r   e f f l u e n t   i r r i g a t i o n   a p p l i c a t i o n s .  

The use  of center   p ivot   sys tems are v e r y   l i m i t e d  by topographic  

and s o i l s   c o n d i t i o n s .  

So l id  se t  systems  can  be  designed  to   operate  just about  anywhere 

and lend  themselves  to  complete  automation. They should  be  given  prime 

considerat ion  where  labour  w i l l  be  a problem,  or   on  s teeply  s lpped  or  

f o r e s t e d  areas. 
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CAUTIONARY MEASURES I N  EVALUATING SOILS 

FOR  SPRAY IRRIGATION 

Many i n t e r e l a t e d   f a c t o r s   h a v e   t o   b e   c o n s i d e r e d   i n   s e l e c t i n g   s o i l s   f o r  

s p r a y   i r r i g a t i o n  of e f f l u e n t s .  Some of t h e s e  may be   cons ide red   ex te rna l   t o  

t h e   s o i l ,  and  include  such  things as climate, topography,  . type  of  crop  to 

be grown, e f f l u e n t   q u a l i t y ,  s i t e  p o s i t i o n  relative t o   b o d i e s  of water, area 

d ra inage   pa t t e rn ,   and   ad jacen t   l and   u se   pa t t e rns .  Some impor t an t   i n t e rna l  

s o i l   p r o p e r t i e s   i n c l u d e   t h e   s i z e  of s o i l   p a r t i c l e s  and t h e i r   s h a p e   o r   s t r u c -  

t u r e ,   t h e   d e p t h   o f   t h e ' s o i l ,   d e p t h   t o   t h e  water t ab le ,   o rgan ic  matter content ,  

and   those   chemica l   charac te r i s t ics  that a f f e c t   n u t r i e n t   r e t e n t i o n  and availa- 

b i l i t y   t o   c r o p s .   T h i s   p a p e r  w i l l  f o c u s   a t t e n t i o n  on some o f   t h e s e   i n t e r n a l  

p r o p e r t i e s  and d i s c u s s  how they   i n f luence   i r r i ga t ion   p rac t i ces   and   sys t em 

des ign .  

Any i r r iga t ion   sys t em,   whe the r  i t  u t i l i z e s   n a t u r a l  waters o r  wastewater 

e f f l u e n t s ,  must be   des igned   to   apply   the   requi red  amount of water t o   t h e   s o i l  

when the   p l an t   needs  i t ,  and a t  a s a t i s f a c t o r y  rate o f   app l i ca t ion .  The ra te  

a t  which water s h o u l d   b e   a p p l i e d   t o   s o i l  w i l l  be   gove rned   by   t he   so i l ' s   i n f i l -  

t r a t ion   capac i ty   o r   pe rmeab i l i t y ,   wh ich   i n   t u rn  i s  la rge ly   de te rmined  by s o i l  

t e x t u r e  and s t r u c t u r e .  The relative p ropor t ion   o f   d i f f e ren t   s i zed   mine ra l  

p a r t i c l e s   i n   t h e   s o i l  mass is termed  texture.  The way t h e s e   p a r t i c l e s  are 

grouped  together   into  aggregates  i s  termed s t r u c t u r e .  

P e r m e a b i l i t y   r e f e r s   t o   t h e   a b i l i t y   o f   t h e   s o i l   t o   a l l o w  water t o  move 

t h r o u g h   t h e   s o i l ,   w h i l e   i n f i l t r a t i o n   c a p a c i t y   r e f e r s   t o   t h e  rate a t  which 

water c a n   e n t e r   t h e   s u r f a c e  of t h e   s o i l .   I f   t h e   a p p l i c a t i o n  rate of t h e  

i r r i g a t i o n   s y s t e m   e x c e e d s   t h e   i n f i l t r a t i o n   c a p a c i t y  of t h e   s o i l ,   s u r f a c e  

ponding,  runoff  and  consequent  erosion w i l l  occur.  The n e t   r e s u l t  i s  a 

d e t e r i o r i a t i o n   i n   s t r u c t u r e  and a f u r t h e r   d e c r e a s e   i n   i n f i l t r a t i o n   c a p a c i t y .  

This  i s  pa r t i cu la r ly   impor t an t  i n  s o i l s   t h a t   c o n t a i n  s i l t  and  c lay.   I f   such 

s o i l s   d o   n o t   h a v e   s t a b l e   s t r u c t u r e   i n   t h e  form  of   water-s table   aggregates ,  

t h e  s i l t  and c l a y   p a r t i c l e s  w i l l  p a c k   t i g h t l y   t o g e t h e r , p r o d u c i n g   s o i l s   w i t h  

ve ry   f i ne   po res .   Th i s  means t h a t   s u c h   s o i l s  w i l l  n o t   d r a i n  w e l l  and w i l l  

be  po,orly  aerated.  It a l s o  means t h a t   r o o t   p e n e t r a t i o n  w i l l  be  more d i f f i -  

c u l t  and  perhaps  even  prevented.  Lack  of good s o i l  management p r a c t i c e s  

such as crop  rotat ions,   manuring,   and  cover   cropping,   or   the   cul t ivat ion  of  

heavy- tex tured   so i l s  when they are too  w e t  can   se r ious ly   reduce   the  

. .  

i n f i l t r a t i o n   c a p a c i t y .  
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The r a t e . a t  which water e n t e r s ' . t h e   s o i l  i s  n o t   c o n s t a n t   i n   e i t h e r '  

time o r   s p a c e ,   d u e   t o   v a r i a t i o n s   i n   b o t h   s t r u c t u r e   a n d   t e x t u r e   w i t h i n   t h e  

s o i l .  Most s o i l s  show s u c h   v a r i a t i o n   w i t h   d e p t h ,   t h e   s u r f a c e   s o i l  

normally  being more pe rmeab le   t han   t he   subso i l .   I n   add i t ion ,   t he   i n f i l -  

t r a t i o n  rate decreases   wi th   increas ing   dura t ion   of  water a p p l i c a t i o n .  

The presence of a shal low water t a b l e   c a n  ais0 reduce  the  inward movement of 

water cons ide rab ly .   In   i r r i ga t ion   des ign ,   t he re fo re ,  i t  i s  extremely 

' impor t an t   t o   cons ide r   bo th   t ex tu re  and s t r u c t u r e   v a r i a t i o n s   w i t h   d e p t h  

p a r t i c u l a r l y   i n   r e g a r d   t o   t h e   s e l e c t i o n   o f   a p p l i c a t i o n  rates. 

Very l i t t l e  test d a t a  i s  a v a i l a b l e   o n   i n f i l t r a t i o n   c a p a c i t i e s   o f  
. .  

B r i t i s h  Columbia s o i l s . .  However, through  experience  and  observat ion  .of  

s o i l s   u n d e r   i r r i g a t i o n ,  some guide l ines   have   been   es tab l i shed   tha t  relate 

a p p l i c a t i o n  rates t o   s o i l   t e x t u r e .   I n   g e n e r a l ,   u n d e r  good i r r i g a t i o n  

practices, a p p l i c a t i o n  rates should  normally  not  exceed 0.40 i nches   pe r  

hour   on   s andy   so i l s   o r  0.20 i n c h e s   p e r   h o u r   o n   s o i l s   t h a t  are of a c lay-  

loam nature   or   heavier .   Again,   the   point   should  be  emphasized  that  

v a r i a t i o n s   i n   t e x t u r e  and s t r u c t u r e   w i t h i n   t h e   s o i l  must b e   c o n s i d e r e d   i n  

t h e   s e l e c t i o n  of   des ign   appl ica t ion  rates. 

A s  i nd ica t ed  ear l ier ,  one  of   the  major   , funct ions of a n   i r r i g a t i o n  

\system is. t o   s u p p l y   t h e   r e q u i r e d  amount  of water t o   t h e   s o i l  a t  t h e  time 

the   p l an t   needs  i t .  Basic t o   t h i s   f u n c t i o n  i s  an   unders tanding   of   the  

s o i l ' s   a v a i l a b l e  water s torage  capaci ty ,   which i s  a c h a r a c t e r i s t i c   l a r g e l y  

a t t r i b u t a b l e   t o   s o i l   t e x t u r e  and s t r u c t u r e .   A v a i l a b l e  water s t o r a g e  

capac i ty  i s  e s s e n t i a l l y  a measu re   o f ' t , he   so i l -wa te r   ava i l ab le   t o   p l an t s  

t h a t  i s  h e l d   a r o u n d   t h e   s o i l   p a r t i c l e s  by su r face   t ens ion ,   and   i n   t he  

c a p i l l a r y   p o r e   s p a c e s .  Water no t   he ld   by   t he   so i l   d ra ins   unde r   t he   i n -  

f l uence   o f   g rav i ty ,  moving downward through  , the   l a rger   non-capi l la ry   pores .  

.The propor t ion   of  small pores   to   l a rger   pores   governs   the  water h o l d i n g   o r  

s to rage   capac i ty   o f  a s o i l .  Sandy ' s o i l s   n o t   o n l y   h a v e  low t o t a l   p o r o s i t y ,  

b u t   t h e y   a l s o   p o s s e s s   r e l a t i v e l y   l a r g e   p o r e   s p a c e s .  The water s t o r a g e  

capac i ty  i s  t h e r e f o r e  low. S i l t s  and c lays ,   on   the   o ther   hand ,   have   h igh  

t o t a l   p o r o s i t y ,   t o g e t h e r . w i t h  a high  percentage  of  small pores.  Hence, 

t h e  water s to rage   capac i ty  i s  r e l a t i v e l y   h i g h .  

Two d e f i n e d   l e v e l s   o f   s o i l  water con ten t  'are impor t an t   i n   de t e rmin ing  

a v a i l a b l e  water - Field  Capaci ty   and  Permanent   Wil t ing  Point .   Field 
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' . capac i ty  is t h e  amount of water h e l d   i n   t h e   s o i l   a f t e r   t h e   g r a v i t a t i o n a l  

water has   d ra ined  away and a f t e r   t h e  downward movement of water has  

ma te r i a l ly   dec reased .  The pe rmanen t   w i l t i ng   po in t   r e f e r s   t o   t he  water 

conten t  a t  wh ich   t he   so i l   c an  no longer   supply water a t  a s u f f i c i e n t  rate 

to   main ta in   tu rgor   and   the   p lan t   permanent ly  w i l t s .  The d i f f e r e n c e  

between f i e l d   c a p a c i t y  and  permanent  wilt ing  point is known as a v a i l a b l e  

water s to rage   capac i ty  and i s  normal ly   expressed   in   inches   o f  water p e r  

f o o t   o f   s o i l .  

In format ion   on   ava i lab le  water s t o r a g e   c a p a c i t y   f o r   B r i t i s h  Columbia 

s o i l s  i s  l i n i t e d .  However, based upon a v a i l a b l e   r e s e a r c h   d a t a ,   g u i d e l i n e s  

have   been -es t ab l i shed  relative t o   s o i l   t e x t u r e   c l a s s i f i c a t i o n s .   I n  

g e n e r a l ,   t h e   a v a i l a b l e  water s to rage   capac i ty  w i l l  b e   i n   t h e   o r d e r   o f '  1 

i n c h   p e r   f o o t  of   depth   for   f ine   sands ,   1 .5   inches   for   sandy  loams,  2.0 

inches  for   loams,   and 2.5 i n c h e s   f o r  s i l t s  and  clays,. ' Because   o f   th i s  

v a r i a b i l i t y   i n  water r e t e n t i o n  relative t o   t e x t u r e ,  and  because  most s o i l s  

show such   va r i a t ion   w i th   dep th ,  . i t  i s  impor t an t   t ha t   p rope r   ca re .be   t aken  

i n   s e l e c t i n g  soil samples   that  are representa t ive   o f   the   roo t   zone  of t h e  

c r o p   t o   b e  grown. Avai lab le  water s to rage   capac i ty  is extremely  s ig-  

n i f i c a n t   i n   i r r i g a t i o n   d e s i g n .  

The  amount  of water r e l e a s e d   p e r   i r r i g a t i o n   a p p l i c a t i o n  w i l l  b e  

governed   by   the   so i l  water cond i t ion  a t  t h e  time of i r r i g a t i o n ,  and  by 

the   c rop   be ing  grown. ' I n   e a c h   s i t u a t i o n   t h e  amount  of water app l i ed  

s h o u l d   b e   s u f f i c i e n t   t p   b r i n g   t h e   s o i l   w i t h i n   t h e   r o o t  zone t o   f i e l d  

capac i ty .   This  is necessary  because a given column o f   so i l   c anno t   be  

wet ted   to  a degree less t h a n   t h e   f i e l d   c a p a c i t y ,   s i n c e   , n o   g r a v i t a t i o n a l  

movement w i l l  occur   un t i l   tha t   f ie ld   capac i ty   has   been   exceeded .   There-  

f o r e ,   i f  i t  i s  d e s i r e d   t o  wet t h e   s o i l  down t o  a c e r t a i n   d e p t h ,  i t  i s  

necess 'a ry   to  w e t  i t  t o   t h e   f i e l d   c a p a c i t y  a l l  t h e  way  down t o   t h a t   d e p t h .  

The h e a v i e r   t e x t u r e d   s o i l s ,   h a v i n g   g r e a t e r   s t o r a g e   c a p a c i t i e s  f o r  water, 

w i l l  t h e r e f o r e   r e q u i r e   h e a v i e r  water a p p l i c a t i o n s   t h a n   t h e   l i g h t   s a n d y  

s o i l s .  , 

. .  

I n   i r r i g a t i n g   w i t h  wastewater e f f l u e n t s   p a r t i c u l a r l y ,  i t  i s  important  

t o   r e a l i z e   t h a t   t h e   h i g h e r  amounts pe r   app l i ca t ion   r equ i r ed   on   t he   heav ie r  

s o i l s   d o e s   n o t  mean t h a t   l a r g e r  volumes  of e f f l u e n t  w i l l  a l s o   b e   r e q u i r e d  

on a s e a s o n a l   o r   a n n u a l   b a s i s .  The actual   consumptive  use  of  water by 

crops i s  not   markedly  affected by t h e   t e x t u r e   o f   t h e   s o i l ,   y e t   p r a c t i c a l  

i r r i g a t i o n   c a n n o t   b e   c a r r x e d   o u t   a s . e f f i c i e n t l y  on a very   coarse   t ex tured  

s o i l  as i t  can  on  one  of medium o r  heavy  texture .  The  more f r equen t  
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i r r i g a t i o n s   r e q u i r e d   o n   t h e   c o a r s e   t e x t u r e d   s o i l  w i l l  n e c e s s a r i l y   r e s u l t  

i n   l a rge r   evapora t ion   l o s ses   and   hence  a h i g h e r   s e a s o n a l   i r r i g a t i o n  re- 

qui rement .   In   o ther   words ,  more water will be   requi red   over   the   ' season  

u n d e r   i r r i g a t e d   a g r i c u l t u r e   o n   s o i l s   w i t h  low water s to rage   capac i t i . e s   t han  

on s o i l s   w i t h   h i g h  water s t o r a g e   c a p a c i t i e s .  

A t  f i r s t   g l a n c e  i t  would   appear   tha t   in   choos ing  a s o i l   f o r   i r r i g a t i o n  

o f   e f f luen t ,   one  would select  a s o i l   w i t h  a low water s to rage   capac i ty .  

This  would necess i t a t e   no re   f r equen t   app l i ca t ions   and   t hus  more e f f l u e n t  

could  be  appl ied  ' to  a given  area.  However , o n e .   o f   t h e   o b j e c t i v e s   i n  

a p p l y i n g   e f f l u e n t s   t o   c r o p   l a n d  .is t o   " p o l i s h "   t h a t   e f f l u e n t   t h r o u g h  

nu t r i en t   up take   by   t he   p l an t s  and   t h rough   f i xa t ion   by   t he   so i l .   So i l s  

w i th  low water s t o r a g e   c a p a c i t i e s ,   u n f o r t u n a t e l y ,   a l s o   t e n d   t o   p o s s e s s   l o w  

. n u t r i e n t   r e t e n t i o n   p r o p e r t i e s   a n d   a r e   s u b j e c t   t o   h i g h e r   l e a c h i n g   l o s s e s  

u n d e r   i r r i g a t i o n .   I n   a d d i t i o n ,   i r r i g a t i o n   s y s t e m   c a p i t a l   c o s t s   a n d  

o p e r a t i n g   c o s t s   b o t h   i n c r e a s e  as t h e   f r e q u e n c y   o f   i r r i g a t i o n  i s  Iccreased .  

. .  

Last  b u t   n o t  least ,  s o i l   d e p t h  i s  an   impor t an t   f ac to r   t o   be   cons ide red  

. i n   e f f l u e n t   i r r i g a t i o n   s y s t e m   d e s i g n , . p a r t i c u l a r l y   i f   f o r a g e   c r o p s  are t o  

be grown. Al fa l fa ,   fo r   example ,  i s  deep  rooted a.nd u n d e r   i r r i g a t i o n  w i l l  

draw i t s  water requi rements   f rom  an   e f fec t ive   depth  of  f o u r   f e e t ,   s o i l  

permi t t ing .  Where the   dep th  of  s o i l  i s  l i m i t e d  by a high water t a b l e ,  

hpe rmeab le   l aye r ,   compac t   g l ac i a l  t i l l  or   bedrock ,   normal   roo t ing  w i l l  n o t  

t a k e   p l a c e ,   t h e  water s t o r a g e   c a p a c i t y  would be   r educed   and   t he   i r r i ga t ion  

frequency  would  be  increased.  Should such a r e s t r i c t i o n .   a f f e c t   t h e  

i n t e r n a l   d r a i n a g e   c h a r a c t e r i s t i c s   o f   t h e   s o i l ,   c r o p   y i e l d   a n d   l o n g e v i t y   o f  

t h e   s t a n d  may be   adverse ly   a f fec ted ,   o r   downslope   seepage   could   deve lop ,  

thus   render ing   those  areas u n s u i t a b l e   f o r   i r r i g a t i o n .  

1 
8 
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SOIL CHANGES DUE TO . EFFLUENT  IRRIGATION 

INTRODUCTION 

The pr imary  funct ion of land  i s  the  production  of  food  and  feed 

f o r  humans and   l i ves tock ,   bu t  as t h e   e a r t h ' s   p o p u l a t i o n   c o n t i n u e s   t o  

i n c r e a s e ,  more and more people   u rge   tha t   l and   be   used   for   the   d i sposa l  

o f   t h e i r  wastes. It  i s  a p r i m e   r e q u i s i t e   o f   a n y   d i s p o s a l   s y s t e m   t h a t  

a waste from  one medium, such ,a s   so i l ,   be .   p reven ted   f rom  caus ing  undue 

po l lu t ion   e l sewhere .   I f  we p ropose   t o   u se   l and   a s  a r e c e p t o r  of wastes, 

t h e n   a n   o b j e c t i v e   m u s t   b e   t o   i n t e g r a t e   t h e   d i s p o s a l   s y s t e m   w i t h   l o c a l  

' envi ronmenta l   condi t ions .  Such an  approach i s  i n   d i r e c t   c o n t r a s t ' t o  

bas ing  a d e c i s i o n   s o l e l y   o n   s h o r t  term economic  considerat ions  or  

because a g iven   parce l   o f   l and  i s  unoccupied  and  has  no  projected'and 

s p e c i f i e d   u s e .  

H i s t o r i c a l l y ,  waste d i s p o s a l   o n   s o i l  i s  as o l d  as the  problem.of  

waste d i s p o s a l   i t s e l f .  The f i r s t   i r r i g a t i o n   s y s t e m   d e s i g n e d   p r i m a r i l y  

f o r  sewage d i s p o s a l   b e g a n   i n  1559 i n   P r u s s i a  and  operated  for  more than  

300 years .   In   England ,  a Royal Commission  on  Sewage Disposal  (1859) 

recommended the   . app l i ca t ion   o f  town sewage  on  land as a means of 

avoiding river pol lut ion  (Bendixen e t  a l .  1 9 6 3 ) .   I n  more r e c e n t  times, 

i r r i g a t i o n  of  crops  with sewage e f f luen t   has   been   advoca ted   i n   o rde r  

t o   u t i l i z e   t h e   f e r t i l i z e r   p o t e n t i a l  of the   n i t rogen   and   phosphorus   in  ' 

t he   e f f luen t   and   t o   r educe   t he   eu t roph ica t ion   o f   r i ve r s  and l a k e s - t h a t  

has   r e su l t ed   f rom  the   d i sposa l   o f   t he   e f f luen t   t h rough   d i lu t ion   t echn iques .  

Today, r e l a t i v e l y   l a r g e   l a n d   d i s p o s a l  schemes are i n   o p e r a t i o n   o r  

%n  the   p lanning   s tages :  

1. Muskegon County P r o j e c t ;  10,000 acres of   l and   to   handle  

44 m i l l i o n  US gpd by  design  year  1990,  and serve up t o  
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Braunschweig, W .  Germany; 865 acres to   hand le  sewage  from 

115,600  people;  established  1890  (Ewert  1973) 

Board o f '  Works Farm, Werr ibee,   Austral ia ;   27,000 acres 20 

miles west of  Melbourne,  population  served E1.9 mi.l l ion; 

pas ture   22 ,000   ca t t le   and   ~40 ,000   sheep   (1974) ;   es tab l i shed  

i n   1 8 9 0 ' s  

Other  systems  in  France  and U. S .A.  

2. 

Because   o f   the   l a rge   increase   in   the   use  of l a n d   f o r   t h e   d i s p o s a l  

of e f f luen t s ,   and   t he   c r i t i c i sm  tha t   has   been   r a i sed   ove r   t he   t echn ique  

(Egeland  1973) ,   the   problems  of   potent ia l   pol lut ion  of   the  environment  

are worthy  of  closer  examination. 

Th i s   p re sen ta t ion  is intended  to   provide a review  and  discussion 

of s o i l   p r o p e r t i e s  as t h e y   a f f e c t   t h e   r e t e n t i o n ,   t r a n s f e r ,   a n d   m o b i l i t y  

of  the  major  contaminants  from wastewaters. The f a t e  of  added n i t r o g e n  

and  phosphorus  has  been well s t u d i e d   b u t   t h e r e  i s  much controversy  over  

the  forms i n  which  heavy metals and   synthe t ic   o rganics  are h e l d  

(Leeper   1972) .   In   p rac t ice  w e  have   had ,   un t i l   the   1970 ' s ,   on ly  a few 

i s o l a t e d   o b s e r v a t i o n s .  We may expec t  many more exper iments   to   be  

r e p o r t e d   i n   t h e   n e x t  few years ,   and some of   these w i l l  throw more l i g h t  

on the  problems of e f f l u e n t   i r r i g a t i o n .  

NATURE OF SEWAGE EFFLUENTS 

This symposium has   been   p lanned   to   inves t iga te .   and   repor t   on   the  

f e a s i b i l i t y  of   d i spos ing   of   sewage   t rea tment   p lan t   e f f luents   on   l and .  

, T h e   t o p i c  is gene ra l ly   l imi t ed   t o   t he   l i qu id   e f f luen t   f rom a v a r i e t y  

of municipal  sewage  trea-tment  processes;  sewage  sludges  from  the 

t rea tment   p rocesses  are not   under   cons idera t ion .  

Sewage t r e a t m e n t   p l a n t   e f f l u e n t s  are c h a r a c t e r i s t i c a l l y   h i g h -  

volume wastes .(50 t o  150  gpcpd) ,   con ' ta ining  re la t ively low  concen- 

t ra t ' ions  of many chemical  and  organic compounds. The concen t r a t ions  

of many of   the  e lements   in   sewage  eff luents  are shown i n  Table 1. 
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Kardos  and  Soper   (1973)   indicated  that   the   eff luent '  was t h e  

ch lo r ina t ed  wastewater from  primary  and  secondary  (modified  activated 

s l u d g e )   t r e a t m e n t s   p l u s   t r i c k l i n g   f i l t e r s .  The t r e a t m e n t   f a c i l i t y  

s e rves  Penn State University  and a neighbouring  borough.  The  Guelph 

Trea tment   P lan t   cons is ted   o f   p r imary ,   ac t iva ted   s ludge   and   anaerobic  

d iges t ion   o f   t he   s ludge .  The ch lo r ina t ed  wastewater e f f l u e n t  i s  

c u r r e n t l y   d i s c h a r g e d   t o   t h e  Speed  River. The B r i t i s h  Columbia 

e f f l u e n t  (Oldham 1973) ,  was f r o m   t h e   t r i c k l i n g   f i l t e r   p l a n t   f o r   t h e   C i t y  

of  Vernon,  and was used t o   i r r i g a t e   a l f a l f a .   A b b o - t t ,   i n   1 9 7 1 ,   s u r v e y e d  

municipal  sewerage  'systems  throughout  Southern  Ontario  to  detect   the 

presence  and  concentrations  of several heavy metals i n   t h e  sewage, 

t o   d e t e r m i n e   t h e   f a t e   o f   t h e  metals and t h e  levels of t h e  metals i n  

t h e  sewage  t reatment   eff luents .  The d a t a   i n   T a b l e  1 are t h e  means 

and  s tandard  deviat ions of t he   concen t r a t ions   found   i n   t he   e f f luen t  

from 2.0 t o  24 treatment plants  sampled several times over  two yea r s .  

These   da t a   t he re fo re   g ive   t he   bes t   i nd ica t ion  of the   ranges   o f   these  

e lements   tha t   might   be   expec ted   in  sewage e f f l u e n t s .  

I n  ge.nera1, e f f l u e n t s  show low concentrations  of  macro  and  micro 

n u t r i e n t s ;   t o t a l ' n i t r o g e n   r a n g e s   f r o m  8 t o  23 ppm, to ta l   phosphorus  

from 2 t o  7 ppm and v a r i a b l e   l e v e l s   f o r   t h e  mono and   d iva l en t   ca t ions  

with  heavy metals i n   c o n c e n t r a t i o n s  below 1 ppm. 

It should  be  noted  however ,   that   a l though  the  concentrat ions of 

p l a n t   n u t r i e n t s   i n   t h e ,   e f f l u e n t s   o f f e r   o p p o r t u n i t i e s   f o r   b e n e f i c i a l  

u se   o f   t he   e f f luen t   i n  s o i l  and  crop  enhancement,  there are o t h e r  

c o n s t i t u e n t s   t h a t   h a v e   f a t e s   t h a t  may be   de t r imen ta l   t o   t he   u se  of 

waste water f o r   i r r i g a t i o n .  The c o n s t i t u e n t s  of spec ia l   concern  are 

the ,heavy  metals, syn the t i c   o rgan ic  compounds such as p e s t i c i d e s ,  and 

the  accumulat ion of salts .  T h e r e f o r e ,   t h e   b e n e f i t s   o f   l a n d   i r r i g a t i o n  

w i t h   e f f l u e n t  must  be  evaluated i n   t h e   l i g h t  of  whether  the  applied 

materials w i l l  i n  any way adverse ly   a f fec t   the   wa . te r   and   so i l   envi ro-  

nment of   the  region.  

Some a t ten t . ion   should   a l so   be   g iven   to   the   ameni ty   va lue   o f  a 

r e g i o n   i r r i g a t e d  by e f f luen t .   Schu l t z  , i n  1966  pointed  out   that  

because  of the   o rganic  matter i n   t h e   e f f l u e n t ,  i t  i s  p r e f e r a b l e   t o  

u s e   t e r t i a r y   e f f l u e n t s   i n   i r r i g a t i o n   i n s t e a d   o f   p r i m a r y   o r   s e c o n d a r y  

t o   c u t  down on  problems  of  putrescible matter and  odours. 



It e m  

PH 

Table 1 

Impur i ty   Concent ra t ions   in   Trea ted  Sewage 

Source 
Kardos  and Oldham (1973)  Guelph 
Soper  (1973) 

7.6 - 8.0 

' Nitrogen - TKN 

- NH4 5.3 - 15.7 

- organic   2 .9  - 7.8  

- NO3 ' 4.2 - 5.8 

' Phosphorus - t o t a l   , 4 . 1  - 7 . 1  

- or tho  
K 13.5 - 1 7 . 1  

Ca 20.2 - 3 4 . 6  

Mg 10.4 - 17 .4  
Na 32.7  "52.8 

Mn 0.1 - 0.36 

c1- ' . . - 41 .2  - 60.6 

Boron  0.29 - 0.4 

A 1  

Fe 

Mn 

C r  

.cu 

Zn 

N i  

Pb 

Cd 

Note : A l l  va lues  are i n   m g / l ,  

14  - 15  19 - 
1 2  - 

4.6  "5.6 < 

6.6 - 6.7  2.3 - 
0 - 5.6  2.1 - 

4. 

(1974)  Abbott  (1971) 

23 

1 6  

0.1 

3.1 

2.3 

0.1 

0.4 

0.050 f 0.078 

0.05 0.060 k .163 

0 .1  0.153 ? .452 

0.63 - 0.64  0.237 k .428 

0.104 + .251 

0.038 k .081 

0.014 f 0.044 

excep t   fo r  pH 
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METHODS OF  WASTEWATER  APPLICATION 

Wastewaters may b e   a p p l i e d   t o   t h e   s o i l   s u r f a c e  by one   o r  more 

methods,  such as: 

1. F lood   i r r iga t ion ,   i n   wh ich   t he  wastewater i s  f l o o d e d   o r  

ponded  on l e v e l   o r   s p e c i a l l y   p r e p a r e d  sites; 
. .  

2.  Grass f i l t r a t i o n ,   u s u a l l y   u s e d  on s o i l s   o f ' l o w   p e r m e a b i l i t y ;  

wastewater appl ied   on   upper   par t   o f   gent le   s lope   and   f lows  

o v e r   t h e   s o i l   t h r o u g h   g r a s s   v e g e t a t i o n ;  

3 .  S p r a y   i r r i g a t i o n  

4 .  Ridge  and  furrow  i r r igat ion.  

A t  t h i s  symposium severa l   subsequent   speakers  w i l l  d i s c u s s   i n  

d e t a i l   t h e s e  methods  of  applying wastewater. However,  your  chairman 

has   asked  for  a comment on the  ridge  and  furrow  method. 

Ridge  and  Furrow 

Technical   reports   descr ibing  the  r idge-and-furrow  technique (R and  F) 

are ve ry   l imi t ed .  A paper  discussing  the  performance  and wastewater 

r e n o v a t i v e   e f f i c i e n c y  (compared to   sp ray   and   f l ood   i r r iga t ion )   o f   t he  

R and F was published  by  Bendixen e t  a l .  (1968). 

The b a s i n s  as desc r ibed  by  Bendixen were t e r r a c e d   i n t o   t h e   n a t u r a l  

h i l l s i d e .   F o r   e a c h  acre of land ,   about  0.75 acres were a c t u a l l y   u s a b l e ;  

t h e   d e f i n i n g  berms o r   r i d g e s  were ma in ta ined   i n   r eed   cana rygras s .  The 

da ta   i nd ica t ed   t ha t   pe rcen tage   r emova l s   o f   t he  wastewater contaminants 

were: BOD (95) ;  t o t a l  N (5) and P (96).   The  authors  concluded  that  

t h e r e  were no m a j o r   d i f f e r e n c e s   i n  waste t rea tment  among t h e   t h r e e  

methods  examined  (spray,  flood,  and R and  F)   and  that   the  R and F method 

c o u l d   o p e r a t e   s u c c e s s f u l l y   i n   n o r t h e r n   l a t i t u d e s ,   ( B e n d i x e n  et a l .  1968). 

In   sou the rn   On ta r io  two R and F systems were opera t iona l   (Parker  

,1967 and Webber 1969) .   Parker   descr ibed 'a  R and F sys tem  to   d i spose  

of  high-pH wastes (>11.0)  from a tannery.  The wastes were f looded  

into  prepared  furrows  about  2 feet   wide  and 2 f , ee t   deep   wi th   appropr ia te  

berms  having a base  of  about 3 f e e t .  The s o i l  was a highly  permeable 

sandy  loam  underlain  by  gravel .   Mechanical   operat ions were requ i r ed  

each   yea r   t o   r e - cons t ruc t   t he   dep res s ions  and  berms. 
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I n  1969, Webber recommended t h e   c o n s t r u c t i o n   o f   f u r r o w s  2 f e e t  

i n   dep th   and  4 f e e t ,   i n   w i d t h   w i t h   & f o o t  centres. . The  system was l a i d  

o u t  i n  a permeable   f ine  sandy loam  on n e a r l y  level  topography. The 

wastewater w a s  an   ae ra t ed  waste from a b ro i l e r - ch icken   p rocess ing   p i an t .  

The   sys tem  opera ted   th roughout   the   win ters   o f   1970  to   1974  inc l . ;   spray  

i r r i g a t i o n  was used i n   t h e  summer months.  The  success of t h e   w i n t e r  

ope ra t ion   appea red   t o   be   r e l a t ed   t o   t he   t he rma l   capac i ty   o f  water vs 

s o i l ,  water f i v e  times g r e a t e r   t h a n   s o i l .  The o p e r a t o r s  were advised 

to   keep a d i t c h   o r   s e c t i o n  of a d i t c h   v i r t u a l l y   f u l l  of t h e   a e r a t e d  

'wastewater t o   p r e v e n t  a to t a l   f r eeze -up .  

WATER MOVEMENT 

When the   dec i s ion   has   been  made t o   u s e   l a n d  .as t h e   d i s p o s a l  medium, 
. .  

t h e ' s e l e c t i o n   o f  a s i t e  becomes'of  prime  importance. The opera t ion  

of t h e  s i te  must  be  environmentally  safe.  A b a s i c   q u e s t i o n   i n v a r i a b l y  

a r i s e s .  Is the   g roundwate r   t o   be   kep t   i n  i t s  p u r e s t   q u a l i t y  o r  w i l l  a 

cer ta in  level o f   po l lu t ion   be   pe rmi t t ed?  A permiss ib le  level  of 

p o l l u t i o n   o f t e n   r e q u i r e s  a phi losophica l   approach   to   de te rmine   the  

a c c e p t a b l e   r i s k   t o   s o c i e t y .  Once a po l lu t an t   r eaches   t he   g roundwate r  ' 

r e se rvo i r ,   na tu ra l   r enova t ion   cou ld   be  minimal and a s i g n i f i c a n t  

a t t enua t ion   o f  a p o l l u t a n t  may on ly   occu r   by   d i lu t ion   and   d i spe r s ion .  

Unsaturated Flow 

The  most e f f e c t i v e   u s e   o f   s o i l   f o r  waste d i sposa l   i nvo lves  two 

apparent ly   incompatible   funct ions:  

( a )   t he . ab i l i t y   t o   accep t   l a rge   vo lumes   o f  waste; and 

( b )   t h e   a b i l i t y   t o   p r o v i d e  good renovat ion  of  water q u a l i t y .  

C o a r s e   g r a v e l   s a t i s f i e s   t h e   f i r s t   f u n c t i o n ,   b u t   n o t   t h e   s e c o n d ;  s i l t  

a n d   c l a y   s o i l s  may sa t i s fy   t he   s econd   bu t   no t   t he   f i r s t   (Bend ixen  e t  a1 

1963) .  

The kind  and  extent   of   microbial   degradat ion  of  wastes conta in ing  

'organic  materials and  the  subsequent release of by-products are de ter -  

mined  by s o i l   a e r a t i o n ,  oxygen s t a t u s  and  moisture   content .  Under 

a e r o b i c   s o i l   c o n d i t i o n s ,   t h e   s o i l   m o i s t u r e   s t a t u s  i s  unsa tura ted ,  

p a r t i c u l a r l y  below t h e  zone   of   sur face   appl ica t ion .  The magnitude of 
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t h e  movement of l i q u i d  wastes i n  a g i v e n   s o i l  becomes a s o i l   p h y s i c s  

problem t o   a p p l y   t h e  parameters in   unsa tura ted   f low.   Obvious ly ,  

flow rates i n   t h e   o r d e r   o f  1 0  t o  lo'* cm sec i n d i c a t e  a movement of 

t h e  water t h a t  i s  t o o   f a s t   f o r   p r o p e r   s o i l   a t t e n u a t i o n  of i m p u r i t i e s  

to   occur .   Accord ing   to  LeGrand (1965) ,   the  movement of contaminants 

t h rough   t he   zone   o f   ae ra t ion   t ends   t o   be   ve r t i ca l .  Lateral d i spe r -  

s ion . above   t he   wa te r t ab le  is gene ra l ly  small un le s s   app rec i ab le  amounts 

of waste are a p p l i e d   t o   t h e   s o i l   i n  a l o c a l i z e d  area. When wastewaters 

are l o c a l i z e d   i n   a n  area, the   wa te r t ab le  may rise as a mound beneath 

t h e   d i s p o s a l  s i t e  and   cause   rad ia l   d i spers ion .  The presence  of a 

mounded wa te r t ab le   dec reases   t he  zone  of a e r a t i o n  and reduces   the  

aerobic  decomposition  of  applied wastes. This  i s  one  of  the  causes 

of l oca l i zed   b reakou t   o f   s ep t i c   t ank   e f f luen t s   and   pe rco la t e s   f rom 

l a n d f i l l s  and s i tes  used   for  wastewater d i sposa l .  

-1 

I n   g e n e r a l ,  w e  depend  on a deep,  well-drained,  moderately  permeable 

so i l   f o r   t he   b iodegrada t ion   o f   o rgan ic s   and  a h o s t  of   chemical   react ions.  

Such a s o i l  remains  aerobic  and water movement occurs  by unsa tura ted  

flow.  Overloading a s i te  w i l l  r e s u l t   i n   d e p l e t e d  oxygen s u p p l i e s  

and a tendency  for   decomposi t ion  to   occur   under   anaerobic   ra ther   than 

aerobic   condi t ions .  

Sa tu ra t ed  Flow 

Almost anything  placed on t h e   s o i l   s u r f a c e  may have   an   e f fec t  on 

groundwater  quali ty  through  the  process  of  groundwater  recharge.  The 

b a s i c   c o n s i d e r a t i o n s   r e l a t e d   t o   g r o u n d w a t e r   i n   e v a l u a t i n g  a proposed 

s i t e  f o r  waste disposal   on  land are t h e   d e p t h   t o   t h e   s e a s o n a l   h i g h  

w a t e r t a b l e ,   t h e  rate and   d i rec t ion   of   f low,   and   the   loca t ion  of 

natural   groundwater   discharge  points ,   (West lund 1973) .  The d e p t h   t o  

t h e   w a t e r t a b l e  i s  a measure  of   the  zone  of   aerat ion  in   which  the  inf i l -  

t r a t i n g  wastes are renovated. 
. .  

A knowledge  of  f low  patterns  in  the  groundwater i s  e s s e n t i a l   t o  

predict   the   behaviour   of   contaminants   af ter   reaching  the  zone  of  sat-  

u ra t ion .   Gene ra l ly ,  l a t e r a l  d ispers ion   predominates   in   the   sa tura ted  

zone  and  contaminants move i n   t h e  same d i r e c t i o n  as the  ,groundwater.  

The groundwater  gradient and gene ra l i t i e s   abou t   t he   f l ow  sys t em  in  

and  around a s i t e  can   be   p red ic t ed   by   i n s t a l l i ng  a network  of  piezo- 

meters. 
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. Fine-textured materials wi th -   s a tu ra t ed   f l ow rates ,o f  10'6 cm sec 
-1 

o r  less permi t   the  movement of l i t t l e  e f f l u e n t ,   b u t  may cause a sub- 

s t a n t i a l   a t t e n u a t i o n  by cat ion  exchange.   General ly ,  materials wi th  . 

K-values  of 1 0   o r  less are considered  reasonably good s e a l a n t s   f o r  -6 

l a n d f i l l  s i tes,  and t h e r e f o r e  some p rov i s ion  must   be  made. to   col lect  

and t rea t  the   perco la tes   which   can  no longer   escape   th rough  the   g round.  

Such f ine- : textured materials display.  a sa tura ted   f low rate too  slow 

f o r   t h e   s u r f a c e   a p p l i c a t i o n  of wastes. However, materials of  moderate 

pe rmeab i l i t y   and   and   occu r r ing   i n   dep ths   o f   10   t o  15 f e e t  

ove r   t he   f i ne - t ex tu red  s i l t s  and  clays  could become 'a u s e f u l  s i t e  f o r  

. .  

,waste d i s p o s a 1 , ' i f  and when r e a s o n a b l e   q u a n t i t i e s  of e f f l u e n t  are 

app l i ed  on the .   sur face .  

',NUTRIENT ' TRANSFER AND STORA.GE 

I n   t h i s   s e c t i o n  we propose to d i s c u s s   s e v e r a l  mechanisms  and 

p r o c e s s e s   t h a t   a r e . i n v o l v e d   i n   t h e   t r a n s f e r   o f   i o n s  o r  compounds from 

the   app l i ed  waste t o   t h e   s o i l  medium. It is  assumed t h a t   t h e   r e a c t i o n s  

o c c u r   i n  a wel l -dra ined ,   aerobic   and   unsa tura ted   so i l .  

The s u b s t a n c e s   c a r r i e d   ' t o   t h e   s o i l  by i r r i g a t i o n  water .can i n t e r a c t  

w i t h   t h e   s o i l   i n  many ways.  Leeper  (1972) c l a s s i f i e s   t h e s e "   i n t e r -  

a c t i o n s   i n t o   f o u r  main  types. 

F i r s ' t l y , .   t h e   a d d i t i o n  may. pass   th rough  the   so i l   unchanged.  ' An 

example  would be   the   ch lor ide   ion   which  may appea r   i n   t he   d ra inage  

water . in   h igher   concent ra t ions   than   tha t   added ,   due   ' to  water l o s s e s  

by evapot ranspi ra t ion   f rom  the   c rop  'and t h e   s o i l   s u r f a c e .  .So s l i g h t  

i s  t h e ' h o l d   o f   t h e   s o i l   o n   t h e   c h l o r i d e   i o n   t h a t  i t  is  of ten   used  as a 

marke r   i on   i n   pe rco la t ion   s tud ie s .  

