
April 6, 2015 DRAFT 
10 CSR 20-8.200 Wastewater Treatment [Ponds (Lagoons)] Lagoons and Land Application

Leasue and Emily,  

Here are my comments. Numbers refer to those on the attached scan of the draft regulation. Thank 
you for the opportunity to comment. 

Elke, 4/16/2015 

1. Sulfate content of the primary water supply: I assume this relates to the effect of sulfate on 
the toxicity of chlorides. As far as I know, the related revision of the Chapter 7 Water Quality 
Standards was not approved by the EPA. This requirement should also not be incorporated here. 
Most land application systems are used by small or very small dischargers with very limited 
budgets, both public and private, and land application is the treatment system of last resort. The 
vast majority of these facilities only process domestic wastewater, very little commercial no 
industrial wastewater. It would be a overly costly to add this requirement in relation to the possible 
benefit, if any. 

2.  Direction of groundwater movement and chemical analyses: This would require extensive 
and expensive testing with little to no comparable benefit in the vast majority of cases. In many 
cases there are no drinking water supplies nearby due to rural water districts. This requirement 
should be limited to cases where there is indication through geologic and soil testing (as required 
in other sections) that contamination of a drinking water supply is a possibility. 

3.  Existing well information: In the case of private wells, this information would be hard to 
come by. Add "where available" to D.2. 

4. Monitoring wells: "between" could cover a very large distance. To limit the scope to 
relevant cases, should state maximum distance or time of travel to existing wells this applies to. 

5. Proportioned samples from mechanical plants: Most land application systems are used by 
small or very small dischargers. These may use mechanical plants, but have very limited 
monitoring equipment and capabilities. A flow-proportioning sampler would have to be acquired 
specifically for this test and represents an unnecessary burden without comparable benefit. Allow 
a composite sample consisting of at least 6 grab samples as an alternative. 

6. Required analyses: Both last sentences, especially the sodium absorption rate, are 
expensive overkill for most small systems. Limit the requirements to WWTPs receiving industrial 
flows. (Same paragraph "TSS"" misspelled). See paragraph 8 on page 16 to this effect.

7. Qualified agronomist: Does this mean a certified professional agronomist? Except in 
unusual cases, there is no need for this requirement. Again it would greatly increase cost without 
appreciable benefit. Cropping and harvesting should be outlined in general terms with the property 
owner / farmer of the land application site. Permanent cover crops should be excluded from this 
requirement.  



8. Controlled discharge ponds: Primary and secondary cell and storage cell water depths: 
specify "above 2' level".  

9.  Aeration requirements: Add O2 demand for ammonia removal. Allow re-oxygenation 
credit. 

10.  Number of aerator: For conventional aerators (several aerators of the same type, perhaps 
in more than one pond), allow having one spare unit on hand instead. However, some new 
technologies have very specific aerators and use different types of aerators in the same pond at 
specific locations. The biological/chemical components of their designs and the extra costs would 
make these technologies infeasible. Under consideration of the buffering capacity of the lagoon, 
should allow exceptions or change "shall" to "should".

11.  Percolation losses and industrial wastewater: Allow more stringent limits due to flow or 
loading, rather than just flow. 

12.  Investigations required under 17(B): Where and what is 17(B)? 

13. Membrane covers for manure storage systems: I assume this is supposed to apply to 
wastewater, not manure? 

14:  Application field slopes on pages 4 and 15 contradict each other. 

15:  Submittal of O&M plan: Submittal with facility plan is too early, since many parameters 
are still unknown. This is not required for any other type of treatment system and should not be 
required here. The outline could be submitted with the plans, but again, this is not required for any 
other treatment system and should not be required here. Many components of the O&M manual 
will not be known, especially the product specific portions like pump maintenance, control panel 
components, etc. Since most funding agencies require competitive bidding, exact products will not 
be known until the construction phase. This requirement increases the cost of engineering with no 
real benefit. The only portion that makes sense to review at this stage would be the application 
regime, i.e. how many days are between application periods, how many periods per year, how 
many days to empty the pond, etc. This would be better included in the Design Memo. Could 
require O&M manual submittal with/prior to Certificate of Completion. 

16.  Monitoring system for runoff and surface/groundwater intrusion: Any of these cases would 
be a violation of the permit, since no discharge of intrusion is allowed. There is no practical way 
to monitor the water leaving the site, since there is no defined outfall - this would be akin to a city 
monitoring all its stormwater runoff, which has been proven reasonably undoable. Monitoring 
intrusion to groundwater water would require monitoring wells with sophisticated equipment. The 
paragraph refers entirely to situations outside the design and NPDES permit parameters and should 
be deleted.

17. Exclusion of compacted sites for drip irrigation: Should allow remediation of site. 

18.  Area requirements formula: Define LPP. 
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P u r p l e : D H S S D r a f t l a n g u a g e
T e x t t o b e [deleted] i s i n i t a l i c s a n d b r a c k e t e d

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

( 3 ) G e n e r a l . T h i s r u l e d e a l s w i t h g e n e r a l l y u s e d v a r i a t i o n s o f t r e a t m e n t [ponds] l a g o o n s t o a c h i e v e s e c o n d a r y
t r e a t m e n t i n c l u d i n g c o n t r o l l e d d i s c h a r g e p o n d s y s t e m s , f l o w - t h r o u g h p o n d s y s t e m s , [and] a e r a t e p o n d s y s t e m s ,
l a g o o n r e t r o f i t s a n d l a n d a p p l i c a t i o n .
( A )  u t i l i z e d f o r e q u a l i z a t i o n / " , percolation, evaporation] a n d s l u d g e s t o r a g e w i l l [not be discussed 
in this rule] b e d i s c u s s e d i n 1 0 C S R 2 0 - 8 . 1 5 0 a n d 1 0 C S R 2 0 - 8 . 1 7 0 . W a s t e w a t e r r e u s e b e y o n d l a n d a p p l i c a t i o n
a n d s u b s u r f a c e d i s c h a r g e i s n o t d i s c u s s e d i n t h i s r u l e .
( B ) I n d u s t r i a l W a s t e s . C o n s i d e r a t i o n s h a l l b e g i v e n t o t h e t y p e a n d e f f e c t s o f i n d u s t r i a l w a s t e s o n t h e
t r e a t m e n t p r o c e s s . I t m a y b e n e c e s s a r y t o p r e t r e a t i n d u s t r i a l d i s c h a r g e s . I n d u s t r i a l w a s t e s s h a l l n o t b e
d i s c h a r g e d t o l a g o o n s o r t o l a n d a p p l i c a t i o n s y s t e m w i t h o u t a s s e s s m e n t o f t h e e f f e c t s t h e s u b s t a n c e s m a y h a v e
u p o n t h e t r e a t m e n t p r o c e s s o r r e q u i r e m e n t s i n a c c o r d a n c e w i t h s t a t e a n d f e d e r a l l a w s . W h e n e v e r i n d u s t r i a l
w a s t e s a r e a s i g n i f i c a n t p a r t o f t h e w a s t e w a t e r f l o w , t h e d e p a r t m e n t m a y r e q u i r e m o r e s t r i n g e n t s e e p a g e
l i m i t a t i o n s a n d l i n e r d e s i g n c o n s i d e r a t i o n s .

( 4 ) S u p p l e m e n t t o [Engineer's Report] F a c i l i t y P l a n . T h e [ e n g i n e e r ' s r e p o r t ] f a c i l i t y  s h a l l c o n t a i n p e r t i n e n t
i n f o r m a t i o n o n l o c a t i o n , g e o l o g y , s o i l c o n d i t i o n s , a r e a f o r e x p a n s i o n a n d a n y o t h e r f a c t o r s t h a t w i l l a f f e c t t h e
f e a s i b i l i t y a n d a c c e p t a b i l i t y o f t h e p r o p o s e d p r o j e c t . T h e f o l l o w i n g i n f o n n a t i o n m u s t b e s u b m i t t e d i n a d d i t i o n t o t h a t
r e q u i r e d i n 1 0 C S R

( A ) [Supplementary] L a g o o n F i e l d S u r v e y D a t a .
 T h e l o c a t i o n a n d d i r e c t i o n o f a l l r e s i d e n c e s , c o m m e r c i a l d e v e l o p m e n t s , p a r k s ,  a r e a s a n d w a t e r

s u p p l i e s , i n c l u d i n g a l o g o f e a c h w e l l i f a v a i l a b l e w i t h i n o n e - h a l f ( 1 / 2 ) m i l e ( 0 . 8 k m ) o f t h e p r o p o s e d [ p o n d ] l a g o o n
a n d l a n d a p p l i c a t i o n s i t e s h a l l b e i n c l u d e d [in the engineer's report]. 