Secondly,   there  may be  the  formation  of   gaseous compounds. Such, 

a react i .on i s  most   important   for   ni t rogen  and  carbon  addi t ions.  ' 

Nitrogen may b e   l o s t  by ammonia v o l a t i l i z a t i o n   o r   d e n i t r i f i c a t i o n   o f  

n i t r a t e s   t o   n i t r o g e n   g a s  and n i t rous   ox ide .  ' Organic  compounds.wil1 

be   aerobica l ly   b roken '  down to   carbon  d ioxide .  However, n i t rogen  and 

carb.on' are no t   t he .   on ly   e l emen t s   t ha t   can   be   l o s t  as gases.   Other 

. elements may he, l o s t  as g a s e s   i n  small amounts.  Chloride  i.ons may 

.be oxidized  to   chlor ine  'gas   by  the  reduct ion  of   manganese  oxides  

. .  

, .  

'(Westermann e t  a l .  1971); V o l a t i l e   o r g a n i c  compounds of b@I!!!%fm 
and  mercury  occur' i n  some b i o l o g i c a l   s y s t e m s   a n ~ l & l 0 ~ r & %  @%?'b%) NMENT 

formed  from a r s e n a t e   a n d   a r s e n i t e  by microorganisms. 
ENVIRONMENTAL PROTEC'I'iON SERVICE 

PACIFIC REGION 
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This  

t h a t  

Thirdly,   one must consider  plant  uptake  and  removal by harves t ing .  

is the i n t e n d e d   i n t e r a c t i o n   f o r   t h o s e   s u b s t a n c e s   i n   t h e   e f f l u e n t  

are c o n s i d e r e d   f o r   t h e i r   . f e r t i l i z i n g   v a l u e .  However p lan t   up take  

is a l s o   t h e  method  by  which the   major i ty   o f   the   tox ic   subs tances   such  

as t h e  heavy metals w i l l  re-enter   the  food  chain,   and  has   given rise 

t o   t h e   g r e a t e s t   c o n c e r n   i n   r e c e n t   y e a r s .   O t h e r   s p e a k e r s   h e r e   t o d a y  

w i l l  a d d r e s s   t h i s   s u b j e c t  more f u l l y  and we w i l l  therefore   spend l i t t l e  

time on i t  .. 
Four th ly ,   t he  added  substance may be   immobi l i zed   ' i n   t he   so i l   i n  

an   inso luble  form. A well known e f f e c t   i n   t h i s   c l a s s  i s  the. immobil i -  

za t ion   i n   j n so lub le   fo rms  of  added  phosphates. However, f o r   t o x i c  

substances  such as t h e  heavy metals, immobilization i s  t h e   o b j e c t i v e  

s i n c e   t h e i r   p o l l u t i n g   p o t e n t i a l  will be  reduced. It  must be remembered 

t h a t   t h e  two undesirable  consequences of e f f l u e n t   i r r i g a t i o n  are passage 

of contaminants  into  the  drainage  and  groundwater and the   r e - en t ry  of 

tox ic   subs tances   in to   the   food   cha in .  Thus t h e   a b i l i t y  of t h e   s o i l  

to   immobil ize   contaminants  is of the   g rea tes t   impor tance .  

The  mechanisms  of  removal  of  contaminants, p a r t i c u l a r l y   t h e   i o n s  of 

heavy metals, include  cat ion.   exchange  onto  organic   and  inorganic   col loids ,  

c h e l a t i o n   i n t o   o r g a n i c   c o l l o i d s ,   a d s o r p t i o n   o n t o   t h e   f r e e   f e r r i c   o x i d e s  

o f   t h e   s o i l ,  and the  formation  of amorphous o r   s to i ch iomet r i c   mine ra l s .  

Cat ion Exchange 

A , s o i l   e x h i b i t s  a physical-chemical   property of a so rb ing   pos i t i ve ly  

cha rged   i ons   t o   t he   nega t ive ly   cha rged   c l ay   mice l l e s   and   t o   t he   so i l  

o rganic  matter. Cat ions are n o t   h e l d   w i t h   e q u a l   s e c u r i t y   b u t   u s u a l l y  

fo l low  the  series: 

The adsorp t ion   of   inorganic   ions   on   the   so i l   exchange  si tes i s  

p r imar i ly  a func t ion  of t he   k ind  of c lay  and i t s  s u r f a c e  area and  of 

t h e  spil organic  matter. It  is  g e n e r a l l y   a c c e p t e d   t h a t   t h e   r e l a t i v e  

a d s o r p t i o n   c a p a c i t i e s  (me/lOOg) of s o i l  f r ac t ions   and   o rgan ic  matter are  
as fol lows:  

Material Exchange capac i ty ,  me/100g 

Sands, > 0.02 mm zero 

S i l t ,  0.02 t o  0.002 mm 3 t o  7 

Clay, < 0.002 m 

Organic matter 200 t o  400 

- 
22 t o  6 3  
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Under f i e ld   cond i t ions   an   equ i l ib r ium  ex i s t s   be tween   t he   so lub le  

i o n s   i n   t h e   s o i l   s o l u t i o n  and the   ions   on   the   adsorp t ion  si tes.  The 

quant i ty   of   an  ion  adsorbed  depends  in  a l a r g e   p a r t  on i t s  concentra- 

t i o n   i n   t h e   s o l u t i o n   p h a s e .  While i t  i s  be l i eved   t ha t   t he   adso rp t ion  

r e a c t i o n s   o c c u r   i n s t a n t e o u s l y   i n  a s o i l ,  i t  must   be   reca l led   tha t  

materials of   high  permeabi l i ty  (K = 1 0   t o   1 0  c m  sec ) do no t   p re sen t  

adequate  volumes of c l a y s   o r   o r g a n i c  matter t o   b e   a n   e f f e c t i v e  water 

renovat ion   process .  

-2 -1 

The e f f e c t i v e n e s s  of cation  exchange site,s t o   r e t a i n   t h e   i o n s  of 

heavy metals i n   p a r t i c u l a r ,  seems t o   b e  pH dependent. A t  pH 5 .5 ,  

t h e   b i v a l e n t   i o n s  of the  heavy metals are not   no tab ly   s t ronger  com- 

p e t i t o r s   f o r   e x c h a n g e  s i tes  than  Ca , b u t  when t h e  pH is  increased  

from 5 t o  7 t h e b e a v y  metals are he ld  more f i rmly .  The exp lana t ion  

i s ' t h o u g h t  by some to   be   due   to   the   t endency   for   the   double   charged  

metal ions  to   form  s ingly-charged  hydrolyzed  ions,   therefore   reducing 

t h e  number of  exchange. sites occupied  and  thus  the  competit ion.  The 

formation  of   the  hydrolyzed  copper   ion CuOH' i s  w e l l  known and  Leeper 

(1972)  quotes  Vydra  and  Galba as p resen t ing   ev idence   fo r   t he  same 

formation by z inc   i n   so i l .   O the r   worke r s   ( J enne   1968)   d i spu te   t h i s  

exp lana t ion ;   bu t  it must b e   r e c o g n i z e d   t h a t   r a i s i n g   t h e   s o i l  pH 

r educes   t he   mob i l i t y  of  not  only Cu2+ b u t .   a l s o  Zn2+, N i  and Cd , 
and i s  p robab ly   t he   s ing le  most impor tan t   aspec t  of t he   r eac t ion   be -  

tween  heavy metals and s o i l s .  

Chela t ion  

2+ 

2+ 2+ 

A s  was seen  above,  organic matter has  a much greater  exchange 

capac i ty   t han   t he   i no rgan ic   so i l   f r ac t ions   and   fo r   t ha t   r ea son   a lone  

would  deserve  special   a t tent ion.   But   the  organic  matter a l s o   h a s   t h e  

a b i l i t y   t o   b i n d   i o n s   t o   i t s e l f  by  means  of che la t ion .  On a few sites 

on   the   o rganic  matter, hydroxyl  and some imine  groups  combine  with 

carboxyl   g roups   in   ho ld ing  metal ions  . in   pentagonal   or   hexagonal  

c h e l a t e   r i n g s .  Not a l l  i ons  are h e l d   w i t h   e q u a l   s e c u r i t y   b u t   i n   t h e  

case of  the  heavy metals fo l low  the  series: 
Cu2+ > N i 2 +  > Co2+ > Fe2+ > Mn2+ > Zn  2+ 

The t r i v a l e n t   i o n s  A13+, Cr3+ and Fe* are a l l  he ld   very   s t rongly   by  

c h e l a t e s   b u t   t h e  l as t  two t e n d   t o   b e   t h o r o u g h l y   p r e c i p i t a t e d  as t h e  

hydroxide.  Calcium w i l l  c h e l a t e  as s t rong ly  as zinc,  manganese,  and 

cadmium but   copper   and  nickel  are he ld  more s t rong ly .  
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Toxic  substances  such as the  heavy metals a t t a c h e d   t o   t h e  

exchange si tes of organic  matter o r   c h e l a t e d   i n t o   o r g a n i c  matter 

r ema in   po ten t i a l ly   t ox ic .  The l i f e  o f   t he   o rgan ic   l i nk  i s  l i m i t e d  

not   only by i ts  c h e m i c a l   s t a b i l i t y   b u t   a l s o  by i t s  l i a b i l i t y   t o   b e  

broken down by   microbia l   ac t ion .  

. .  . .  

Chela t ion 'does   no t   a lways '  remove ca t ions   f rom  so lu t ion   bu t  may 

have   the   oppos i te   e f fec t   and   main ta in   the  same metal in s o l u t i o n .  

So lub le   che la t e s  are formed  between  cations  and small organic   molecules  

b u t  i t  should   be   no ted   tha t  i t  is  only  a small p r o p o r t i o n   o f   t h e   t o t a l  

t h a t '  w i l l  become mobile i n   t h i s  manner. 

Free   Fer r ic   Oxides  

When f r e e .   f e r r i c . o x i d e s . a r e   s e l e c t i v e l y   e x t r a c t e d  from s o i l ,   t h e r e  

i s  a n   a s s o c i a t e d  release of  heavy metals. Jenne  (1968)  suggested  that  

t h e  heavy metals are f i r s t   a d s o r b e d  and later b u r i e d   i n   t h e  f ree  oxides  

o f   t he   so i1 ;bo th   i n   t he   anhydrous   ox ides   and   i n   t he   hydra t ed   ox ides  

such as g e o t h i t e .  

AmorDhous and  Stoichiometr ic  ComDounds 

S to i ch iomet r i c  compounds of c a r b o n a t e s , ' s i l i c a t e s ,   a n d   p h o s p h a t e s  

are common i n   t h e   s o i l  and   cause   the   p rec ip i ta t ion   f rom  so lu t ion   of  

s u b s t a n t i a l  amounts  of  both  cations  and  anions  after  fundamental  re- 

o rgan iza t ions  and r e c r y s t a l l i z a t i o n s  of t h e   o r i g i n a l   a d s o r p t i o n  com- 

p lexes .  Such compounds t e n d   t o   b e  complex  and h igh ly   va r i ab le .   and  i t  

is p robab ly   be t t e r   t o ,   examine  them i n .  terms of su r face   e f f ec t s   and  

amorphous  compounds. F o r , i n s t a n c e  Til ler (1968)  found t h a t   t h e  

adsorption  of .Co2+ on  montmoril lonite  doubled when s i l i c i c   a c i d  was 

added.  Such  an e f f ec t   canno t   be  due s o l e l y   t o   i n t e r n a l   s u b s t i t u t i o n  

i n   t h e   c r y s t a l  l a t t i ce .  

The presence   o f   l a rge   quant i t ies   o f   phosphate   t ends   to   reduce   the  

p l a n t   a v a i l a b i l i t y  of many c a t i o n s  and i s  e s p e c i a l l y   u s e f u l   i n   r e d u c i n g  

the   t ox ic   e f f ec t s   o f   heavy  metals e s p e c i a l l y   z i n c .  It is considered 

t h a t   t h i s   a n t a g o n i s m   o c c u r s   w i t h i n   t h e   p l a n t   r a t h e r   t h a n   i n   t h e   s o i l ,  

bu t  a t  t h e  same time, h i the r to   obscu re   mine ra l s  of   very  low  solubi l i ty  

may y e t   b e   d i s c o v e r e d   i n   s o i l s   s u c h  as t h e   p l u m b o g k i t e s   d e s c r i b - e d  by 

Norr ish  (1968) .   These  include  crandal l i te  CaA13(P04)2 (OH)5H20 and 

g o r c e i x i t e  B a A l  (PO ) (OH) H 0 ,  one  sample'of  which  contained  one  per- 

cent  copper.  
3 4 2  5 2  
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Raving  examined t h e   f a t e   o f   d i s s o l v e d  components  of t he '  sewage 

e f f l u e n t   i n   g e n e r a l   a c c o r d i n g   t o   L e e p e r ' s   c l a s s i f i c a t i o n   o f   t h e  con- 

sequences  of   addi t iqn,   perhaps  the mechanism  of t r a n s p o r t  and s t o r a g e  

should   be   pu t   in to   perspec t ive  by  examining  the  changes i n   t h e   s o i l   o f  

a number of   the   cons t i tuents   o f   the  sewage e f f l u e n t .  

Nitrogen 

So much has   been   s a id   abou t   t he   f a t e   o f   n i t rogen   i n   t he   so i l ,   one  

ha rd ly   da re s   t o  add t o  i t .  However, n i t rogen  i s  one  of  the  elements 

. t ha t   can   i nvo lve  a l l  fou r  ,of Leeper 's  classes of movement. 

I f  sewage e f f l u e n t  i s  u s e d   f o r   i r r i g a t i o n  and a p p l i e d   i n   t h e  amounts 

and schedule  common t o  normal i r r i g a t i o n   p r a c t i c e ,   t h e   n i t r o g e n   i n   t h e  

percola te   d ra in ing   th rough  the   roof   zone  of the  crop  can  be  expected  to  

b e   p r i n c i p a l l y   i n   t h e   n i t r a t e  form.  Thus i f   t h e  amount  of n i t r o g e n  

appl ied  i s  not  much g r e a t e r   t h a n   t h e   f e r t i l i z e r   n e e d s   o f   t h e   c r o p ,  

s ign i f i can t   n i t rogen   r emova l   can   occu r  by ha rves t ing   t he   c rop .   Pa r i zek  

e t  al .  (1967)   reported  that   n inety. ,percent  of t h e   n i t r o g e n  i n  sewage 

e f f l u e n t   a p p l i e d  a t  a rate of   one  inch  per  week was removed by a wheat 

c rop   and   s ix ty   percent   o f  a two inch   pe r  week rate. When, however, t h e  

amount  of water and   t he   n i t rogen   t he re in  i s  more than   needed   for   c rop  

growth,   the  water d ra in ing  from the   roo t   zone  w i l l  l i k e l y   c o n t a i n  con- 

s i d e r a b l e  amounts  of n i t r a t e  and w i l l  pose a po ten t i a l   t h rea t   o f   g round-  

water contamination. Such a problem is more a c u t e   i n   a r i d   r e g i o n s  

where i r r i g a t i o n  i s  used  extensively.   Evapotranspirat ion  and  surface 

evapora t ion   tends   to   increase   the   roo t   zone  salts. Regular   leaching 

of t h e   s o i l  i s  r equ i r ed   t o   ma in ta in  a balance  of salts around  the  roots ,  

and t h i s   c a n   r e s u l t   i n  a v e r y   h i g h   n i t r a t e   c o n c e n t r a t i o n   i n   t h e   d r a i n a g e  

water, s i n c e  salts are o f t e n  several times more c o n c e n t r a t e d   i n   t h e  

l e a c h a t e   t h , a n   i n   t h e   i r r i g a t i o n  water (Bouwer '1969); 

Apar t   f rom  the   removal   o f   n i t ra te   n i t rogen  by p l an t   up take   t he re  

are several o t h e r  methods  of  'ni trogen  removal  or  immobilization  which 

are probably  of less s i g n i f i c a n c e .  Ammonia  may be  adsorbed  onto  the 

c l a y   f r a c t i o n  by exchange,   n i t rogen may b e   f i x e d   i n   t h e   t i s s u e   - o f  

b a c t e r i a  and o ther   microf lora ,   and   n i t rogen  may b e   f i x e d   i n   t h e   r e l a t i v e l y  

s t a b l e   o r g a n i c  matter formed  by microf lora   and ammonia adsorbed   on to   tha t .  

Bouwer e t  al. (1971)   repor ted   tha t   there  wa's a small C n c r e a s e   i n   t h e  

t o t a l   n i t r o g e n   o f   t h e   s o i l  a t  the   F lush ing   Bas ins   p ro j ec t   a f t e r  several 

y e a r s   o f   e f f l u e n t   i n f i l t r a t i o n   b u t   t h a t   t h i s   i n c r e a s e   i n   n i t r o g e n  was 

probably   no t   s ign i f icant .  
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The l o s s   o f   n i t r o g e n   i n   t h e   g a s e o u s   p h a s e  by ammonia v o l a t i l i -  

z a t i o n   o r  by den i t r i f i ca t ion   has   a l r eady   been   men t ioned .  Bouwer. e t  

a l .  (1971)   cons ide red   t ha t   den i t r i f i ca t ion  was probably   no t  a s i g n i f i -  

can t   removal   p rocess   wi th   f requent   shor t   inundat ion   per iods  where. . 

ae rob ic   cond i t ions   p reva i l .  Some m i c r o b i a l   d e n i t r i f i c a t i o n  may occur  

during  drying  per iods.  Nitrate formed  from the  oxidat ion  of 'ammonia 

adso rbed   on to   t he   c l ay   o r   o rgan ic   f r ac t ion  may d i f f u s e   t o   t h e  "inner" 

pores  which are s t i l l  anaerobic   and   where   deni t r i f ica t ion   can   occur .  

Bouwer e t  a l .  (1971)   considered  however   that   deni t r i f icat ion is un- 

l i k e l y   t o   o c c u r   i n   t h e   d e e p e r   a n a e r o b i c   z o n e s   b e c a u s e   a l t h o u g h   n i t r a t e  

may be   p resent ,   o rganic   carbon is d e f i c i e n t   l e a v i n g   a n   ' i n s u f f i c i e n t  

e n e r g y   s o u r c e   f o r   d e n i t r i f y i n g - b a c t e r i a .  

Soil   Immobilization  of  Phosphorus 

The  phosphorus  added t o   s o i l   w i t h   t h e  sewage e f f l u e n t   c a u s e s  

very few 'problems. When soluble   phosphorus compounds are added .   to '  

s o i l   t h e y  are conve r t ed   t o   fo rms   t ha t  are v i r tua l ly   wa te r - in so lub le . .  

I n   a g r i c u l t u r a l   s o i l s   t h e   c o n c e n t r a t i o n  of soluble   phosphorus i n  t h e  

s o i l   s o l u t i o n   r a r e l y   r e a c h e s  1-.O mg/l;'  more common va lues  are i n   t h e  

order  of  0.1  mg/l .  As a r e s u l t ,   t h e  amounts  of '   phosphorus  leached  to 

the   g roundwater   under   normal   i r r iga t ion   prac t ices  are s o  small as t o  be  

. cons ide red   neg l ig ib l e .   S ince   t he   l o s s   o f   phosphorus   i n   gaseous   fo rms  

such as phosphine  has  not  been  observed,  removal by ha rves t ing   and   e ros ion  

l o s s e s  are t h e  mechanisms  of  consequence for   the  removal   of   phosphorus 

f rom  the   so i l .  

Despi te   p lan t   up take ,   supply  may exceed demand and  phosphorus may 

a c c u m u l a t e   i n   t h e   s o i l .  In n e u t r a l   t o   a l k a l i n e   s o i l s ,   t h e  phos- 

phorus i s  immobilized as a p r e c i p i t a t e .   o f  calcium hydroxyapat i te ;  

i n   a c i d i c   s o i l s   t h e  dominant p r e c i p i t a t e s  are oxides   of   i ron  and 

aluminum  which  have a v e r y   1 o w . s o l u b i l i t y .  The phosphorus-f ixat ion 

capac i ty  of a s o i l  may b e   e s t i m a t e d   i n   t h e   l a b o r a t o r y  by p repa r ing  a 

. Langmuir adsorp t ion   i so therm.  It appea r s   t ha t   t he   deg ree  of  phos- 

phorus  adsorpt ion  increases   with  increments   of   phosphorus.   ' in   - the 

equ i l ib ra t ing   so lu t ion .   Adr i ano  e t  al .  (1974)  determined  the.  phosphorus 

adsorpt . ion  capaci ty   of  a number of s o i l   t e x t u r e s   ( T a b l e  2) .  
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PHOSPHORUS  ADSORPTION  CAPAICTY OF SOILS )Adriano, e t  a1 1974) 

( e q u i l i b r a t i n g   s o l u t i o n   c o n c e n t r a t i o n   o f  P = 10  mg/l)  

So i l   Tex tu re  l b  P adsorbed  per  
a c r e - f o o t   o f   s o i l  

Dune sand 77 

Rubicon  'sand, 4 samples  108  to  731 

Warsaw loam, 2 samples 602 and  1523 

Clay  loam,. 2 samples  858  and  1898 

Gravel ly   c lay.  loam  426 

Sand  and grave l   178  

, .  

Regard ing   the   phosphorus   adsorp t ion   da ta   in   Table   2 ,   the   au thors  

no ted   t ha t :  
11 The i n c r e a s e d   i r o n   c o n t e n t   t h e n   a c c o u n t s   f o r   t h e   i n c r e a s e d  P- 

adso rp t ion  by t h e  B h o r i z o n   [ i n  Rubicon  sand]. The h igh   va lues  

f o r   a d s o r p t i o n  of Warsaw loam was apparent ly   accounted  for   by a 

high aluminum content .  'I' 

A t  the   E lora   Research   S ta t ion ,   Guelph ,   phosphorus   f rom  s ludge   in  

t h e  amounts  of 0,  550,  1100,  and 2200 kg  P/ha was added t o  a loam 

s o i l   o v e r  a two yea r   pe r iod  (Webber and   Hi l l ia rd   1974) .   Af te r  two 

years   o f   c ropping   wi th   corn ,   the   p lan t   ava i lab le   phosphorus ,   ex t rac ted  

with  0.05 N sodium  bicarbonate   solut ion,  was de te rmined   i n  5 d e p t h . i n -  

crements down t o  90 c m  (36 i n . ) $  It is q u i t e   a p p a r e n t   f r o m   t h e .   r e s u l t s  

shown d iag rammat i ca l ly   i n   F igu re  1 that-   the  phosphorus  added was 

immobilized i n   t h e   u p p e r  20 cm (8 i n . ) ,   t h e  zone of incorpora t ion ,   and  

very  l i t t l e  phosphorus moved i n t o   t h e   l o w e r  levels of t h e   s o i l .  

Such r e s u l t s  i l lus t ra te  t h e   c a p a c i t y  of t h e   s o i l   t o   i m m o b i l i z e  

phosphorus i n   e x c e s s   o f   t h e  amounts l i k e l y   t o   b e  added  by e f f l u e n t '  

i r r i g a t i o n .   S i n c e  many a g r i c u l t u r a l   s o i l s ,  are de f i c i en t   i n   phosphorus ,  

the   phosphorus   added   dur ing   i r r iga t ion  w i l l  r e s u l t   i n  a b e n e f i c i a l  

r a i s i n g   o f   t h e   g e n e r a l   f e r t i l i t y ' o f   t h e   s o i l ,  as well as inc reas ing   t he  

immediate   plant   uptake.  The  added  phosphorus a l s o   h a s  a p o s i t i v e   r o l e  

i n   t h e   i m m o b i l i z a t i o n  of toxic   heavy metals.. 
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Bo.ron i n   I r r i g a t i o n  Waters 

The b o r o n   c o n t e n t   o f   e f f l u e n t s   u s e d   i n   i r r i g a t i o n  i s  o f   i n t e r e s t  

s i n c e  the margin   be tween  def ic iency   and   tox ic i ty   for   th i s   e lement  i s  

small. Boron c o n c e n t r a t i o n s   i n   i r r i g a t i o n  waters in   excess   o f  0.5 

ppm are cons idered   undes i rab le   for   boron   sens i t ive   ' c rops   such  as grape 

v ines   and   c i t ru s ,   s tone ,   and  pome trees which may b e g i n   t o  show boron 

t o x i c i t y  symptoms  (Bingham 1973),. The increased  use  of   boron compounds 

i n  cer ta in   household   l aundry   products   has   t ended   to   aggrava te   the  

problem Bingham r e p o r t s   t h a t   i n   t h e   S a n t a  Ana River s y s t e m   i n  

C a l i f o r n i a  as much as 50%  of t h e  0.75 t o  1.'50 ppm boron i n   t h e  sewage 

e f f l u e n t  comes from  household  sources.  Purves  and  Mackenzie  (1974) 

a l so  showed t h a t   b o r o n   i n   s l u d g e s  and  municipal waters is l a r g e l y   i n  a 

water soluble   form.  Lower concentrat ions  of  up to   0 .4  ppm i n   e f f l u e n t  

were reported  by  Kardos  and  Soper  (Table 1) and a t ' F l u s h i n g   B a s i n s   n e a r  

Phoenix  Arizona, Bouwer e t  a l .  (1971) r e p o r t  levels of 0.4  and  0.7 ppm. 

Many s o i l s  are capable of immobilizing  boron. The most recent 

l i t e r a t u r e   i n d i c a t e s   t h a t   b o r o n   a d s o r p t i o n   o c c u r s   m a i n l y   o n t o   t h e   m i n e r a l  

f r a c t i o n   o f   t h e   s o i l .  Boron can  be  adsorbed  onto  iron  and aluminum 

hydroxy compounds p resen t  as c o a t i n g s   o n ,   o r   a s s o c i a t e d   w i t h ,   c l a y  

minerals  (Hatcher e t  a l .  1967; Sims and Bingham 19681,   on to   i ron   or  

aluminum o x i d e s   i n   t h e   s o i l   ( S c h u r r e r  e t  a l .  1956)  and  onto  micaceous 

c lays   a l though a l l  c l ay   mine ra l s  show some c a p a c i t y   f o r   b o r o n   r e t e n t i o n  

(Cough e t  a l .  1968).  Rhoades  and h i s  co-workers in   1970  concluded  

t h a t   i n   a r i d   s o i l s   b o r o n   a d s o r p t i o n  is as soc ia t ed   w i th  magnesium  hydroxy 

c lus te rs   o r   coa t ings   on   the   weather ing   sur faces   o f   fe r romagnes ium 

minerals   such as o l i v i n e ,   e n s t a t i t e ,   d i o p s i d e ,   a u g i t e ,   t r e m o l i n e ,   a n d  

horneblende as '.well as the  micaceous  layer  s i l icates .  

Successful  removal of boron w i l l  obviously  depend  on  the  presence 

of these   minera ls .  Bouwer e t  a l .  (1971)  found t h a t  as a consequence 

of a l a c k ' o f   i r o n  and  aluminum o x i d e s   i n   t h e   s o i l  materials o f   t h e   S a l t  

River  bed  where  Flushing  Basins i s  . loca ted ,   boron  was not  removed  from 

t h e   e f f l u e n t  and   en tered   the   d ra inage  waters i n  amounts similar t o   t h o s e  

app l i ed .  

Boron adso rp t ion   occu r s   i ndependen t ly   o f   va r i a t ions   o f  pH i n  a c i d  

s o i l s   b u t   i n c r e a s e s   i n  pH wi th in   t he   a lka l ine   r ange   i nc reases   adso rp t ion .  
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Such r e s u l t s   s u g g e s t   t h a t   b o r o n  is adsorbed as bor ic   ac id   under   ac id  

condi t ions   and   bora te   ion  as t h e  pH approaches  9.0  (Sims  and Bingham. 

1968). Boron adso rp t ion   a l so   t akes   p l ace   i ndependen t ly  of  concomitant 

adsorp t ion   of   o ther   an ions .   S tudies  by Schalscha e t  a l .  (1973) 

revealed  no  effect   f rom  the  s imultaneous  adsorpt ion  of   sulphate   or  

.phosphate  on  boron  adsorption. 

Heavy Metals 

Heavy metals may mean d i f f e r e n t   t h i n g s   a c c o r d i n g   t o   t h e   u s e r   o f  

t he  term. Those  general ly   included  in   the term are cadmium, c o b a l t ,  

chromium, copper,  iron,  mercury,  manganese, molybdenun:, n i c k e l ,   l e a d  

and  zinc. Aluminum is  sometimes  included  although i t  i s  a l i g h t  metal. 

According t o   t h e   f i n d i n g s  of  Abbott,  (Table 1) t h e  most common 

metals encountered   in   munic ipa l  sewage are chromium  and z inc .   The i r  

occur ren .ce   p robably   re f lec ts   the i r   use  as c o r r o s i o n   i n h i b i t o r s ,   i n  

e l e c t r o p l a t i n g ,   a n d   i n   t h e   t a n n i n g   o f   l e a t h e r .  Copper  and n i c k e l  

are t h e  next most common while  lead,cadmium  and  manganese are seldom 

p r e s e n t   i n   a p p r e c i a b l e   c o n c e n t r a t i o n s ,   a l t h o u g h   i n   i n d u s t r i a l  areas t h e  

concent ra t ions  may be   very  much h igher .  The concent ra t ions   o f ,   the  

metals i n   t h e   e f f l u e n t  are, i n   g e n e r a l ,   p r o p o r t i o n a l   t o   t h e i r  concen- 

t r a t i o n   i n   t h e  raw sewage  but a t  a very much lower  concentrat ion.  

The p r e c i p i t a t i o n   o f  metals by  sewage i n , t h e   d i g e s t i o n   p r o c e s s   h a s   b e e n  

r epor t ed  by Jenkins   and Cooper  (1964)  and  by Jenk ins  e t  a l .  (1964)  and 

probably   accounts   for   the  low levels s e e n   i n   t h e   e f f l u e n t   ( T a b l e  1). 

The e f f i c i e n c y  of  such metal removal i s  however,  variable  and  depends 

on a number o f   f ac to r s .   I n   gene ra l ,   Abbo t t   found   t ha t   t he   concen t r a -  

t i o n s   i n   t h e   e f f l u e n t  were r a r e l y   i n   e x c e s s   o f   O n t a r i o   q u a l i t y   o b j e c t -  

i ves   a l though   t he   t o t a l   quan t i ty   d i scha rged  may be   cause   for   concern .  

. 1  

. .  

Heavy metals, i n   t h e  amounts  involved i n   s p r a y   i r r i g a t i o n   c a n  

only   be  removed f r o m   t h e   s o i l  by l e a c h i n g   o r   b y , p l a n t   u p t a k e .  Con- 

, tamination  of  the  groundwater by  heavy metals is undesirable ,   and i t  i s  

d e s i r a b l e   a l s o   t h a t   p l a n t   u p t a k e   b e  as low as poss ib le ,   Consequent ly ,  

i t  may be   very   impor tan t   to   have  a s o i l   w i t h  a h i g h   c a p a c i t y   t o  remove 

heavy metals from  solution  and  immobilize them i n  forms   tha t  are 

r e l a t i v e l y   u n a v a i l a b l e   t o   p l a n t s .  The  mechanisms  of  such  immobillzation 

have  a l ready  been  discussed  and  include  cat ion  exchange,   chelat ion,   and 

the  formation  of  amorphous o r   s t o i c h i o m e t r i c  compounds. 
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Since  heavy metals t h u s   a d s o r b e d   i n t o   s o i l s  are not   degradeable  

a n d   s i n c e   t h e i r  rates of   removal .by  plant   uptake are very  small, t h e r e  

i s  the   dange r   t ha t   t he i r   concen t r a t ions  w i l l  i nc rease   w i th   i nc reas ing  

u s e , o f   e f f l u e n t   i n   i r r i g a t i o n ,  A S  a r e su l t ,   de t r imen ta l   env i ronmen ta l  

e f f e c t s  w i l l  be   d i scove red   on ly   a f t e r  i t  is too  l a t e  fo r   r emed ia l  

measures . .  A t  t h e   B e r l i n  sewage  farm  on  acid  sandy  soi l ,   and a t  t h e  

P a r i s   e f f l u e n t   d i s p o s a l  s i t e  w h e r e   t h e   s o i l  i s  l imy;   there  are signs 
of  exhaustion  and  low  crop  yields.   The.exhaustion seems t o   b e   l i n k e d  

to   h igh   copper   and   z inc  levels. Leeper  (1972)  quotes  data  from 

Melbourne Austral ia   which shows t h a t   a f t e r   s e v e n t y   y e a r s  of heavy 

i r r i g a t i o n   o n  a l i g h t   c l a y   t h e   e x t r a c t a b l e   z i n c  varies from  830 ppm i n  

t h e   f i r s t   i n c h   t o  44 ppm at  a depth  of 6 t o   1 4   i n c h e s .  To reach  high 

levels w i l l  however t ake   cons ide rab le  time and  depend  upon t h e  concen- 

t r a t i o n s   o f  metals i n   t h e   e f f l u e n t  and t h e   t y p e   o f   s o i l   i r r i g a t e d .  

Ohio S ta te   Univers i ty 'School   o f   Agr icu l ture   has   been   moni tor ing   p lan t  

and s o i l  heavy metals r e s u l t i n g  from  appl icat ions  of  Celina s ludge.  

Sludge  contains   higher   heavy metals accumula t ions   t han   does   t he   e f f luen t .  

Af t e r  20 yea r s   o f   app l i ca t ion ,   t he   heavy  metal b u i l d  up i s  now only 

s l i g h t l y  above  background  1evels;but  there was concern  over   the  long 

term e f f e c t s  (Manson and Merritt 1975) 

Al though  these   da ta  show tha t .many   so i l s   have  a g r e a t   c a p a c i t y   t o  

absorb  heavy metals, i t  should   be  remembered t h a t   l o n g   b e f o r e   t h e  levels 

of  heavy metals quoted  above are a t t a ined ,   s ens i t i ve   c rops .wou ld   have  

shown t o x i c i t y  symptoms,  and non-sensi t ive  crops may have  accumulated 

heavy metals i n   c o n c e n t r a t i o n s   t h a t   c o u l d   r e n d e r  them  unmarketable. 

Because the  heavy metals t end   t o   accumula t e   i n   t he   t op   l aye r s  of t h e   s o i l ,  

t h e r e  are many examples  of  soils  contaminated  with  copper  from  Bordeaux 

Mixture  sprays  which  support  good orchards  and  vineyards  s imply  because 

the   roo t s   avo id   t he   t ox ic   zone .  When, however ,   these   o rchard   so i l s  

are ploughed  and  annual  crops  planted, severe f a i l u r e  i s  of ten   observed  

because   roo ts  grow i n t o   t h e   t o x i c   z o n e  (Chaney 1973). 

One of t h e  more impor tan t   consequences   o f   us ing   e f f luent   to   i r r iga te  

crops i s  the hazard of t o x i c  metals en te r ing   t he   food   cha in . .  The 

e lements   cons idered   to   be  a s i g n i f i c a n t   p o t e n t i a l   h a z a r d   t o   t h e   f o o d  

chain  through  plant   accumulat ions are cadmium, copper  and  zinc (Chaney 

1973).  



19. 

I n   O n t a r i o ,   t h e  m a x i m u m  a l lowable   concent ra t ion   of  cadmium i n  

dr inking  water is 0 .01   mg/ l ,   ze ro   conten t   be ing   prefer red .  However, 

regulatory  agencies   have  not  set levels f o r  maximum human d i e t a r y   i n t a k e .  

L e e p e r   s t a t e d   i n   1 9 7 1   t h a t  0.5 ppm cadmium i n   p l a n t s  is ha rmless   t o   bo th  

plants   and  animals .  

Our knowledge  gap wi th   r e spec t   t o   t r ace   e l emen t s ,   mic ronu t r i en t s ,  

o r  heavy metals i s  broad,   but  much relevent r e sea rch  i s  p lanned   or  

underway. Much work s t i l l  n e e d s   t o   b e  done  on  reducing  the  toxic .  

hazards   by   inves t iga t ing   the   in te rac t ions   be tween  the   heavy  metals 

such as z i n c  and cadmium. High l e v e l s  of z inc   have .been  shown t o  

prevent   the  hazardous  concentrat ions of cadmium in   foods   ( Jones  e t  a l .  

1973). 
. .  

Thus, i f  w e  are t o   u s e   o u r   s o i l s   n o t   o n l y   f o r   f o o d   b u t  as s i n k s  

t o   d e t o x i f y  heavy metals, w e  must b e  aware t h a t   t h e   s i n k  i s  not  bottom- 

less and t h a t   c a r e f u l   c o n t r o l  must  always  be  exerted.  

Natural and Synthe t ic   Organics  

The t o t a l   o r g a n i c   c o n s t i t u e n t s   o f  sewage e f f l u e n t  are c o n t r o l l e d  

by legis ia t ion.   At tempts   have  been made t o   a n a l y z e   t h e   o r g a n i c s   i n  

t h e   e f f l u e n t   b u t  many ana lyses   have   succeeded   on ly   in   c lass i fy ing   the  

o rgan ic  matter in to   gene ra l   g roups   o f  compounds  (Rebhun and Manka 1971).  

Because   o f   t he   i n t ense   mic rob ia l   ac t ion   i n   t he   t r ea tmen t   p l an t ,  i t  must 

be  assumed t h a t   t h e   o r g a n i c  matter w i l l  cons i s t   o f   bo th   t hose  compounds 

which are r e s i s t a n t   t o   d e g r a d a t i o n ,   a n d   t h e   p r o d u c t s  of microbia l  

metabolism. The l a t te r  ,do no t   g ive   t oo  much cause   for   concern  as 

they are probably  highly  biodegradable   but   those compounds which are 

r e s i s t a n t   t o  a g r e a t e r   o r  lesser e x t e n t  must be   cons ide red   i n  more 

. d e t a i l ,   p a r t i c u l a r l y   i f   t h e r e  i s  a t o x i c   h a z a r d .   F o r   t h i s   r e a s o n   t h e  

Water Pol lut ion  Research  Laboratory,   Stevenage,  U.K., h a s   s t a r t e d   t o  

de te rmine   the   na ture   and   concent ra t ion   of   the   res idua l   o rganic  compounds 

i n  sewage e f f luen t s ,   p l ac ing   spec ia l   emphas i s   on   subs t ances  known o r  

t hough t   t o   be   t ox ic .  

The s o i l  seems t o   h a v e   a n  amazing capac i ty   t o   deve lop   mic rob ia l  

popu la t ions   t ha t  w i l l  degrade  a lmost   every  organic  compound added. 

Under well drained,   aerobic   condi t ions  the  added  organic  compound w i l l  

be  broken down even tua l ly   t o   ca rbon   d iox ide ,  and other   small-molecule  

compounds o f   t he   o the r   e l emen t s  in the  molecule.   Organo-chlorines w i l l  

leave a c h l o r i d e   r e s i d u e  and  organo-metallic compounds w i l l  leave a metal 
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res idue   to   be   immobi l ized  as described  above. However because some 

of t he   o rgan ic  compounds are r e s i s t a n t   t o   m i c r o b i a l   a t t a c k ,  Robeck 

e t  a l .  (1964)  warned t h a t   t h e   s o i l  must  have a low enough  permeabili ty 

and some adsorpt ive  capaci ty   to   a l low  suspended  and  dissolved  organic  

matter t o   b e   r e t a i n e d   l o n g  enough f o r  a su i t ab le   mic rob ia l   popu la t ion  

to   develop.  DDT, f o r   i n s t a n c e ,  i s  r e t a i n e d  upon  humic subs tances  

(Bal lard  1971) .  

It is d i f f i c u l t   t o  see how p e s t i c i d e s   c o n t a i n e d   i n   t h e   e f f l u e n t  

could   cause   any   grea te r   hazard   than   those   a l ready   in   use  on the   c rop  

i n  no rma l   ag r i cu l tu ra l   p rac t i ce .   The re  are, however, a number of 

compounds i n  sewage that   could  cause  problems.  

B e f o r e   t h e   c o n v e r s i o n   t o   l l s o f t l l   d e t ' e r g e n t s   i n   t h e  mid s i x t i e s ,  a 

r e p o r t  by  Robeck e t  al (1962)   ind ica ted   tha t   a lky l   benzene   su lphonates  

(ABS) a n d   o t h e r   s y n t h e t i c   o r g a n i c s   i n  sewage t h a t  are not  degraded  by 

other  methods,   could  be  degraded when a p p l i e d   t o   n o n - s a t u r a t e d   s o i l s .  

Organisms  usually  found i n  sewage  and s o i l  were ab le   t o   deg rade  ABS 

and   the   herb ic ides  .2,4D, 2,4,5T  and  0-Cresol, as well. as t h e   u s u a l  

COD components. 

Soper i n  1972 repor ted   tha t   in   an   ex tended   exper iment   spray ing  

mun ic ipa l   e f f luen t  on a f o r e s t ,   d e t e r g e n t ,   r e s i d u e s   t h a t   c a u s e d   s e r i o u s  

foaming a t  t h e  start of the   expe r imen t  were rap id ly   deg raded   i n   t he  

s u r f a c e   s o i l   h o r i z o n s .   A f t e r   t h e   c o n v e r s i o n   t o   " s o f t "   d e t e r g e n t s   i n  

1965,  added  Methylene  Blue  Active  Substances (MBA'S) were neg l igab le  

at t h e  two f o o t   d e p t h .   N i t r i l o t r i a c e t a t e  (NTA) which i s  sometimes 

used as a s u b s t i t u t e   f o r   p h o s p h a t e   i n   d e t e r g e n t s   h a s   b e e n  shown by 

Tiedje   and Mason (1974) t o   b e   d e g r a d e d   i n   s o i l s ,   a l t h o u g h   a d e q u a t e  

degrada t ion  is known t o   o c c u r   i n   a c t i v a t e d   s l u d g e   t r e a t m e n t s  and  sewage 

lagoons.  NTA is  poor ly   degraded   in   anaerobic   and   sep t ic   t anks .  