2. L a n d u s e z o n i n g a d j a c e n t t o t h e p r o p o s e d [pond] s i t e s h a l l b e i n c l u d e d .
3 . A d e s c r i p t i o n , i n c l u d i n g m a p s s h o w i n g e l e v a t i o n s a n d c o n t o u r s , o f t h e s i t e a n d a d j a c e n t a r e a s h a l l b e

p r o v i d e d . D u e c o n s i d e r a t i o n s h a l l b e g i v e n t o a d d i t i o n a l t r e a t m e n t u n i t s  i n c r e a s e d w a s t e l o a d i n g s i n
d e t e r m i n i n g l a n d r e q u i r e m e n t s . C u r r e n t U n i t e d S t a t e s G e o l o g i c a l S u r v e y a n d S o i l C o n s e r v a t i o n S e r v i c e m a p s m a y
b e c o n s i d e r e d a d e q u a t e f o r p r e l i m i n a r y e v a l u a t i o n o f t h e p r o p o s e d s i t e .

4 . T h e l o c a t i o n , d e p t h a n d d i s c h a r g e p o i n t ( s ) o f a n y f i e l d t i l e i n t h e i m m e d i a t e a r e a o f t h e p r o p o s e d s i t e s h a l l b e
i d e n t i f i e d .

5 . A g e o l o g i c a l e v a l u a t i o n o f t h e p r o p o s e d l a g o o n s i t e p r e p a r e d b y t h e [Division of Geology and Land Survey 
(DGLS)] M i s s o u r i G e o l o g i c a l S u r v e y s h a l l b e s u b m i t t e d . T o o b t a i n t h i s g e o l o g i c a l e v a l u a t i o n o f t h e p r o p o s e d s i t e ,
t h e e n g i n e e r s h a l l s u b m i t t h e f o l l o w i n g i n f o r m a t i o n t o t h e D e p a r t m e n t o f N a t u r a l R e s o u r c e s , [Division of Geology 
and Land Survey] M i s s o u r i G e o l o g i c a l S u r v e y , P . O .  2 5 0 , R o l l a , M O [65401] 6 5 4 0 2 :

A . A l a y o u t s h e e t s h o w i n g t h e p r o p o s e d l o c a t i o n . T h e l a y o u t s h a l l i n c l u d e t h e l e g a l d e s c r i p t i o n , p r o p e r t y
b o u n d a r i e s , r o a d s , s t r e a m s a n d o t h e r g e o g r a p h i c a l l a n d m a r k s w h i c h w i l l a s s i s t i n l o c a t i n g t h e s i t e ;

B . S i z e o f t h e l a g o o n a n d / o r a p p r o x i m a t e v o l u m e o f w a s t e t o b e t r e a t e d ;
C . M a x i m u m c u t s t o b e m a d e i n t h e c o n s t r u c t i o n o f t h e l a g o o n ; a n d

 L o c a t i o n a n d  o f c u t f o r b o r r o w a r e a , i f a n y .
 6 . S u l f a t e c o n t e n t o f t h e p r i m a r y w a t e r s u p p l y s h a l l b e d e t e r m i n e d .

7 . D a t a f r o m a l l s o i l b o r i n g s c o n d u c t e d b y a p r o f e s s i o n a l s o i l t e s t i n g l a b o r a t o i y t o d e t e r m i n e s u b s u r f a c e s o i l
c h a r a c t e r i s t i c s a n d g r o u n d w a t e r c h a r a c t e r i s t i c s , i n c l u d i n g e l e v a t i o n , a t t h e p r o p o s e d s i t e a n d t h e i r e f f e c t o n t h e
c o n s t r u c t i o n a n d o p e r a t i o n o f a  s h a l l a l s o b e p r o v i d e d .

A . A l l b o r i n g h o l e s s h a l l b e f i l l e d a n d s e a l e d .
B . T h e p e r m e a b i l i t y c h a r a c t e r i s t i c s o f t h e p o n d b o t t o m a n d p o n d s e a l m a t e r i a l s h a l l a l s o b e s t u d i e d .
C . A t t h e f a c i l i t y p l a n s t a g e p a r t i c l e s i z e a n a l y s i s , A t t e r b u r g l i m i t s , s t a n d a r d [Procter] P r o c t o r d e n s i t y

( m o i s t u r e - d e n s i t y r e l a t i o n s ) o r p e r m e a b i l i t y c o e f f i c i e n t m a y b e r e q u i r e d o n a c a s e - b y - c a s e b a s i s t o r e f l e c t s o i l
c h a r a c t e r i s t i c s .