There are a number of o rgan ic  compounds about  which  there is 

growing  concern  but l i t t l e  d a t a  a t  t h e  moment. These compounds in-  

c lude   the   po lychlor ina ted   b iphenyls  (PCB's)  and t h e   p h t h a l i c   a c i d  esters 

(PAE's). PAE's are a recent   concern   because   o f   the i r   t e ra togenic  

and   mutagenic   po ten t ia l  (Mathur  1974). ,PAE's are used   ex tens ive ly  as 

p l a s t i c i z e r s   b e c a u s e  of t h e i r   r e s i s t a n c e   t o   m i c r o b i a l   a t t a c k .  No 

d a t a  are y e t   a v a i l a b l e   c o n c e r n i n g   t h e i r   p r e s e n c e   i n   e f f l u e n t   n o r  of 

t h e i r   d e g r a d a t i o n   i n   s o i l ,   b u t   b e c a u s e   t h e y   c a n   b e   e x t r a c t e d   f r o m  

p l a s t i c   p i p e s   w i t h   j u s t   d i s t i l l e d  water. (Bingham and Hill 1 9 7 2 )   t h e i r  

Presence   mus t   be   an t ic ipa ted .  
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The t o t a l   o r g a n i c  matter con ten t   o f   t he   so i l  is l i t t l e  a f f e c t e d  by 

the  burden  of   organic  matter a d d e d   w i t h   t h e   e f f l u e n t   i n   i r r i g a t i o n .  

Bower  e t  a l .  (1971)  reported a s l i g h t   i n c r e a s e .   i n   t h e   o r g a n i c  matter of 

t h e   s o i l  as a consequence  of   eff luent   i r r igat ion ' ;   and Day and  coworkers  (1972) 

a f t e r  1 4  y e a r s   o f   i r r i g a t i o n   w i t h   e f f l u e n t ,   f o u n d   a n   i n c r e a s e   i n   o r g a n i c  

matter but   no more than  was s e e n   o n   p l o t s   i r r i g a t e d   w i t h  well water. 

SALT ACCUMULATION .ANTI SALINITY 

One o f   t h e   p e r s i s t a n t   p r o b l e m s   i n   i r r i g a t i o n  i s  t h e   b u i l d  up  of 

salts i n   t h e   ' r o o t   z o n e .  The presence  of  sodium i n  sewage e f f l u e n t   i n  

amounts  of 30-50 ppm (Kardos  and  Soper  1973)  would  give  cause t o   e x p e c t  

s a l i n i t y   p r o b l e m s .  

In   sou the rn   On ta r io ,  we do  not   have a sa l ine   p roblem  nor   the   p ro-  

b lems  of   sa l t -a f fec ted   so i l s .   For  several yea r s ,  we have  monitored 

the   exchangeab le   ca t ion   s t a tus   o f   so i l s   u sed   fo r   t he   d i sposa l   o f  sodium 

and potassium wastes f rom  lye-pee l ing   opera t ions   in   vege tab le   p rocess ing  

p l a n t s .  ' The pe rcen tage   s a tu ra t ion   o f   t he   ca t ion   exchange  complex  by 

sodium f o r  several times of  sampling i s  shown i n  Table  3. 

It has   been  proposed,   that ,  a sa l in i ty   p roblem  could   be   mani fes ted  

i n   s o i l s  when 15 p e r c e n t   o r  more of. the  exchange  complex was occupied 

by  sodium (Bower e t  a l .  1 9 5 8 ) .   I n   g e n e r a l ,   t h e   g r e a t e s t   d e g r e e  of 

sodium s a t u r a t i o n   o c c u r r e d   i n  l a te  f a l l  which  corresponded  to   the  end-  

o f - s e a s o n   f o r   d i s c h a r g i n g   a l k a l i  wastes (Table 3). Presumably,  the 

win ter   and   spr ing   prec ip i ta t ion   encouraged   leaching   and   the   removal   o f  

t h e   i o n s   f r o m   t h e   s o i l   s o l u t i o n  i n  the   uppe r   l aye r s .  

I n   s o i l s   h a v i n g   f r e e  calcium ca rbona te ,   hydro lys i s   occu r s   w i th   f r ee  

calcium i o n s   b e i n g   b r o u g h t   i n t o   s o l u t i o n .   F o r   t h i s   r e a c t i o n   t o   o c c u r ,  

s o i l  water i s  required.   Presumably,  less f r e e  calcium i s  r e l e a s e d   i f  

the   ca lc ium  carbonate   equiva len t   o f   the   so i l  i s  low o r   i f   t h e  pH is 

p a r t i c u l a r l y   h i g h   d u e   t o  sodium compounds i n   t h e   s o i l   s o l u t i o n .  The 

hydro lys i s   o f   t he  calcium carbonate  and  the  replacement  of  sodium  on 

the  exchange  complex  by  the  free calcium is  shown i n   t h e   f o l l o w i n g  

equat ion:  

2Naad . 3  ad 
+ CaCO + H ~ O  + Ca + 2~: + HCO; + OH- 
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I n   a n   i n t e r p r e t a t i o n   o f   t h e   a b o v e   r e a c t i o n  it  was p o i n t e d   o u t   t h a t   t h e  

r e a c t i o n   p r o c e e d s   t o   t h e   r i g h t  as t h e  water c o n t e n t   - o f   t h e   s o i l  is 

increased  (Bower and   Goer tgen   1958) .   I f   t he   so i l  is leached  and i f  

s u f f i c i e n t  CaCO i s  p resen t   t he   r eac t ion   con t inues  t o  t h e   r i g h t  owing 

to   t he   r emova l  of t h e  HCO- and OH- and Na u n t i l   t h e   a d s o r b e d  sodium 

(Na ) -is rep laced .  

3 + 
3 

ad 
Calcium  carbonate  alone i s  g e n e r a l l y   a n   i n e f f e c t i v e   s o u r c e  of 

c a l c i u m   i n   s o i l s   w i t h  a h igh  pH (>8.5)   because  of   the low s o l u b i l i t y  

of t he   ca rbona te .   In  some a r i d   s a l t - a f f e c t e d   s o i l s   w i t h  an excess  of 

lime, the  replacement of  sodium  by  calcium' i s  e f f e c t e d  by t h e   a d d i t i o n  

of   e lemental   sulphur .   Soi l   organisms  oxidize  the  sulphur   to  form 

sulphuric   acid  which reacts w i t h   t h e  lime t o  form gypsum, calcium 

su lpha te .  The a d d i t i o n  of   calcium  sulphate  i s  e q u a l l y   e f f e c t i v e   i n  

inducing  the  exchange  of   sodium  for   calcium. 

If more than  15 pe rcen t  of a s o i l ' s  exchange  complex i s  occupied 

more o r  less permanently  by  sodium,  the s o i l  c o l l o i d s  may be   d i spe r sed ,  

aggrega t ion  is des t royed ,   permeabi l i ty  i s  s e v e r e l y   r e s t r i c t e d   a n d   i n  

gene ra l  a poor   physical   condi t ion  develops.  

TABLE 3 

PERCENTAGE  SATURATION  OF THE CATION EXCHANGE 

COMPLEX BY SODIUM 

Depth Sodium Satura t ion*  

1971  1972  1973  1974 

F a l l   S p r i n g  Summer F a l l   S p r i n g   F a l l   S p r i n g  

0-10" 6.56  1.84  4.85  7.34  7.57  6.63  3.83 

33-54" 4.60  3.87  2.77  4.02  4.60  18.40  7.26 

- 

* Sa tu ra t ion   expres sed  as a percentage   o f   the   to ta l   ca t ion   exchange  
capacity  occupied  by  sodium. 

SUMMARY 

. The u t i l i z a t i o n   o f  sewage e f f l u e n t   i n   i r r i g a t i o n  would appea r   t o  

be  not   without  merit. Caution 1couI.d h a v e   t o   b e   e x e r t e d   t o   e n s u r e   t h a t  

excessive amounts of n i t r a t e  and  heavy metals are not   appl ied .  The 

e f f e c t s  upon t h e   s o i l  would appea r   t o   be   minor   excep t   fo r   t he  breakdown 
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of   the  s o i l  s t r u c t u r e  due t o  sa l t  accumulation, a greater   problem 

when e f f l u e n t  i s  u s e d '   i n   i r r i g a t i o n   d u e   t o  i t s  g r e a t e r  sa l t  conten t .  

The long term ef fec ts   should   no t   be   over looked   and   the   s low  accumula t ion  

of  heavy metals shou ld   be   ca re fu l ly  ekamined i n   t h e   l i g h t  of t h e  

p r e s e n t   c r o p   r o t a t i o n   a n d   w i t h   f u t u r e .   c r o p s   i n  mind. 
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PLANT AND NUTRIENT  ASPECTS OF WASTEWATER 

I R R I G A T I O N  

J. B. Bole 

INTRODUCTION 

The goal  of  any wastewater t rea tment  scheme is  . t o   r e n o v a t e   t h e  

water from a chemica l   and   b io logica l   s tandpoin t   before   re tu i rn ing  i t  

t o  stream flow. Many of   t he .   ' po l lu t an t s '  i n  wastewater are merely 

n a t u r a l   r e s o u r c e s   o u t  of p l ace .  By u s i n g   t h e  water f o r   i r r i g a t i o n ,  

we can r e t u r n   t h e s e   r e s o u r c e s   t o   t h e   f o o d   c h a h ,   t h u s   u s i n g   b o t h   t h e  

n u t r i e n t s  and t h e  water for   food   product ion   whi le   comple te ly   renovat ing  

any re turn   f low.  Wastewater i r r i g a t i o n  i s  capable   of   outperforming 

any water t rea tment   t echnology now i n   e x i s t e n c e   s i n c e  it can  provide 

comple t e   nu t r i en t   r emova l   and   con t ro l   o f   bo th   bac t e r i a l   and  v i ra l  

pathogenic  organisms. 

The s o i l   o r   ' l i v i n g ,   f i l t e r '  i s  n a t u r a l l y   t h e   p r i m a r y   c o n c e r n  

s i n c e  i t  p h y s i c a l l y   f i l t e r s   o u t   p a r t i c u l a t e  matter and  provides  a 

medium f o r   c h e m i c a l  and b i o l o g i c a l   r e a c t i o n s .  What makes the   sys t em 

o p e r a t e   e f f e c t i v e l y  is t he   b iosys t em  ope ra t ing   w i th in   t he   so i l - -   t he  

v i t a l  componen t .   Th i s   p re sen ta t ion   dea l s   w i th   t he   vege ta t ive  component 

of   tha t   sys tem.  

I w i l l  be  drawing on my e x p e r i e n c e   i n   i r r i g a t i n g   f o r a g e   s p e c i e s  

w i t h   m u n i c i p a l   e f f l u e n t   i n   r e s e a r c h   p l o t s  a t  Tabe r ,   A lbe r t a ,  and 

comparing my results w i t h   t h o s e   r e p o r t e d   i n   t h e   l i t e r a t u r e .  Mr. D.N. 

Graveland w i l l  b e   p r e s e n t i n g   d e t a i l s  of the .working   sys tem a t  T a b e r   i n  

a later d i scuss ion .  

PURPOSE OF THE CROP 

The  crop  serves  many p u r p o s e s   i n  water renovat ion .  The s u i t a b i l i t y  

of the  crop  depends on t h e   s p e c i f i c   r e q u i r e m e n t s   o f   t h e  scheme. 
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A c rop   shou ld   be   capab le .o f :  

r e s p o n d i n g   t o   t h e   a p p l i e d  water and n u t r i e n t s ,   t h u s .   p r o v i d i n g  

f o o d   o r   f i b e r   f o r   s o c i e t y ;  

upon harvest ing,   removing  f rom  the  biosystem  large  amounts  

o f   n u t r i e n t s   s u p p l i e d   b y   t h e   e f f l u e n t ;  

t r a n s p i r i n g  water a t  a h igh  rate ove r  a long  growing  season;  

p r e v e n t i n g   s o i l   e r o s i o n   b y  water o r  wind; 

m a i n t a i n i n g   s o i l   s t r u c t u r e  s o  as to   ma in ta in   o r   improve   t he  

water i n f i l t r a t i o n  rate and p e k e a b i l i t y   o f   t h e   s o i l ;  

b e i n g   u t i l i z e d  by soc ie ty   w i thou t   t r ansmi t t i ng   any   ha rmfu l  

pa thogen ic   o rgan i sms ,   nu t r i en t s ,   o r   heavy  metals i n t o   t h e  

food  chain ; 

prov id ing  a c a s h   r e t u r n   t o   c o v e r   o p e r a t i n g  and m a i n t a i n i n g   t h e  

system  and  perhaps a r e t u r n  on c a p i t a l   i n v e s t m e n t .  

CROP  RESPONSE TO WASTEWATER 

An i n c r e a s e   i n   y i e l d   f r o m  wastewater may b e   d u e   t o   t h e  water o r   t o  

t h e   n u t r i e n t s  it c o n t a i n s .   A l f a l f a   h a s   o u t y i e l d e d   t h e   f o u r   g r a s s   s p e c i e s  

i n   r e s e a r c h   p l o t s  a t  Tabe r   ove r   t he   pas t  4 y e a r s ,   e s p e c i a l l y  when p l o t s  

were i r r i g a t e d  a t  a rate about  eq,ual to   evapo t ransp i r a t ion   minus   p rec ip i -  

t a t i o n  a n d   n o t   s u p p l i e d   w i t h   n i t r o g e n   f e r t i l i z e r   ( T a b l e  1). ' When t h e  

i r r i g a t i o n  rate was doub led ,   ave rage   y i e lds  were i n c r e a s e d . f r o m  3.34 t o  

4.52 t o n s l a c r e .   T h i s  was s u r p r i s i n g   s i n c e   t h e   a d d i t i o n a l  water must 

h a v e   l e a c h e d   t o   t h e  :water t a b l e .   S i m i l a r l y ,  when 50 l b   a d d i t i o n a l  N 
and  P f e r t i l i z e r  was app l%ed ,   ave rage   y i e lds  were increased   f rom 3.52 t o  

4.35 t o n s / a c r e .   C l e a r l y ,   t h e   y i e l d   i n c r e a s e   f r o m   t h e   s e c o n d  24 i n c h e s  

of wastewater was due t o   t h e   n u t r i e n t s   i n   t h e  water. S i n c e   s o i l   a n d  

p l a n t   a n a l y s i s  showed t h a t   t h e  P supply was adequa te ,   t he   fo rages  were 

e v i d e n t a l l y   r e s p o n d i n g   t o   a d d e d  N. Th i s   h igh  rate of i r r i g a t i o n  w a s  

i nc luded   on ly   , fo r   expe r imen ta l . pu rposes .   I f  it were used  on a f i e l d  

scale, t h e  water t a b l e  wou ld   be   r a i sed   t o   t he   su r f ace   and  management  would 

be   imposs ib le . '  . 

The wastewater con ta ined  a cons ide rab le  amount of N, P,  and o t h e r  

n u t r i e n t s ,   e s p e c i a l l y   i n   t h e   f i r s t   y e a r  of t he   s tudy   (Tab le  2). I n  

t h a t   y e a r ,  the water conta ined   about   double   the  N and P levels of sub- 

sequent   years ,   due   , to   immatur i ty  of t h e   l a g o o n   o r   a d d i t i o n a l   l o a d i n g   f r o m  

a p o t a t o   p r o c e s s i n g   p l a n t   t h a t   c e a s e d   o p e r a t i o n   i n . 1 9 7 2 .  
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T a b l e  1. A v e r a g e   a n n u a l   f o r a g e   y i e l d   o f   f i v e   f o r a g e  species as a 

f u n c t i o n   o f  wastewater 'and f e r t i l i z e r   l e v e l  (1972-1975) 

Wastewater F e r t i l i z e r  . DM y i e l d   ( t o n s / a c r e )  
i r r i g a t i o n  N-P Reed A l t a i  T a l  1 

( i n . / y r )  ( lb/acre) A l f a l f a   c a n a r y   w i l d   r y e  Brome wheat Mean 
~~~~~~~ ~ ~ ~~ ~ ~~ 

24 0- 0 3.88 2.59 2 .61  2 -67  2.36 2 -82 

50-50 4.21 3.94 3.74 3 -98  3.42 3.86 

48  0 - 0  4.55 4.17 4.28 4 -44  3.53 4.20 

50-50 4.49 . 5.13 5.24 . 4.96 4.38 4.84 

Mean 4.28  3.96  3.97  4.01  3.42 3 -93  

T a b l e  2.  N u t r i e n t . c o n t e n t  of'Taber e f f l u e n t  

Nutr ient  1972'  19 73 1974 19 75 

NO3-N (ppm) . 3.0 1.1 1.0 .4 

22.9 

5 ;9 

8.7 

3.4 

8.8 11.5 

-2.9  3.2 

Na (meq/l i ter)  a. 7 6 .O 4.3 6.8 

Ca + Mg (meq/liter) 6.6 9.3 6.6 11.8 

K (meq/liter) 

SO4 (meq/liter) 

2 .1  .5 .5 .4 

.3 7.2  3.7  10.2 

HC03 (medliter) . 1 7 . 1  6.5 5.8 7.5 

C 1  (medliter) 1 .5  1.5 1.6 1 . 7  

T o t a l  salts (ppm) 1 , 2 6 1  1 , 0 9 0  720 1,188 
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Resea rch   s tud ie s  a t  Swi f t   Cur ren t ,   Sask . , -have  shown t h a t   y i e l d s   o f  

a l f a l f a  were o n l y   s l i g h t l y   h i g h e r  when i r r i g a t e d   w i t h   m u n i c i p a l  waste- 

water than  when i r r i g a t e d   w i t h   c r e e k  water i n   t h e   f i r s t   y e a r   o f   t h e   s t u d y  

(3.20 vs. 2.65 t o n s / a c r e )  and w e r e  similar i n   t h e   s e c o n d   y e a r  (3.93 vs. 

4 .09  t o n s / a c r e )  (V.O. Biederbeck,  personal  communication).  The N i n  

t h e  wastewater w a s  of  no b e n e f i t   t o   t h e   l e g u m e ,   a n d '   s o i l  P 'was  adequate. 

It is  s u g g e s t e d   t h a t ,  as t h e  P 1 e v e l . o f   t h e   c r e e k - w a t e r   i r r i g a t e d   s o i l  

i s  reduced,  a y i e l d   d i f f e r e n t i a l   f a v o r i n g  wastewater i r r i g a t i o n  w i l l  

occu r  . 
It is f r e q u e n t l y   d i f f i c u l t   t o   p r o p o r t i o n   t h e   y i e l d   r e s p o n s e   f r o m  

wastewater i r r i g a t i o n   b e t w e e n   t h e   e f f e c t   o f - w a t e r   a n d   t h a t   o f   n u t r i e n t s .  

I n   t h e   T a b e r   s t u d y ,   y i e l d s   o f   t h e   n a t i v e   S t i p a   ' B o u t e l o u a   w e r e   n e g l i g i b l e  

w i t h o u t   i r r i g a t i o n ,   a n d   c u l t i v a t e d   f o r a g e  would  have  produced less t h a n  

1 ton /ac re .  The magni tude   o f   any   response   to   e f f luent   i r r iga t ion  is 

dependen t   on   t he   bas i c   y i e ld   w i thou t   i r r i ga t l i on   and  on t h e  water and 

nu t r i en t   r equ i r emen t s  of t h e   c r o p .   R e p r e s e n t a t i v e   y i e l d   r e s p o n s e s  from 
t h e   l i t e r a t u r e  are shown i n   T a b l e  3.  Yie lds  are f requent ly   doubled  

w i t h  1 inch  of   wastewater /week,   and  fur ther   responses  are obtained  from 

t h e   a d d i t i o n a l   n u t r i e n t s  a t  h i g h e r   i r r i g a t i o n  rates. These are t h e  

results of  well-managed p r o j e c t s ,   b u t  I am s u r e   u n s u c c e s s f u l   p r o j e c t s  

exist which are n o t   r e p o r t e d   i n   t h e   l i t e r a t u r e .  

NUTRIENT UPTAKE .BY CROPS 

Crops  used i n  a wastewater i r r i g a t i o n   s y s t e m   s h o u l d   a b s o r b  as h i g h  a 

p r o p o r t i o n  of t h e   i o n s   p r e s e n t   i n   t h e  water as p o s s i b l e .  Ions w i l l  t h e n  

be   w i thd rawn   f rom  the   cyc le   and   canno t   con t r ibu te   t o   s econda ry   po l lu t ion  

o f   t he   g roundwate r   o r   l oca l  streams. . 

Nit rogen  is the  e lement  of prime  concern  since  large  amounts are 

f r equen t ly   p re sen t   and  i t  is r e a d i l y   c o n v e r t e d   t o   t h e   m o b i l e   n i t r a t e  

form. Its p r e s e n c e   i n  water b o d i e s   c a n   c o n t r i b u t e   t o   e u t r o p h i c a t i o n .  

I f   t h e   t r a n s f o r m a t i o n   t o   n i t r a t e  is b l o c k e d ,   t o x i c   n i t r i t e s   c a n  accumulate. 

There is  a l s o   t h e   c o n c e r n  that n i t r a t e s  may combine wi th   amides   to   form 

aminon i t r i l e s ,   wh ich  are known t o   be   ca rc inogen ic .  
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Table 3. Yield response (tons/acre) of several crops to 

effluent irrigation 

Crop 
Effluent irrigation (in./wk) 

Re f 0 1.0 2 .o 

Alfalfa Taber .75 

Grass 

14 2.18-2.43 

Taber .75 

- native 7 .9 

- golf courses 9, 11 - 
Cereals - forage 

- grain 

Corn - forage 
- grain 

Potatoes 

Sugar beets 

Trees, (dim - in./yr) 
(ht - in./yr) 

3 

14 

7 
5 

14 

14 

5 

5 

14 

3.9 

1.53-2.88 

.6-. 72 

0-1.43 

2.47-3.83 

1.98-5.52 

2.4-14.3 

6.3-20 .O 

.06-. 16 

12 

4.0 4 -5 

3.75-4.67  4.36-5 - 4 2  

2.9-3.4  4.0-4.8 

2.7 - 

4.5 - 
2.70-4.80 2.48-3.24 

.4.a - 
1.43-1.92 - 
3.93-7.29 4.32-8.48 

4.98-7.26 5 -04-6 -96 

9.0-14.5 - 
14.1-24.3 - 
-17-. 18 .06-. 22 

20 
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I n   o u r   T a b e r   s t u d i e s ,   a l f a l f a   t o o k  up considerably  'more N than   d id  

the g r a s s   s p e c i e s  (259 vs. 160   l b   N /ac re )  . Reed canarygrass   and brome- 

g r a s s  were in t e rmed ia t e   wh i l e .  t a l l  wheatgrass   had  the  lowest  N uptake 

(Table 4 ) .  When 50 l b   N / a c r e   f e r t i l i z e r  w a s  added   annua l ly ,   t he   fou r  

g r a s s   s p e c i e s   t o o k  up a n   a d d i t i o n a l  54 l b   N / a c r e  a t  t h e  low wastewater 

l e v e l ,   a n   a d d i t i o n a l  48  l b   N / a c r e  a t  t h e   h i g h   l e v e l .  Even a t   t h e   h i g h  

i r r i g a t i o n   l e v e l ,   t h e   f o r a g e s   c o u l d   a p p a r e n t l y   u s e  a l l  t h e   a d d i t i o n a l  

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

'The   annua l   app l i ca t ion   and   u t i l i za t ion   o f  N i s  shown i n   T a b l e  5. 

Only in .1972  was more N appl ied   than  was taken up by   t he   p l an t s .  Over 

t h e  4 yea r s ,   cons ide rab ly  more N has   been   taken  up b y   p l a n t s   i r r i g a t e d  

a t  accep tab le  rates than  was app l i ed  i n  t h e   e f f l u e n t   o r   f e r t i l i z e r .  

With e x c e s s i v e   a p p l i c a t i o n   o f   e f f l u e n t ,   t h e  N uptake  approximates N 

a p p l i c a t i o n .  No a t tempt  was made.to  measure N f ixa t ion   by   microorgan-  

isms o r  N mine ra l i zed  fr'om soil organ ic  N: P e r i o d i c   s o i l   s a m p l i n g  has 

shown n e g l i g i b l e   l e v e l s  of NO3-N. Only i n  1975 a f t e r   u n u s u a l l y   h e a v y  

s p r i n g   r a i n s  were s i g n i f i c a n t  amounts  of NO -N found i n   t h e   g r o u n d w a t e r .  

I n  one well t h e  N03-N levels exceeded  the maximum p e r m i s s i b l e   l e v e l   f o r  

d r ink ing  water (10 ppm). 

Phosphates   have  been  associated with eu t roph ica t ion   and   t hus  it i s  

2 

3 

d e s i r a b l e   t h a t   t h e y   b e   t a k e n  up by t h e   p l a n t s  o r  r e t a i n e d  a t  t h e  site. 

A t  t he   Tabe r  s i te,  phosphates  were r e t a i n e d   i n   t h e   s u r f a c e  6 inches  of 

so i l ,   (Tab le  6 ) .  Only w i t h   h i g h   i r r i g a t i o n   a n d  50 l b l a c r e l y e a r  P f e r t i -  

l i z e r  was P l e a c h e d   t o   t h e  6 t o   1 2   i n c h   , d e p t h  i n  the f i r s t  2 yea r s .  

Depths  from 6 t o  48 inches  had less a v a i l a b l e  P t h a n   t h e   o r i g i n a l  samples. 

P uptake  var ied  f rom 42 to 6 1  lb/acre , .   which was 60 to 29% of t h e  P 

app l i ed .  From 6 3  t o  86% o f   t h e   a p p l i e d  P has   been   taken  up or  h a s  

been   r e t a ined  in the s o i l  i n  a f o r m   e x t r a c t a b l e  with NaHCO and is thus ,  

presumably, s t i l l  a v a i l a b l e .  
3 

When  we assess t h e   s u i t a b i l i t y   o f   c r o p s   c o n s i d e r e d   i n  a wastewater 

i r r i g a t i o n  scheme, w e  must   cons ider   the  amount of n u t r i e n t s   a p p l i e d .  

Table  . 7  shows the  normal  amounts of n u t r i e n t s   a p p l i e d  p e r  a c r e .  The 

load ings  are r e l a t i v e l y  low with  municipal  wastewater bu t  can be   i nc reased  

g rea t ly   by   t he   add i t ion   o f   i ndus t r i a l   o r   food   p rocess ing   was t e s   o r   l i qu id  

sewage  sludge. 
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. T a b l e  4. N removal by t h e   f i v e   f o r a g e  species as a f u n c t i o n   o f   e f f l u e n t  

a n d   f e r t i l i z e r   l e v e l s  (1972-1975) 

Wastewater F e r t i l i z e r  N removal (lb/acre) 
i r r i g a t i o n  N-P Reed A l t a i  Tall 

( i n .   / y r >  (&/acre ) A l f a l f a   c a n a r y   w i l d   r y e  Brome wheat Mean 

24 0- 0 241  111 95  110  89 129 

50-50  252  172  149 166 130  174 

48 0- '0 269 185 , 176 178  134 188 

50-50 2  75 243 224 225 175 2 29 

Mean 259 . 178 16 1 ,170  132  179 

7 



Table 5. N applied to and N uptake by forage crops at Taber 

N applied (lb/acre) N uptake (lb/acre) 
Treatment* Irrig . Fer t . Total Range Mean 

16 2 

162 

325 

325 

66 

66 

132 

132 

46 

46 

92 

92 

49 

49 

98 

98 

324 

324 

647 

647 

0 

50 

0 

50 

0 

50 

'9 
50 

0 

50 

0 

50 

0 

50 

0 

50 

1972 

162 

2  12 

325 

375 

197 3 

66 

116 

132 

182 

1974 - 
46 

96 

92 

142 

- 1975 
49 

99 

98 

148 

4-yr total 

. O  324 

200 524 

0 647 

200 847 

147-167 

158-204 

176-289 

201-251 

82-196 

136-197 

140-255 

194-263 

49-179 

85-189 

82-183 

120-194 

70-391 

97-378 

102-310 

163-355 

155 

184 

2  15 

220 

12 8 

175 

196 

2 38 

74 

12  2 

126 

156 

142 

190 

195 

269 

499 

671 

732 

883 

*I1 and ' I 2  = irrigation at 24 and 48 in./yr; Fo and F1 = no fertilizer  or 
N fertilizer at 50 lb/acre. 
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Table 6. Levels of P (lb/acre) in  the  soil  in forms extractable with 
NaHC03, applied, and taken up  by forages (1972 and 1973) 

Level  of P in  soil 
Depth 
(in. ) 

0- 6 

6-12 

12-24 

24-36 

36-48 

Total 

P applied 

Irrigation 

Fertilizer 

Total 

P uptake 

Treatment* 
Original 1 1Fo I l F l  I2FO I2F1 

9.2 

6.0 

12.4 

9.2 

6.4 - 
43.2 

. ,  

35 .O 

5.4 

5.3 

8.3 

2.6 - 
56.6 

70.8 

0 

70.8 

42 -4 

78.2 

9.6 

13.2 

7.0 

” 
3 .a 

111.8 

70 -8 

71.8 

142.6 

44.9 

58.0 

10.4 

8.3 

2.4 

04 

79.5 

- 

141.6 

0 

141.6 

52.5 

99 .o 

29.2 

11.6 

4.8 

.8 

145.4 

- 

141 .6 

71.8 

213.4 

61.2 

*See footnote Table 5. 
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The c r o p s   l i s t e d   i n   T a b l e  8 v a r y   g r e a t l y   i n   t h e   l e v e l   o f   n u t r i e n t s  

harves ted   f rom  an   acre   o f   so i l .  The l e v e l s   o f   m i c r o n u t r i e n t s   i n   a n y  

crop  can  vary by a f a c t o r  of 10 ,  depending   on   the   concent ra t ion  of t h e  

n u t r i e n t s   s u p p l i e d .  A t  T a b e r ,   t h e   m i c r o n u t r i e n t   c o n c e n t r a t i o n s   i n   t h e  

a l f a l f a  were low to   modera t e   and   dec reased   w i th   i nc reas ing   l eve l s   o f  

i r r i g a t i o n .  A comparison  of  Tables 7 and 8 shows t h a t  Na, Ca, and Elg 

can   bu i ld   up   wh i l e  N may b e   i n a d e q u a t e   t o   s u p p l y   t h e  maximum y i e l d s  

n e c e s s a r y   t o  remove t h e  amount o f   n u t r i e n t s  shown i n   T a b l e  8. The s o i l  

c o n t a i n s  4,000 l b b a c r e  Na and  more t h a n   t e n  tines t h i s  much Mg and Ca; 

t h u s .   a n y   ' i n c r e a s e   i n   c a t i o n s   i n   t h e   s o i l  i s  not   measurable .  A s  no ted  

earlier, P h a s   b u i l t  up i n   t h e   s o i l  a t  Taber  (Table 6) .  Th i s   bu i ldup  

w i l l  occu r  when more than  20 t o  25 l b   P / a c r e  is a p p l i e d   t o   t h e   f o r a g e s .  

WATER TRANSPIRATION 

. The maximum rate of wastewater i r r i g a t i o n  i s  l i m i t e d  by t h e   t o t a l  

amount of e v a p o t r a n s p i r a t i o n  (ET). . The g u i d e l i n e s   e s t a b l i s h e d  by t h e  

B r i t i s h  Columbia Po l lu t ion   Con t ro l   Boa rd   sugges t  1.3 times t h e   s e a s o n a l  

p o t e n t i a l  ET as t h e  m a x i m u m  rate of i r r i g a t i o n .   O t h e r   p r o v i n c e s   h a v e  

even more r e s t r i c t i v e   g u i d e l i n e s .  When l a n d   s u i t a b l e   f o r   i r r i g a t i o n  i s  

l i m i t e d ,  it is i m p o r t a n t   t o  select a c rop   w i th  maximum ET. Sonmore (13) 

measured ET f o r   s e v e r a l   i r r i g a t e d   c r o p s   i n   s o u t h e r n   A l b e r t a   ( T a b l e  9 ) .  

Only 7 t o   16   i nches   o f  water w a s  app l i ed   and   t hus   h ighe r   va lues   cou ld   be  

expec ted   w i th   week ly   app l i ca t ions .   S ince   t he   da i ly  ET d id   no t   va ry  

g r e a t l y ,   t h e   l o n g e r   g r o w i n g   s e a s o n   g i v e s   a l f a l f a ,   g r a s s ,   a n d   s u g a r   b e e t s  

a h i g h e r   t o t a l  ET. The longe r   g rowing   s eason   a l so   l eng thens   t he  irri- 

ga t ion   s eason .   Th i s  is important   where wastewater m u s t   b e   s t o r e d   f o r  

t he   r ema inde r   o f   t he   yea r  &d  where s o i l   i n f i l t r a t i o n   c h a r a c t e r i s t i c s   o r  

i n su f f i c i en t   equ ipmen t  makes i t  d i f f i c u l t   t o   a p p l y   t h e   d e s i r e d  amount of 

wastewater. 

- . . . . _. . . .. .. 

EROSION  PREVENTION. 

Any crop   main ta in ing  a complete  canopy  and  adequate  root  growth 

w i l l  p r even t   e ros ion   by   w ind   o r  water. Forage   c rops   main ta in  a cover  

through the winter   and  spr ing  and  thus are s u p e r i o r   t o   a n n u a l   c r o p s  

where   e ros ion  may b e  a problem. 
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Table 9. Annual and  daily  evapotranspiration  and length of growing 

season of several irrigated  .crops at Lethbridge 

Crop 
Evapotranspiration 

in.  /yr  in.  /day 

Length. of 
season 
(days) 

Alfalfa 25.5 -163 15 5 

Grass 23.6 .155 15 2 

Wheat 

Field corn 

19.4 

19.2 

-178 

-160 

102 

120 

f c 

Potatoes 

Sugar  beets 

Tomatoes 

19.9 

21.5 

14.4 

-149 

-138 

137 

156 

-140 10 3 
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SOIL  PEPJLEABILITY MAINTENANCE 

I f .  t h e   s o i l   h a s  a c o a r s e   t e x t u r e   o r   i f   t h e   f i n e   p a r t i c l e s  are 

h e l d   i n   s t a b l e   a g g r e g a t e s ,   i n f i l t r a t i o n  and   permeabi l i ty  w i l l  b e . r a p i d  

enough to   p revent   ponding   and   runoff .  A h i g h   r a t i o  of N a / m  (SAR) 
o f   t h e  wastewater w i l l  d i s p e r s e   c l a y   p a r t i c l e s   a n d  res t r ic t  s o i l  permea- 

b i l i t y .   O r g a n i c  matter i n   t h e   s o i l  is i m p o r t a n t   i n   m a i n t a i n i n g   s o i l  

s t r u c t u r e .   T h i s   o r g a n i c  matter is rep len ished   by   c rops   having  a l a r g e  

amount  of root   growth.  

S o i l   s t r u c t u r e  i s  a l s o   i m p o r t a n t   i n   m a i n t a i n i n g   a e r o b i c   c o n d i t i o n s  

i n   t h e   s o i l  so tha t   roo ts . ' can   absorb   ions   and   microorganisms  can   break  

down. and t r ans fo rm wastes. It i s  n e c e s s a r y   t o   h a v e   a n   a e r o b i c   l a y e r   t o  

allow.ammonium i o n s   t o   b e   t r a n s f o r m e d   t o   n i t r a t e s  so t h a t   d e n i t r i f i c a t i o n  

can   reduce   harmful   l eve ls   o f  N. Forage  crops are e f f e c t i v e   . i n   m a i n t a i n i n g  

s o i l   s t r u c t u r e .  

CONTROL OF PATHOGEXIC  ORGAYISMS 

. 'We are conce rned   w i th   t he   hea l th   and   s a fe ty   o f  any  humans o r  animals 
u t i l i z i n g   t h e   p r o d u c e   o r   r e t u r n   f l o w   f r o m  wastewater, i r r i g a t i o n   s y s t e m s ,  

The ope ra to r s   o f .   t he   sys t em  and  any f i e ld   worke r s   mus t   no t   be   sub jec t ed  

t o   h e a l t h   h a z a r d s .  Bacteria, v i ruses ,   p ro tozoa ,   fung i ,   and  ascaris ova 

are p r e s e n t   i n  sewage wastewater and  thus  concern is warranted.  

C o l i f o r m   a n d ,   p a r t i c u l a r l y ,   f e c a l . c o l i f o r m   ( f c )   b a c t e r i a  are f r e -  

q u e n t l y   u s e d   t o   i n d i c a t e   t h e -   p r e s e n c e  of such   d i sease -caus ing   bac t e r i a  as 

S a l m o n e l l a   ( t y p h o i d ,   g a s t r o e n t e r i t i s ) ,   S h i g e l l a   ( d y s e n t e r y ) ,   a n d   c h o l e r a -  

causing  organisms.  The f c  test i s  r e l a t i v e l y   s i m p l e   a n d  is accep ted  by 

m o s t   w o r k e r s .   F o r t u n a t e l y ,   e f f e c t i v e   s a n i t a t i o n   h a s   p r a c t i c a l l y   e r a d i -  

ca t ed   t ypho id   f eve r ,   cho le ra ,   and   amoeb ic   dysen te ry   i n   Nor th  America; 

however,  they are st i l l  a problem i n  many c o u n t r i e s .  One i n f e c t e d  

person  w i l l  t r a n s f e r  200 b i l l i o n   p a t h o g e n i c   b a c t e r i a   p e r   d a y   i n t o   t h e  

sewage  system,  which,  mixed  with a m i l l i o n   g a l l o n s   o f  wastewater, w i l l  

g i v e  a concentrat ion  of   4 ,400/100 m l .  In a r e x c e l l e n t  review article,  

Geldreich  and  Bordner  ( 6 )  state t h a t  1,000 fc /100  ml water i s  a r ea l i s t i c  

g u i d e l i n e   f o r   d e t e r m i n i n g   t h e   s a f e t y   o f   i r r i g a t i o n  water. Wastewater 

used f o r   i r r i g a t i o n  a t  Taber was  found t o   c o n t a i n  54,000 f c /100  m l ,  o r  

54 t i m e s   t h e   s u g g e s t e d   a c c e p t a b l e   l e v e l  (1). Raw sewage was 100 times 

t h i s   l e v e l .   C e r t a i n l y ,  more c a u t i o n   a n d   r e s t r i c t i o n s   o n   t h e   u s e  of 

wastewater are requ i r ed   t han   w i th   no rma l   i r r i ga t ion .  
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We must  immediately 

v e g e t a b l e   c r o p s ,   s u c h   a s  

rule o u t   t h e   u s e  of sewage wastewater on 

l e t t u c e  and  tomato, consumed raw by humans. 

With  superior  management,  root  crops  such as p o t a t o e s ,   b e e t s ,   a n d   t u r n i p s  

c a n   s a f e l y   b e   i r r i g a t e d  w i t h  wastewater (5 ) .   Pa thogens   can   su rv ive   i n  

s o i l   f o r  2 t o  7 weeks (10);  however,  they w i l l  n o t   e n t e r  undamaged r o o t s .  

Root c r o p s   n o t   d i r e c t l y  consumed  by  humans, such as s u g a r   b e e t s ,  are a 

p r e k r a b l e   a l t e r n a t i v e ;   h o w e v e r ,   t h e s e   c r o p s   h a v e  a h igh   r equ i r emen t   fo r  

f i e l d   l a b o r .   T h e r e  i s  a c o n c e r n   f o r   t h e i r   h e a l t h   a n d   f o r   t h e   p u b l i c  

acceptance  of   the  produce.  

The i r r i g a t i o n  o f   fo rages   u t i l i zed   by   l i ves tock   r emoves   t he   p roduce  

o n e   s t e p   f a r t h e r   f r o m  humans in   the   food   cha in .   Animals   have   been  

w a t e r e d   d i r e c t l y   w i t h   t r e a t e d   a n d   e v e n  raw wastewater wi thout   adverse  

e f f e c t s  (11, 15) .   Only   a f te r   g ross   contaminat ion   wi th  raw sewage  have 

an imals   been   found  to   be   in fec ted  (8). There may be  more r e a s o n   f o r  

c o n c e r n   i f   t h e   e f f l u e n t   c o n t a i n s   p a c k i n g   p l a n t   o r   a b a t t o i r   w a s t e s  with 

an th rax ,   b ruce l lo s i s ,   o r   t ube rcu los i s   o rgan i sms .   An ima l s   can   s a fe ly  

b e   f e d   f o r a g e s   i r r i g a t e d  with e f f l u e n t   w h e r e   i r r i g a t i o n  w a s  s topped 5 

days   before   harves t ing .  I n  f a c t ,  B e l l  (l), working   on   our   Taber   p lo ts ,  

has  shown that f c  o r g a n i s m s   o n   a l f a l f a   p l a n t s  were completely  destroyed by 

e x p o s u r e   t o   1 0   h o u r s   o f   b r i g h t   s u n l i g h t  a t  temperatures  above l l ° C .  

Exposure   for  20 h o u r s   k i l l e d  a l l  the   f c   o rgan i sms  when p l a n t s  were irri- 

ga ted   w i th  raw sewage. L i t t l e  change i n  t h e   f c   p o p u l a t i o n  was n o t e d   i n  

c o o l   o r   c l o u d y   w e a t h e r .   - T h e   b e s t   p o s s i b l e   p r a c t i c e  would b e   t o   d e h y d r a t e  

the   fo rage   be fo re   f eed ing .  

Another alternative i s  t o  p r o d u c e   f i b e r ,   p u l p ,   o r   f o r e s t r y   c r o p s  that 

are n o t  consumed  by  humans o r  animals and  thus  provide  pathogenic   danger  

o n l y   t o   f i e l d   w o r k e r s .  

SrnDrnY 

Sewage o r   i n d u s t r i a l  wastewater c a n   b e   u s e d   t o   i r r i g a t e   a g r i c u l t u r a l  

crops  without   endangering  humans,   wi ld  or   domest ic   animals ,   or   the   envir-  

onment. Many c r o p s   c a n   b e   u s e d   s a t i s f a c t o r i l y   p r o v i d e d   t h a t   t h e y  are 

capable   o f   absorb ing   mos t   o f   the   appl ied   nu t r ien ts ,   o f   p ro tec t ing   the  

s o i l  from- erosion,   and  of   maintaining a s t a b l e  s o i l  s t r u c t u r e .  A crop 

s h o u l d   b e   s e l e c t e d   t h a t   c a n   t r a n s p i r e  a h igh   p ropor t ion  of t h e   a p p l i e d  

water and  provide maximum y i e l d s  and a h igh   mone ta ry   r e tu rn   t o   de f r ay  

I ,  
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expenses ,   A l fa l f a  has been   used   successfu l ly  a t  Taber  and Granum i n  

Alber ta   and  at Vernon i n   B r i t i s h  Columbia. It s a t i s f i e s   t h e s e   r e q u i r e -  

m e n t s   w h i l e   b e i n g   s e l f - s u f f i c i e n t   f o r  N i f ,   t h e  wastewater supply  of  N i s  

inadequate .   Other   forages  are used   successfu l ly   e l sewhere   and   should   be  

c o n s i d e r e d   i f   w i n t e r k i l l i n g   o f   a l f a l f a   p r e c l u d e s  i t s  use.   Supplemental  

f e r t i l i z e r  N w i l l  b e   r e q u i r e , d   i f   t h e  wastewater s u p p l i e s   i n s u f f i c i e n t  N 

f o r  maximum growth  of   grass .  

The sys t em  shou ld   no t   be   des igned   w i thou t   adequa te   cha rac t e r i za t ion  

o f   t h e  wastewater a n d   s o i l .  Ownership of. t h e   l a n d   o r  a long-term 

commitment is requi red   by   the   munic ipa l i ty ,   and   super ior  management i s  

necessary.   Problems w i l l  n o t  arise as long as maximum p r o d u c t i v i t y   a n d  

human s a f e t y  are cons idered  as well as waste d i s p o s a l .  
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WATER POLLUTION POTENTIL OF SPRAY I R R I G A T I O N  

BY USING  SECONDARY EFFLUENT 

F o r   t h e   p o t e n t i a l  of i r r i g a t i o n  water t o   c a u s e  water p o l l u t i o n  

t o   b e   r e a l i z e d , - t w o   c o n d i t i o n s  must g e n e r a l l y   b e   s a t i s f i e d :  

-1) t h e   t r e a t e d   e f f l u e n t  must  reach a body of water t h a t  is 

b e i n g   u s e d ,   o r  may b e   u s e d ,   f o r  some purpose;  

2) t h e   q u a l i t y  of t h e   a p p l i e d   l i q u i d   t h a t   f i n a l l y   r e a c h e s   t h e  

p a r t i c u l a r  body of water must  be  such 

a f f e c t s   t h e   u s e f u l n e s s   t h e r e o f .  

I f   e f f l u e n t  i s  a p p l i e d   t o   t h e   l a n d   i n  excess of 

f o r  water u p t a k e ,   t h a t   e x c e s s   l i q u i d  must enter 

t h a t  i t  d e t r i m e n t a l l y  

the   c rop   r equ i r emen t s  

t h e  water r e s o u r c e   i n -  

ven to ry   o f   t he  area. The e f f e c t   t h a t   t h i s   l o s t  water w i l l  have on t h e  

r e c e i v i n g  water q u a l i t y  w i l l  d e p e n d - o n   t h e   i m p u r i t i e s   t h a t  are c a r r i e d  

a l o n g   i n   s o l u t i o n   o r   s u s p e n s i o n .  

I Impuri t ies   of   Concern  to   Receiving Water Quality/ 

A. P u b l i c   H e a l t h  

The p u b l i c   h e a l t h   i m p l i c a t i o n s   o f   t h i s  method  of wastewater 

d i s p o s a l  are both  biological   and  chemical .  Assuming t h a t  w e  are d e a l i n g  

w i t h  a m u n i c i p a l   e f f l u e n t   w i t h  no i n o r d i n a t e l y   l a r g e  component i f   i n d u s -  

t r i a l  waste, t h e   s p e c i f i c  materials of  concern are p r i m a r i l y  as f o l l o w s ;  

1. 

2. 

d i sease '   c aus ing   o rgan i sms  - Secondary  t reatment  plus ch lo r in -  

a t i o n  i s  known t o  b e   h i g h l y   e f f i c i e n t  i n  the  removal of pa th-  

o g e n i c   b a c t e r i a ,   b u t  i ts  a b i l i t y   t o  kill v i r u s e s ,   c y s t s   a n d  

i n t e s t i n a l  worm eggs  leaves much t o   b e   d e s i r e d .  

n i t r a t e s  - This  common i m p u r i t y   i n   b i o l o g i c a l l y   t r e a t e d  

sewage i s  o f   conce rn   w i th   r ega rd   t o   poss ib l e   i nges t ion   by  

i n f a n t s ,   w h e r e  it is  r e p o r t e d   t h a t   c o n v e r s i o n   t o  nitr i tes can 

o c c u r   i n   t h e   g u t ,   w i t h   t h e   d i s e a s e  methemoglobinemia,resulting. 

The convers ion   of   o rganic   n i t rogen   (which  i s  p r e s e n t   i n  raw 

sewage) t o   n i t r a t e   n i t r o g e n  is dependent  upon  the  design  and 

o p e r a t i o n   o f   t h e   t r e a t m e n t   f a c i l i t i e s ,  as well as on t h e  

p r e v a i l i n g   c l i m a t i c   c o n d i t i o n s .  Hence no t  a l l  secondary 

t r e a t m e n t   p l a n t s   h a v e   h i g h   n i t r a t e   c o n c e n t r a t i o n s   i n   t h e  

e f f l u e n t  . 



3. 

4. 

2. 

heavy metals - In some communities there may b e  reason fo r  

some concern  regarding  the  concentrations of various heavy ; 

metals  in  the  municipal  wastewater. Examples of heavy metals 

that  are commonly found i n  municipal . .  sewage include l e a d ,  

mercury, arsenic and chromium. 

biocides - Chemical insect.icides,  herbicides,  fungicides and 

rodenticides do on occasion  find  their way into  municipal 

sewage. . Because a high  percentage  of  these  chemicals  are 

extremely toxic,   they.are of concern even though they may only 

infrequently  enter  the system. 

In general,  the  potential  public  health  effects on useable  bodies. 

of water caused by. impurities  contained  in  the  irrigated  effluent  should 

be small i n  comparison to   the  concern  generated by the  present  policy of 
discharging effluent  directly  to  receiving waters. The ut i l izat ion  of  

impurities by crops and the  extra  treatment  occasioned by transport  through  the 

soil.will assuredly cause a much lower mass of impurities  to  reach a re- 

ceiving water. 
B. Eutrophication 

Where the enrichment  of  receiving  waters to   the  point  of 

causing  nuisance problems i s  possible,  consideration of two impurities 

from municipal sewage is  necessary. 

1. Nitrogen.- Limitkng values of n i t rogen   a re   d i f f icu l t   to   assess  

under most conditions. However, concentrations  greater  than 
about 0.2 mg/1 i n  the  receiving  water  should  be avoided  where 

oligotrophic  conditions  are  considered  to  be  highly  desirable. 

2. Phosphorus. - Concentrations of t o t a l  phosphorus as low as 

0.01 mg/1 can give rise to   character is t ic  enrichment symptoms 
in  lakes.   Sufficient enrichment t o  cause  resulting  taste and 

odour  problems can occur a t  concentrations  as low as  0.05 mg/l. 
. .  

C. ' Aquatic Life 
The prime pollutants of concern insofar   as   their   potent ia l  

. ef fec ts  on the   v iab i l i ty  of desirable  aquatic  species  are  specific heavy 

metals such as zinc, mercury and copper. Copper and zinc  should  be 

present a t  concentrations no higher  than  0.1 mg/l, while the  desirable 

mercury concentration.would  be  s,ignificantly lower  than t h i s  value. 



3. 

11 Transpor ta t ion   Pa thways   for   Pol lu tan ts   Reaching   Rece iv ing  Waters 
From S p r a y   I r r i g a t i o n   S i t e s  

I n   o r d e r   f o r   p o l l u t a n t s   c o n t a i n e d   i n   i r r i g a t i o n  waters t o  cause a 

water pol lut ion  problem,  they  must  somehow b e   t r a n s p o r t e d   f r o m   t h e   s p r a y  

i r r i g a t i o n  site t o  a body  of  receiving water. There are a number o f  

po ten t i a l .   t r anspor t a t ion   pa thways   wh ich   war ran t   cons ide ra t ion .  

A. Over l and   du r ing   i r r iga t ion .  

, This  method  of p o l l u t a n t   t r a n s f e r   o c c u r s   b e c a u s e   t h e   a p p l i c a t i o n  

rate o f   l i q u i d  i s  g r e a t e r   t h a n   t h e  rate a t  w h i c h   t h e   s o i l   c a n   a c c e p t  it. 

I f   t h e   d e s i g n   a p p l i c a t i o n  rate does  not   have a s u f f i c i e n t   f a c t o r  of s a f e t y  

b u i l t   i n t o  it., t h i s   p r o b l e m  may arise toward   t he   end   o f   t he   i r r i ga t ion  

s e a s o n ,   o r   a f t e r   t h e   p l o t   h a s   b e e n   i n   u s e   f o r  a few years .   Causes   of  

such  a t e m p o r a l   r e d u c t i o n   i n   a l l o w a b l e   a p p l i c a t i o n  rates are: 

1. t h e   s o i l   s t r u c t u r e  may t i g h t e n   i f   p r o p e r   c a l c i u m   t o   s o d i u m  

balance.  is no t   ma ia t a ined ;  ' 

r 

2. o r g a n i c   c o n t e n t   o f   t h e   e f f l u e n t  may cause  excessive b a c t e r i a l  

growth in t h e   t o p   l a y e r s   o n   t h e   s o i l .  

Any l i qu id   wh ich  is a l l o w e d   t o  exit f r o m   t h e   i r r i g a t i o n  si te via ' t h e  

s u r f a c e   r o u t e  w i l l  still have  undergone some t r ea tmen t ,   because   o f   t he  

a d s o r p t i v e   c a p a c i t y  of t h e   s o i l   o v e r   w h i c h  it travels, and  because  of 

b i o l o g i c a l   a c t i v i t y   i n   t h e   u p p e r   l a y e r   o f   s o i l   w h i c h   c a u s e s   t h e   e x t r a c t i o n  

o f   n u t r i e n t s .  

B. Over land   dur ing   Spr ing  Snowmelt o r   Ra ins to rms  

Sur face   runof f   occas ioned   by   r a in   o r   by   snowmel t   has   t he  . .  

capab i l i t y   o f   deso rb ing   p rev ious ly   adso rbed   impur i t i e s  as t h i s   r e l a t i v e l y  

p u r e  water f l o w s   o v e r l a n d   i n   c o n t a c t   w i t h   t h e   s o i l   p a r t i c l e s .  

C. Vertical Leaching  by Excess I r r i g a t i o n  Water 

Normal i r r i g a t i o n   p r a c t i c e  demands t h a t   t h e   t o t a l . a i m u n t   o f  

i r r i g a t i o n   l i q u i d   a p p l i e d   b e   g r e a t e r   t h a n   t h e  amount a c t u a l l y   u t i l i z e d  

by the   c rops .  This p r a c t i c e  allows d i s s o l v e d  salts t h a t  are d e p o s i t e d  

i n   q u a n t i t i e s   g r e a t e r   t h a n  the e q u i l i b r i u m  amounts t o   b e   f l u s h e d  away 

f rom  the   roo t   zone   o f   t he   c rops ,  and   hence   he lp   p reven t   t he   fo rma t ion  

of   poor   chemica l   condi t ions   tha t .might   h inder   c rop   growth .  

The q u e s t i o n   o f   t h e  most d e s i r a b l e   m o u n t   o f  excess  water i s  n o t  

a n s w e r a b l e   i n  terms of a d e f i n i t e   p e r c e n t a g e   t h a t  i s  u n i v e r s a l l y   a p p l i c a b l e .  
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In ' f a c t ,   t h e   a c t u a l  amounts  of water used  by  var ious '   crops  'under   var ious 

climatic c o n d i t i o n s  are n o t  well documented. In  gene ra l ,   t he   more  

excess  water used ,   t he  more i m p u r i t i e s   t h a t  w i l l  b e  moved d e e p e r   i n t o  

t h e  s o i l  hor i zons ,   and   even tua l ly   i n to   g roundwate r .   The   gene ra l   l og ic  

o f   t h i s   s t a t e m e n t  i s  supported  by .two f a c t s :  

1. as more e f f l u e n t  i s  added t o  cause  more  root   zone  f lushing,  

t h e r e  is a l s o  a g r e a t e r  mass o f   impur i t i e s   be ing   added ;  

2. t h e   h i g h e r   t h e  water f low,   t he   h ighe r  w i l l  be   t he   pe rcen tage   o f  

i m p u r i t i e s   t h a t  do n o t   g e t  a c h a n c e   t o   s t a y   a d s o r b e d   t o   t h e  

s o i l   p a r t i c l e s .  

D. Vertical L e a c h i n g   b y   P r e c i p i t a t i o n   o r  Snowmelt 

I m p u r i t i e s   p r e v i o u s l y   a d s o r b e d   o n t o   s o i l   p a r t i c l e s   c a n   b e  

p a r t i a l l y  removed  by t h e   p e r c o l a t i o n   o f   r e l a t i v e l y   p u r e  water from 

snowmelt o r   p r e c i p i t a t i o n .   T h i s  i s  e s p e c i a l l y   t r u e  on i r r i g a t e d   l a n d  

b e c a u s e   t h e  s o i l  is  g e n e r a l 1 1   c l o s e   t o  i t s  m a x i m u m  water r e t e n t i o n   c o n t e n t  

at t h e  time t h e   p r e c i p i t a t i o n   o r  snowmelt occurs ,   and  hence a s i g n i f i c a n t  

p o r t i o n   o f   t h e   n a t u r a l  water can   pass   th rough  the   c rop   roo t  zone, r a t h e r  

t h a n   b e i n g   r e t a i n e d   t h e r e i n   f o r   c r o p  use. 

This pathway w i l l ,  o f   c o u r s e ,   b e   o f   r e l a t i v e l y  more importance in 

r e g i o n s   o f   h i g h   r a i n f a l l   l i k e   t h e   F r a s e . r   V a l l e y ,  as opposed t o  a r e g i o n  

of low r a i n f a l l   l i k e   t h e  Okanagan. 

- I11 Movement of   Ni t rogen  Forms 

The . e f f l u e n t   a p p l i c a t i o n  water w i l l  c o n t a i n   b o t h  ammonia n i t r o g e n  

and nitrate n i t r o g e n ,   w i t h   t h e  relative amounts   of   each  being  very 

dependent upon t h e   d e g r e e   o f   n i t r i f i c a t i o n   t h a t   o c c u r s   i n   t h e   s e c o n d a r y  

sewage treatment. I n  areas where t h e r e  i s  a s i g n i f i c a n t   c h a n g e   i n  

ambient t empera tu re   f rom  one   s eason   t o   t he   o the r ,   t he   r e l a t ive   amoun t s  

of ammonia and n i t r a t e  fo rms   migh t   be   sub jec t   t o   cons ide rab le   -va r i a t ion . .  

A. Overland  runoff  

Any n i t r a t e   n i t r o g e n  w i l l  travel w i t h   t h e  carrier water i n  an 

e s s e n t i a l l y   u n a b a t e d   c o n c e n t r a t i o n ,   b e c a u s e   n i t r a t e  i s  only  very s l i g h t l y  

a d s o r b e d   b y   a n y   s o i l   p a r t i c l e s .  

Ammonia. n i t r o g e n  may very  well b e   a d s o r b e d   b y   s u r f a c e   s o i l s ,   b u t   w i t h  

time it w i l l  b e   s l o w l y   n i t r i f i e d   t o   n i t r a t e  by t h e   a c t i o n   o f   a e r o b i c  

b a c t e r i a .   I f  it h a s   n o t   b e e n   u t i l i z e d   b y   c r o p s ,   t h e n  the nex t   occu r rence  

o f   o v e r l a n d   r u n o f f   c a n   v e r y . e a s i l y   m o b i l i z e   t h e   n i t r a t e   a g a i n   a n d   h e n c e  

t r a n s p o r t  i t  t o  t h e   n e a r e s t  body  of r e c e i v i n g  water. 
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B. V e r t i c a l  movement 

The  amount o f   v e r t i c a l  movement of  nitrogen  forms  depends , 

upon t h e   c h a r a c t e r i s t i c s  of t h e  s o i l  p r o f i l e  and t h e   p r e s e n c e   o r  

absence  of   aerobic   condi t i ;ons  therein.  Nitrates i n   t h e   e f f l u e n t  w i l l  

pass e s s e n t i a l l y   u n a b a t e d ,  a t  least u n t i l  an anaerobic   zone  i s  reached.  

If such a zone i s  e n c o u n t e r e d ,   n i t r a t e   c a n   b e   c o n v e r t e d   t o   n i t r o g e n   g a s  

by r e s i d e n t   d e n i t r i f y i n g   b a c t e r i a ;   a n d   h e n c e   b e   l o s t   f r o m   t h e   w a t e r  

system. 

Ammonia n i t r o g e n  w i l l  b e   r e l a t i v e l y   h i g h l y   a d s o r b e d   o n t o   t h e   s o i l  

. p a r t i c l e s  as t h e  water passes .  downward. I f   c o n d i t i o n s  are a e r o b i c ,  

n i t r i f i c a t i o n  c a n   o c c u r ,   a n d   t h e   r e s u l t a n t   n i t r a t e   n i t r o g e n  w i l l  be  re- 

mobilized,  and w i l l  act  as d i scussed   p rev ious ly .  

.Once t h e   n i t r a t e   c o n t a c t s   t h e   g r o u n d w a t e r   t a b l e ,   t h e   p o t e n t i a l   f o r  

' r e d u c t i o n   t o   n i t r o g e n   g a s   u n d e r   a n a e r o b i c   c o n d i t i o n s  i s  ' lessened,  

b e c a u s e   s a t u r a t e d   c o n d i t i o n s  are n o t  as conducive  to   , the   growth of 

d e n i t r i f y i n g   b a c t e r i a  as are u n s a t u r a t e d   c o n d i t i o n s   t h a t   p r e v a i l   d u r i n g  

t h e   v e r t i c a l  movement o f   t h e   i r r i g a t i o n  water. 

The speed  and  hence  degree  of  biochemical  change i n   n i t r o g e n   f o r m s  

that   occur   depends  on many f a c t o r s ,   s u c h  as t e m p e r a t u r e ,   s o i l   t y p e ,   a n d  

o x i d a t i o n - r e d u c t i o n   p o t e n t i a l .  It i s  e s s e n t i a l l y   i m p o s s i b l e , t h e r e f o r e ,  

t o  estimate changes i n   n i t r o g e n   f o r m s   t h a t  w i l l  occur  as a simple f u n c t i o n  

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

The  degree  of   adsorpt ion  of  ammonia n i t rogen   t ha t   occu r s   depends  

a l m o s t   e n t i r e l y  upon s o i l   c h a r a c t e r i s t i c s .   F i g u r e s  .l and 2 show temporal  

v a r i a t i o n s   i n   b o t h   t o t a l   K j e l d a h l   n i t r o g e n   a n d   n i t r a t e   n i t r o g e n   t h a t  were 

measured i n   t h r e e   d i f f e r e n t   t y p e s   o f  Okanagan s o i l s   t h a t  were dosed  with 

s e p t i c   t a n k   e f f l u e n t  a t  the   fo l lowing   ra tes ' ' ) :   s i l ty   loam - 5 .1   l b . / ac re -  

month  of t o t a l   n i t r o g e n ;  loamy  sand - 6 . 4  Ib . / ac re -mon th   o f   t o t a l   n i t rogen ;  

sand - 37 .8 ' l b ' / ac re -mon th   o f   t o t a l   n i t rogen .  A s  a comparison,   the  

n i t rogen   loading   which   would   occur   f rom  convent iona l   spray   i r r iga t ion  rates 

o f   s econda ry   e f f luen t  would  amount t o  about 27 lb*/acre-xnonth.  Another 

, m a j o r   d i f f e r e n c e   i n   t h e   s y s t e m   d e s c r i b e d   i n   F i g u r e s  1 and 2 from a s p r a y  

i r r i g a t i o n  sys tem is t h a t   t h e r e  w a s  no p l an t   up take  of n u t r i e n t s   i n   t h e  

sep t ic   t ank   sys tem,   whereas  a s p r a y   i r r i g a t i o n   s y s t e m  i s '  des igned   t o   have  

a f a i r l y   h i g h   p e r c e n t a g e   o f   c r o p   ' u t i l i z a t i o n '   f o r  i ts  a p p l i e d   n u t r i e n t s .  
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- I V  .Movement of  Phosphorus Forms 
Eff luent   f rom  secondary   t rea tment   p lan ts   conta ins   phosphorus  

p r i m a r i l y   i n   t h e   f o r m  of dissolved  ortho-phosphate.   Okanagan  Valley 

e x p e r i e n c e   i n d i c a t e s   t h a t   e f f l u e n t   c o n t a i n s   a b o u t  6 mg/l  of  phosphorus 

in   t he   o r tho -phospha te   fo rm,  with about  1 mg/l, i n   o t h e r  forms such as 

dissolved  pki lyphosphate   and  par t iculate   or tho  and  polyphosphate .  
. .  

A. Overland  runoff 

T h e   p h o s p h o r u s   c o n t e n t   o f   e f f l u e n t   l o s t   t o   t h e   i r r i g a t i o n  s i t e  

by  overland  runoff  w i l l  b e   r e d u c e d   s u b s t a n t i a l l y   d u e   t o   a d s o r p t i o n   o f   t h e  

p h o s p h o r u s   o n t o   t h e   s u r f a c e   p a r t i c l e s   o f   s o i l   ( p r o v i d e d  it h a s   n o t   b e e n  