D . A t t h e t w e n t y p e r c e n t ( 2 0 % ) d e s i g n s t a g e , s o i l a n a l y s i s o f e a c h r e p r e s e n t a t i v e s o i l m a t e r i a l i n c l u d i n g
p a r t i c l e s i z e a n a l y s i s , A t t e r b u r g l i m i t s , s t a n d a r d [Procter] P r o c t o r d e n s i t y ( m o i s t u r e - d e n s i t y r e l a t i o n s ) a n d
p e r m e a b i l i t y c o e f f i c i e n t o f t h e c o m p a c t e d s o i l a s m e a s u r e d i n a f a l l i n g h e a d  o r o t h e r t e s t p r o c e d u r e
a c c e p t a b l e t o t h e a g e n c y m a y b e r e q u i r e d .

E . S o i l b o r i n g s m a y b e r e q u i r e d i n e a c h g e o l o g i c a l a r e a t o d e t e r m i n e d e p t h t o  s u r f a c e a n d t o
b e d r o c k . R e c o m m e n d a t i o n s o f t h e [DGLS] M i s s o u r i G e o l o g i c a l S u r v e y w i l l b e u s e d t o e s t a b l i s h t h e r e q u i r e d t e s t s
a t t h e f a c i l i t y p l a n a n d t w e n t y p e r c e n t ( 2 0 % ) d e s i g n s t a g e s .

w i t h  C S R 2 0 - 8 . 0 2 0 .
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V i s u a l i n s p e c t i o n o f t h e a r e a n o t i n g t o p o g r a p h y , w e t a r e a s , v e g e t a t i o n a n d d i t c h i n g i s u s e f u l a n d m a y b e
n e c e s s a r y , p a r t i c u l a r l y i f m a p s a r e n o t d e t a i l e d a n d / o r s o i l m a p s d o n o t e x i s t . I n f o n n a t i o n g a t h e r e d f r o m t h i s
i n v e s t i g a t i o n s h o u l d b e p a r t i c u l a r l y u s e f u l i n e v a l u a t i o n o f t h e s i t e w i t h r e g a r d t o e s t i m a t i n g p o s s i b l e s o i l v a r i a b i l i t y
a n d s u i t a b i l i t y .

( B ) L a n d A p p l i c a t i o n S y s t e m .
1 . L o c a t i o n . A c o p y o f t h e U S G S t o p o g r a p h i c m a p o f t h e a r e a ( s e v e n a n d o n e - h a l f (7 l / 2 ) - m i n u t e s e r i e s

w h e r e p u b l i s h e d ) , s i m i l a r m a p o r a e r i a l p h o t o g r a p h s h o w i n g t h e e x a c t b o u n d a r i e s o f t h e s p r a y
2. A t o p o g r a p h i c m a p o f t h e t o t a l a r e a u n d e r c o n s i d e r a t i o n b y t h e a p p l i c a n t a t a s c a l e o f a p p r o x i m a t e l y

o n e i n c h t o f i f t y f e e t (1":50') (2.54:15.2 c m ) w i t h a p p r o p r i a t e c o n t o u r i n t e r v a l . I t s h o u l d s h o w a l l b u i l d i n g s ,
t h e w a s t e d i s p o s a l s y s t e m , t h e s p r a y f i e l d b o u n d a r i e s a n d b u f f e r z o n e . A n a d d i t i o n a l m a p s h o u l d s h o w t h e
s p r a y f i e l d t o p o g r a p h y i n d e t a i l w i t h a c o n t o u r i n t e r v a l o f t w o f e e t (2') (61 c m ) a n d i n c l u d e b u i l d i n g s a n d
u s e o n a d j a c e n t l a n d s w i t h i n o n e - f o u r t h (1/4) m i l e o f t h e p r o j e c t b o u n d a r y .

3 . W a t e r s u p p l y w e l l s w h i c h m i g h t b e a f f e c t e d s h a l l b e l o c a t e d a n d i d e n t i f i e d a s t o  e x a m p l e ,
p o t a b l e , i n d u s t r i a l , a g r i c u l t u r a l a n d c l a s s o f o w n e r s h i p ; f o r e x a m p l e , p u b l i c ,  e t c .

4. A l l a b a n d o n e d w e l l s , s h a f t s , e t c . , w h e r e p o s s i b l e , s h o u l d b e l o c a t e d a n d i d e n t i f i e d . P e r t i n e n t
i n f o r m a t i o n t h e r e o n s h a l l b e f u r n i s h e d .