p rev ious ly   s a tu ra t ed   w i th   phosphorus ) .  Thomas") found t h a t   t o t a l  

phosphorus w a s  reduced by about 60% dur ing   runoff   f rom  grass   p lo ts  that 

were. loaded a t  a rate of  3 t o  4 i n c h e s   p e r  week of raw sewage. 

B. Vertical Movement 

Phosphorus is h i g h l y   a d s o r b e d   t o  most s o i l s ,  and is no t  

g e n e r a l l y  made mobi le   aga in  by b i o l o g i c a l   a c t i o n  (as n i t r o g e n  i s ) .  

That d i f f e r e n t   s o i l s  do h a v e   d i f f e r i n g   a d s o r p t i v e   c a p a c i t i e s  for phos- 

phorus is amply demonstrated  by  Figure 3 .  The phosphorus  loadings 

a p p l i e d   t o   t h e   l y s i m e t e r s   r e f e r r e d   t o   i n   F i g u r e  3 were as fo l lows  : 

s i l t y  loam - 4 . 3  lb .p/acre-month;  loamy  sand - 5 .4  1b  -p/acre-month; 

sand - 32.2 lb**/acre-month. By comparison,   the   loadings  f rom  conven-  

t i o n a l   s p r a y   i r r i g a t i o n   o f   s e c o n d a r y   e f f l u e n t   w o u l d   b e   a b o u t  8.2 l b*P /ac re -  

month i n   t h e  Okanagan Val ley.  As w a s  t h e  case w i t h   t h e   n i t r o g e n   ' d a t a  

p r e s e n t e d  earlier, .Figure 3 presen t s   da t a   ob ta ined   f rom a s i t u a t i o n   w h e r e  

(1) 

n o   p l a n t   u p t a k e   o f   n u t r i e n t s  is involved.  

- V ' Movement of Bacteria, Ova and  Cysts 

In   gene ra l ,   t hese   o rgan i sms  are c o m p l e t e l y   f i l t e r e d   o u t   b y  a l l  b u t  

c o a r s e s t   n a t u r a l   s o i l s   w i t h i n  a very few f e e t   o f   t r a v e l .   T h e r e f o r e ,  

as long  as a few f e e t   o f   s o i l  are a v a i l a b l e  

i n t o  a body  of water t h a t  i s  used   fo r  human 

s ign i f i can t   p rob lems ,   shou ld  arise. 

V I  Movenent of   Viruses  - 
Overland movement o f   i r r i g a t i o n   l i q u i d  

b e f o r e   t h e   e f f l u e n t   l e a c h e s  

consumption o r   c o n t a c t ,   n o  

should   g ive  rise t o   s i g n i f i c a n t  

v i r u s   r e d u c t i o n ,  as t h e  method  of  removal is deemed to   be   one   o f   adso rp -  

t i o n ,   r a t h e r   t h a n   f i l t r a t i o n  . (3) 
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' . Removal o f   v i r u s e s  by s o i l   d u r i n g  water p e r c o l a t i o n   s h o u l d   b e  a 

f u n c t i o n   o f   s o i l   t y p e  and time, i f   a d s o r p t i o n  is i n d e e d - t h e   r e u o v a l  

p rocess . .   Expe r i ence   w i th   s and   f i l t r a t ion  a t  low rates .(50 gpd/ft2) 

showed removal rates be tveen  20 and 90%'~). F i n e   s o i l s   s h o u l d   p e r f o r m  

much b e t t e r   t h a n   t h i s ,   b u t   v e r y  l i t t l e  d e f i n i t i v e  work has  been  done. 

VI1 Movement of  Heavy Metals 
. . .  . . . . . . . . . . . . . . . . . . . . . . . . 

- 
Heavy metals are, i n   g e n e r a l ,   v e r y   r e a d i l y   a d s o r b e d   t o  s o i l  p a r t i c l e s ,  

and  thus are a t t e n u a t e d   e i t h e r  by o v e r l a n d   f l o w   o f   e f f l u e n t   i n   t h i n   s h e e t s ,  

o r  by movement of e f f l u e n t   t h r o u g h   t h e  s o i l .  Water p o l l u t i o n   p o t e n t i a l  

is therefore   minimal .  

Metals, once   adsorbed   on to   the  soil p a r t i c l e s ,  are u s u a l l y   v e r y  

d i f f i c u l t   t o   d i s p l a c e  by   deso rp t ion   i n to  excess water. I n  one   inves t -  

iga t ion")  ,: added  mercury was found t o   b e  70 - 100% adsorbed   on   the   roo t  

z o n e   s o i l ,   b u t   o n l y  0.2% w a s  deso rbed   by   fu tu re   add i t ions   o f  water. 

If r e l a t i v e l y   c l e a n   s a n d s  are invo lved ,   t hen   t he   adso rp t ive   cap -  

a c i t y   f o r   h e a v y  metals may be   qu i t e   l ow,  much as was t h e  case for   phos-  

phorus as shown i n   F i g u r e  3. 
VI11 Exot ic   Organics  - 

The movement o f   e x o t i c   o r g a n i c s ,   s u c h  as t h a t   f r a c t i o n   o f   t h e  . 

d i s s o l v e d   o r g a n i c s   n o t  removed i n   s e c o n d a r y   t r e a t m e n t   p r o c e s s e s ,  is 

u s u a l l y  minimal. One o r  more of t h e   f u n c t i o n a l   g r o u p s  making up t h e s e  

complex organic   molecules  .is gene ra l ly   capab le   o f   be ing   ' s t rong ly   so rbed  

t o   t h e  so i l  p a r t i c l e s .  , There is probably  more  danger.  regarding water 

po l lu t ion   f rom  exo t i c   o rgan ic s   such  as p e s t i c i d e s   t h a t -  are appl ied   sep-  

. a r a t . e l y   f r o m   t h e   i r r i g a t i o n  water t h a n   t h e r e  is. f rom  organics   conta ined  

i n   t h e   i r r i g a t i o n  water i t s e l f .  

- I X  Summary 

. ,  

The  danger of water p o l l u t i o n   r e s u l t i n g   f r o m   t h e   s p r a y   i r r i g a t i o n  

o f   s econda ry   e f f luen t  is probab ly   t he  least worr isome  aspect   of   such a 

d i s p o s a l   p r a c t i c e .  As long  as adequa te   cons ide ra t ion  is g i v e n   t o   s o i l  

t ype   and   ava i l ab le   dep th   o f   unsa tu ra t ed   so i l  at t h e  time of   design,   and 

as l ong  as' i n o r d i n a t e l y   h i g h   l i q u i d   l o a d i n g s  are n o t  imposed  on t h e   s o i l  

once   ope ra t ion   o f   t he   f ac i l i t y   has   begun ,  water pol lu t ion   problems will 

be  many times less than   tha t   which   occurs   f rom water d i s c h a r g e   o f   t h e  

same t r e a t e d   e f f l u e n t .  

8 
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FACTORS  INFLUENCING THE DESIGN  OF  SEWAGE  EFFLUENT IRRIGATION 
SYSTEMS 

I. , INTRODUCTION 

Man has   been   d i scharg ing   nu t r ien t - r ich ,   o rganic  wastes t o   a q u a t i c  

environments   for  a long time with  an  amazing  lack  of  concern.   In 

r ecen t  times, however, w e  are slowly  becoming aware of  the  consequences 

of   ind iscr imina te  waste discharge.  "Beach Polluted-No Swimming" s i g n s ,  

aquatic  weeds,   and  algae are blooming i n  many lake   sys tems as Nature 

seeks  to   force  an  environmental   consciousness   on  us .  We are being 

made aware t h a t   i f  w e  cont inue   our   p resent  waste d i s c h a r g e   p r a c t i c e s  w e  

w i l l  ' h ave   t o  l i ve  wi th  some undesirable  consequences.  

These  consequences are not  necessarily  unavoidable,   however.   There 

are a t  least  two op t ions  w e  c a n   f o l l o w   t o   a v o i d   t h e   u n d e s i r a b l e   e f f e c t s  

of waste d ischarges .  We can remove the  t roublesome  organic   and  nutr ient  

componen t s   f rom  the   e f f luen t   p r io r   t o   e f f luen t   d i scha rge  t o  a water body; 

o r  w e  can  remove ' the  discharge  f rom  the water body e n t i r e l y  and app ly '  

t h e   e f f l u e n t   t o  a so i l -p lan t   sys tem  ins tead ,  a system  where  the water, 

n u t r i e n t s ,  and  organic matter c a n   b e   u t i l i z e d   i n  a b e n e f i c i a l  way. This  

paper,   and  today's  seminar,  are devoted   to   d i scuss ion  of on ly   the   second 

of t h e s e  two a l t e r n a t i v e s .  A pa ra l l e l   s emina r   on   i n -p l an t  methods- f o r  

t e r t i a ry   t r ea tmen t   o f   domes t i c  wastewaters s h o u l d   b e   h e l d   i n   t h e   n e a r  

f u t u r e ,   t o   p r o v i d e  a f u l l   b a s i s   o f   i n f o r m a t i o n   f r o m   w h i c h   r a t i o n a l   a n d  

in t e l l i gen t   dec i s ions   conce rn ing   t he   s e l ec t ion  and  design  of   eff luent  

t reatment   and  disposal   systems  can  be made. 

The ph rase   " app l i ca t ion  of e f f l u e n t   t o   l a n d "   i n c l u d e s  a l l  sys.tems 

i n  which some use i s  made o f   t h e   a b i l i t y  of s o i l   s y s t e m s   t o   r e n o v a t e  

wastes. By a c c i d e n t   o r   d e s i g n ,   t h i s   n o r m a l l y   i n c l u d e s   r e n o v a t i o n  by 

p l a n t s  as well, I n  a very  general  way, l and   app l i ca t ion   t echn iques  

can  be  subdivided  into  surface  and  subsurface  systems.   Subsurface 

systems are most l i k e l y   r e s t r i c t e d   t o   u s e   i n   o n l y   v e r y  small systems 

and w i l l  no t   be   d i scussed   d i r ec t ly ,   a l t hough  many o f   t he   p r inc ip l e s   o f  

s u r f a c e   i r r i g a t i o n  w i l l  app ly   t o   subsu r face . sys t ems .  The techniques 

of s u r f a c e   a p p l i c a t i o n   o f   e f f l u e n t   t o . l a n d  are commonly g rouped ' in to  

th ree   ca t egor i e s :   i r r i ga t ion ;   ove r l and   f l ow;  and i n f i l t r a t i o n - p e r c o l a t i o n .  
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I would l i k e   t o   b r i e f l y   d e s c r i b e   e a c h   o f   t h e s e   t h r e e   t e c h n i q u e s ,  

s ince  each  of  them c o u l d   c e r t a i n l y   h a v e   a n   a p p l i c a t i o n   i n   B r i t i s h  

Columbia. Fu r the r   d i scuss ion  of  system  design  however, w i l l  be   l imi ted  

t o   i r r i g a t i o n   s y s t e m s ,  It should  be  understood  that  most of t he   p r in -  

c i p l e s   d i s c u s s e d   i n   c o n n e c t i o n   w i t h   i r r i g a t i o n   s y s t e m s  w i l l  a l so   app ly  

to   over land   f low  and   in f i l t ra t ion-percola t ion   sys tems.  

1. I r r i g a t i o n  Systems (6,8) 

E f f l u e n t   i r r i g a t i o n  is t h e  most common technique   of   l and   appl i -  

c a t i o n  of  sewage,  and invo lves   t he   su r f ace   o r   sp ray   app l i ca t ion   o f  

e f f l u e n t   t o   l a n d   . i n   q u a n t i t i e s   s u f f i c i e n t   t o  meet plant   requirements .  

The wastewater is i n c o r p o r a t e d   ' i n t o   p l a n t   t i s s u e s ,   g i v e n   o f f   t o   t h e  

a tmosphere   th rough  evapot ranspi ra t ion ,   and   in   l imi ted   quant i t ies ,  may 

pe rco la t e   t h rough   t he   so i l   t o   g roundwate r .   App l i ca t ion  rates of 1 t o  

2 ' inches/week are common, wi th  a maximum of 4 inches/week  (systems 

a p p l y i n g   e f f l u e n t  a t  rates h i g h e r   t h a n . t h i s  are a r b i t r a r i l y   r e g a r d e d  

as i n f i l t r a t i o n - p e r c o l a t i o n   s y s t e m s ) .   E f f l u e n t   i r r i g a t i o n  is p r a c t i s e d  

on a v a r i e t y  of c rops  and l a n d s c a p e s , , i n c l u d i n g   f o r e s t  and  range  lands,  

hay   and   s i lage   c rops ,   pas ture   l ands ,   vege tab les ,   go l f   courses   and   o ther  

r e c r e a t i o n a l  areas. Land r equ i r emen t s   fo r   e f f luen t   i r r i ga t ion   sys t ems  

are high. 

2. Overland Flow  Systems . .  
(6,8) 

Overland  f low  systems  have  been  used  primarily as a means  of 

t r e a t i n g  wastes from  food-processing  plants.   Their  us 'e i s  'being con- 

s idered  as a .means  of p rov id ing   s econda ry   o r   even   t e r t i a ry   t r ea tmen t   o f  

domes'tic wastewaters, b u t   t h i s  i s  s t i l l  regarded as . b e i n g   i n   t h e   e x p e r i -  

mental   s tages .   Treatment  i s  accomplished  through  evapotranspirat ion 

s o i l   f i x a t i o n  a n d   p l a n t   f i l t r a t i o n  as . t h e  wastewater flows  through  vege- 

t a t i o n  on a s loped   sur face .  Optimum sites have 6 o r  8 inches'  of per- 

-meable so i l   ove r ly ing   an   impermeab le   subso i l .  Wastewater i s  appl ied  

by spraying  a t  the  upper   edge  of   the  s lope.   Slopes o f  2 t o  4% are 

p re fe r r ed .  The degree  of   t reatment   achieved i s  a func t ion  of t h e   s l o p e  

angle ,   s lope   l ength ,   type  of v e g e t a t i o n ,   s o i l   c o n d i t i o n s ,  climatic con- 

d i t i o n s ,  and  loading rates. T r e a t e d   e f f l u e n t  i s  c o l l e c t e d  a t  t h e   t o e  

of t h e   s l o p e ,   d i s i n f e c t e d   i f   n e c e s s a r y ,  and   d i scharged   to  a water- 
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c o u r s e   o r . r e u s e d   f o r   a g r i c u l t u r a l   i r r i g a t i o n   p u r p o s e s . '  Due t o   t h e  

impermeabi l i ty   of   the   subsoi l ,   the   opportuni ty   for   groundwater  contam- 

inat ion  under   overland  f low  systems is  l i m i t e d .  

3 .  Inf i l t ra t ion-Percola t ion   Sys tems (6,8) 

I n   t h i s  form  of  treatment,  wastewater i s  a p p l i e d   t o   t h e   s o i l   i n  

sur face   spreading   bas ins   o r   th rough  h igh- ra te   spray   i r r iga t ion   sys tems.  

Renovation i s  accomplished  by  physical ,   chemical,   and  biological 

mechanisms as l a r g e  volumes  of e f f l u e n t   i n f i l t r a t e   t h e   s o i l   s u r f a c e  and 

pe rco la t e   t h rough   t he   so i l   t o   g roundwate r s .   Th i s   app roach   t o   e f f luen t  

app l i ca t ion   t o   l and   pe rmi t s   v i r tua l ly   comple t e   r ecove ry   o f   r enova ted  

wastewater through  groundwater  recharge.  Only a small po r t ion   o f   t he  

a p p l i e d   e f f l u e n t  i s  lo s t   t o   t he   a tmosphe re   t h rough   t he   p rocess   o f  

evaporat ion  and  t - ranspirat ion.   These  systems  have  fur ther   advantages 

of r equ i r ing   ve ry  l i t t l e  land  area and   g rea t e r  ease of   win ter   opera t ion .  

The m a j o r   l i m i t a t i o n   t o   t h e   u s e  of i n f i l t r a t i o n - p e r c o l a t i o n   s y s t e m s  i s  

the   very   h igh   po ten t ia l   for   g roundwater   contaminat ion   wi th   pa thogens  

and n u t r i e n t s ,   e s p e c i a l l y   n i t r o g e n ;  due t o   t h e   h i g h  ra tes  be ing   appl ied  

t o  a ve ry   l imi t ed   l and  area,  phosphorus   re ten t ion   capac i ty   o f   the  

s o i l s  may not   be   o f   long   dura t ion .  A d e p t h   o f   1 5   f e e t   t o   t h e   n a t u r a l  

groundwater   table  i s  regarded as a minimum to   ensu re   adequa te   t r ea tmen t .  

Wel l -dra ined ,   bu t   no t   excess ive ly   d ra ined ,   so i l s ,   wi th   enough  f ine  

par t ic les  t o   e n s u r e   r e n o v a t i o n  are r e q u i r e d .   . P r o v i s i o n   o f   r e s t i n g  

p e r i o d s   f o r   r e - a e r a t i o n  of t h e   s o i l  are e s sen t i a l   t o   p reven t   po re -c logg ing .  

4 .  Combined Systems 

Limi ta t ions   o f   l and  area, topography, cl imatic c o n d i t i o n s ,   o r  

publ ic   sen t iment  may make i t  necessa ry   o r   des i r ab le  t o  make use  of  more 

than  one.method  of   eff luent   t reatment   and  disposal .   Considerat ion--should 

be  given  to   the  combinat ion  of  several methods  of  surface  and  subsurface 

a p p l i c a t i o n ,   p o s s i b l y   i n   c o n j u n c t i o n   w i t h   i n - p l a n t   t r e a t m e n t   a n d   d i s -  

, c h a r g e   t o  a water body.  Such  combinations may u t i l i z e   d i f f e r e n t  waste 

t rea tment  and d i sposa l   t echn iques   t o   hand le  a l l  of t h e   f l o w   f o r   p a r t  of 

t h e   y e a r ,   o r   t o   h a n d l e  a po r t ion   o f   t he   f l ow  fo r  a l l  of   the   year .  
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11. FACTORS INFLUENCING SYSTEM DESIGN 

E f f l u e n t   i r r i g a t i o n   h a s   b e e n   c o n s i d e r e d   i n  some areas where stream 

flows are too  low to   ensure   adequate   d i lu t ion   and   d i spers ion   of   e f f luent .  

In o the r  areas, e f f l u e n t   i r r i g a t i o n   h a s   b e e n   i n v e s t i g a t e d  as a means of 

r e d u c i n g   c u l t u r a l   n u t r i e n t   a d d i t i o n s   t o   r e c e i v i n g  waters, thereby 

s lowing  the rate o.f eu t roph ica t ion .  And i n  some areas e f f l u e n t s  are 

an - impor t an t   sou rce  of water, and are r e c y c l e d   f o r ,   c r o p   i r r i g a t i o n  and 

groundwater  recharge.   Whatever  the  reason, i t  is  appa’rent t h a t   t h e  

des ign   o f   t he   sys t em  shou ld   s t rong ly   r e f l ec t   t he   func t ion  i t  i s  intended 

t o  serve. 

S i m i l a r l y ,   t h e   d e s i g n   o f   a n   e f f l u e n t   i r r i g a t i o n   s y s t e m  must r e f l e c t  

the   na ture   and   composi t ion   o f   the  wastewater. , The chemical  and  bacter-  

i o log ica l   compos i t ion   o f   t he   i n f luen t  wastewater, i n  combination  with 

the   in tended   purpose   o f   the   sys tem  la rge ly  determines t h e  cature of the 

treatment  system. In  add i t ion ,   e f f luen t   compos i t ion  is an  important,  

pa rame te r   de t e rmin ing   t he   l ong- t e rm  v i ab i l i t y   o f   t he   so i l -p l an t   sys t em.  

Wastewater t rea tment   des ign   and   the   l and  area r e q u i r e d   f o r   i r r i g a t i o n  

at a g iven  s i t e  are func t ions  of wastewater quant i ty .   Informat ion  on 

f l o w   v a r i a b i l i t y  and maximum and  average   f lows   to   be   an t ic ipa ted   on   an  

hour ly ,da i ly ,   s easona l ,  ana annua l   bas i s  mus t   be   ava i lab le   for   des ign  

purposes .   Obviously,   hourly  and  dai ly   f low  var ia t ions will be  of  

g r e a t e r   s i g n i f i c a n c e   t o   t h e   d e s i g n   o f   a n   a c t i v a t e d   s l u d g e   p l a n t   t h a n   t o  

a 3-cell lagoon  system.  Expected  annual  flows become  more important  

when used i n  conjunct ion  with climatic d a t a   t o   c a l c u l a t e   t h e   r e q u i r e d  

s t o r a g e  volume  and the   acreage   of   l and   needed   for   i r r iga t ion   purposes .  

Design  flow rates are a f u n c t i o n   o f   t h e   s i z e  of t he   popu la t ion  

se rv iced   and   t he i r   l i v ing   hab i t s ,   and   o f   t he  rate of   g roundwater   in f i l -  

t r a t i o n   i n t o   t h e   c o l l e c t i o n   s y s t e m .  None of t h e s e  are cons t an t ;   t hey  

vary   f rom  season   to   season   and   year   to   year .  However, an  assessment  of 

population  growth  and water usage  over a t  least t h e   n e x t  25 y e a r s  is 

very  important  a t  t h e   d e s i g n   s t a g e   f o r   a n   e f f l u e n t   i r r i g a t i o n   s y s t e m .  

The a v a i l a b i l i t y   o f  a s u f f i c i e n t  area o f   s u i t a b l e   l a n d   f o r   e f f l u e n t  

i r r i g a t i o n   t o  meet the   p resent   needs   o f  some c i t ies  is a l r e a d y   l i m i t e d .  

To e n s u r e   t h a t  a sys tem  cont inues   to   be   adequate  (at least until t h e  

mortgage is p a i d   o f f ) ,  i t  is  i m p o r t a n t   t h a t   s u f f i c i e n t   l a n d , b e   r e s e r v e d  

i n  advance. 
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. In   planning ' a  wastewater t reatment   and  disposal   system  involving 

t h e   a p p l i c a t i o n   o f   e f , f l u e n t   t o   l a n d ,  i t  is  necessa ry   t o   unde r s t and   t he  

compos i t ion ,   o r   qua l i t y  of t h e  wastewater i n   a d d i t i o n   t o  knowing t h e  

quantity.   Composition i s  s t rong ly   i n f luenced  by c u l t u r a l  phenomena and 

by the   inc lus ion   of   s tormwater   and   indus t r ia l   connec t ions .  Conduct- 

i v i t y ,  pH, salt  ba lances ,   nu t r ien t   va lues ,   and   heavy metal content  of 

t h e   e f f l u e n t   s i g n i f i c a n t l y   a f f e c t   t h e   p e r f o r m a n c e   a n d   v i a b i l i t y   o f  a 

so i l -p l an t   sys t em.   In   add i t ion   t o   t he .   da t a   no rma l ly   r equ i r ed   on  

e f f l u e n t  BOD and  Suspended  Solids, i t  i s  e s s e n t i a l   t o  know t h e  amounts 

and  forms  of  nitrogen  and  phosphorus,  of  sodium,  potassium, calcium, and 

magnesium,  of su l f a t e s   and   ch lo r ides ,   and .o f   heavy  metals. Values 

o f   e f f luen t  pH, conduc t iv i ty ,   and   a lka l in i ty   shou ld   a l so   be  known. 

S i t e   c h a r a c t e r i s t i c s  are of   equa l   o r   perhaps   even   grea te r - impor tance  

than   t he  wastewater i t s e l f   i n   t h e   d e s i g n  of a n   i r r i g a t i o n   s y s t e m .  

I f   e f f l u e n t   i r r i g a t i o n  i s  t o . b e   p r a c t i s e d  as an  environmental ly   pre-  

f e r a b l e   a l t e r n a t i v e   t o   d i s c h a r g e   t o   r e c e i v i n g  waters, then   the   sys tem 

must be   des igned   and   ope ra t ed   i n  harmony with  Nature.  We must  consider 

t h e   p h y s i c a l ,   c h e m i c a l ,   m i n e r a l o g i c a l ,   l i t h o l o g i c a l ,   a n d   b i o l o g i c a l  

p r o p e r t i e s   o f   s o i l s  as they   a f fec t   e f f luent   renovat ion   and   p lan t   g rowth .  

S o i l   p r o p e r t i e s   o r   c h a r a c t e r i s t i c s  of  concern i n   t h e   d e s i g n   o f  

i r r iga t ion   sys t ems   i nc lude :  

i n f i l t r a t i o n  and   percola t ion  rates 

drainage  and water s to rage   capac i ty  

depth to groundwater 

s o i l   s t r u c t u r e  and  permeabi l i ty  

s o i l   t e x t u r e  and  clay  mineralogy 

ca t ion   exchange   capac i ty  

exchangeable  and  soluble salts 

pH and   conduct iv i ty  

organic  matter, n i t rogen ,  and  phosphorus levels 

s o i l  morphology  and ho r i zona t ion  

l i t h o l o g y   a n d   , t h e   p r e s e n c e   o f   r e s t r i c t i n g   l a y e r s  

P l a n t s  are a n   i n t e g r a l  component of   sys tems  in   which   e f f luents  

are app l i ed   t o   l and .   'The   r equ i r emen t s   o f   ex i s t ing   o r   p roposed   vege t -  

a t i o n   f o r  water and ,nu t r i en t s   and   t o l e rances   t o   o the r   con taminan t s   shou ld  

t h e r e f o r e   f i g u r e   s t r o n g l y  i n  systep design.  
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The' land  system w e  are cons ide r ing   beg ins   w i th   t he   uppe r   pa r t s  

of t he   p l an t s   be ing   i r r iga t ed ,   and   ex tends  down t h r o u g h   t h e   s o i l   t o  a 

d e p t h   t h a t   i n c l u d e s  a t  least the  upper  parts  of  the  groundwater  regime. 

T o p o g r a p h i c   v a r i a t i o n s   i n   t h e   l a n d s c a p e   o f   a n   i r r i g a t i o n ' , s i t e  w i l l  be  

r e f l e c t e d  by v a r i a t i o n s   i n   s o i l s .   I r r i g a t i o n   o f   d i f f e r e n t   s o i l s  w i l l  ' 

produce   var ia t ions   in   c rop   response ,  It is  e s s e n t i a l   t h e r e f o r e   t h a t  

v a r i a t i o n s   i n   s o i l   c h a r a c t e r i s t i c s   a n d   p r o p e r t i e s   b e   i d e n t i f i e d   i n   d e t a i l  

a t  an   ea r ly   s t age   i n   sys t em  des ign .  . Design  and management o f   t he  

i r r i g a t i o n   s y s t e m  must r e f l e c t   t h e s e , i d e n t i f i e d   v a r 5 a t i o n s   i n   t h e   s o i l  

landscapes.  

I n  a similar way,  and b e c a u s e   s o i l s  are na tu ra l   l andscapes ,   sys t em 

des ign   mus t   t ake   in to   cons idera t ion   the   l ands   ou ts ide   the   sys tem.  The 

topography  of   the   sur rounding   landscape   a f fec ts   the   sur face   and   subsur -  

f a c e  movement and d i s t r i b u t i o n   o f  water t h r o u g h   t h e   i r r i g a t i o n  s i te .  

The u s e s ,   q u a l i t y ,  rate and  direction  of  f low  of  groundwater  both  upslope 

and  downslope  of  an  irr igation s i te  must be  known and  changes t o  any  of 

t hese   p red ic t ed  i n  advance   of   i r r iga t ion .  

Regional climate and s i te  microcl imate  w i l l  a f f e c t   t h e   e f f i c i e n c y  

of   lagoon  t reatment   systems,   evaporat ion  f rom  s torage-   ponds,   the  amount 

and rate of evapot . ranspirat ion  (or   consumptive  use  of  water by p l a n t s ) ,  

s o i l   m o i s t u r e ,   t h e   p o t e n t i a l   f o r   s u r f a c e   r u n b f f ,   t h e   l e n g t h  of t h e  

i r r iga t ion   s eason ,   and   t he   des i r ed   w id th   o f  any buf 'fer  zones.  Climatic f a c t o r s  

f o r  which   in format ion   should   be   ava i lab le   for   des ign   purposes   inc lude :  
. .  

- length  of   f rost-free   season  and  growing  per iod 

- amount a n d   d i s t r i b u t i o n   o f   p r e c i p i t a t i o n  

- record m a x i m u m  and minimum a n n u a l   p r e c i p i t a t i o n  

- seasonal   and  annual   evaporat ion rates 

- dai ly ,   seasonal   and   annual   evapot ranspi ra t ion  rates 

- temperature  and  humidity 

- ant ic ipa ted   average   and  maximum wind v e l o c i t i e s  and   d i r ec t ions  

A h o s t '   o f   c u l t u r a l   f a c t o r s   c o n s t i t u t e   t h e   f i n a l   d e s i g n  cr i ter ia  

I .  
. .  

f o r  which  information  must   be  avai lable .   Populat ion  project ions were 

m e n t i o n e d   b r i e f l y   i n   c o n n e c t i o n   w i t h   f l o w   d a t a .   P o p u l a t i o n  must a l s o  

b e   c o n s i d e r e d   i n  terms of e x i s t i n g  and  projected  set t lement   and  land  use 

p a t t e r n s  of t he . r eg ion .   Adequa te   p ro t ec t ion   o f   t he   pub l i c   hea l th  must 

b e   g i v e n   h i g h   p r i o r i t y   i n   t h e   s e l e c t i o n '   a n d   d e s i g n   o f   t h e   t r e a t m e n t  

system,  the method o f   a p p l i c a t i o n ,   t h e   n a t u r e   o f   t h e   c r o p   r a i s e d ,  and 
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t h e   l o c a t i o n  and c h a r a c t e r i s t i c s   o f   t h e   i r r i g a t i o n  s i t e ,  The n a t u r e  

of   the  t reatment   and  disposal   system w i ' l l  a l so   be   i n f luenced   by   t he  

re la t ive a v a i l a b i l i t y  of c a p i t a l  'and  labour. 

111. THE DESIGN  PROCESS 
. .  

The in fo rma t ion   ou t l i ned   above   mus t   be   ava i l ab le   i n   o rde r   t o  assess 

t h e   f e a s i b i l i t y   o f   e f f l u e n t   i r r i g a t i o n  as a n   a l t e r n a t i v e   t o   a d v a n c e d  

wastewster t rea tment   and   d i scharge   o f   e f f luent   to  a r ece iv ing  body  of 

water. This  same information w i l l  be   needed   to   de te rmine   the   des ign ,  

l oca t ion ,   and   ope ra t ion   o f   t he   e f f luen t - t r ea tmen t ,   s to rage ,   and   app l i -  

c a t i o n   f a c i l i t i e s .  The pu rpose   o f   ' t h i s   s ec t ion  i s  t o   i l l u s t r a t e   t h e   u s e  

o f   i n f o r m a t i o n   i n   t h e   d e s i g n  and o p e r a t i o n   o f   e f f l u e n t   i r r i g a t i o n   s y s t e m s  

w i t h   p a r t i c u l a r   r e f e r e n c e   t o   c o n d i t i o n s   i n   B r i t i s h   C o l u m b i a .  

1. Sewage Treatment 

Sewage d ischarges ,   and   subsequent   i r r iga t ion   of   p roduce   ea ten  raw 

have been known t o  cause outb'reaks of communicable d i s e a s e .   I n  a l l  

documented cases, n ight -so i l ,   un t rea ted   sewage ,   o r   p r imary   s ludge   appear  

to   have  been  the  source  of   contaminat ion.  To l i m i t  t he   sp read  of 

d i sease   th rough  sewage   i r r iga t ion   of   c rops ,  a number of  European  countries 

r e q u i r e   t h a t  sewage m u s t ' r e c e i v e  a t  least pr imary   t rea tment   before   the  , 
i r r i g a t i o n   o f  any  crops"). A r e p o r t   p r e p a r e d   f o r   t h e  World Heal th  

Organizat ion(*)   . suggested  that   pr imary  and  secondary  t reatment   of  waste- 

water., fo l lowed   by   ch lo r ina t ion   and   pe rhaps   by   s and   f i l t r a t ion   o r   po l i sh -  

i n g  w o u l d   p r o d u c e   a n   e f f l u e n t   s u i t a b l e   f o r   t h e . u n r e s t r i c t e d   i r r i g a t i o n  

o f   ag r i cu l tu ra l   c rops ;   such   i r r iga t ion  would r e s u l t   i n   o n l y   l i m i t e d  

h e a l t h   r i s k s .   I f   i r r i g a t i o n  was l imi t ed   t o   c rops   wh ich  were o n l y   t o .  

be   ea ten   cooked ,   then   d i s infec t ion   and/or   po l i sh ing   might   no t   be   needed .  

Only pr imary  t reatment  was c o n s i d e r e d   n e c e s s a r y   i f   t h e   e f f l u e n t  was t o  

b e   u s e d   f o r   i r r i g a t i o n   o f   f o r a g e   c r o p s ,   o r   c r o p s   n o t   i n t e n d e d   f o r   d i r e c t  

human consumption. 

. Pr imary   t r ea t ed  

i r r i g a t i o n   o f   f o r a g e  

i a t e d   r i s k   t o   p u b l i c  

B r i t i s h  Columbia . (3)  

e f f l u e n t  may be   cons ide red   accep tab le   fo r   sp ray  

c r o p s   i n  many areas, b u t  it is  f e l t   t h a t   t h e   a s s o c -  

h e a l t h  i s  t o o   l a r g e   t o  recommend t h i s   p r a c t i c e   i n  

Because  of  the  large  numbers  of  pathogenic  bacteria 

and   v i ruses   wh ich   cou ld   be   p re sen t   i n   p r imary   e f f luen t s ,   t he re  i s  a s t r o n g  

p o s s i b . i l i t y  of d i sease   t r ansmiss ion   by   ae roso l s   occu r r ing .   Ex tens ive  

b u f f e r   z o n e s   a r o u n d   t h e   i r r i g a t i o n  s i t e  would b e   r e q u i r e d   t o   r e d u c e   t h e  



8. 

aerosol   hazard.   Furthermore,  i t  would  be  absolutely  necessary  to  

exc lude   t he   pub l i c   f rom  the   sp ray   and   bu f fe r  areas. Both  requirements 

are l i k e l y   t o   b e   d i f f i c u l t   t o   f u l f i l l .  

A s e p a r a t i o n  of  one  or two months  between i r r i g a t i o n   w i t h   p r i m a r y  

e f f luent   and   c rop   harves t  would be   necessa ry   t o   p rov ide   r easonab le  

8 
1 
I 
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a s s u r a n c e   t h a t  mos t   o f   the   pa thogenic   bac te r ia   and   v i ruses   p resent   in   the  

pr imary  eff luent   had  died  off .   Complete   removal  of worm eggs  cannot 

be  .guaranteed by p r imary   t r ea tmen t .   Sp ray   i r r iga t ion   o f   p r imary   e f f lu -  

e n t  would qu i t e   p robab ly   l ead   t o   con tamina t ion   o f   t he   i r r i ga t ed  area 

wi th  worm eggs   and   lead   to   in fec t ion   of   g raz ing   an imals .   For   these  

reasons ,  it i s  b e l i e v e d ' t h a t   i r r i g a t i o n   w i t h   p r i m a r y   t r e a t e d   e f f l u e n t  

cannot   be recommended f o r   B r i t i s h  Columbia . (3) 

All sewage  which i s  t o   b e  used f o r   i r r i g a t i o n   p u r p o s e s   i n   B r i t i s h  

Columbia should receive secondary ( i . e . ,  b i o l o g i c a l )  treatment t o   r e d u c e  

t h e  numbers of pathogenic  bacteria and  viruses  which may be   p re sen t  . 
Secondary  treatment of sewage may be achieved  through  the use of a c t i v a t e d  

s l u d g e   o r   t r i c k l i n g   f i l t e r   p l a n t s   o r   t h r o u g h  a v a r i e t y  of lagoon  systems. 
e (3) 

Se lec t iqn   o f  a t rea tment   p rocess  i s  based  on a number of f a c t o r s ,  

1 
I ,  

bu t  as a r u l e ,   t h e   n a t u r e   a n d   c o n d i t i o n   o f   e x i s t i n g   f a c i l i t i e s ,   a n d  

t h e i r  ease of   expans ion   to  meet p ro jec t ed   fu tu re   f l ows ,   p l ay  a major 

dec id ing   ro l e .   Fo r   en t i r e ly  new sys tems,   the   choice  w i l l  l i k e l y   b e  

inf luenced  by  the  lower  operat ion  and  maintenance  costs   associated  with 

lagooning. Lagoon c o n s t r u c t i o n ' c o s t s  w i l l  va ry   acco rd ing   t o   t he  ease 

8 
1 

of so i l   excava t ion   and   t he   need   fo r   bo t tom  l i n ings .  The  need f o r   w i n t e r  

s t o r a g e   o f   e f f l u e n t s   i n   t h i s   p r o v i n c e  i s  l i k e l y   t o   f a v o r   t h e   u s e   o f   l a g o o n  

t r ea tmen t   sys t ems   s ince   l agoons   pe rmi t   e f f luen t   t r ea tmen t  and s t o r a g e  

i n   t h e  same f a c i l i t y ,   a n   i m p o r t a n t   c o s t - s a v i n g   f e a t u r e .  

A v a r i e t y  .of  lagoon'  systems are i n  common use   i n   Mich igan(4 )  , f o r  

e f f luen t   t r ea tmen t   and   s to rage   p r io r   t o   i r r i ga t ion .   Sma l l   sys t ems  

(popula t ion   5 ,000)   o f ten  make use   o f   na tu ra l ly   ae rob ic   ox ida t ion  ponds 

(4 .5 . to   6 .5   f ee t   deep ) ;   gene ra l ly  3 cel ls  are provided  and  operated  in  

series o r   p a r a l l e l .   D e t e n t i o n  time i n  such  lagoons  ranges  from 3 t o  5 

months (5). Cold win ter   t empera tures   reduce   t rea tment   e f f ic iency   , . and  

BOD loadings  are l i m i t e d   t o  a maximum of 20 pounds/acre/,day . (4) .  
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I. 1 .  Deeper facul ta t ive   l agoons   o r   mechanica l ly   aera ted   ponds   (10   to   15  

f e e t   d e e p  j followed by holding  ponds  can  be  used  for   larger   communit ies .  

Seasona l   t empera tu res ,   p rec ip i t a t ion  and  evaporation cri teria must  be 

cons ide red   i n   de t e rmin ing   t he   des ign   s i ze   and   e f f i c i ency   o f   l agoon  

, .  

I 
I 
I 
1 
1 
I 
I 
8 
I 

t reatment   systems.  

A s  a' rule, the  content  of  heavy metals, salts ,  and  other  contam- 

i n a n t s   i n   d o m e s t i c  wastewater is very  low.  Should  analysis  of  the 

wastewater i n d i c a t e   t h a t  any  of t h e s e  may r e s u l t   i n   u n d e s i r a b l e   c o n s e -  

quences i n   t h e   s o i l - p l a n t   s y s t e m ,  i t  may b e   n e c e s s a r y   t o   p r o v i d e   f o r  

. t h e i r   r e m o v a l   p r i o r   t o   i r r i g a t i o n .  

I n  most cases, - t h e   e f f l u e n t   s h o u l d   a l s o   b e   d i s i n f e c t e d   p r i o r   t o  

be ing   u sed   fo r   i r r i ga t ion   pu rposes .   In   t he   nea r   fu tu re ,   ch lo r ina t ion  

w i l l  l i k e l y   c o n t i n u e   t o   b e   t h e  most comrnon method  of d i s i n f e c t i o n .  

Where pub l i c   con tac t  i s  l i m i t e d ,  as i n   t h e   i r r i g a t i o n   o f   r a n g e l a n d s ,   h a y ,  

' or   pas tu re ,   an   O- to l id ine   ch lo r ine   r e s idua l  of 1 .0  ppm a f t e r   one   hour  

con tac t  time, with  proper   mixing,   should  provide  adequate   dis infect ion.  

I f   t h e   e f f l u e n t s  are t o   b e   u s e d   f o r   i r r i g a t i o n  of v e g e t a b l e s   o r  recre- 
a t i o n a l  areas, then  a g rea t e r   a s su rance  of pub l i c   hea l th   s a fe ty   shou ld  

. be   p rov ided   t h rough   ch lo r ina t ion   t o   r e s idua l s   o f  3.0 ppm. The e f f l u e n t s  

f rom  lagoons  of   several   months  detent ion time ( f o u r   t o   s i x  months o r  

l onge r )  are l i k e l y   t o   h a v e   v e r y   h i g h  levels of   suspended   so l ids ,   in  

t he   fo rm  o f   a lga l  cel ls ,  which w i l l  s i gn i f i can t ly   r educe   t he   e . f f ec t ive -  

ness  of  chlorination.  Since  most  pathogenic  micro-organisms  appear 

a b l e   t o   s u r v i v e   f o r   p e r i o d s   r a n g i n g   f r o m   o n l y  a few days   t o   one   o r  two 

months ,   and   s ince   paras i te   eggs  w i l l  h a v e   s e t t l e d   d u r i n g   r e t e n t i o n ,  i t  

is  b e l i e v e d   t h a t   l a g o o n   e f f l u e n t s   c o u l d   b e   u s e d   t o   i r r i g a t e   f o r e s t   a n d  

rnagelands   wi thout   ch lor ina t ion .  However, i f   s u c h   e f f l u e n t s  were t o  

be   u sed   fo r   i r r i ga t ing   pas tu re   c rops ,   t hey   shou ld   be   d i s in fec t ed :  

t r ea tmen t   t o   r educe   t he   suspended   so l id s  w i l l  probably  be  necessary 

p r i o r   t o   c h l o r i n a t i o n  . . (3) 

I f   t h e   i r r i g a t e d   l a n d s  are t o   b e   u s e d   f o r   g r a z i n g   o r   p a s t u r i n g  

l i v e s t o c k ,  i t  w i l l  be   necessary   to   ensure   tha t   the   ova   and   cys ts   o f  

pa ras i t e s   have   been  removed. It i s  t h e r e f o r e   s u g g e s t e d   t h a t   s t o r a g e  

f o r   o n e  week o r . s a n d   f i l t r a t i o n   a f t e r   s e c o n d a r y   t r e a t m e n t   s h o u l d   b e  

provided.   This  would n o t   b e   r e q u i r e d   i f   t h e   e f f l u e n t  were t r e a t e d   i n  

a lagoon  system. 
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2.  Eff luen t   S to rage  

Many o f   t he   cons ide ra t ions   i nvo lved   i n   t he   des ign  of lagoon 

t r ea tmen t   sys t ems   r eappea r   i n   t he   des ign   o f   s to rage   f ac i l i t i e s .   I n  

many cases, t h e   s t o r a g e   f a c i l i t i e s  w i l l  b e  an i n t e g r a l  component of 

t h e   t r e a t m e n t   f a c i l i t i e s .  While t h e   f e a s i b i l i t y   o f   w i n t e r   i r r i g a t i o n  

of   fores t lands   .wi th  sewage ef f luent   has   been   demonst ra ted   in   the   Uni ted  

States, i t  is no t   ye t   cons ide red  'a s u i t a b l e  method f o r   B r i t i s h  Columbia. 

Where a s u f f i c i e n t  volume of   rece iv ing  water i s  a v a i l a b l e  and 

where n u t r i e n t  removal  from  the  effluent i s  n o t   e s s e n t i a l ;   t h e n   w i n t e r  

d i scha rge   o f   e f f luen t   t o  a r ece iv ing  body of water may be   cons ide red   i n  

l i eu   o f   p rovid ing   over -win ter   s torage .   Subsur face   d i scharge   o f   e f f lu-  

e n t   t o  t i l e  f i e l d s   c o u l d   a l s o   b e   g i v e n   c o n s i d e r a t i o n   i n  some i n s t a n c e s .  

In   general ,   however ,  i t  w i l l  be   necessa ry   t o   p rov ide   s to rage  of t h e  

e f f l u e n t   o v e r   t h e  winter,  so  t h a t   i r r i g a t i o n  i s  p rac t i ced   on ly   du r ing  

t h e   f r o s t - f r e e   p e r i o d .  

E f f l u e n t   s t o r a g e  may a l s o  be r equ i r ed   du r ing   excep t iona l ly  w e t  y e a r s  

when a la rger   than   normal   por t ion  of t h e   p l a n t  water requirements   can 

be met th rough   p rec ip i t a t ion   add i t ions .   Add i t iona l ,   sho r t - t e rm  s to rage  

may b e   n e e d e d   d u r i n g   p e r i o d s   o f   i n t e n s e   r a i n f a l l   o c c u r r i n g   i n   t h e  

i r r i g a t i o n   s e a s o n   a n d   f o r  a s h o r t   p e r i o d  a t  t h e  time o f   h a r v e s t   t o  

permit   proper   drying  of   crops  such as hay. 

A s  a g u i d e ,   t h e   i r r i g a t i o n   s e a s o n   i n   t h e   S o u t h e r n   I n t e r i o r   o f  

B r i t i s h  Columbia is approximately 150 days,   from May 1st to   October  1st. 

Local climatic cond i t ions   can   r e su l t   i . n   dev ia t ions  of 1 month up o r  down 

a t  each  end  of t h i s   r a n g e ,  however; s to rage   and   i r r iga t ion   des ign   shou ld  

r e f l e c t   l o c a l  climatic c o n d i t i o n s .   S t o r a g e   f a c i l i t i e s  must be   adequate  

t o   h a n d l e   t h e   d e s i g n  sewage f low  during  the  remainder   of   the   .year ,   wi th  

an   a l lowance   for   t emporary   s torage   due   to   heavy   ra ins   o r   c rop   harves ts .  

Fu r the rmore - ,   t he re   shou ld   be   su f f i c i en t   f , r eeboa rd   i n   t he   s to rage   s t ruc -  

t u r e s   t o   p r o v i d e   s t o r a g e   o f   p r e c i p i t a t i o n   r e c e i v e d  as w e l l ;  f o r   t h i s  

c a l c u l a t i o n ,   t h e  amount  of p r e c i p i t a t i o n   r e c e i v e d   d u r i n g   t h e  wettest 

yea r  on r eco rd   shou ld   be   u t i l i zed .  

S t o r a g e   f a c i l i t i e s  must i nc lude  pump-back p rov i s ions  s o  t h a t  

p a r t i a l l y   t r e a t e d   e f f l u e n t  is n o t   d i s c h a r g e d   t o   t h e   i r r i g a t i o n   s y s t e m  

dur ing   per iods   o f  treatment s y s t e m   o v e r l o a d   o r   f a i l u r e  . It may be  (6 1 
c 

necessary t o  seal s t o r a g e   f a c i l i t i e s   t o   p r e v e n t   e x f i l t r a t i o n   o f   s t o r e d  



11. 

eff luent   and   contaminat ion   of   g roundwater   in  areas where   na tura l ly  

impervious  s torage sites cannot   be   readi ly   found.  A v a r i e t y  of 

,materials ( r u b b e r ,   p l . a s t i c ,   a s p h a l t ,   c l a y )   c a n   b e   u s e d   f o r   t h i s  

purpose.   Comprehensive  geohydrological  studies  should  be  conducted 

a t  a l l  p o t e n t i a l   e f f l u e n t   s t o r a g e  si tes t o   d e f i n e   t h e   n a t u r e   o f   s o i l  

materials and  the  groundwater   regime  to   determine  the  possibi l i ty   of  

e x f i l t r a t i o n  and  groundwater  contamination  and  thereby  to  determine  the ' 

need   for   and   des ign   of   an   appropr ia te   l iner .  

It is  conce ivable   tha t   odours  may develop i n  sys tems  requi r ing  

long- t e rm  s to rage   o f   t he   e f f luen t   ove r 'w in te r .  Odours are the   p roduc t  

of   anaerobic   decomposi t ion ,   In   such  cases, i t  may b e   n e c e s s a r y   t o  

consider   designing,   the   s torage  ponds as s t a b i l i z a t i o n  ponds (i.e.,  w i t h  

p a r t i a l   a e r a t i o n   o f   t h e   s t o r e d  wastewater.) to   p revent   odour   genera t ion  . 
3. I r r i g a t i o n   S i t e  

(6) 

a) Land Area and  Applicati'on Rate 
A number of f a c t o r s   b e a r i n g   o n   s i t e . d e s i g n  were i d e n t i f i e d  earlier. 

These  included  the  nature   and volume  of wastewater, topography ,   so i l  

c h a r a c t e r i s t i c s   a n d   v a r i a t i o n s  ( in  both  areal and vertical senses) , 
plant   cover ,   depth   to   and   na ture  of. the 'groundwater  regime, s i te  climate, 

and c u l t u r a l   f e a t u r e s  of the ,   sur rounding   lands .  To some exten t ,   , each  

of t h e s e   f a c t o r s  i s  invo lved   i n   de t e rmin ing   t he  area of l and   r equ i r ed  

f o r   e f f l u e n t   a p p l i c a i t o n .  The area of  land  required,   or  synonomously,  

t he   des ign  annual rate of   e f f luent   appl ica t ion /acre   should   be   de te rmined  

through a series o f   e f f l u e n t   c o n s t i t u e n t   l o a d i n g  rate computations.  Not 

only water ba lances ,   bu t   a l so   n i t rogen  and  phosphorus  balances,   organic 

load ings ,  and  loadings  of   dissolved  and  suspended  sol ids   should  be  deter-  

mined . Suspended s o l i d s  may be   s epa ra t ed   . i n to ,   o rgan ic  ,and ino rgan ic  

components.   Dissolved  solids may b e   s e p a r a t e d   i n t o   t h o s e   w h i c h   c a n  

move f r e e l y   t h r o u g h   t h e   s o i l   t o . g r o u n d w a t e r  (i.e., c h l o r i d e s ,   s u l f a t e s ,  1 ' 

n i t r a t e s ,  and  bicarbonates)  and  those  which may be  re ta ined  and  accumulate  

i n   t h e   s o i l  (i.e., sodium,  potassium,  calcium,  magnesium,  boron,  heavy 

metals, f luor ides)   depending   on  pH, c lay  content   and  mineralogy,   organic  

matter, water con ten t ,  etc. 

(6  1 

O n  t h e   b a s i s   o f   t h e   a n a l y s i s ' o f  wastewater c h a r a c t e r i s t i c s   a n d  

requi rements   for   p lan t   g rowth   and   groundwater   p ro tec t ion ,   any   of   these  

cons t i tuents   which   might  have a l i m i t i n g ' l o a d i n g  rate should be c o n s i d e r e d .  

and a r e s u l t i n g   l a n d  area requi rement   should   be   ca lcu la ted   for   compara t ive  

purposes .. 
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For  irrigation  systems,  the  amount  of  effluent  applied,  plus 
precipitation  received  during  the  irrigation  season,  should  equal  the 

amount  of  water  lost  to  the  atmosphere  through  evapotranspiration  plus 
a,limited amount  of  water  lost  through  deep  soil  percolation. 

Surface  runoff  of  effluent  from  fields  should  not  be  allowed  or  should 

( 6 )  

1 

1 
I 
I 
I 
I 
I 

be  controlled. The. water  balance  is  therefore: 

Precipitation + Effluent  Application = Evapotranspiration + Percolation. 
Seasonal  variations in each  of  these  factors  should  be  taken  into 

account  through  calculation  of  water  loading  rates  on  a  monthly  basis. 
The  figure  used  for  design  precipitation  should  represent  a  wetter 

than  normal  year  (perhaps  the  wettest  year  in l o ) ,  and  can  be  obtained 
through  analysis of long-term  precipitation  records.  Evapotranspiration 

rates  vary  according  to  a  number of climatic  factors  and  the  nature 

and  stage  of  crop  growth.  Some  amount  of  percolation  is  necessary  to 
leach  or  remove  the  soluble  salts  which  accumulate  in  the  roote  zone 

as' a  result  of  evaporation.  Calculation  of  the  leaching  requirement 
is  explained in the U.S. Department of Agriculture  Handbook No. 6 0 ,  
"Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils". 

Since  nitrate-nitrogen  is  completely  free  to  move  through  the  soil 

with  percolating  wastewater  unless  intercepted  by  plants,  is  is  important 

that  a  nitrogen  balance  be  calculated  for  prospective  irrigation  systems. 

Nitrogen  in  the  ammonia  form  may  be  retained  for  a  short  time  in  soils 
through  ion  exchange  phenomena.  However,  it  is  inevitably  converted 

to  nitrate  and  becomes  highly  mobile.  Nitrogen in surface  waters  or 

groundwater  is  very  much  a  resource  out  of  place,  capable  of  causing 
methemoglobinemia  when  present in drinking  water in the  nitrate  or 

nitrate  forms in concentrations  greater  than 10 ppm,  and  of  stimulating 
algal  blooms  when  present  in  surface  waters in concentrations  as  low 

as 0.3 .ppm. 

. .  

On an.annua1 bash, nitrogen  applied  through.irrigation  can  be 

accounted for through  plant  uptake,  soil  storage,  denitrification  and 

volatilization,  and  leaching  to  groundwater  or  surface  water. 

Denitrification  and  volatilzation  losses will generally be of  minor 

importance  in  effluent  irrigation  systems.  Crop  uptake  of  nitrogen 
varies  with  the  type  of  crop  and  may  range  from 50 to 600 pounds/acre/ 

year,  with  most  crops  removing  from 100 to 200 pounds/acre/year ( 6 )  . 
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F o r   c r o p   u p t a k e   o f   n i t r o g e n   t o   b e   a n   e f f e c t i v e  method  of n u t r i e n t  

removal,   the  crops  must  be  harvested and  removed f rom  the  s i te .  Nitro-  

gen  which i s  n o t   u t i l i z e d  by crops  .and removed from  the s i t e  w i l l  

normal ly   be   los t   to   g roundwater .  A s  a gu ide ,   domes t i c   e f f luen t s   con ta in  

f rom  15   t o  30 ppm ni t rogen.   During  21 weeks  of a p p l i c a t i o n  a t  1 .5  

inches/week ( 700,000 g a l / a c / y r ) ,  w e  can  expect   to   apply,anywhere  f rom 

105 t o  210 pounds  of n i t r o g e d a c r e .   A c t u a l   n i t r o g e n   c o n t e n t  w i l l  vary  

considerably  between  eff luents .   This   should  a lways  be  determined 

and  compared with  crop  requirements.  

Phosphorus  budgets   should  a lso  be  calculated  during  the  design of 

e f f l u e n t   i r r i g a t i o n   s y s t e m s .   E f f l u e n t   p h o s p h o r u s  levels are usua l ly  

cons ide rab ly '   l ower   t han   n i t rogen ,   pe rhaps   i n   t he   r ange  of 5 t o   1 0  ppm, 

and   s ince   the   capac i ty   o f   mos t   so i l s   to   re ta in   phosphorus   th rough  f ix -  

a t i o n  and p r e c i p i t a t i o n  i s  qui te   high,   groundwater   contaminat ion  with 

phosphorus i s  not  as g r e a t  a problem. 

Organic   loading rates of   10 - 25 pounds/acre/day  can  be  handled 

r e a d i l y   b y   m o s t   s o i l s   a n d   i n   f a c t  may be  needed  to   maintain a s ta t ic  

I organic  matter con ten t   i n   t he   so i l ( ' ) .   App l i ca t ion  of 5000 gpd ( 1.5"/ 

week) of   secondary   e f f luent  (BOD = 30 ppm) l e a d s   t o   t h e   a d d i t i o n  

of only  about   1 .5   pounds  organic   mat ter /acre/day  and  should create 

few problems.   Res t ing   per iods   be tween  i r r iga t ion   appl ica t ions  are 

necessary  to   a l low  drainage  and  aerobic   decomposi t ion  of   the  added 

organic  matter. I n  some cases re s t ing   pe r iods   o f   on ly  4 o r  5 days  have 

been  used.   Normally  i r , r igat ion  intervals   range  f rom  about   one  to   three 

weeks,  depending  on s o i i   m o i s t u r e   h o l d i n g   c a p a c i t y  and t h e  rate of 

evapot ranspi ra t ion .  

I d e a l l y   t h e n ,   t h e   a c r e a g e   r e q u i r e d   f o r   i r r i g a t i o n   p u r p o s e s   s h o u l d  

be  determined  through  comparison  of   balances  for  water, n u t r i e n t s ,  

organics   and  other   contaminants ;   the   design area should  be  based  on  the 

most l i m i t i n g   l o a d i n g  rate. I n   t h i s  way,  none  of water, n i t r o g e n ,  

phosphorus,   organics,   boron,  heavy metals, etc.  should create environ- 

menta l   p roblems  on   or   o f f   the   i r r iga t ion  si te.  

I n   d e t e r m i n i n g   t h e   t o t a l   l a n d  area requ i r ed   fo r   t he   t r ea tmen t  and 

d isposa l   sys tem,   cons idera t ion   mus t   a l so   be   g iven   to   de te rmining   the  

amount  of l a n d   l o s t  t o  roads ,   bu i ld ings ,  areas u n s u i t a b l e   f o r   i r r i g a t i o n ,  

t r e a t m e n t   a n d   s t o r a g e ' f a c i l i t i e s ;   a n d   b u f f e r   s t r i p s .  
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b)  Topopraphy 

Topography i s  an  obvious  factor   control l ing  the  shape  and -area of 

a n   e f f l u e n t   i r r i g a t i o n   s y s t e m  as w e l l  as the  methodology  and rate of 

a p p l i c a t i o n .  . Flood  i r r iga t ion   sys tems  usua l ly   requi re   s lopes  of less 

than  1%: s p r a y   i r r i g a t i o n   h a s   b e e n   s u c c e s s f u l l y   p r a c t i c e d   o n   s l o p e s  up 

t o  40%. A d e t a i l e d   e v a l u a t i o n  of the  topography  of   the s i t e  and 

ad jacent '   l ands   should   be   p repared   dur ing   the   des ign   process .  A base  

map, perhaps  of a scale of 1 inch  = 50 f e e t  and  with 2 foot   contour  

in t e rva l s   shou ld   be   p repa red .  

Such a base  map c a n   a l s o   b e   u s e d   t o   e v a l u a t e   . t h e   e f f e c t s   o f   s t o r m  

runoff ,   bo th   f rom  ad jacent  ' l and   on to   the  s i t e  and  from t h e  s i t e  onto  

ad jacen t   l and   and   su r f ace  water b o d i e s .   S t o r m   i n t e n s i t i e s ,   i r r i g a t i o n  

rates, topography,   cover   crop  and  soi l   condi t ions  should  be  considered 

t o g e t h e r   t o   e v a l u a t e   t h e   p o t e n t i a l   f o r   s o i l   e r o s i o n   f r o m , t h e  s i te .  

Management p l ans   t o   con t ro l   runof f   and /o r   e ros ion   shou ld   be   p repa red  if 

warranted. The topographic   base map w i l l  a l s o   b e   u s e f u l   i n   t h e   d e s i g n  

o f   e f f luen t   d i s t r ibu t ion   sys t ems .   P lo t t i ng   g roundwate r .da t a  on t h e  map 

w i l l  be   he lp fu l   i n   de t e rmin ing   t he   need   fo r   unde rd ra ins   and   fo r   r eco rd ing  

changes in   the   depth   to   g roundwater   and  i t s  d i r e c t i o n  of  flow.  due t o  

i r r i g a t i o n .  

A review of   t opograph ic   f ea tu re s   o f   t he   i r r i ga t ion  s i t e ,  i n  con- 
- .  

junc t ion   wi th   i r r iga t ion   methodology,   the   degree   o f  wastewater t rea tment  

provided , ,   and   cu l tura l   fea tures   o f   the   sur rounding   landscapes  w i l l  in -  

d i c a t e   t h e  need f o r   b u f f e r   s t r i p s   a r o u n d   t h e .   i r r i g a t i o n  s i te .  . I f  a 

need f o r   b u ' f f e r   s t r i p s  i s  i d e n t i f i e d ,   t h e n   a n   a n a l y s i s  of  wind p a t t e r n s  

and i r r i g a t i o n  equipment w i l l  be   necessary   to   de te rmine   the   wid th  of t h e  

bu f fe r   zone .   In  areas where  very  wide  buffer  zones may be   requi red ,  

cons idera t ion   should   be   g iven   to   reducing   the   requi rement   th rough  the  

p rov i s ion   o f   add i t iona l  waste t r e a t m e n t   o r   t o   t h e   u s e   o f   t h e   b u f f e r  

z o n e s   f o r   f a r m   r o a d s   a n d   b u i l d i n g s   o r   f o r  waste t reatment   and  s torage 

f a c i l i t i e s .   I n   s o m e - c a s e s  where  an  a l ternat ive  source  of   f reshwater  is 

a v a i l a b l e ,   c o n s i d e r a t i o n   c o u l d   a l s o   b e   g i v e n   t o   i r r i g a t i o n   w i t h   f r e s h  

water and ha rves t  of   crops  f rom  the  buffer  area. Low-pressure,  and  low- 

t r a j e c t o r y   s p r a y   s y s t e m s   c a n   b e   u t i l i z e d   t o   r e d u c e   b u f f e r   s t r i p   r e q u i r e -  

ments .   Similar ly ,  hedgerow p l a n t i n g s  of trees and  shrubs  around  the 

p e r i m e t e r   o f   s p r a y   i r r i g a t i o n   f i e l d s   c a n   b e   u s e d   t o   i n t e r c e p t   s p r a y  mists, 

the reby   r educ ing   t he   need   fo r   bu f fe r   s t r i p s .  

/ 
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c) Crop S e l e c t i o n  

S i t e   s u i t a b i l i t y ,   d e s i g n ,  and  operat ion w i l l  b e   s t r o n g l y   i n f l u -  

enced   by   the   type   o f   c rop   or   l andscape   to   be   ' i r r iga ted .   There .  i s  no 

s i n g l e   p r e f e r r e d   c r o p   f o r   u s e   i n   e f f l u e n t   i r r i g a t i o n   s y s t e m s .   A l f a l f a  

i s  commonly c o n s i d e r e d   i n  B.C. because  of i t s  va lue  as a hay  crop. 

However, Bermuda Grass w i l l  t h r i v e   u n d e r   i r r i g a t i o n   w i t h   s a l i n e  waters . 

t h a t  would r e d u c e   t h e   y i e l d   o f   a l f a l f a  by  50% o r  more,  and make use   o f  

4 o r  5 times as much app l i ed   n i t rogen  a t  t h e  same time. Corn has  

been  grown  successful ly  a t  some sites i n  Michigan(4)  and  elsewhere, 

but   not   without   supplementary  ni t rogen.  Corn r e q u i r e s   c u l t i v a t i o n   t o o ,  

which  imposes  more s t r i n g e n t   t o p o g r a p h i c   l i m i t a t i o n s   o n  s i t e  s u i t a b i l i t y  

t h a n   f o r  many o the r   c rops .   In  many p laces ,   perennia l   g rasses   such  as 

timothy  and t a l l  f e scue  are popular.  Reed's  Canary  grass is of fen   used ,  

because  of i t s  h i g h   n u t r i e n t   r e q u i r e m e n t   a n d   a b i i i t y   t o  grow under w e t  

cond i t ions ,   bu t  i t s  market  value as hay i s  limited.   Golf  courses  and 

I 
I 
I 
I 
I 
I 

o t h e r   r e c r e a t i o n a l  areas are of ten   cons idered  and sometimes u t i l i z e d ,  

bu t   no t   wi thout   qu i te   ex tens ive   p re t rea tment   and   s torage   requi rements   and  

perhaps some con t ro l s   on   t he  method  and  t iming  of  application.  Forest  

l ands  may be   cons idered   a l so ,   o f ten   because  i t  is  though t   t ha t   t hey  

can   accep t ' h ighe r  rates of   appl ica t ion ,   perhaps   on   s teeper   s lopes ,  

and  perhaps  on a year-round  basis .  . Very l i k e l y ,   t h i s   c o u l d   l e a d   t o  

the   adopt ion   of   an   ou t   o f   s igh t  - out  of  mind,  low-cost  approach t o  

' e f f l u e n t   d i s p o s a l :   f o r e s t s   h a v e  water ba lances   t oo ,   and   i f   t hese  are 

ignored ,   ove r - i r r iga t ion   can   l ead   t o   e ros ion ,   runof f ,  and  seepage  problems. 

Crop s e l e c t i o n  i s  very  obviously  the  resu1. t   of  community d e s i r e s  

and s i t e  s u i t a b i l i t y .   I f  a community wants t o   i r r i g a t e  and raise 

a l f a l f a   a n d . o n l y   a l f a l f a   w i t h  i t s  sewage e f f l u e n t ,  it w i l l  h a v e   t o  

meet spec i f i c   t r ea tmen t   r equ i r emen t s   and   w i l l . have   t o   f i nd  a s u f f i c i e n t  

I 
I 
I 
I 

area o f   l a n d   s u i t a b l e   f o r   r a i s i n g   a l f a l f a .  And i f  a community has   one 

and  only  one, s i t e  a v a i l a b l e  (and t h a t  a s t eep   s lope ,   h igh   e l eva t ion  

f o r e s t )   t h e n  i t  w i l l  b e   1 i m i t e d . i n  i t s  c h o i c e   o f . a p p l i c a t i o n  rates and 

crops.  

An i d e a l  s i te i s  one t h a t  i s  c l o s e   t o  town  and a t  a similar ele- 

va t ion   and   ye t   no t   p rev ious ly   a l iena ted   by  small farms  or   suburbia .  

The s o i l s  are deep,  well-drained  sandy  loams  or  loams  and  the  land 

s u r f a c e   i s . n e a r l y  level o r   g e n t l y   r o l l i n g .  . The groundwater   table  is a t  

a depth  of 20 f e e t   o r  more: i r r i g a t i o n  w i l l  c ause   ne i the r   no t i ceab le  
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mounding to   deve lop   nor   no t iceable   . changes   in  the q u a l i t y   o f   r e g i o n a l  

groundwater  resources.  Such sites a p p e a r   t o   b e   i n   v e r y   s h o r t   s u p p l y  

i n   t h i s   P r o v i n c e .  

I n   c o n s i d e r i n g   e f f l u e n t   i r r i g a t i o n   t h e n ,   t h e   f i r s t   d e s i g n   r u l e  

must therefore   be   to   d i scard .   any   preconce ived   no t ions   about  s i t e  

l o c a t i o n ,   c r o p   s e l e c t i o n ,  and  method of   t rea tment   and   appl ica t ion .  

Enter   into  the  des ' ign  process   with  an  open mind. 

4 .  Method  of Appl ica t ion  

The  method  of appl ica t ion   has   been   ment ioned   in   connec t ion   wi th  

s i t e  s e l e c t i o n ,   c r o p   s e l e c t i o n ,  and the   need   fo r   bu f fe r   zones .  It 

i s  worthwhile   to   expand 'somewhat on tha t   coverage .  'To a major i ty   o f  

people   in   Br i t i sh   Columbia , . the   concept  of " e f f l u e n t   i r r i g a t i o n "  i s  

synonomous wi th   t ha t   o f   " sp ray   i r r iga t ion" .   Whi l e   t h i s  i s  a f a i r l y  

good assumption  to  make,.  due to .   ou r   sho r t age   o f   a r ab le   l and ,   e spec ia l ly  

of level arable land, i t  should b e  noted that  there are other  methods 

f o r   a p p l y i n g   e f f l u e n t s   t o   l a n d .  

a )   F l o o d   I r r i g a t i o n  

F l o o d   i r r i g a t i o n  i s  probably  the  most  simple  and  inexpensive 

inethod o f   app ly ing   e f f luen t .  The l and   su r f ace  must b e   f l a t   o r   - v e r y  

n e a r l y   f l a t  however. The i r r i g a t i o n  si te i s  d i v i d e d   i n t o  small f i e l d s  

'and e f f l u e n t   a p p l i e d   t o   d e p t h s   o f  5 o r  6 inches a t  i n t e r v a l s   o f  1 t o  3 

weeks.  The s i z e   o f   e a c h   f i e l d  and t h e   i n s t a n t a n e o u s  rate of   appl i -  

c a t i o n  are r e l a t e d   t o   t h e   t e x t u r e  and i n f i l t r a t i o n  rate o f   t h e   s o i l  

su r f ace   t o . ensu re   even   d i s t r ibu t ion .   Sma l l   f i e lds   o f  2 o r  3 acres are 

r e q u i r e d   f o r   s a n d y   s o i l s :   l a r g e r   1 0   t o  15 acre f ie lds   have   been   used  on 

heavy ,   f i ne - t ex tu red   so i l s  ( 4 ) .  The l eng th  of t h e   r e s t i n g   p e r i o d   a l s o  

varies w i t h   s o i l   t e x t u r e  and waste composition': i t  must be  long  enough 

to .   ensure  organic .decomposi t ion  and a r e t u r n   t o   a e r o b i c   c o n d i i t o n s   i n  

t h e   s o i l .  

Such   sys tems  reduce   the   need   for   buf fer   s t r ips  as t h e r e  i s  l i t t l e  

chance   for  a i r  t ransfer   o f   microorganisms.   F lood   i r r iga t ion   sys tems 

c o u l d   t h e r e f o r e   p e r h a p s   b e   c o n s i d e r e d   f o r   u s e   i n   t h e   b u f f e r   s t r i p s  

a r o u n d   e f f l u e n t   s p r a y   i r r i g a t i o n  sites i f   t opograph ic   cond i t ions  were 

favorable,   Because of t h e   n e e d   f o r   f l a t   l a n d ,   f l o o d . i r r i g a t i o n   i n  B.C. 

w i l l  probably  have i t s  g rea t e s t   app l i ca t ion   i n   mee t ing   t he   needs   o f  

small communities o r   i n   h a n d l i n g  a small por t ion   o f   the   f low  f rom  la rger  

communities. 

, 
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b)   .Ridge  'and  Furrow I r r i g a t i o n  

R idge   and   fu r row  i r r iga t ion   r equ i r emen t s   fo r   f l a t   l and  are n o t  

q u i t e  as restrictive as f looding   sys tems,   bu t   near ly  so. They ,a re  

most commonly u s e d   o n   r e l a t i v e l y   f l a t  sites wi th  medium t o  heavy 

so i l s (4 ) .   R idge  and   fur row  sys tems  requi re   low  in i t ia l   .ou t lays   o f  

c a p i t a l ,   b u t   t h e   c o s t s   o f  s i t e  preparat ion  and  maintenance are high.  

1 r r i g a t i o n . i s   a c c o m p l i s h e d  by g rav i ty   f l ow of e f f l u e n t   t h r o u g h   p a r a l l e l  

fu r rows   o r  small d i t c h e s  on the  ground  surface,   spaced several f e e t  

a p a r t .  The technique i s  well s u i t e d   t o   t h e   i r r i g a t i o n   o f  row crops.  

c) S p r a y   I r r i g a t i o n  

Spray   i r r iga t ion   sys tems are s u i t e d   t o  a w i d e r   v a r i e t y   o f   s o i l s ,  

c rop   t ypes ,   and   t opograph ic   cond i t ions .   In i t i a l   ou t l ays  and p,ower 

requirements   can  be  high however. S i t e   p r e p a r a t i o n  i s  minimal  and 

e v e n   d i s t r i b u t i o n   o f   t h e   e f f l u e n t   c a n   b e   a s s u r e d .   S p r a y   i r r i g a t i o n   o f  

e f f l u e n t  is p r e f e r r e d   f o r   p r o p e r  and e f f e c t i v e   c r o p  management , 
al though  because  of  i t s  p o t e n t i a l   f o r   d i s s e m i n a t i o n  of microorganisms 

(4) 

th rough  aerosols ,  more cons ide ra t ion  must   be   g iven   to   e f f luent   t rea tment ,  

' s to rage ,   and   t he   need   fo r   bu f fe r   s t r i p s   o r   non- i r r iga t ed ,  areas around 

the   sp ray  site. 

There is a va r i e ty   o f   sp r ink le r   sys t ems   ava i l ab le   fo r   e f f luen t  

i r r iga t ion   pu rposes .   Inc luded  are hand-moved p o r t a b l e   l i n e s ,  hand- 

moved gun s p r i n k l e r s ,   t r a v e l l i n g  gun s p r i n k l e r s ,   s i d e - r o l l   w h e e l  moved 

sys temi ,   se l f -propel led   cen t re   p ivot   sys tems,   and   so l id  set systems. 

Each has   cha rac t e r i s t i c s   wh ich  make i t  b e s t   s u i t e d   t o   p a r t i c u l a r  s i tes,  

crops,   or  economies  of scale o r   l a b o r .  

Labor   costs  w i l l  l i k e l y   p r e c l u d e   c o n s i d e r a t i o n  of t h e   u s e  of hand- 

moved i r r iga t ion   sys t ems   f rom a i l  b u t   t h e  smallest o f   e f f l u e n t   i r r i g a t i o n  

sites. Addi t iona l   p re t rea tment   o f   the  wastewater may a l s o   b e   r e q u i r e d  

t o  overcome a e s t h e t i c  and pub l i c   hea l th   ob jec t ions .   Cons ide rab le  

o p e r a t o r   a t t e n t i o n  i s  requi red   o f   these   sys tems.  Such systems may 

have a g r e a t e r   p o s s i b i l i t y   f o r   u s e   i n   t h e   a p p l i c a t i o n   o f   e f f l u e n t   t o  

go l f   courses   and   o ther   recrea t iona l  areas. Hand  moved gun-type 

s p r i n k l e r s   a n d   t r a v e l l i n g  gun sp r ink le r s   (w i th  a winch  and  'cable  arrange- 

ment)  have  been  used i n  some areas. Such spr inklers   can   cover  up t o  

s e v e r a l  acres p e r   s e t t i n g .  They too ,  however r e q u i r e  a l o t  of o p e r a t o r  

a t t e n t i o n  and may app ly   e f f luen t  a t '  rates too   h igh   fo r  some s o i l  and 
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t opograph ic   cond i t ions .   The i r ,   ma in   app l i ca t ion   i n   e f f luen t   i r r i ga t ion  

i s  l i k e l y   t o   b e  as a means  of p ick ing  up e x t r a  acres h e r e  'and t h e r e   i n  

i r r egu la r ly   shaped  areas o f   t h e   i r r i g a t i o n  si te.  

Side-rol l   wheel  moved systems are commonly u s e d   f o r   i r r i g a t i o n  of 

hay  and p a s t u r e   l a n d s   i n   B r i t i s h  Columbia  today.  This  system  has a 

la teral  d e l i v e r y   p i p e  (4" diame'ter  usually)  which i s  s u p p o r t e d   o f f   t h e  

ground  by,  and serves as an axle form metal wheels  spaced 40 f e e t   a p a r t .  

A gasoline-powered  engine  mounted  on a moveable p l a t f o r m . i n   t h e   c e n t r e  

of t h e   1 i n e . i s   u s e d   t o   p r o p e l   t h e   e n t i r e   u n i t   f o r w a r d   f r o m   o n e   s e t t i n g  

to   t he   nex t .   L ines .   can   be  up t o   1 / 4 "  mile i n   l e n g t h .  With a s p r i n k l e r  

rad ius   o f  30 f e e t ,   t h e s e   l i n e s   c a n   c o v e r  a t  least 2 acres p e r   s e t t i n g .  

Two o r  3 s e t t i n g s / d a y  are possible ,   depending upon the   des i r ed  rate of 

app l i ca t ion ,   sp r ink le r   head   des ign ,  and a v a i l a b i l i t y  of l a b o r .  

Se l f -p rope l l ed   cen t r e   p ivo t   sys t ems   can   be   u sed   on   r e l a t ive ly   f l a t  

sites w i t h   s h n d y   s o i l s .   T h e s e   l a r g e   i r r i g a t i o n   r i g s   c o n s i s t  of a 

cen t r e   p ivo t   w i th  a l o n g ' l a t e r a l  (up t o  1300 f e e t   o r   l o n g e r )   e x t e n d i n g  

out  from centre and  supported by wheeled  tr ipods ( a t  i n t e r v a l s  of 75 t o  

100 f e e t ) .   . F u l l   l e n g t h   r i g s   c a n   c o v e r  up t o  160 acres. Smaller r i g s  

may b e   u s e d . f o r   i r r i g a t i n g  areas of 40 acres or  so ,  b u t   t h e s e  become 

more expens ive   to   opera te .   F ie lds  are c i r c u l a r  and  must b e   r e l a t i v e l y  

f l a t ,  a p o t e n t i a l  drawback i n  many sites. Well d ra ined   s andy   so i l s  are 

e s s e n t i a l :   i n   h e a v i e r   s o i l s ,   t h e  movement of  wheels  can  lead  to  compaction 

and   ru t t ing .  

Soiid-set  (permanent se t ,  bu r i ed j   i r r i ga t ion   sys t ems   can   be   ' u sed  

on   any   t ype   o f   c rop ,   so i l ,   o r   t opography   su i t ab le   fo r   i r r i ga t ion .  

These   have   the   lowes t   opera t ion   cos ts   bu t  are e x p e n s i v e   t o   i n s t a l l .  

They c a n   b e   d e s i g n e d   t o   f i t  any  shape  of f i e l d .   S o l i d  set systems  lend 

themselves   to   complete   automation,  so tha t   ope ra t ion   can   be   l imi t ed  

p r i m a r i l y   t o   i n s p e c t i o n .  Such systems w i l l  h a v e   t h e i r   g r e a t e s t  

a p p l i c a t i o n   i n   r o l l i n g   o r   s t e e p l y   s l o p i n g  areas, i n   f o r e s t e d  areas, and 

p e r h a p s   i n  small systems  where  labor may be a problem. .An important  

des ign   cons ide ra t ion   i nvo lves   l ay ing   t he  buruied.'PVC p i p e s   i n   s u c h  a yay 

t h a t  a l l  l i n e s   c a n   b e   c o m p l e t e l y   d r a i n e d   i n   t h e   f a l l .  
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I V  PROVINCIAL , REGULATIONS 

Regula t ions   govern ing   the   t rea tment   and   d i sposa l   o f  a l l  i n d u s t r i a l  

wastewaters and  of  domestic wastewaters i n   q u a n t i t i e s .   g r e a t e r   t h a n  

5000 gpd are t h e   r e s p o n s i b i l i t y  of t he   Po l lu t ion   Con t ro l  Branch  of  the 

B.C. Water Resources Service. Under t h e   d i r e c t i o n  of Mr. W.N. Venables, 

the  Pol lut ion  Control   Branch  has   developed a p rocedure   fo r   de f in ing  

waste t r ea tmen t   and   d i scha rge   ob jec t ives   a f t e r   r ece iv ing   i npu t s   f rom 

in t e re s t ed   i nd iv idua l s   and   agenc ie s  a t  p u b l i c   i n q u i r i e s .  

Such an   inqui ry   in to   the   d i scharge   o f   munic ipa l - type  wastes w a s  

h e l d   i n  1973. A s  a r e su l t   o f   t ha t   i nqu i ry ,   ob jec t ives   gove rn ing   t he  

treatment  and  disposal  of community wastewaters, i n c l u d i n g   t h e   a p p l i - '  

c a t i o n  of e f f l u e n t   t o   l a n d  by i r r i g a t i o n ,  w i l l  soon  be  forthcoming. 

It is  i n t e r e s t i n g . t o   n o t e   t h a t  two members of the   pane l   formed  to  

conduct   the   inqui ry   and   to  make recommendations t o   t h e   D i r e c t o r  con- 

cern ing   the   na ture   o f   the   ob jec t ives   have   p resented   papers   here   today ,  

D r .  L e e  Kornder  and D r .  B i l l  Oldham. 

1 

I w i l l  n o t   a t t e m p t   t o   d i s c u s s   t h e s e   o b j e c t i v e s   i n  de t a i l  today. 

They are s t i l l  i n  a d r a f t   s t a g e ;  i .e . ,  t h e   p a n e l  has made i t s  recommend- 

a t ions   t o   t he   D i rec to r   o f   t he   Po l lu t ion   Con t ro l   Branch ,   bu t   t hey   have   ye t  

to   be   approved  by the   Po l lu t ion   Con t ro l  Board . S u f f i c e   t o   s a y  a t  

t h i s  time t h a t   t h e   o b j e c t i v e s  (which are r e a l l y   g u i d e l i n e s   t o   b e   u s e d  

i n   t h e   d e s i g n  and eva lua t ion   of  waste t reatment   and  disposal   systems)  

* 

reflect  the   concep t   t ha t   t he   deg ree  of   t reatment   provided  before  irri- 

gat ion  should  be  based  on  the  nature   of   the  s i t e  and the   type   and   use  

of t h e   c r o p   b e i n g   i r r i g a t e d .  A fu r the r   concep t   t o   be  embodied i n   t h e  

o b j e c t i v e s  i s  t h a t   t h e  area o f   l a n d   a v a i l a b l e   f o r   e f f l u e n t   i r r i g a t i o n  

shou ld   be   based   on   an   eva lua t ion   o f   evapo t ransp i r a t ion   and   p rec ip i t a t ion  

. dur ing   t he '   i r r i ga t ion   s eason  so  t h a t  a d e s i r a b l e  water balance  can  be 

maintained a t  t h e  site. Win te r   i r r i ga t ion  i s  no t  recommended a t  ' t h i s  

time . 
V SOCIAL  IMPLICATIONS 

D i s c u s s i o n   o f   t h e   s o c i a l   i m p l i c a t i o n s   o f   e f f l u e n t   i r r i g a t i o n   h a v e  

been l e f t  t o  t h e  las t  f o r  a spec ia l   reason .   Publ ic   acceptance   o f   the  

c o n c e p t   o f   l o c a l   e f f l u e n t   i r r i g a t i o n  i s  pe rhaps   t he   s ing le  most  important 

a s p e c t   d e t e r m i n i n g   t h e   f e a s i b i l i t y   o f  an i r r i g a t i o n   p r o j e c t .  As such,  

it s h o u l d   r e c e i v e   f i r s t   c o n s i d e r a t i o n   i n   t h e   d e s i g n   p r o c e s s .  I n  p r a c t i c e  

. .  

* The o b j e c t i v e s  were r e l e a s e d   i n  December, 1975. 
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t h e   p u b l i c  i s  cus tomar i ly   forgot ten   and   on ly   b rought   in  a t  t h e  last  

moment. I n  many cases, good schemes  have  had t o   b e  abandoned o r  

have created unnecessary  agonies   because  of   delayed  publ ic   involvement .  

E f f l u e n t   i r r i g a t i o n  i s  a new and d i f f e r e n t   c o n c e p t   i n   B r i t i s h  

Columbia. Most of   us   aren ' t   used  to   the  idea.   But  when a n o t h e r   c i t y  

starts ta lking  about   doing i t ,  our   genera l  level of  environmental  con- 

sc iousness  t e l l s  us   t ha t   pu t t i ng   e f f luen t   back   on to   t he   l and  makes  good 

sense.  Let o u r  own c i t y  start t a lk ing   abou t   i t , t hough ,   pe rhaps   w i th in  

wa lk ing ,   s ee ing ,   b rea th ing ,   o r   sme l l ing   d i s t ance  of  our oyn proper ty ,  

and w e  suddenly remember tha t   bes ides   con ta in ing  water and n u t r i e n t s ,  

sewage a l s o   c o n t a i n s   a n  immense  number and v a r i e t y  of disease  organisms 

and . fur thermore  i t  has  a d i s t i n c t i v e   o d o u r . ,   I n   o t h e r   w o r d s ,  " w i l l  my 

health  be  endangered  and w i l l  my land  be  devalued  and w i l l  my way of 

l i f e  be   d i s rupted   due   to   sewage   e f f luent   i r r iga t ion   on  my neighbour I s .  

f a r m ?  

Quest ions  such as these  are as val id  as they  are commonplace. To 

my mind, these   ques t ions   should   be   ra i sed   s imul taneous ly   and   d i scussed  

in   an   a tmosphe re   o f   peace fu l   i n t e rac t ion  by t h e   p u b l i c ,   c i t y   c o u n c i l ,  

t h e i r   c o n s u l t a n t s ,  and  government  agencies. I - f e e l   t h a t   t h e   p r o c e s s  

of s i t e  s e l e c t i o n  and  system  design  would  be much smoother i f   t h e   p u b l i c  

were i n v i t e d   t o   p a r t i c i p a t e   i n   t h e   p r o c e s s   f r o m   t h e   v e r y   b e g i n n i n g .  

Semina r s   l i ke   t h i s   one   t oday  go a long way towards  helping clear a pa th  

f o r   t h e   i n i t i a t i o n  of e f f l u e n t   i r r i g a t i o n   i n   B r i t i s h  Columbia.  But w e  

are only 250 out  of 2% m i l l i o n  and t h i s   s o r t  of e x e r c i s e  w i l l  have t o   b e  

ex tended   t o   t he  community level and repea ted  many times be fo re  we have 

reached  enough  people   to   gain a large  measure  of  acceptance.  

I n   c l o s i n g ,  I would l i k e   t o   r e p e a t  a comment I made earlier and 

o f f e r  some a d v i c e   t o   c o u n c i l l o r s   a n d   c o n s u l t a n t s   a b o u t   t o  embark on 

f e a s i b i l i t y  and   des ign   s tud ies .  Throw ou t  any  preconceived  ideas  about 

t reatment   requirements ,  s i te se l ec t ion ,   c rop   t ype ,   o r   i r r i ga t ion   me thods .  

Star t   out   f resh,   wi th   an  open  mind,   and  hand  in   hand  with  the community. 
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2 2 .  

EVAPORATION 

APPLICATION VARIABLE 

SUBSOIL . 
PERCOLATION 

( a  I I R R I G A T I ' O N  

I 
I 

EVAPORATION 

SPRAY APPLICATION ' 
GRASS  AND  VEGETATIVE  LITTER 

S H E E T  FLOW 
RUNOFF 
COLLECTION 

100- 300 F T .  

.( b )  OVERLAND  FLOW 

O L D  W A T E R  T A B L E >  

( c 1 INFILTRATION - PERCOLATION 

. .  Fi gu.re I 

METHODS OF, ,LAND APPLl CA,TION. 
( 6 )  



2 3 .  

Raindrop  act ion -, 
/ 

( a )  SPRINKLER 
Completely flooded 7 

( b )  FLOODING 

. .  

, . ( c )  RIDGE AND FURROW 

F i g u r e  2 . .  

IRRIGATI'ON  TEC,HN.IQUES. (6  1 



24.  

.. Table 1 COMPARISON OF IRRIGATION, OVERLAND FLOW, ( 6 )  
I AND IhTFILTRATION-PERCOLATION OF MUNICIPAL WASTEWATER 

Objective 
Infiltration- 

Irrlgation  Overland flow percolation 

Use p.s a treatment  process with 0-70% 50 to 80% u p  to 97% 
o recovery of renovated water" recovery  rccovery  recovery 

Use for  treatment beyond 
secondmy: 

i. For BOD5 and suspended 98% 92+;& 85-99s 

2. For nitrogen rcmoval B S C q p  70-90% 0-50% 

!. 3. For phosphorus removal 80-99% 40-800, t0-957J 

USC to grow crops for sa le  Exccllcnt Fair Poor 

Golids removal 

. . .  

. .  
. Use as dircct  recycle to tho Complete  Partial  Complcto 

land 

Use to recharge  groundwater 0-70% 0-10s UP to 970, 

Use in cold climates -Falrc Excellent " 
d 

a. 

t. 
C .  

d .  

Yerccnhgc of applled  water  recovered  depends upon recovery  technique  and the 
climate. 
Dependent upon crop upt-&e. 
Conflicting data--woods irrigation kccptnble, cropland irrigation marginal. 
Insufficicnt d a h .  

. .  

. .  



Effective  Rooting  Depths  of  Crops  for 25. 
I r r i k a t i o n  System  Design i n   B r i t i s h  Columbia (13) 

. .  

Shallow . .. Medium Shallow 
. .  

' 1 (21 1 

Lettuce* 
Onions* 

Peas** 

Potatoes*** Cabbage* 
Celery** Cauliflower* ' 

Spinach** Radish* 
Beans** 

Ladino* Beets** 
Turnip *. Broccoli** 
Cucumbers* Carrots** 
Pas ture   spec ies*  Strawberry*** 

.Medium. Deep . 

(3'  p l u s )  

Cane f r u i t *  
Squash* 
Sweet  Corn*' 
Cereals* 
Tomatoes* 
Peppers* 
Eggplant* 
Brusse ls   sprouts*  
Red clover* 

A l f a l f a  (4 ' ) 
Asparagus* 

Hubbard* 
Corn (4 ' )  
Grapes* 
Sugar Beets (4 ' ) 

.Tree f r u i t s   ( 4 ' )  

'Avai lab le  Water 'S torage   Capac i ty   for  B.C. So i l s   (13)  

~~ 

Tex tu ra l  Class 

Sand 
Loamy Sand 
Sandy Loam 
Find Sandy Loam . 

Lo a m  
S i l t  Loam 
Clay Loam 
C 1  ay 
Organic   Soi l s  (muck) 

Avai lab le  Water Storage  
Capacity (AWSC) Available 
Inches of Water Stored i n  
Each  Foot o f   S o i l  

-~ 

1 .0  
1.2 
1 . 5 ,  
1 . 7  
2.1 
2.5 
2.4 
2.4 
3.0 

Maximum Design  Applicat ion Rate 

Inches   per  Hour 
1 

Grass Sod 

Sand 

Clay  loam, s i l t y   c l a y  loam 
0.35 Loam, s i l t  loam 
0.45  Sandy  laom 
0.65 Loamy sand 
0.75 

0.25 Clay 
0.30 

Peat  and.muck , . , . .0.50. 
. . .  . .  

Cul t iva t ed  

0.40 
0.35 
0.25 
0.20 
0.15 
0.10 
0.50 



Table 5 26. : 

Area Locat ion  10  Day 20 Day ' ' 30 Day 
. .  Inches/Day  Inches/Day . Inches/Day 

1 
* 2  

3 
4 
5 
6 
7 

8 
9 

1 0  
* 11 

1 2  
*13 

1. "14 
*15 

1 6  
1 7  
18 
1 9  . 
20 
2 1  

*22 

*23 
"24 

25 
*26 
*2 7 

28 
*29 

30 
31 
32 
33 
34 

35 
36 
37 
38A 

*38B 
39 
40 
41  
42 

43 
44 
45 
46 
47 
48 

*49 
*50 

. .  

Campbell River 
Oyster  River 
Courtenay 
P o r t   A l b e r n i  
P a r k s v i l l e  
Nanaimo 
Victoria-Duncan 

Lowe'r F r a s e r   V a l l e y  
Ly t   t on  
L i l l o o e t  
Ashcroft-Clinton 
100 Mile House 
Williams Lake 
Kleena Klcene 
Quesnel 
Hixon 
Pr ince   George  
Vanderhoof 
F o r t   F r a s e r  
Smithers  
Haze l tcn  
Terrace 

Savona 
Kamloops 
Barriere 
P r i t c h a r d  
Salmon A m  
sicamous 
Grindrod 
Enderby-Armstrong 
Vernon-Keloma 
Summerland-Penticton 
Merritt 
Douglas'  Lake 

Asp,en Grove 
J u r a  
P r i n c e t o n  
Cawston 
Keremeos 
Oliver 

Beaverdel l  
Grand  Forks 

Creston 
Lister 
Cranbrook 
C a n a l   F l a t s  
Invermere 
Spi l l imacheen 
Golden 
Moberly 

osoyoos 

*51 Donald 

.20 

.17 

.21 

.20 

.17 

.19 

.17 

.17 

.30 

.26 

.24 

.20' 

.24 

.20 

.23 

.17 

.22 

.20 

.20 

.17 

.20 

.20 

.26 

.24 

.20 

.22 .  

.17 

.20 

.17 

.20 

.24 

.26 

.26 

.22 

.23 

.23 

.25 

.32 

.29 

.25 

.28 

.19 

.19 

.20 

.21 

.20 

.24 

.22 

.19 

.17 
.17 
.17 

.18 

.15 

.18 

.19 

.15 

.17 

.16 

.15 

.26 

.25 

.22 

.19 

.22 

.18 

.22 

.16 

.18 

.19 

.18 

.14 

.19 

.19 

.23 . , 

.22 .. 

.18 

. 2 1  

.15 

.19 

.15 

.18 

.22 

.24 

.24 

.21  

.20 
2 1  

.23 

.29 

.28 

.23 

.27 

.18 

.18 

.19 
' .20 
.18 
.21 
. 2 1  
.18 
.15 
.15 
.15 

.17 

.13 
1 6  

.18 

.14 

.15 

.15 

.13 

.24 

.24 

.21  

.18 

.21  

.17 

.21 

.15 

.16 

.19 

.17 

.12 

.18 

.18 

.22 

.21 
e16 . 

.20 

.13 

.18 

.13 

.17 

.21  

.23 

.23 

.20 

0 19  
.19 
.22 
.28 
.27 
.22 
.26 
.17 
.17 

.18 

.19 

.17 

.20 

.20 

.17 

.13 

.13 

.13 
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CASE  HISTORY OF THE TABER, ALBERTA WASTEWATER 

IRRIGATION PROJECT 

In t roduc t ion  

During  the la te  1960's i t  became appa ren t   t ha t   t he  water qua l i t y   o f  

t h e  Oldman River  was r a p i d l y   d e t e r i o r a t i n g ,   p a r t i c u l a r l y   d u r i n g   t h e  win- 

ter months when the   d i scharge   o f   the  river may drop  to  a low of 400 c f s  

(680,000 l /min.) .   Therefore   var ious c i t ies ,  towns  and i n d u s t r i e s  were 

r e q u i r e d   t o   s u b s t a n t i a l l y   r e d u c e   t h e i r   p o l l u t i o n   l o a d s   t o   t h e   r i v e r .  

The town of 'Taber ,   wi th  a populat ion  of   about  5,000 and  various  food  pro- 

c e s s i n g   i n d u s t r i e s ,  w a s  r e q u i r e d   t o   d r a s t i c a l l y   r e d u c e  i ts  po l lu t ion   l oad .  

Various  methods  of wastewater t rea tment  were consi'dered  and wastewater 

i r r i g a t i o n  was s e l e c t e d   f o r   d e t a i l e d   f e a s i b i l i t y   s t u d i e s   i n  1969. 

The two major i n d u s t r i e s   l o c a t e d   i n  Taber w e r e  a pota to   dehydra t ing  

plant   and a vegetab le   canning   p lan t .  The dehydra t ing   p lan t  uses t h e   l y e  

peel ing  process   which  renders   the  eff luent   f rom  the  plant   unsui table   for  

i r r i g a t i o n  due t o   t h e   h i g h  sodium  concentration. However, when i ts  waste- 

water'was d i l u t e d   w i t h   o t h e r  wastewater, reduct ion  of   the  sodium concen- 

t r a t i o n   t o   a c c e p t a b l e  levels w a s  obtained.  

The  combined domest ic   and   indus t r ia l   f lows   average  0.6 mi l l ion   ga l -  

l o n s   ( 2 . 7   m i l l i o n   l i t e r s )   p e r  day  on an annual   basis   with  peaks  of  a 

m i l l i o n   g a l l o n s  ( 4.5 M liters ) p e r  day on a monthly  basis.  

The e f f l u e n t  from  the  sanitary  sewage  system now flows by g r a v i t y  

t o  a syphon  under  the Oldman River, then   d i scharges   to   open   s torage  on 

t h e   n o r t h   s i d e  of t h e  river approximately  three miles (4.8 ki lometers )  

from  the town. Metering is provided  by a Parsha l l   f lume a t  the  syphon. 

One yea r   a f t e r   s t a r t -up   o f   t he   sys t em,   t he   po ta to   dehydra t ing   p l an t  

ceased   ope ra t ion   bu t  two o t h e r  small food   process ing   p lan ts   eventua l ly  

moved in to   Taber .  

Pre l iminary   S tudies  

Considerable  government  land was a v a i l a b l e   f o r   p u r c h a s e  by t h e  Town, 

and  Alberta  Department  of  the  Environment  conducted a s o i l   i n v e s t i g a t i o n  

f o r   i r r i g a b i l i t y .   T h i s   i n c l u d e d   d r i i l i n g ,   l o g g i n g  and  sample  analysis 

t o  a depth of up to   12  meters, The amount of   l and   requi red   for   the  irri- 

ga t ion  scheme was determined by t ak ing   i n to   accoun t   t he  volume  and q u a l i t y  

of   e f f luent   ava i lab le ,   the   consumpt ive   use   o f   the   c rop ,   and   the ,mean 
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annua l   p rec ip i t a t ion   and  i ts  d i s t r ibu t ion   ove r   t he   g rowing   s eason .  On 

t h i s   b a s i s  i t  w a s  e s t i m a t e d   t h a t  a four   hundred acre (162  ha) area. would 

b e   s u f f i c i e n t  and a su i t ab le   po r t ion   o f   l and   (Chap l in  loamy sand  under- 

l a i n  by sand  and  gravel)  was s e l e c t e d   f o r   e f f l u e n t   i r r i g a t i o n  a t  a rate 

of 45 cm per   year .  The s o i l s  were non-saline,   non-s,odic  with a water 

t a b l e  a t  a depth  of  approximately 4 t o  5 m from t h e   s u r f a c e .  The land  

w a s  v e g e t a t e d   w i t h   n a t i v e   g r a s s ,   f a i r l y   c h a r a c t e r i s t i c   o f   t h e   s h o r t  

g r a s s   p r a i r i e .  The  mean t o t a l   p r e c i p i t a t i o n  i s  38 inches ,  25 of  which 

is received  during  the  growing  season. 

Research  and  tes t ing work was conducted i n   t h e   f i e l d ,   l a b o r a t o r y  

and  greenhouse. The l abora to ry  work consis ted  of   passing  ' the   lagoon-  

t r ea t ed   e f f luen t   t h rough   2 .5  m of so i l   ob ta ined   f rom  the  s i t e  a n d ,  

c o l l e c t i n g   t h e   p e r c o l a t i n g   s o l u t i o n  a t  d i f f e r e n t   d e p t h s   o f   t h e   s o i l  

column. Analysis  was conducted   on   the   so i l   and   e f f luent   before   appl i -  

cat ion  and  a lso on t h e   p e r c o l a t i n g   s o l u t i o n   a n d   t h e   s o i l   a f t e r   t h e  

appl icat ion  of   120  inches  (300 cm) o f   e f f l u e n t .  

TABLE 1 

Analysis   of   Typical  Combined Ef f luen t  

pH - 6.5 NH 3-N - 20 mg/l 

EC - 2.2 mmhos/cm NO 3-N "0.5  mg/l 

BOD - 600 mg/ l   Alka l in i ty  - 500  mg/l 

COD - 1000  mg/l C a  + Mg - 150  mg/l 

SS - 400 mg/l '  

P - 7 mg/l 

C 1  - 50 mg/l 

Na 

S A R  

- 180  mg/l 

- 6.0 

The r e s u l t s  showed tha't  150 cm o f   t h i s   s o i l  was e f f e c t i v e   i n  re- 

moving 90 percent   of   the   calcium, 60 percent   o f   the  magnesium and 

p r a c t i c a l l y  a l l  of t h e  ammonia, phosphorus  and BOD. Nitrates appeared 

t o  move f r e e l y   t h r o u g h   t h e   s o i l .  I t  was f e l t   t h a t  some of   the  calcium 

and  magnesium w a s  p r e c i p i t a t e d   o u t  as carbonates .  The e f f l u e n t   d i d  

inc rease   t he   s a l in i ty   and   t he   sod ium status o f   t h e   s o i l   t o  some e x t e n t  

b u t  well wi th in   accep tab le  limits. Tota l   n i t rogen   and   phosphorus   in  

t h e   s o i l  were increased  considerably by t h e   e f f l u e n t   a p p l i c a . t i o n .  

A p p l i c a t i o n -   o f   t h e   e f f l u e n t   t o   t h e   s o i l   i n   P e r m e a b i l i t y  tubes 

showed a d i s t inc t   r educ t ion   i n   pe rmeab i l i t y   du r ing   con t inuous   i nnunda-  

t i on .  The permeabi l i ty  was r e s t o r e d   a . f t e r  a rest per iod   of  a few days. 

A test p l o t   o f   l a n d  was e s t a b l i s h e d   a d j a c e n t   t o  a temporary  lagoon 
. .  
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1 and a weekly  appl icat ion  of   about   15 cm w a s  made t o  a s o i l  similar t o  

t h a t   i n   t h e   s e l e c t e d   f i e l d .   A n a l y s e s   o f   s o i l   s a m p l e s   t a k e n   i n s i d e  and 

o u t s i d e  of t h e   i r r i g a t e d  area i n d i c a t e d   a n   i n c r e a s e   i n   s o l u b l e  sa l t s ,  

including  sodium, similar t o   t h a t   f o u n d ' i n   t h e   l a b o r a t o r y  columns. S o i l  

ana lyses   o f   the  same sites t h a t  were undertaken several months a f t e r  

e f f luen t   app l i ca t ion   ceased ,  showed a s i g n i f i c a n t   r e d u c t i o n   o f   s a l i n i t y  

problems  due t o   n a t u r a l   l e a c h i n g .  No symptom,of t o x i c i t y  w a s  n o t e d   i n  

the   na t ive .   vege ta t ion .  

Barley grown in   t he   g reenhouse   y i e lded  44 pe rcen t  more dry matter 

whqn,wat ,ered  with  the  eff luent   than  with  tap water. 

Des ign   and   In s t a l l a t ion  

Due to   co ld   wea the r   du r ing   w in te r  months  and the   h igh  BOD loading  

of   the  sewage,   which  could  not   be  discharged  to   the  r iver ,   open  s torage 

f a c i l i t i e s   w i t h  a volume of 400 acre f e e t  (500,000 m ) were cons t ruc ted  

us ing   ea r th  embankments i n  a na tu ra l   dep res s ion .  The main s t o r a g e   u n i t  

3 

is  preceded  by two small anae rob ic   s e t t l i ng   bas ins   each  o f  which  has a 

capac i ty  'of two days  average  flow. 

A s i n g l e  pumping u n i t   w i t h  a capaci ty   of  1,000 gallons  (45,000 1) 

per   minute   aga ins t  a d ischarge   p ressure   o f  100 p s i  (7,000 gms/cm ) w a s  

i n s t a l l e d   t o  pump ef f luent   th rough  5 ,000   fee t  (1500m) of  18-inch  (45 cm) 

pipe  and  5,000  feet  (1500 m) of  surface  12-inch  (30 cm) p i p e   t o   t h e  ir- 

r i g a t i o n  area. Four  five-inch  (13 cm) laterals, each   1 ,300   fee t  (400 m) 

long ,   wi th   nozz les  a t  40 f o o t  (12m) spacings were used   for   spray ing .  

Lateral connections were provided  every 180 f e e t  (54m) along  the  12-inch 

(30 cm) la'teral. Nozzle  pressures were recorded a t  55 t o  70 p s i  (3800 

t o  5000 gm/cm ) depending  on  the number of   nozz les   used   for   spray ing .  

2 

2 

App l i ca t ion   o f   t he   e f f luen t  was a t  t h e  rate of   0 .5   inches (1.2 cm) 

gross   per   hour ,   wi th   the   dura t ion  0.f app l i ca t ion   con t ro l l ed   by   t he  move- 

ment o$ t h e  laterals which are wheel-mounted. 

Groundwater  observation wells and s o i l   m o n i t o r i n g  sites were esta- 

blished  by  the  Alberta  Environment  Department w e l l  i n  advance  of   actual  

i r r i g a t i o n   i n   o r d e r   t o   m e a s u r e  changes i n  groundwater   and  soi ls   due  to  

t h e   a p p l i c a t i o n   o f   e f f l u e n t .   ' R o u t i n e   a n a l y s e s   o f   s o i l s   a n d   g r o u n d w a t e r  ' 

samples   include  conduct ivi ty  (E9, pH,- Ca, Mg, Na, C1-,  HCO; , C 0 3  , 
T o t a l  P ,  NO -N, NH4-N'and T o t a l  N .  It is a lso   p lanned   to   de te rmine  

- - - 

3 
I 1  heavy metals" i n   s o i l s   a f t e r   t h e   s y s t e m  has been   ope ra t ed   fo r  5 yea r s .  

Operation  and  Observations 

S to rage   o f   e f f luen t   began   i n  December 1970  and i r r i g a t i o n  was in-  

i t i a t e d   i n   J u l y   1 9 7 1  on the   na t ive   sod .  An a t t e m p t   t o   e s t a b l i s h   g r a s s  



and a l f a l f a  by s e e d i n g   d i r e c t l y   i n t o   t h e   s o d   i n  

successful   .a l though  reasonably good germinat ion 

4 .  

t h e   f a l l   o f   1 9 7 1  was n o t  

d id   r e su l t .   Compe t i t i on  

by t h e   n a t i v e   s p e c i e s  was p robab ly   r e spons ib l e   fo r   t he 'mor t a l i t y   o f   t he  

domest ic   species  as t h e   n a t i v e   g r a s s e s ,   a l t h o u g h   i n f e r i o r   i n   q u a l i t y  

( spea r   g ra s s )   r e sponded .   t o   i r r i ga t ion   w i th   t he   e f f luen t   w i th   r ap id   and  

dense  growth. 

Subsequent   to   th i s   exper ience   one   ha l f   o f   the  320 acres (128  ha) w a s  

c u l t i v a t e d   a n d   s e e d e d   t o   a l f a l f a  on a two year   schedule .  

The layout   o f   the   sys  tem. is shown i n   F i g u r e  1. 

The data   f rom  three  groundwater   observat ion wells has   been   s e l ec t ed '  . - ' 

. .  

f o r   d i s c u s s i o n .  Well 117 (Figure 2)  is immedia te ly   ad jacent   to  a s l i g h t  

depress ion   in   which  water w i l l  pond i f   i r r i g a t i o n  i s  excess ive .  The 

water t a b l e   h a s   r i s e n  from a depth   o f   about   13   fee t  (4m) below.  ground 

level p r i o r   t o   i r r i g a t i o n   t o   a b o u t   f o u r   f e e t  (lm) i n   t h e   f a l l  of  1974. 

Well #8 (Figure 3) is loca ted  a t  a h igher   e leva t ion   immedia te ly   ad jacent  

t o ,   t h e   i r r i g a t e d   f i e l d   w h e r e   s u r f a c e   d r a i n a g e  i s  good. The water t a b l e  

a t  t h i s  s,ite h a s   r i s e n ' f r o m  a depth  of 1 3  f e e t  (4m) b e f o r e   i r r i g a t i o n  

t o   a b o u t   s e v e n   f e e t  (2m) ' i n   t h e   f a l l  of  1974. 

The only   chemica l   . change   apparent   and   cons is ten t   in   the  ground-. 

water. is a cons ide rab le   i nc rease  i n  the   concent ra t ion   of   ch lor ide   wi th  

time. Ni t r a t e -n i t rogen   ' concen t r a t ions   have .va r i ed   cons ide rab ly   bu t   i n -  

c o n s i s t e n t l y   i n  some of t he  wells. 
. .  

Observation w e l l  115' is located  one-half  mile (0.8 km)  down s l o p e  

f r o m   t h e   i r r i g a t e d   f i e l d  and i n  a draw l ead ing  from t h e   f i e l d   t o   t h e  

Oldman River an,d h o p e f u l l y   i n   t h e   d i r e c t i o n  of  groundwater  flow. Data . ' 

obta ined   f rom  th i s  well. (F igure  4) has  shown no  change i n  water level 

or   chemis t ry   over   the   dura t ion   of   the  wastewater i r r i g a t i o n   p r o j e c t .  

Changes i n   s o i l   c h e m i s t r y  due t o  wastewater i r r i g a t i o n  are l a r g e l y  

dependent on t h e   q u a l i t y  of t h e  wastewater. Chemical  monitoring  of . 

t h e   e f f l u e n t   h a s  shown a gradual   cont inuous   reduct ion   of   sa l in i ty   and  

sod ium  adso rp t ion   r a t io   s ince   i nves t iga t ions  were i n i t i a t e d .  The elec- 

t r i ca l  conduct iv i ty  w a s  reduced  from  approximately  2.2 mmhos t o  a v a l u e .  , 

s l i g h t l y  above  one,  while the S A R  lowered  to   about  two from  an i n i t i a l  

va lue   o f   a round  s ix .  '. This.   reduction is a t t r i b u t e d  t o  t h e   c e s s a t i o n  of 

opera t ion   of   the   po ta to   dehydra t ing   p lan t .  

.The mean values  of EC and S A R  from  four test holes   in   one   sampl ing  . 

s i t e  (Taljle 2) show t h a t  a s l i g h t   i n c r e a s e   i n   s a l i n i t y   a n d  a very ap- 

p a r e n t   i n c r e a s e   i n  . S A R  h a s   o c c u r r e d   s i n c e   i r r i g a t i o n  was i n i t i a t e d .  
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Depth 
i n  cm 

0 - 15 

15 - 30 

30 - -60 

60 - 90 

90 - 120 

120 - 150 

Table 2 Soi l   Analys is   Before   and   Dur ing   I r r iga t ion  
and Comparison  with  Values  Forecast  with 

S o i l  columns 

F i e l d  Data 

Apr.  ' 7 1  . Oct. '72  Nov. '74 

Before 
I r r i g a t i o n   A f t e r   I r r i g a t i o n  Column d a t a  

19 70 

0.5  0.8  0.7 1 .8  

0.3  0.5 ' 0.5 1 . 4  

0.4 0.5 0.7 0.7 
0.4 0.5 0.6 0.7 

0.5 0.9 

0.6 

0 - 15  0 .3  

15 - 30 0.2 

30 - 60 0.2 

60 - 90 0 .3  

90 - 120 

120 - 150 

. .  

S A R  -. 

2 . 1  

1.1 

1 .5  

1.4 

1 . 2  

1 . 7  

2 . 1  

1 .6  

1 .5  

1.8 

3.'7 

3.9 

4.4 

4.8 

4 .'8 

9. 
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The f a c t  that  a .chemical  improvement a t  the s o i l   s u r f a c e   o c c u r r e d   b e t -  

ween  1972  and  1973 is a t t r i b u t e d   t o   t h e   f a c t   t h a t   t h e   q u a l i t y  of e f -  

f luent   has   improved,  a t  least i n   r e s p e c t   t o   t o t a l  salts and  sodium 

adso rp t ion   r a t ion .  It  , appea r s   t ha t   an   equ i l ib r ium  be tween   t he ’ so i l   and  

the   e f f luen t   has   been   ach ieved   and   t ha t   no   fu r the r   de l e t e r ious   e f f ec t s  

o f   s a l i n i t y  and  sodium w i l l  r e s u l t   f r o m   c o n t i n u o u s   i r r i g a t i o n   w i t h   t h i s  

e f f l u e n t .  

I 

The r e s u l t s   o f ,   t h e   p r e l i m i n a r y   s o i l  column  work are a l s o   i n c l u d e d  

in   Tab le   2 ,   Three   va lues   fo r  Ec and S A R  are cons iderably   h igher   than  

wha t   has   ac tua l ly   r e su l t ed   f rom  i r r iga t ion ,  however t h i s  is a l s o   l i k e l y  

due t o   t h e  improvement i n   e f f l u e n t   q u a l i t y   t h a t   h a s   o c c u r r e d   o v e r   t h e  

p a s t  few yea r s .   O the r   p ro j ec t s   app roached   i n .   t he  same way have shown 

q u i t e  good agreement  between s o i l  column r e s u l t s   a n d   f i e l d   r e s u l t s   a f t e r  

a few yea r s  of i r r i g a t i o n .  

Conclusion 

The u t i l i z a t i o n  of Tabe r   e f f luen t  on l and   has   r e su l t ed  i n  a zero 

emission  s i tuat ion  for   Taber   and  therefore   measureable   improvements   in  

water qua l i t y   o f   t he  Oldman River downstream  of  the town. Considerable  

revenue w a s  r e a l i z e d   i n  1974 as abou t   e igh t  metric tons /ha   o f   exce l len t  

forage  w a s  s o l d   t o  an a l f a l f a   d e h y d r a t i n g   p l a n t .   A l t h o u g h   s a l i n i t y   a n d  

adsorbed  sodium  have  increased  in   the  soi l ,   these  values  are lower  than 

those   fo recas t   by   t he   p re l imina ry   r e sea rch  and are well wi.thin satis- 

f a c t o r y  limits. Groundwater qua l i t y   changes   have   been   r e s t r i c t ed   t o  a 

s l i g h t   i n c r e a s e   i n   c h l o r i d e   c o n c e n t r a t i o n ,  however water t a b l e  levels 

have   been   gradual ly   r i s ing   and  some o p e r a t i o n a l  ch.anges may be   r equ i r ed  

i n  the n e a r   f u t u r e   f o r   s t a b i l i z a t i o n   o f   t h e  water t a b l e .  The prelim- 

i n a r y   s o i l  column  work i n d i c a t e s   t h a t  some i n c r e a s e   i n   h a r d n e s s   o f  

groundwater   should  be  ant ic ipated.  
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CASE  HISTORY  OF  EFFLUCENT  REUSE AT LUBBOCK, TEXAS 

Reus'e of   . the   sewage  eff luent   of  Lubbock,  Texas, f o r   c r o p   i r r i g a t i o n  

has   been a h igh ly   success fu l   ven tu re   s ince  i t s  i n c e p t i o n   i n   t h e   e a r l y  

1930's. That such  has   been  the case is due t o  a happy  combination  of 

c i rcumstances ,   no t  a l l  of  which  would  be  duplicable  universally.  

Lubbock is s i t u a t e d  on   f ea tu re l e s s   p l a ins   hav ing  a s l o p e  of  about 

t e n   f e e t   t o   t h e  mile to   the   southeas t .   Sur face   d ra inage ,  when i t  occurs ,  

is to   sha l lpw  depress ions  (known l o c a l l y  as p l aya   l akes )   w i th   con t r ibu t -  

i n g  areas averaging  about  a square  mile pe r   l ake .  The p o t e n t i a l   r e s e r v o i r .  

evaporat ion  approaches 75 inches   per   year ;   the   .p rec ip i ta t ion   averages  less 

I 
I 

than 18. While some l ake  water is pumped f o r   i r r i g a t i o n   a n d  a very small 

amount of i t  i n f i l t r a t e s   t h r o u g h  the lake   bo t toms,   near ly  a l l  water reach- 

i n g   t h e  lakes evaporates .  

A few streams , normal ly . .   d ry ,   f low  in   re la t ive ly   deep   canyons   cu t t ing  

t h e   p l a i n s .  The area which con t r ibu te s   su r f ace   f l ow  to  them  under  natural  

condi t ions  is a b e l t  of l a n d   o f t e n  a mile o r  less i n  width .  One of these, 

the  North  Fork  of  the  Double  Mountain  Fork of the  Brazos River, winds 

through Lubbock i n  a gulch known as Yellow House  Canyon.  The p r i n c i p a l  

sewage  t reatment   plant   of   the   c i ty  is n e a r   t h e  canyon a t  the  downstream 

edge  of town.  Flow records  a t  a ,po in t   ups t ream  of   the   sewage   p lan t   for  

t he   t en   yea r s  a g a g i n g   s t a t i o n  was .maintained are g iven   i n   Tab le  I. It 

w i l l  b e   n o t e d   t h a t   t o t a l  .flows f o r  97  of  the 120  months  gaged were zero.  

I 
I " 

I 
I, 

U n t i l   1 9 6 8   t h e   e n t i r e  water supply  of Lubbock was from a f o s s i l  

aqui fe r ,   the   Ogal la la ,   which   under l ies  much o f   t he .h igh   p l a ins  area of 

Texas, New Mexico,  and o t h e r   p r a i r i e  states. The Oga l l a l a  1 .  a l s o   s u p p l i e s  

t h e   i r r i g a t i o n  water on which a t h r i v i n g   a g r i c u l t u r a l  economy is based. 

I. 
I 
I 
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I 

I n  i ts  u n d i s t r u b e d ' s t a t e   t h e   O g a l l a l a   r e c e i v e d   a n   i n c h   o r  less of re- 

charge  per   year   and  supported some sp r ings   and   s eeps   i n  canyon walls and 

in   the  escarpment   which  const i tutes   the  eastern  boundary of t h e  High 

P la ins .  Under t h e   i n c r e a s i n g  pumping l o a d s   o f   t h e '   p a s t   t h i r t y   y e a r s   t h e  

water tab le   has   been   dropping   an   average   o f  one t o   t h r e e   f e e t   p e r   y e a r  

and most spr ings   have   ceased   to   f low.  

'he d e c i s i o n   t o  use sewage e f f l u e n t   f o r   c r o p   i r r i g a t i o n  was based 

on the va lue   o f   the  water and  of i ts  n u t r i e n t   c o n t e n t  on the  one  hand, 

and o n . t h e   d e s i r e   t o   d e c r e a s e   t h e ' p o l l u t i o n   r e s u l t i n g   f r o m   d i s c h a r g i n g  

e f f l u e n t   i n t o  an  otherwise dry streambed  on  the  other.  The l and  irri- 

ga ted   w i th   t he   e f f luen t  l ies on both  sides  of  the  canyon a t  an   e l eva t ion  

s u c h   t h a t  i t  can   be   suppl ied  by gravi ty   f low  f rom  reservoirs   to   which  the 
B 
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e f f l u e n t  i s  pumped wi th  a 1 0   t o   1 2   f o o t   l i f t  from  the  sewage  treatment 

p l a n t .  

Frank  Gray, a fa rmer ,   has   been   assoc ia ted   wi th   the   opera t ion   s ince  

1937  (Gray,  1968).  Under a series of  long-term  contracts Gray is re- 

qu i r ed   t o   accep t   t he   en t i r e   f l ow  f rom  the   t r ea tmen t   p l an t  as i t  occurs  

and to   d i spose   o f  i t  i n  a manner a c c e p t a b l e   t o  s ta te  a n d   l o c a l   h e a l t h  

a u t h o r i t i e s .   I n   1 9 3 7   h e  was ab le   t o   accompl i sh   t h i s  by spreading  a 

m i l l i o n   t o  a mil l ion  and a h a l f  U.  S. g a l l o n s   p e r  day  on 200 acres. By 

1968  Lubbock's  growth w a s  such   t ha t   he  w a s  u s ing   14 .5   t o   15  .mgd on a l and  

area of more than  2900 acres. I n  1974  he   appl ied   14   to  -15 mgd to   5 ,000  

acres, .of  which  3,000 acres are under   'h i s   personal '   cont ro l   and   the   o ther  

2,000 are oimed  by neighbors  who purchase water from  him. 

R e c e n t   q u a n t i t i e s   o f   e f f l u e n t   a v a i l a b l e   f o r   , i r r i g a t i o n   h a v e   b e e n  

less than   t he   ' f u l l   f l ow  o f   t he   p l an t .   Beg inn ing   i n   1971  a por t ion   of  

t he   e f f luen t   has   been   so ld   t o   t he   Sou thwes te rn   Pub l i c .Se rv ice  Company 

f o r   u s e  as bo i l e r   f eed   and   coo l ing  water a t  a thermal power p l a n t .  Gray 

is pa id  1c pe r   t housand   ga l lons   fo r   e f f luen t   d ive r t ed  a t  a s teady  rate, 

and 2.5C pe r   t housand   ga l lons   fo r   e f f luen t   d ive r t ed  on demand t o   t h e  

power company. The same rates would b e   a p p l i c a b l e   t o  any o ther   d iver -  

s ion  which  might   be made. 

Gray 's   farming  operat ion i s  p a r t l y  on city-owned land   for   which   he  

pays  an  annual lease fee   based  on acreage.  The ba lance  i s  owned by Gray 

or   l eased   f rom  ne ighbors .   In   addi t ion ,  Gray occas iona l ly   supp l i e s  water 

fo r   abou t  2,000 acres to   ad j acen t   l and   ho lde r s .  

Under t h e   c o n t r a c t ,   p r e p a r a t i o n  of the   l and   and   cons t ruc t ion   of  

water conveyance f a c i l i t i e s  i s  t o   b e  done a t  n o   c o s t   t o   t h e   c i t y .  Gray 

has   bench  leveled or f i e l d   l e v e l e d  more than  1,600 acres and .has  con- 

s t r u c t e d . a b o u t  35 miles of   underground  concre te   and   p las t ic   p ipe l ine .  

The reservoirs   which receive t h e   e f f l u e n t  from t h e   t r e a t m e n t   p l a n t  are 

capab ' le   of   holding 60 t o  70 hours   o f   f lcw.   In   addi t ion ,   in f low may b e  

d i v e r t e d   t o  some p laya  lakes and dammed draws  with a hold ing   capac i ty  

f o r   s l i g h t l y   o v e r  30 days  flow  and later pumped from t h e   l a k e s   f o r .  ir- 

r i g a t i o n .  Raw e f f l u e n t  must not  be  allowed  to  reach  the.   canyon  which 

contains   one  of   the  very few r e c r e a t i o n a l   l a k e s   i n   t h e  area. 

F ive   cen te r -p ivo t   sp r ink le r s ;   capab le   o f   i r r i ga t ing   abou t  a q u a r t e r  

sect ion  each,   have  been  added  recent ly .  Cone s c r e e n s   i n   t h e   ' i n t a k e s  

have b e e n   f o u n d   t o   b e   e f f e c t i v e   i f   t h e   s c r e e n s  are changed every 12 

hour s   du r ing   l ong   runs .   Comple t e   conve r s ion   t o   sp r ink le r   i r r i ga t ion  
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is not  contemplated  becaus.e of win te r  i ce  problems  and  problems o f  m i s t  

d r i f t i n g   a c r o s s  a heavily-used  highway. 

On .balance,   the   use  of   long-term  contracts  a t  Lubbock has  been  most 

success fu l .  The ope ra to r   has   been   ab le   t o   j u s t i fy   cap i t a l   i nves tmen t s  

and the   c i ty   has   been   assured   of   competent   opera t ion .  

Gray has   s e l ec t ed   c rops   t ha t  are h igh   u se r s  of water and   n i t rogen  

a n d   h a s   r o t a t e d   t h e   c r o p s   t o   m a i n t a i n   a n   e f f e c t i v e   b a l a n c e   o f   n u t r i e n t s  

i n   t h e   s o i l .  Crops  which  have  been  used  include small grains   (wheat ,  

b a r l e y ,   o a t s ,  and r y e ) ,  row crops  (cot ton  and several varieties of g r a i n  

sorghum),  hay  crops  and  pasture  (alfalfa,   Sudan,  and many v a r i e t i e s   o f  

g ra s ses ) .  Legumes, crops  residues,   weeds,   barnyard  manure,   cotton  burrs,  

and  other  wastes of   high  organic   content   have  been  used  extensively.  

Usual   y ie lds   per  acre under  the climatic and so i l   cond i t ions   found  iti 

Lubbock are as follows  (Gray,  1968). 

I r r i g a t i o n  With 
I r r i g a t i o n  With Sewage E f f l u e n t  
Water From Without Commercial 

D r y  Land Ogallala  Formation F e r t i l i z e r  

Grain Sorghum ( l b )  800-1000 4000-5000 6500 

Wheat (bu) 10-12 30-40 80 

Lin t   Cot ton   ( lb )  150-225 600-800 1250 

Crop q u a l i t y ,  as well as y i e l d ,  i s  b e t t e r   u n d e r   i r r i g a t i o n .  

G r a y ' s   i r r i g a t i o n   h a s   r e s u l t e d   i n   r a i s i n g   t h e  water t a b l e ' u n d e r   t h e  

farm t o   w i t h i n  a few f e e t  of t h e   s u r f a c e .   I n  some low s p o t s   t h i s   h a s   l e d  

t o   t h e   f o r d t i o n   o f   p o n d s ,   p a r t i c u l a r l y   i n  w e t  weather,  and  has  caused 

some t roub le   t h rough   excess   s a l in i ty  and  through  the  submergence,  and 

consequen t   k i l l i ng ,  of s e e d l i n g   p l a n t s .  No de te r io ra t ion -   o f   so i i   cha rac -  

teristics, o t h e r   t h a n   t h i s   s a l i n i t y ,   h a s  ever been  reported.  

It is  n o t   a n t i c i p a t e d   t h a t   t h e  areas a f f e c t e d  w i l l  i n c r e a s e   s i n c e  

t h e   r a i s e d  water t a b l e   h a s   r e a c t i v a t e d   s p r i n g s   a n d   s e e p s   i n   t h e  canyon 

walls w i t h   t h e   r e s u l t   t h a t  a na tu ra l   sys t em of   underdraimge  has  become 

e s t a b l i s h e d .   I n   a d d i t i o n ,   p l a n s   e x i s t   f o r   l o w e r i n g   t h e  water tab le   under  

the,   farm  by pumping t h e   i n f i l t r a t e d   e f f l u e n t   f o r   s u b s e q u e n t   i n d u s t r i a l  

o r   r e c r e a t i o n a l  use'. 

The chemical  and  bacteriologicalcomposition  of  the  sewage  plant 

e f f l u e n t  and o f , t h e   i n f i l t r a t e d   e f f l u e n t  as c a p t u r e d   i n  wells on Gray's 

f a r m   o r   i n   s e e p s   o r   s p r i n g s   i n   t h e  canyon  has  been  monitored  regularly.  

Some t y p i c a l   d a t a  are g iven   in   Table  I1 (Freese,   Nichols  and  Endress 

1969,  1971; Sweazy and Wells, 1973). 
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Proposals  have  been  made,  from time t o  t i m e  fo r   subsequen t .  reuse of 

t h e   e f f l u e n t   a p p l i e d   t o   G r a y ' s . f a r m ,   a f t e r  i t  h a s   i n f i l t r a t e d   t o   t h e  

water t a b l e .  Such use   wou ld   no t   a f f ec t   t he   i r r i ga t ion   ope ra t ion   de t r i -  

mental ly   but   would,   of   course,   reduce  or   e l iminate   the  spr ing  and  seepage 

flow. The f i r s t  of t h e s e   t o   b e   i n v e s t i g a t e d   i n   d e p t h   c a l l e d   f o r   t h e  

c r e a t i o n .   o f  an indus t r i a l   pa rk   wh ich  would be   suppl ied   wi th   p rocess  

water pumped from a b a t t e r y   o f  wells capable   o f   furn ish ing  some 5 mgd of 

i n f i l t r a t e d   e f f l u e n t .  

The study,  conducted  by a group  of   facul ty  members of t h e  School 

(now College)  of  Engineering a t  Texas Tech (School'  of  Engineering,  19671, 

was undertaken a t  the   r eques t  .of t h e  Board  of  City  Development  and  the 

Chamber of Commerce of  the  City  of Lubbock wi th   t he   . ob jec t ive   o f   de t e r -  

m i n i n g   t h e   f e a s i b i l i t y   o f   p r o v i d i n g   a n   i n d u s t r i a l  water supply  which 

would attract  t ex t i l e  manufac tu r ing   p l an t s   t o   t he   c i ty .  

The g roup   eva lua ted   t h ree   a l t e rna t ive  water s u p p l i e s :  

a) The r enova t ion   and   r euse   o f   i ndus t r i a l  water wi th  make-up be ing  

suppl ied  f rom  ci ty   'mains   and  with  disposal  of a s u f f i c i e n t   p r o p o r t i o n  

of t h e  wastes t o   m a i n t a i n   a p p r o p r i a t e   q u a l i t y  of the   p rocess  water. 

b)  The supply   o f   t rea ted   munic ipa l   e f f luent ,   wi th   the  wastes from 

t h e   i n d u s t r i a l   p a r k   b e i n g   r e t u r n e d   t o   t h e   c i t y   s e w a g e   p l a n t   f o r  retreat- 

ment a f t e r   mix ing   w i th   mun ic ipa l  sewage. ' Poss ib l e   compl i ca t ions  were 

i n v e s t i g a t e d   b u t ,   s i n c e   t h e  wastes from  the  industr ies   envis ioned  would 

be   e s sen t i a l ly   o rgan ic ,   no   ma jo r .   t echn ica l   d i f f i cu l t i e s  were foreseen .  

c)  The s u p p l y   o f   r e c o v e r e d ,   i n f i l t r a t e d . e f f 1 u e n t   a f t e r  i t s  appl ica-  

t i o n   f o r   i r r i g a t i o n .  

The t h i r d   a l t e r n a t i v e  was c o n s i s t e n t l y   t h e   b e s t  on bo th   t echn ica l  
. .  

and  economic  evaluations  under a wide  range  of  assumed  conditions. 

A few months a f t e r   t h e   p u b l i c a t i o n .   o f   t h e  Texas Tech r e p o r t , .   t h e  

Lubbock City  Planning  Department  (1968)  issued a f e a s i b i l i t y   s t u d y   p r o -  

posing that t h e ' i n f i l t r a t e d   e f f l u e n t   b e   u s e d   n o t   o n l y   f o r   i n d u s t r i a l  

s u p p l y   b u t   a l s o  as a s o u r c e   o f   i r r i g a t i o n  water fo r   pa rks ,   go l f   cou r ses ,  

and  other  open  spaces;  as the  water supp ly   fo r  a series o f   r e c r e a t i o n a l  

lakes i n   t h e  canyon;   and,   u l t imately,   to   provide water f o r  human con- 

sumption. 

The proposal  for  park  development  of  the canyon  caught  the  public 

fancy.  For  years  the  canyon  had  been a handy r e c e p t a c l e   f o r  wastes of 

a l l  desc r ip t ion .  It  was t h e  s i te  of several feedlo ts ,   o f   the   munic ipa l  

garbage dump, of  junk car l o t s ,   o f  cess pools  and a r ende r ing   p l an t .  
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It provided the o u t l e t   f o r   s t o r m  'sewers a n d   i n d u s t r i a l  waste pipes,   and 

was a congenial  home for   mosqui toes   and  rodents .  The occasional   f lows,  

i n   r e s p o n s e   t o .   s t o r m   p r e c i p i t a t i o n ,   r e a c h   t h e   r e c r e a t i o n a l   l a k e s  a few 

miles downs treim. 

Freese,   Nichols,   and  Endress,   Consulting  Engineers were commissioned 

t o   p r e p a r e  a f e a s i b i l i t y   r e p o r t   ( F r e e s e ,   N i c h o l s  -and  Endress,  1969) on 

the  Canyon Lakes P r o j e c t .  With  minor  modifications,   they'found  the  Plan- 

ning  Department 's   . suggested  e ight- lake  program  to   be  appropriate .  They 

recommended a three-phase  development  schedule  with  the  f i .rst   phase  to 

c o n s i s t   o f   c r e a t i n g  s i x  lakes  which  would  consti tute a near ly   cont inuous 

c h a i n   e i g h t  miles l o n g   w i t h i n   t h e   c i t y   l i m i t s .  Lake  Seven  and t h e  much 

l a r g e r  Lake  Eight  would  be  developed la ter  as f inances  became a v a i l a b l e .  

This would   have   the   advantage   o f   defer r ing   de ta i led   p lanning   un t i l   in -  

put   f rom  experience  on  the  upper  s i x  l akes  w a s  a v a i l a b l e .  

Make-up water f o r   t h e   l a k e s  would be  pumped through  about  seven 

miles of 24-, 20-, and  18-inch  pipe  from  Gray's  farm to   the   uppermost  

lake. En r o u t e ,  a power plant   would  be  furnished  cool ing water, and 

parks ,   golf   courses ,   and a cemetry would a l s o   b e   s e r v i c e d .  

P a r t i c u l a r   a t t e n t i o n  was g iven   t o   cons ide ra t ions   o f   pub l i c   hea l th .  

The i n f i l t r a t e d  sewage e f f l u e n t   p r e s e n t s  few problems;. i t s  qua l i ty   can  

b e   c o n t r o l l e d   t o  meet any desired  s tandards.   Stormwater   drainage,  how- 

ever, is another  matter. The bypassing of flows  from lesser storms  and 

of   the   c r i t i ca l ly   contaminated   ear ly   f lows   f rom  major   s torms  was found 

to   be   economica l ly   un jus t i f i ab le .  . Thus pr imary   con tac t   r ec rea t ion ,   i n -  

c luding  swimming, water sk i ing ,   d iv ing ,   dabb l ing  by ch i ld ren ,   and   o the r  

activit ies where  there  is cons ide rab le   r i sk   o f   swa l lowing   s ign i f i can t  

q u a n t i t i e s   o f  water w i l l  no t   be   pe rmi t t ed   i n   t he   uppe r   l akes .  

I n  a second  report   (Freese,   Nichols ,   and  Endress ,   1971a)   the  eng-  

i n e e r i n g -   f i r m   e v a l u a t e d   t h r e e   p o t e n t i a l   s o u r c e s  of  reclaimed wastewater 

fo r   supp ly ing   t he   l akes .  The i n f i l t r a t e d   e f f l u e n t  w a s  found t o   b e  more 

dependable i n   q u a l i t y  and f a r  less cos t ly   t han   t he  water producib le  by 

two a l t e r n a t i v e   p r o c e s s e s  of t e r t i a r y   t r e a t m e n t  of t he   ac t iva t ed   s ludge  

p l a n t   e f f l u e n t .   P e r c o l a t i o n   t h r o u g h   t h e   s o i l   p r o v i d e s   a n   e f f e c t i v e  

means of  removing viruses and bacter ia   and  of   reducing  phosphorus (see 

Table ,111. The water produced  from wells on  Gray's  farm is h i g h   i n  

n i t r a t e s ,   b u t  low in   o ' ther   forms   of   n i t rogen .  Gray used i t  as a potab le  

s u p p l y   f o r  some years   wi thout   de t r iment .  It is  o f   u n s a t i s f a c t o r y   q u a l i t y  

o n l y   i n   d i s s o l v e d  oxygen - - a def ic iency   eas i ly   remedied .  The only 
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t r e a t m e n t s   a n t i c i p a t e d  are ae ra t ion   and   ch lo r ina t ion .  

The poss ib i l i t y   o f   eu t roph ica t ion   r e su l t i ng   f rom  the   h igh   n i t rogen  

content   of   . the  water has   been   the  sub Sect of  a series o f   i nves t iga t ions  

under   the   auspices   o f   the  Water Resources  Center a t  Texas  Tech Univers i ty .  

Winn ( 1 9 7 3 ) ,   a f t e r  a series of   qua l i ty   de te rmina t ions   o f  water from 

Lubbock's  Northwest Sewage Treatment  Plant  which  had  been  used  for ir- 

r i g a t i o n  on a g r i c u l t u r a l   l a n d s  on t h e  Texas  Tech campus i n  a manner 

c lose ly   pa ra l l e l ing   Gray ' s   ope ra t ion ,   found   t ha t   s e r ious   a lga l   g rowth  

occur red   i n   on ly   t he .   f i r s t   and   s econd   t anks  of the  three-tank  continuous- 

flow series which  s imulates   the Canyon Lakes. It  w a s  b e l i e v e d   t h a t  

phosphorus   l imi t ed   a lga l   g rowth   i n   t he   t h i rd   t ank  of  each series. This 

s t i l l  leaves unanswered  questions  about  growths i n   t h e   . v a r i a b l e   p r o p o r -  

t i o n s  of s torm water a n d   i n f i l t r a t e d   e f f l u e n t  which w i l l  b e   p r e s e n t   i n  

t h e   a c t u a l  lakes. 

Headstream " e t  a1 '(1974)  concluded  from  subsequent  study  of  the 

model Canyon Lakes  System  that .   reclaimed  inf i l t ra ted  municipal   sewage 

ef f luent ,   p rovided   proper  management is furn ished ,  is a s u i t a b l e   s o u r c e  

of make-up. water f o r   r e c r e a t i o n a l   l a k e s   t o   b e   u s e d   f o r  a l l  purposes ,  

i nc lud ing   p r imary   con tac t   r ec rea t ion .  

Funds have   been 'vo ted ,   f eed lo t s   and   o the r   i ndus t r i e s   have   been  

moved out   o f   the   canyon,   the   o ld   c i ty  dump has  been  c losed,   and  the 

bul ldozers   have   depr ived  'many a rat of h i s  home.  The upper   lakes  w i l l  

b e  a r e a l i t y  by  1976. 

I t - s h o u l d   n o t ,  however ,   be   an t i c l imac t i c   t o   cons ide r   one  more  pro- 

posal  which  has  been  advanced  for  the  use of i n f i l t r a t e d   e f f l u e n t  

pumped from the   appa ren t ly   eve r - inc reas ing   quan t i t i e s   unde r   Gray ' s   f a rm 

or  under  the  Texas Tech  farm. Sweazy and Wells (1973) ,   re f lec t ing   on  

some of   the  categories   of   problems'which  have  received  major   a t tent ion 

i n   t h e  Texas  Tech Univers i ty  Water Resources  Center -- water reuse, ' 

i r r i g a t i o n ,   . a n d   a n i m a l  waste d i s p o s a l  -- h i t  on a combination  of  which 

many a spec t s   had   been   i nves t iga t ed   i n   de t a i l ,   bu t   o f   wh ich  no pro to type  

ex i s t ed .  ,, 

By using  both  sewage  eff luent   and ca t t le  f e e d l o t  w a s t e s  f o r   i r r i g a -  

t i o n  and f e r t i l i z a t i o n   o f  a nu t r i t i ous   c rop ,   such  as bermudagrass  which 

is a heavy user of   ni t rogen,   they  proposed  the  mutual ly-beneficial   l ive-  

s t o c k   r a i s i n g  -- c r o p . r a i s i n g  -- p o l l u t i o n   a b a t i n g  reuse system  depicted 

i n   F i g u r e  1. 
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CASE  HISTORY 

C I T Y  OF VERNON - DISPOSAL  OF 

EFFLUENT BY SPRAY IRRIGATION 

INTRODUCTION 

The City  of  Vernon i s  s i t u a t e d   i n   C e n t r a l   B r i t i s h  Columbia i n   t h e  

Okanagan Val ley.  It is  i n   a n  area of  low r a i n f a l l ,  and t h e  summer 

climate combined w i t h   t h e   b e a u t i f u l   l a k e s   i n   t h e  area has  made i t  a 

p r ime   t ou r i s t   c en t r e .  

The C i t y ' s  sewage t r ea tmen t   p l an t  was cons t ruc ted   in '   the   1930 ' s  

and  s ince  then  has   expanded  to  meet t h e  demands of a growing  population 

which, i n  1975, is approximately  15,000.  The  secondary  treatment 

p r o c e s s   u t i l i z e s  a c o n v e n t i o n a l   t r i c k l i n g   f i l t e r   p l a n t   w i t h   a n a e r o b i c  

d i g e s t i o n  of t h e   s l u d g e   a n d   c h l o r i n a t i o n   o f   t h e   e f f l u e n t   p r i o r  t,o d i s -  

charge to Vernon  Creek,  approximately two  miles be fo re  i t  e n t e r s  the 

n o r t h  a r m  of Okanagan  Lake.  The water q u a l i t y   o f   t h e   n o r t h  arm of 

Okanagan  Lake h a s   d e t e r i o r a t e d   i n   t h e  l as t  20 y e a r s   t o   t h e   p o i n t  where 

i t  is  almost   useless .  as a r e c r e a t i o n a l  body of water. 

N u t r i e n t   a d d i t i o n s   t o   t h e  Lake  from t h e  Vernon  Treatment  Plant were 

f e l t  t o   b e   p r i n c i p l e   c o n t r i b u t o r s   t o   t h e   L a k e ' s   d e t e r i o r a t i o n ,  and as .. 

e a r l y  as 1966  the  Ci ty   of  Vernon s t a r t e d   t o   i n v e s t i g a t e   s p r a y   i r r i g a t i o n  

as a method ,of  removing i t s  eff luent   f rom  ' the   Lake.  

From 1966 to   t he   p re sen t   da t e ,   t he   C i ty   has   p re s sed   ahead   w i th  i t s  

goal,  the  removal  of a l l  t h e   e f  f leunt  from  Vemon  Creek  and  Okanagan L,ake.' 

The d e s i g n   o f   t h e   s p r a y   i r r i g a t i o n   s y s t e m   t o  do t h i s  i s  now under way 

and by late 1976, o r   e a r l y   1 9 7 7 ,  Vernon w i l l  have  accomplished i ts  goal .  

To i l l u s t r a t e   t h e   t i m i n g  and t h e   e f f o r t   t h a t   h a s   b e e n   r e q u i r e d   t o  

reach   the   p resent   s tage   o f   implement ing   the   f ina l   des ign ,  a chronologica l  

l ist  of activit ies is  included:  

1966 - 1969  Pre l iminary   inves t iga t ions ,   da ta   ga ther ing ,   a t tendance  a t  

seminars ,   re fe rence   to   repor t s   f rom  Pennsylvania   S ta te  

University  and a f i l m   e n t i t l e d  'The L iv ing   F i l t e r ' .   F inan -  

c i a l  a s s i s t a n c e  was requested  f rom  the Mines  and  Energy 

Research  Board i n  Ottawa, but  none was forthcoming. A 

pre l iminary   s tudy   of   the  Vernon area f o r   p o t e n t i a l   s p r a y  

i r r i g a t i o n  sites and r e s e r v o i r  sites was undertaken. 



2. 

1970 The Ci ty  of  Vernon  adopted a bylaw to   p roceed   w i th ' a  

p i l o t   p r o j e c t   f o r   t h e   s p r a y   i r r i g a t i o n   o f  sewage e f f l u e n t .  

I r r i g a t i o n  sites were acqui red   th rough  negot ia t ions   wi th  

the  Department  of  National  Defence.  Senior levels of 

Government were a p p r o a c h e d   f o r   f i n a n c i a l   a s s i s t a n c e   b u t  

none was provided. 

1971 - 1972 A p i l o t   p r o j e c t  was constructed  and  commissioned a t  a 

c a p i t a l   c o s t   t o   t h e   C i t y   o f  Vernon of  $125,000. It has  

a capac i ty   o f  800,000 Igpd  and u t i l i z e s   1 5 0  acres of   l and  

f o r   s p r a y   i r r i g a t i o n .  

A monitoring  program was car r ied   ou t   under   the  Okanagan 

Basin Water Study.  Lysimeter  data was c o l l e c t e d ,  tests 

were made on   the   c rops   p roduced   f rom  the   p i lo t   p ro jec t   and  

a groundwater  monitoring  study was ca r r i ed   ou t .   S t an ley  

Associates  Engineering  Ltd.   began a s t u d y   o f   t h e   f e a s i b i l i t y  

of f u l l  scale s p r a y   i r r i g a t i o n   v e r s u s   c o n v e n t i o n a l  methods 

of   secondary   and   te r t ia ry   t rea tment .  

1973 - 1974 The f e a s i b i l i t y   s t u d y  was expanded t o  examine t h e   s u i t a b i l i t y  

of l ands   no r th   o f   t he   C i ty   o f  Vernon f o r   s p r a y   i r r i g a t i o n .  

Publ ic   op in ion  was sought   f rom  res idents   o f   these  areas 

1975 

and  Government  Agencies were aga in   approached   fo r   f i nanc ia l  

a i d .  

The landowners  north  of Vernon r e j e c t e d  a p r o p o s a l   t o   s p r a y  

i r r i g a t e   i n   t h a t  area and the   C i ty   o f  Vernon au thor ized  i t s  

c o n s u l t a n t   t o   i n v e s t i g a t e   a l t e r n a t i v e   p r o p o s a l s .  The 

f i n a l   f e a s i b i l i t y   r e p o r t  was submitted  in  September  1974. 

The Ci ty  of  Vernon au thor ized   the   des ign   of  a t r i c k l i n g  

f i l t e r  s ewage   t r ea tmen t   p l an t   u t i l i z ing   sp ray   i r r iga i ton  

d i s p o s a l  of t h e   t r e a t e d   e f f l u e n t .  The pre-order ing of 

equipment  has commenced and s t a r t u p  of t h e  new f a c i l i t i e s  

is . scheduled   for  mid 1976. 

Th i s   t ime tab le  of e v e n t s   i n d i c a t e s   t h a t  i t  w i l l  have   t aken   the  

Ci ty   o f   Vernon  ten   years   to   b r ing  a f u l l  scale sp ray   i r r iga t ion   sys t em 

i n t o   o p e r a t i o n .  
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$237,000,   excluding  f inal   design  fees   and  construct ion  costs   for   the 

f u l l  scale p ro jec t .   Th i s  amount is made up as fo l lows:  

Cap i t a l   Cos t   o f   p i lo t   p ro j ec t  $125,000 

Operat ing  and  monitor ing  costs   of  
p i l o t   p r o j  ect  72,000 

Consultants '   Study  Fees  40,000 

$237,000 

Fu tu re   d i r ec t   bene f i t s   f rom  th i s   expend i tu re  w i l l  be  minimal,   but 

t h e  money spen t   on   t h i s   r e sea rch  w i l l  no t   be   was t ed   i f   t he   i n fo rma t ion  

and  experience  gained i s  sought by o t h e r   M u n i c i p a l i t i e s   w i s h i n g   t o  

invest igate   t reatment   and  disposal   of   sewage  by  spray  i r r igat ion.  

TECHNICAL REVIEW 

P i l o t   P r o j e c t  

I n  1970,  and  1971  ' the  City of Vernon  undertook  extensive  modific- 

a t i o n s   o f . t h e i r   t r i c k l i n g   f i l t e r   p l a n t  and cons t ruc ted  a l a r g e  scale 

p i l o t   i r r i g a t i o n   p r o j e c t .   R e l e v a n t  s ta t is t ics  of   the  modif ied  plant  

and t h e   p i l o t   i r r i g a t i o n   p r o j e c t  are as fo l lows:  

A. Sewage Treatment   Plant  Data: . 
P r i m a r y   C l a r i f i e r s  

h 

No. 1: 45 f t .   d i a .  and 1 4  f t .   s i d e w a t e r   d e p t h  

No. 2: 40 f t .   d i a .  .and 1 0   f t .   s i d e w a t e r   d e p t h  

T r i c k l i n g   F i l t e r s  

No. 1: 135 f t .   d i a .  and  4.5 f t .   d e p t h  

NO. 2:  120 f t .   d i a .  and 4.0 f t .   d e p t h  

Capaci ty:   Converted  to   high rate wi.th 1:l r e c i r c u l a t i o n  rate;  

No. 1: 1 .0  M I G D  and No. 2:  1.32 MIGD 

Secondary C l a r i f i e r s  

No. 1: 45 f t - .   d i a .  and 9 f t .  deep  with.875 sq. f t .  of  tube settlers 

No; 2: 40 f t .   d i a .  and  6.5 f t .  deep 

Capacity:  No. 1 w i t h   t u b e  settlers, 1.37 M I G D ,  wi th   overf low 
P 

rate of 2 USgpm/sq. f t .   f o r   t h e   t u b e  settlers 

No. .2   0 .83 MIGD 

Chlor ine  Contact  Chamber 

.Des igned   t o   p rov ide  1 hour minimum con tac t  a t  1976  flows. 
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D iges t e r s  

NO. 1: 26 f t .   d i a .  and  28 f t .   s i d e w a t e r   d e p t h  

NO. 2: 22 f t .   d i a .  and 22 f t .   s i d e w a t e r   d e p t h  

Capac i ty :   Opera ted   in  series w i t h   e x t e r n a l   h e a t   a p p l i e d ,  

t h e   d i g e s t e r s  are r a t e d   f o r  a maximum popula t ion  

of  -18,000  people. 

B. S p r a y   ' I r r i g a t i o n  System Data 

pumps 
, 

200 H P ,  3,600 RF", 645 gpm a g a i n s t  882 f t .  head 

Supply  Line 

1,500 - 8" d i a .   l i n e d  and coated,  welded s teel  pfpe  and 

2 , 'lo0 - 8" d i a .   d u c t i l e   i r o n   p i p e .  

Design  pressure:   400  psi  a t  t reatment   plant   and 210 p s i  a t  t h e  

i r r i g a t i o n  s i te .  

S p r i n k l e r   I r r i g a t i o n  System 

Three  convent ional   wheel  l ines  t o  i r r i g a t e  80 acres o f   a l f a l f a  were 

p r o v i d e d   i n i t i a l l y  and  an  addi t ional  50 acres were r e c e n t l y   p u t  

unde r   i r r i ga t ion .  Normal i r r i g a t i o n  rates f o r   t h e   s o i l  and 

climatic c o n d i t i o n s   i n   t h e  Vernon area have  been  used as rec-  

ommended by the  Provincia1,Department   of   Agricul ture .  

One " r a i n  gun" with  hand set la terals  i s  u s e d   t o   i r r i g a t e   a n  

a d d i t i o n a l  40 acres. The r a i n  gun i s  pr imari ly   used when 

changing  the  wheel   l ines   locat ion  and when t h e   a l f a l f a  is  be ing  

harves ted .  

Dur ing   the   pas t   four   years ,   the   Ci ty  of Vernon  has   t r ied  a number 

of  ways  of u s ing   l oca l   f a rmers   t o   ca r ry   ou t  work  on the  farm.  

The  most s u c c e s s f u l  method  found t o   d a t e   i w t o   i r r i g a t e   u s i n g  

d i r e c t   l a b o u r  and sell the   s t and ing   c rop   fo r   ha rves t ing .  

Good q u a l i t y   a l f a l f a   h a s   b e e n   p r o d u c e d   w i t h   p r o t e i n   c o n t e n t s   i n  

excess o f   t he  norm f o r   t h e  Vernon area. Tonnage pe r  acre has  

averaged 4.5 f o r   t h e  last  4 years .  

F u l l  Scale P r o j e c t  

The f u l l - s c a l e   p r o j e c t  i s  scheduled   for   cons t ruc t ion   dur ing   1975 

t o  1977  and w i l l  involve   . the   removal   o f   one   o f   the   ex is t ing   t r ick l ing  

f i l t e r   p l a n t s  and  the '   construct ion  of  a new 2 MIGPD p lan t .   Th i s  w i l l  

p rov ide   fu tu re   t o t a l   capac i ty   o f ,   app rox ima te ly   3 .4  MIGPD of  secondary 
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e f f l u e n t .  The new p l a n t  w i l l  inc lude   sc reening ,   aera ted   g r i t   chamber ,  

p r i m a r y   c l a r i f i e r ,   p l a s t i c  media t r i c k l i n g   f i l t e r ,   s e c o n d a r y   c l a r i f i e r ,  

and a smoothing  basin  with  aerat ion.  

A r e p o r t  w a s  prepared  by  Stanley  Associates   Engineer ing  Ltd.  

e n t i t l e d  "Sewage Treatment  and  Spray  Irrigation  of  Treated  Effluent  Final 

Feasibil i ty  Report ,   September  1974".   Projected  sewage  .f lows  from  that , 

Report are as fol lows:  

Year Population  Average  Daily  Annual Sewage Maximum Peak Hour 
Sewage Flow Volume  Day MGD 

Imgd Acre Fee t  MGD 

1981 18,270 2.00 2,680 3.40 5.40 

1986 25,900* 2.92 3,940 4.96 7.42 

1991 31,200 3.62 4,850 6.15 6.91 

1996  37,400 ' 4.45  6,000 7.57 10.89 

2001 45,500  5.59 7,500 9.50  12.86 

* Municipal i ty   of   Coldstream  and  out lying areas' 
i n c l u d e d   i n   s e r v i c e s  area 

A des ign   b r i e f   has   been   p repa red   fo r   t h i s   p ro j ec t   and   t he   pe r t inen t  . 

f a c t s  are as fol lows : 

A. Treatment  Plant 

'Headworks 

In t ake .  Manhole 

Designed  for  peak  storm  flow  of 18 MIGD from 3 main sewer l i n e s .  

Grit Chamber 

A e r a t e d   g r i t  chamber wi th  a capaci ty   of   6 .25 MIGD combined wi th .  

a i r  l i f t   i n t o   g r i t   s e t t l i n g   c h a n n e l s .  

Barminutor 

Chicago Pump Model C24 relocated,  from  an  existing  headworks.  

Capacity  6.7 MIGD wi th   head   loss   o f  6 inches  and  through-screen 

v e l o c i t y  of 5 f t / s e c .  

P r imary   C la r i f i e r  

60 f t  . d i a .  , 12 .  f t . s i d e  wall depth 2 MIGD average  f low  with  overf low 

rates of  700  IGD/sq. f t .  
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T r i c k l i n g   F i l t e r  

P l a s t i c , m e d i a   f i l t e r s   w i t h   g r a v i t y   b y p a s s   a n d   r e c i r c u l a t i n g  

pump. 60 f t .   d i a .  by  20 f e e t  deep 

Hydraul ic   load  of  0.58 Igpm/sq. f t .  

B io log ica l   l oad  60 l b s .  BOD/1,000 sq. ft.-dag. 

Secondary C l a r i f i e r  

60 f t .   d i a .  and 1 2  f t .   s i d e  wall depth . 

2 M I G D  average  f low  with  overf low rates  of 700 IGD/sq. f t .  

Smoothing Basin 
Designed to   hold  .2   days  of   average  f lows  (1976)   above  the  normal  

ope ra t ing  level. 

The bas in ' s   pu rpose  i s  t o  dampen t h e   h o u r l y   p e a k s   i n   t h e   d a i l y  

flow so  t h a t  maximum dai ly   f lows   can   be  pumped by t h e   h i g h l i f t  

s t a t i o n   t o   t h e   i r r i g a t i o n  area. It is  a l s o   i n t e n d e d   t o   s t o r e  

in f r equen t  excessive peaks  due t o   i n f i l t r a t i o n   o f   s t o r m  waters 

i n t o   s a n i t a r y  sewers and to   p rov ide   s to rage   du r ing   sho r t  power 

. outages.  

The b a s i n   a l s o  acts as a c h l o r i n e   c o n t a c t  chamber. 

D iges t e r s  

52 f t .  diameter  by 20 f t .  deep 

Retent ion  time i s  15 days  with a d a i l y  raw sludge volume of 

2,830  cu.  ft./day: 

I r r i g a t i o n  

Pumping and  Storage 

High L i f t   S t a t i o n  

2 - 2,700 USgpm-@  660 f t .  TDH pumps, p l u s   s p a c e   f o r  2 a d d i t i o n a l  

pumps and a standby  engine.  

P r e s s u r e   l i n e   t o   r e s e r v o i r  

24 inch  diameter  

Cement mor t a r   l i ned  steel o r   c o n c r e t e   c y l i n d e r   p i p e  

BoosJer Pump S t a t i o n  

2 - 2,700 USgpm a t  350 f t .  TDH p l u s  room f o r   a d d i t i o n a l  pumps 

and' 1 standby  engine . .  

Reservoi rs  

No, 1 rese rvo i r   capac i ty   1 ,200  Acre f e e t   w i t h  95 f t .  dam 

No. 2 reservoi r   capac i ty   3 ,000  Acre f e e t  

. ,  
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S p r a y   I r r i g a t i o n  

S t   age  Year Annual Volume P r a c t i c a l   I r r i g a t i o n  
Acre F e e t '  Areas 

Stage 1 1976  2,240 1,110  Acres 

Stage 2 1986  3,940 1,940 I' 

Stage 3 2 001 7,50C 3,410 

- I r r i g a t i o n  w i l l  be  provided  by pumping t r e a t e d   e f f l u e n t  

th rough  s tandard   i r r iga t ion   equipment   on to   a l loca ted  

s p r a y   i r r i g a t i o n  areas. 

- Addi t iona l   ac reages   fo r  waste spraying  by  "guns" w i l l  be  

provided. 

- I r r i g a t i o n  rates w i l l  vary   f rom  14   inches   per   year   to   31  

inches   per   year   depending   on   the   so i l   condi t ions .  

NON TECHNICAL CONSIDERATIONS 

The major  problems  encountered  in  implementing  the  Vernon  pilot 

s p r a y   i r r i g a t i o n   p r o j e c t  and t h e   f u l l  scale p r o j e c t   t o   d a t e ,   h a v e   n o t  

been   pr imar i ly   t echnica l ,   bu t   ra ther   one   o f   ga in ing   publ ic   acceptance  

and   ob ta in ing   f inanc ia l ,   ass i s tance   f rom  sen ior   l eve ls   o f   government .  

Due t o  growing  publ ic   awareness   of   the   environment   and  the  par t icular  

l o c a l   c o n c e r n   f o r  Okanagan  Lake water qua l i t y ,   t he   concep t   o f   sp ray  

i r r i g a t i o n   o f   e f f l u e n t  as a means of f i n a l   d i s p o s a l  is c u r r e n t l y   v e r y  

p o p u l a r   i n   C e n t r a l   B r i t i s h  Columbia.  The  Vernon P i l o t   P r o j e c t   i n   1 9 7 1  

was implemented  with l i t t l e  opposi t ion  mainly  because it d i d   n o t   a f f e c t  

anyone d i r e c t l y  as i t  was on  Government land   and   qu i te   i so la ted   f rom  the  

rest of t h e  community. 

The f i r s t   c r o p s  were d i f f i c u l t   t o  se l l  and  farmers were r e l u c t a n t   t o  

work o n   t h e   f i e l d s .  A s  l oca l   expe r i ence  w a s  gained it  was found  tha t  

cat t le  t h r i v e d   o n   t h e   h i g h   p r o t e i n   a l f a l f a ;   t h e   p r o d u c t  became f u l l y  

accep tab le  and the   c rop  commanded a premium p r i c e .  From t h e   p o i n t   o f  

view of fa rmers   working   on   the   l and ,   harves t ing   the   c rop   and   se l l ing  i t ,  

t h e   p i l o t  scheme can  be  termed a success .  
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The p r e f e r r e d   l o c a t i o n   f o r   t h e   f u l l  scale i r r i g a t i o n   p r o j e c t  was 

t o   t h e   n o r t h  of  Vernon, i n  areas known as t h e  L & A Ranch  and t h e  

Grandview Fla ts .   Fo l lowing   the   p repara t ion   of   an   in te r im  repor t ,  a 

'publ ic   meet ing was h e l d   i n   t h e  area i n   a n   a t t e m p t   t o   i n f o r m   t h e   a f f e c t e d  

people   of   the ,City  of   Vernon's   plans  and  to   obtain  publ ic   react ion.  

The f i r s t  meet ing  did  not  go  smoothly  and  the  project   immediately  ra ised 

a publ ic   s torm  which grew i n   i n t e n s i t y   i n   t h e   f o l l o w i n g  months. The 

expressed  concerns were f o r   t h e   h e a l t h   o f   t h e   p e o p l e   i n   t h e  area; f o r  

de f l a t ion   o f   va lues  of t he   i and ;and   fo r   l ack   o f   t echn ica l   i n fo rma t ion   on  

the   ve ry   l ong   t e rm  e f f ec t s  of i r r iga t ion   on   t he   l ands .   A l so ,  i t  was 

found  tha t  many of   the   people  were s a t i s f i e d   w i t h   d r y   f a r m i n g   t h e i r   l a n d  

wi th   spec ia l i s t   c rops   and   d i , d   no t   wan t   t o   change .   t o   i r r i ga t ed   f a rming  

with  increased  labour   and material c o s t s .  

The p u b l i c   o u t c r y  grew t o   s u c h  a p o i n t   t h a t   t h e   C i t y  abandoned t h i s  

proposal .  

The a l t e r n a t i v e  now being  implemented w i l l  use   l ands  immediately 

a d j a c e n t   t o   t h e   p i l o t   p r o j e c t .  In  t h i s  area, t h e r e  are only a few 

p r iva t e   ho ld ings   w i th   t he   r ema inde r  of t h e   l a n d  owned by t h e   f e d e r a l  

and p rov inc ia l   gove rnmen t s .   In   add i t ion ,   ve ry  f e w   p e o p l e   l i v e   i n   t h e  

area and t h e   o n e s   t h a t  do are f a m i l i a r   w i t h   t h e   p i l o t   p r o j e c t  and  have 

experienced  no  problems. 

The G i n  disadvantages  of   the  scheme being  implemented are t h e  

expensive  secondary  t reatment   plant   which  must   be  cont inued  in   'operat ion 

and  expanded,  and  disposal areas cons ide rab ly   h ighe r   t han   t he   C i ty   w i th  

r e s u l t a n t   h i g h  pumping c o s t s   w i t h  sites f o r   w i n t e r   e f f l u e n t   s t o r a g e  small 

i n  area and'   expensive  to  develop. 

: T h e . c a p i t a l   c o s t  of t h e   f u l l  scale p r o j e c t  i s  e s t i m a t e d   t o   b e  5.5 

m i l l i o n   d o l l a r s   p l u s  any   l and   cos t s   a s soc ia t ed   w i th   t he  scheme. It 

was f e l t   t h a t   t o  commit t h i s  amount of money t o   t h e   p r o j e c t ,  i t  would  be 

n e c e s s a r y   t o   h a v e   d i r e c t   c o n t r o l .   o f   t h e   l a n d   f o r   t h e   l i f e   o f   t h e   p r o j e c t  

which  would r e q u i r e   e i t h e r   o u t r i g h t   p u r c h a s e   o r   l o n g  term leases. The 

c o s t s   f o r   l a n d   a c q u i s i t i o n  amount t o   a n   a d d i t i o n a l  2.5 m i l l i o n   d o l l a r s .  

Thus, for t h e   f i r s t  few yea r s  of o p e r a t , i o n , t o t a l   c o s t  w i l l  be   approxi-  

mately $740,00O/annum or  $50/capita/annum,  which is a n   i n t o l e r a b l e  

f inanc ia l   burden .  However, f i n a n c i a l   p a r t i c i p a t i o n   i n  sewage c o l l e c t i o n ,  

t reatment   and  disposal  by the   Sen io r  levels of  Government  and a l l  p o s s i b l e  

sources  of a s s i s t a n c e  have been  vigorously  examined, some of  which are: 



1. 

2.  

3 .  

4 .  

5. 

9. 

Central  Mortgage  and  Housing  Corporation - 
C.M.H.C. ha s  had  for-many  years a program  where 2 / 3  o r   t h e  

c a p i t a l   c o s t s  of a p r o j e c t  i s  l o a n e d   t o   t h e   M u i c i p a l i t y  a t  

a t t ract ive i n t e r e s t  rates and 25% of t h e   l o a n  is forg iven .  

Province of B.C. B i l l  88 - 
This  B i l l  p r o v i d e s   f o r   t h e   P r o v i n c i a l  Government t o  pay 

75% .of amor t i za t ion   cos t s  o f   expend i tu re s   i n  excess of a 

3 mill levy  th roughout   the  community. In  Vernon's case i t  

h a s   s u b s t a n t i a l   b e n e f i t s .  

B r i t i s h  Columbia Land  Commission - 
The B.C. Land  Commission has   been  approached  to  assist i n  

t h e   a c q u i s i t i o n  of t he   necessa ry   l ands   and   i nd ica t ions  are 

t h a t   t h i s  may be  forthcoming. 

A.R.D.A. Program - 
There  would  appear  to  be some p o s s i b i l i t y  of   ga in ing   f inanc ia l  

a s s i s t a n c e   t h r o u g h   t h e  A.R.D.A. program  by  which  Federal 

and   Provinc ia l  Governments  and the   benef i t t ing   l andowners  

s h a r e   i n   t h e   c o s t   o f . t h e   i r r i g a t i o n   s y s t e m .  Any f i n a n c i a l  

a s s i s t a n c e  wou ld   app ly   t o   t he   sp ray   i r r iga t ion   po r t ion  of 

t h e   p r o j e c t   o n l y .  

Urban  Demonstration  Program - 
This  program i s  under   the  Minis t ry  of State and  Urban' A f f a i r s  

whereby the   Fede ra l  Government may c o n t r i b u t e   t o   i n n o v a t i v e  

programs  which  demonstrate   solut ions  to   urban  problems.  

I n d i c a t i o n s  are t h a t   t h e  Vernon p r o j e c t  may q u a l i f y   f o r   t h i s  

a s s i s t a n c e .  

The l as t  h u r d l e . t o   b e   c l e a r e d   f o r   t h e   p r o j e c t  i s  t h a t  a P o l l u t i o n  

Control  Board  Permit  must  be  obtained. The  Board w i l l  no t   g ive   any  

i n d i c a t i o n   i n   w r i t i n g   o f   t h e   a c c e p t a b i l i t y   o f   t h e   p r o j e c t   a n d   l a n d  must 

b e   o b t a i n e d   p r i o r   t o   p o s t i n g  it ' fo r  a P.C.B. Appl icat ion.  

The City  of  Vernon i s  p ioneer ing  .a new method of sewage d i s p o s a l   i n  

B r i t i s h  Columbia  and w e  hope tha t   t he   expe r i ence   ga ined  w i l l  be   o f   bene f i t  

to   o ther   communi t ies .  
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APPENDIX I - OTHER  METHODS  OF LAND APPLICATION OF WASTEWATER 

1.0 In t roduc t ion  

The .app l i ca t ion   o f  wastewater, t r e a t e d   o r   u n t r e a t e d ,   t o   t h e   l a n d  

has  been i n   u s e   f o r   t h o u s a n d s   o f   y e a r s .   R e c e n t . i n v e s t i g a t i o n s  

have re ,vea led   tha t  wastewater ' a p p l i c a t i o n   t o   t h e   l a n d  was p r a c t i c e d  

i n  China  and i n   a n ' c i e n t  Greece i n   t h e   p e r i o d   b e f o r e   t h e   b i r t h   o f  

C h r i s t .   B e r l i n ,   P a r i s ,  .Melbourne  and o t h e r s  are wel l  known long- 

time u s e r s  of l a n d   d i s p o s a l .   I n  Canada t h e   f i r s t   l a n d   d i s p o s a l  

systems were i n s t a l l e d   n e a r   t h e   t u r n  of t he   cen tu ry .  Most of 

these  systems were small and were employed t o  treat and  dispose  of 

domestic wastewaters from  s ingle   family  dwell ings  and  farm  operat ions.  

Wi th in   the  last  t h i r t y   y e a r s   b i g g e r   i n s t a l l a t i o n s   h a v e   b e e n   b u i l t   a n d  

are s t i l l  i n   o p e r a t i o n .  

With the   recent   conc ,e rn   tha t ' even   a f te r   secondary   t rea tment ,   e f f luent  

i s  having a d e l e t e r i o u s   e f f e c t   o n  some waterways,   land  appl icat ion 

of wastewater is being  re-examined i n  North America. 

The pu rpose   o f   t h i s  Appendix i s  t o   p r o v i d e  a review of the   va r ious  

l a n d   d i s p o s a l   t e c h n i q u e s   p r e s e n t l y   i n   u s e   a n d   t o   d i s c u s s   t h e i r  

. .  

a p p l i c a b i l i t y   t o   t h e  Canadian  environment  giving  their  merits and 

l i m i t a t i o n s .  A gene ra l  review i s  provided as an   in t roduct ion .  

This  is followed by an  intensive  assessment  and  comparison  of each 

land   d i sposa l ,   t echnique .  

2.0  General Review 

Land a p p l i c a t i o n  methods   can   be   c lass i f ied   in to  two main f ami l i e s :  

sur.face  and  subsurface  (Fig.  1). Sur face   app l i ca t ion   can   be   - fu r the r  ' 

subdiv ided   in to  

a) i r r iga t ion   (F ig .   2a )  
b)  overland  f low  (Fig.   2b) 
. c )   i n f i l t r a t i o n   p e r c o l a t i o n   ( F i g .   2 c )  

Subsurface   d i sposa l   can   be   subdiv ided   in to  

a) subsurface  leaching,   and 
b)  . deep well i n j e c t i o n .  

2 . 1   I r r i g a t i o n  

I r r i g a t i o n  i s  t h e   c o n t r o l l e d ' d i s c h a r g e  of e f f l u e n t ,  by spraying 

or -sur face   sp ' reading ,   on to   l and   to   suppor t   p lan t   g rowth .  The 

a p p l i c a t i o n  rate i s  low  enough t o   p r e v e n t   s u r f a c e   - r u n o f f  and t o  

e n s u r e   t h a t  wastewater i s  conve r t ed   i n to   t he   hydro log ica l   cyc le  

by   p lan t   up take   o r   by   evapot ranspi ra t ion   o r   seepage  t o  the  groundwater.  
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There are severa l   es tab l i shed   methods   o f   i r r iga t ion   of  wastewater. 

These are sp ray   i r r iga t ion   (F ig .   3a ) ,   r i dge  and  furrow  (Fig. 3c), 

and  f looding  (Fig.   3b).  . .  

2.1.1.   Spray  I r r igat ion 

I n   t h e   s p r a y   i r r i g a t i o n  method, e f f l u e n t  i s  applied  above  the  ground 

s u r f a c e   i n  a manner similar t o   r a i n f a l l   o r   t h e   s p r i n k l e r   s y s t e m s  

one  observes i n   p a r k s   o r   g o l f   c o u r s e s .  The method o f   app l i ca t ion  

depends   upon  the   so i l ,   the   type  of c rop ,   t he  climate and the  topography. 

These   f ac to r s ,  as well as r egu la to ry  cr i ter ia  de termine   the   appl i -  

c a t i o n  rate and  hardware t o   b e   i n s t a l l e d .  

2.1.2.  Ridge  and  Furrow 

Ridge  and  furrow i s  a method  whereby wastewaters f low  by   grav i ty   in  

long  furrows  a l lowing  the,  water to   seep   in to   the   g round.  The 

ground i s  landscaped   in to   a l te rna t ing   r idges   and   fur rows ,   the   wid th  

and  depth  varying  with  soi l   condi t ions  and  quant i ty   of  wastewater 

appl ied .  The width of  t h e   r i d g e s  are dependent  upon  the  crop  to 

be  grown. 

2.1.3.  Flooding 

Flooding i s  the   cove r ing  of t h e   l a n d   t o  a ce r t a in   dep th   w i th  

e f f l u e n t .  The depth i s  determined by the   cho ice  of vege ta t ion  

and t h e   t y p e  of so i l .   The re  are t h r e e   b a s i c   t e c h n i q u e s   i n   f l o o d i n g  

the   l and:   border   s t r ip   (F ig .   4a) ,   contour   check   (F ig .   4b) ,   and  

spreading  basin  (Fig.  4c). 

The b o r d e r   s t r i p  method c o n s i s t s   o f   s l o p e d   s t r i p s   o f   l a n d  600 t o  

1000 f e e t   l o n g   d i v i d e d  by borders   o r   dykes   every   20   to  60 f e e t .  

Contour  check i s  the   c rea t ion   of   dykes   a long   the   contour   o f  a h i l l  

o r   s l o p e   c o n t a i n i n g   t h e   e f f l u e n t  so i t  does  not   run down the   s lope .  

The e f f e c t  i s  similar to t h e   O r i e n t a l  r ice paddy,. Spreading  basins  

are shallow  ponds  which are p e r i o d i c a l l y   f l o o d e d   w i t h   e f f l u e n t  and 

wh ich   ho ld   t he   e f f luen t   un t i l  i t  pe rco la t e s   i n to   t he   g round ,  is used 

by c rops ,   o r   evapora t e s   i n to   t he  a i r .  This  method is,similar t o ,  

b u t  much la rger   than ,   the   border   s t r ip   method,   Spreading   bas ins  

are g e n e r a l l y   u s e d   f o r   r a p i d   i n f i l t r a t i o n .  
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n R A I N  ' O R O P  A C T I O N  7 

( a ) SPRINKLER 
C O M P L E T E L Y   F L O O O E D  --T 

( b )  FLOODING 

( c )  RIDGE AND FURROW 

FIGURE 3 
BAS I C METHODS  OF APPL I CAT I ON 
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Overland Flow 

Overland  flow  (Fig.  2b) is t h e   c o n t r o l l e d   d i s c h a r g e ,  by spraying  

o r   o t h e r  means,   of   eff luent   onto  the  land  with a l a r g e   p o r t i o n  

o'f t h e  wastewater appearing as runoff .  A s  t h e   e f f l u e n t   f l o w s  

down t h e   s l o p e  a p o r t i o n   i n f i l t r a t e s   i n t o   t h e   s o i l ,  a small 

amount evapora tes ,   and   the   remainder   f lows   to   co l lec t ion   channels .  

I n f i l t r a t i o n - P e r c o l a t i o n  

This  method  of  treatment  (Fig.  2c) i s  similar t o   i n t e r m i t t e n t  

s a n d   f i l t r a t i o n .  The major   prot ion of t h e  wastewater e n t e r s  

the  groundwater   a l though  there  i s  some loss t o   evapora t ion .  

The spreading   bas ins  are genera l ly   dosed   on   an   in te rmi t ten t  

b a s i s ' t o   m a i n t a i n   h i g h   i n f i l t r a t i o n  rates. F o r   t h i s  method s o i l s  

must  be  coarse  textured  sands,  loamy sands,   or  sandy  loams. 

This  process  has  been  developed  for  groundwater  rec.harge,   and 

thus   t he   d i s t i nc t ion   be tween   t r ea tmen t  and d i s p o s a l  i s  q u i t e   f i n e .  

Subsurface  Leaching 

Subsurface  leaching  'systems are more popular ly  known as t i l e  

f i e l d s  and l e a c h i n g   p i t s .  They are g e n e r a l l y   l i m i t e d   i n   t h e i r  

range  of   appl icat ion  and are p r e v a l e n t   i n   r u r a l  areas o r   i n  un- 

s e rv i ced   communi t i e s . '   S ince   t h i s   s emina r   pe r t a ins   t o   l and  

a p p l i c a t i o n  of municipal wastewate.r t i l e  f i e l d s  w i l l  n o t   b e  

d i s c u s s e d   a n y . f u r t h e r   i n  tbis p resen ta t ion .  

Deep Well I n j e c t i o n  

This  method d ischarges  wastewaters underground  by means of  deep 

wells, .sometimes  hundreds  of f e e t  deep.  This  method  has  been. 

infrequent ly   used  and is being  mentioned more t o  round  ou t   th i s  

d i scuss ion  on l and   app l i ca t ion   o f  wastewater t h a n   t o   i d e n t i f y   t h i s  

as an   accep tab le   t r ea tmen t  method. . .  

T h i s   p r a c t i c e  i s  a d i sposa l '  method, no t  a wastewater t rea tment  

method. 

Deta i led  Review 

Having   presented   in   Sec t ion  2 a b r i e f  and qu i t e   gene ra l   ' de sc r ip t ion  

of  a l l  l and   app l i ca t ion  methods a detai led  comparison  of   these now 

fol lows , . .  

The purpose of t h i s  review is t o  assist the   eng inee r   i n   dec id ing  

whe the r   o r   no t   l and   d i sposa l   shou ld   be   i nves t iga t ed  and i f  so 

which  method is  most a p p l i c a b l e   f o r   h i s   s i t u a t i o n .  

7. 
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The  review.wil1  concentrate  on  the  two  most  widely  used  methods; 

irrigation  and  infiltration-percolation.  Overland  flow,  subsurface 

leaching  and  injection  wells  will'not  be  reviewed  since  these 

methods  are  either  infrequently  used  or  outside  of  the  scope  of 'this 

seminar . 
The review,'  i.e.  comparison,  describes  system  design  management 

and.operation of  irrigation  and  infiltration-percolation  methods 
and  the  resulting  environmental  effects.  Where  necessary,  spray 

irrigation,  ridge  and  furrow,  and  flooding  techniques  are  reviewed 
individually. The method  of  review  is  highlighted  by  Figure 5 .  

4.0 Notice 

information  presented  herein  is  a  summarization  from  many  different 

sources  and  the  exercise  is  on-going.  Therefore  this  is  meant t o  

be an interim  report. It is  expected  that  a  more  comprehensive 
report  will  be  prepared  in  due  cour.se.  Empirical  data  presented 

should  serve  only as a  guide  and  should be used  with  care  and 
discretion. 



MANAGEMENT 

OPERATION 

ENVIRONMENTAL 
EFFECTS 

SYSTEM 

9. 

consists  of - Site Selectiori 
- Determination of Wastewater 
Application  Method 

- Using  Design  Criteria  to 
design  the  total  system 

consists  of - Determination of Extent  of 
Operation 

- Review  of  sources  of 
Operational  Problems 

- Monitoring  Activities 
- Expected Treatment  Efficiencies 

consists  of - Review of expected  Environmental 
Effects  on  climate,  soil, 
groundwater,  crops,  humans,  etc. 

consists  of - Review of case  histories of 
other  systems  which  have 
failed  due  to  overloading 
Sroundwater  pollution, 
mismanagement 

FIGURE 5 

A CHECK LIST FOR DE,TERMINING  THE  FEASIBILITY 

OF' LAND  APPLICATION OF WASTEWATER 

I (A detailed  review  of  the  above  items  follows) 
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APPENDIX I1 

1 

SPRAY IRRIGATION  IN  CANADA 

A PRELIMINARY  REVIEW 

by . 

George  Neurohr 

Environmental  Protection  Service 
Department of Fisheries  and  the  Environment 

Ottawa 



1 . 0  In t roduc t ion  

I n   e a r l y  1975 the  Environmental   Protection  Service,   Environment 

Canada ,   began   an   inves t iga t ion   in to   the   p rac t ice .   o f   spray  irr i-  

ga t ion   o f   t r ea t ed   mun ic ipa l  wastewaters wi th in  Canada. 

The i n v e s t i g a t i o n  was s p e c i f i c a l l y   d e s i g n e d   t o :  

(a )   p rovide  an inventory  of a l l  mun ic ipa l   sp ray   i r r iga t ion  

a c t i v i t i e s   i n  Canada. 

(b)  i d e n t i f y  a l l  s p r a y   i r r i g a t i o n   r e s e a r c h   a c t i v i t i e s   i n  Canada. 

Reg iona l   s t a f f  of the Envi ronmenta l   Pro tec t ion   Serv ice ,  by means 

of  interviews  with  provincial   regulatory  agency  personnk! obtai.nec! 

information  on a l l  known s p r a y   i r r i g a t i o n   a c t i v i t i e s   o i t h i n  their 

areas of .  j . u r i s d i c t i o n  as well  as.  p rov inc ia l   and   f ede ra l   r e sea rch  

a c t i v i t i e s .  

2 . 3  Spray   I r r iga t ion   ' I n  Canada 

Inforna t ion   rece ived   to   da te   ind ica tes   tha t   a lmost   every   p rovince  

has   spray   i r r iga t ion   sys tems  in   opera t ion .   Those   p rovinces   no t  

l i s t e d   i n   t h i s  Appendix   repor ted   on ly   indus t r ia l   spray   i r r iga t ion  

systems. 

The provinces ,   being aware tha t   adequa te   i n fo rma t ion   t o   eva lua te  

the   po l lu t ion   impac t   a s soc ia t ed   w i th   t he   l and   d i sposa l   o f   t r ea t ed  

wastewater is no t   ava i l ab le , , a r e   unde r t ak ing   va r ious   r e sea rch   and  

demonst ra t ion   p ro jec ts .  The o b j e c t  is t o   g a i n   a n   i n s i g h t   i n t o   t h e  

a p p l i c a b i l i t y  of t h i s  method of treatment and  disposal .  

The in i t i a l   r e sponse   f rom  con tac t ing   t he   p rov inces   and   f ede ra l  

agenc ie s   has   gene ra t ed   su f f i c i en t   i n fo rma t i cn  t o  prepare: 

(a)  a survey   of   munic ipa l   spray   i r r iga t ion   opera t ions   in   Canada ,   and  

(b) a survey of s p r a y   i r r i g a t i o n - r e s e a r c h   p r o j e c t s   i n  Canada. 

These surveys,   a l though  incomplete ,  are at tached.   The  response 

has  also  provided  information  which  allow  the  following comments t o  

b e  made : 



1. 

2. 

3. 

4 .  

5. 

6. 

7. 

8. 

9. 

10. 

2. 

Land app l i ca t ion   o f  wastewaters has  been  pract-iced  in  Canada 

f o r  several gene ra t ions   i n   t he   fo rm of ridge  and  furrow  and 

sp ray   i r r iga t ion   sys t ems .  The .major i ty   o f   l and   d i sposa l  

sys t emsa re   sp ray   i r r iga t ion   sys t ems .  

.In Canada t h e   p r a c t i c e  i s  t o   p r o v i d e  a minimum of secondary 

t r e a t m e n t   p r i o r   t o   s p r a y   i r r i g a t i o n   o f   m u n i c i p a l  wastewater. 

Spray   i r r iga t - ion  of municipal wastes under  proper  design  and 

ope ra t ion  i s  a n   a l t e r n a t i v e   t o   t e r t i a r y   t r e a t m e n t .  

S p r a y   i r r i g a t i o n  i s  both a t reatment   and  disposal  method f o r  

Fun ic ipa l  wastewaters, and a t  times p o s s e s s e s . t h e   a d d i t i o n a l  

func t ion  of water r euse  by  augmenting  groundwater  sources. 

T rea tmen t   and   d i sposa l   i n   t he   so i l  are provided   phys ica l ly ,  

chemically  and  biochemically.  

S p r a y   i r r i g a t i o n  i s  prac t iced   main ly  by small communities 

and small i n d u s t r i e s .  The ma jo r i ty  of ope ra t ions   a r e . found  

i n  Southern  Ontario.  

Although a t  p r e s e n t   t h e r e  are only a r e l a t i v e l y  few  spray 

i r r i g a t i o n   o p e r a t i o n s   i n  Canada, t h i s   s h o u l d   n o t  mean t h a t  

o p p o r t u n i t i e s   f o r  i ts  use do not  exist  elsewhere.  

S p r a y   i r r i g a t i o n  i s  not  a s imple   p rocess   t o   des ign , and  

requi res   the   input   f rom a va r i e ty   o f   d i sc ip l ines .   Eng inee r s ,  

g e o l o g i s t s ,   s o i l   s p e c i a l i s t s ,   a g r o n o m i s t s ,   m e d i c a l   h e a l t h   p e r -  

sonnel   and   somet imes   soc ia l   behavioura l   sc ien t i s t s  are r equ i r ed  

t o  work toge the r  as a des ign  team. 

M o n i t o r i n g   s p r a y   i r r i g a t i o n   i n s t a l l a t i o n s  and t h e i r   e f f e c t s  

upon the   loca l   envi ronment  i s  n o t   b e i n g   c a r r i e d   o u t  by t h e  

mun ic ipa l i t i e s .  The e x c e p t i o n   t o   t h i s  i s  where  research  and 

demonstrat ion  has   been  or  w i l l  be  undertaken. 

The na ture   and   quant i ty  of r ece iv ing  waters must b e   c a r e f u l l y  

e v a l u a t e d   p r i o r   t o   d i v e r t i n g  wastewater t o   t h e   l a n d .   I n  some 

areas of Canada t h e   e l i m i n a t i o n  of d i r e c t  wastewater d ischarges  

t o  a body  of water may unbalance  the  flow  regime. 

The na ture   o f   the   g round  cover  as w e l l  as the  hydrogeology .of 

t h e  s i t e  p lay  an   impor t an t   ro l e   i n   t he   success   o f   sp ray  i r r i -  

g a t i o n   i n  Canada. 
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11. Lands i d e n t i f i e d   f o r   s p r a y   i r r i g a t i o n  must receive high 

p r i o r i t y   f o r   t h i s   u s e   o v e r   o t h e r   o p t i o n a l   l a n d   u s e s .  Lands 

a d j a c e n t   t o   t h e  s i t e  should   be   zoned   o ther   than   res ident ia l .  

12.  Research  and  demonstration  work i n   C a n a d a - i s   i n a d e q u a t e   t o  

assist those  who must dec ide   whe the r   o r   no t   sp ray   i r r iga t ion  

i s  f e a s i b l e  on a long  range  basis .   Information on those  

sys t ems   t ha t . have   been   i n   ope ra t ion   fo r  many decades i s  n o t  

ava i l ab le .  An e f f o r t   s h o u l d   b e  made to   s tudy  long-term 

e f f e c t s  on the  soil   ecology,  groundwater  hydrology  and  the 

t ransmission  of   pathogens and v i ruses .  

3.0 Conclusion 

A p r e l i m i n a r y   r e v i e w   o f   s p r a y   i r r i g a t i o n   a c t i v i t i e s   i n  Canada 

i n d i c a t e s   t h a t   t h i s  method, i f   p roper ly   des igned ,   can   be 'used  

i n   t h e   t r e a t m e n t  and d i sposa l  of wastewaters. 

The review  has   a lso shown t h a t   t h i s  method i s  found i n  almost all 

provinces  of Canada  (Table. I). 

The a t tached   survey   forms   for   munic ipa l   spray   i r r iga t ion   opera t ions  

and   r e sea rch   sp ray   i r r iga t ion  ac t iv i t i e s  i n  Canada r e v e a l   t h a t  

l a r g e  scale ope ra t ions   o r   r e sea rch   i nves t iga t ions  do n o t   e x i s t   i n  

Canada. 

TABLE I 

A REVIEW OF ALL SPRAY IRRIGATION ACTIVITIES I N  CANADA 
. .  

c 

Number of 

Activit ies I r r i g a t i o n   I r r i g a t i o n  
Research Spray Municipal  Spray 
Number of Fede ra l  

Sys tems Sys tern w i t h i n   t h e  
Province 

BRITISH COLUMBIA 

NEWFOUNDLAND 
NOVA SCOTIA ** 
PRINCE EDWARD ISLAND ** 

**' NEW BRUNSWICK 
3 1 1 QUEBEC 
1 i 4* ONTARIO 

(1) MANITOBA 
3 3 3 SASKATCHEWAN 

10 1 2 ALBERTA 
2 1 

I ** 
* Munic ipa l   sp ray   i r r iga t ion   sys t ems   i den t i f i ed   have   been   o r  w i l l  be  

** Spray   i r r iga t ion   sys tems  on ly   o f   an   indus t r ia l   na ture   ex is t   in   these  

(1) A p roposa l   fo r  a small s p r a y   i r r i g a t i o n   s y s t e m  is being  reviewed. 

eventua l ly   t e rmina ted .  

provinces .  

More informat ion  i s  n o t   a v a i l a b l e   t o   d a t e .  



4 .  

P) 
V 

d 
e 
m 

i 
.e 

m 
W 

I 
U 

I 

0 
N 
m 

? 
c N 

m 
h 

m 
N 

i 
6' 

0 
m 0 

0 
0 
N 
m 
rl 

& 

4 
f-l 

m 
U 

a 
n 
rl 
4 



W H  
Z t r  

I- 

m 
h 

rl m 
d 
a 
V 
d 

E 

“! 
N 

0 
0 
0 ‘  

U m 

m 
G 

rl 

d 
a 

d 

c s 

m 
0 
0 

0 

m 
h 

rl 

li 
a 

li s 
E 

5 .  

? c 

I 

1 



6 .  

a 

? 
C 

c 

iii 
1aJ r n m  

I 
I 

I 
0 
M 
4 .  

rl 

I I I 
m 
aJ 
R , 

0 

h 
rl 

m 



7. 

0 
0 
r( 

h u 
U 
0 
m u m  
0 4  

d m  
m u  n m  

m 
d 

I 
U 

u c  a m  

4 .  m 
d 
a 
U U 

d 

x 
0 
0 
Pl 

9 r: 5 
0 
N 
0 z 

3 u  
1 0  

2 3  



8. 

? 
0 

> 
~ 

3 
4 

B .  , .  
n 
3 

> 

w u z s E 
' a  
U u 

ft 
U 


	Table of Contents