5. G e o l o g y .
A . G e o l o g i c f o r m a t i o n ' s n a m e a n d t h e r o c k t y p e s  t h e s i t e .
B . D e g r e e o f w e a t h e r i n g o f t h e b e d r o c k .
C . C h a r a c t e r a n d t h i c k n e s s o f t h e  d e p o s i t s .
D . L o c a l b e d r o c k s t r u c t u r e i n c l u d i n g t h e p r e s e n c e o f f a u l t s , f r a c t u r e s a n d j o i n t s .
E . T h e p r e s e n c e o f a n y s o l u t i o n o p e n i n g s a n d s i n k h o l e s i n c a r b o n a t e t e r r a i n .
F . T h e s o u r c e o f t h e i n f o r m a t i o n  m u s t b e i n d i c a t e d .

6. H y d r o l o g y .
A . T h e d e p t h t o s e a s o n a l a n d p e r m a n e n t h i g h w a t e r t a b l e s ( p e r c h e d a n d / o r r e g i o n a l ) m u s t b e g i v e n ,

i n c l u d i n g a n i n d i c a t i o n o f s e a s o n a l v a r i a t i o n s .
 B . T h e d i r e c t i o n o f g r o u n d w a t e r m o v e m e n t a n d t h e p o i n t ( s ) o f d i s c l i a r g e m u s t b e s h o w n o n o n e (1) o f t h e

a t t a c h e d m a p s .
C . C h e m i c a l a n a l y s e s i n d i c a t i n g t h e q u a l i t y o f g r o u n d w a t e r a t t h e s i t e m u s t b e i n c l u d e d .
D . T h e f o l l o w i n g i n f o r m a t i o n s h a l l b e p r o v i d e d f r o m e x i s t i n g w e l l s a n d f r o m t h e t e s t w e l l s a s m a y b e

n e c e s s a r y :
1 . C o n s t r u c t i o n  a v a i l a b l e . D e p t h , w e l l l o g , p u m p c a p a c i t y , s t a t i c l e v e l s , p u m p i n g w a t e r

l e v e l s , c a s i n g , g r o u t m a t e r i a l a n d t h e o t h e r i n f o r m a t i o n a s m a y b e p e r t i n e n t ; a n d
2. G r o u n d w a t e r q u a l i t y . F o r e x a m p l e , n i t r a t e s , t o t a l n i t r o g e n , c h l o r i d e s , s u l f a t e s , p H , a l k a l i n i t i e s , t o t a l

 c o l i f o r m b a c t e r i a a n d m e t a l i o n s .
E . A m i n i m u m o f o n e (1) g r o u n d w a t e r m o n i t o r i n g w e l l , w h e r e d e e m e d n e c e s s a r y b y t h e M i s s o u r i

G e o l o g i c a l S u r v e y , m u s t b e d r i l l e d i n e a c h d o m i n a n t d i r e c t i o n o f g r o u n d w a t e r m o v e m e n t a n d b e t w e e n t h e
p r o j e c t s i t e a n d p u b l i c w e l l ( s ) a n d / o r h i g h c a p a c i t y p r i v a t e w e l l s w i t h p r o v i s i o n f o r s a m p l i n g a t t h e s u r f a c e o f
t h e w a t e r t a b l e a n d a t  f e e t (5') (1.5  b e l o w t h e w a t e r t a b l e a t e a c h m o n i t o r i n g s i t e . T h e l o c a t i o n a n d
c o n s t r u c t i o n o f t h e m o n i t o r i n g w e l l ( s ) m u s t b e a p p r o v e d b y t h e d e p a r t m e n t . T h e s e m a y i n c l u d e o n e (1) o r
m o r e o f t h e t e s t w e l l s w h e r e a p p r o p r i a t e .

7. E v a l u a t i o n o f E f f l u e n t t o b e A p p l i e d . R e p r e s e n t a t i v e s a m p l e s a r e e s s e n t i a l t o
 W h e r e t h e d i s c h a r g e i s f r o m a s e w a g e t r e a t m e n t p l a n t , t w e n t y - f o u r ( 2 4 ) - h o u r

t o t h e r a t e o f f l o w w i l l b e n e e d e d t o o b t a i n a r e p r e s e n t a t i v e s a m p l e . I n c a s e s w h e r e t h e  f o r
s e v e r a l d a y s o r l o n g e r , a s i n g l e s a m p l e o f t h e e f f l u e n t w i l l  w h i c h w i l l b e o f m a j o r i m p o r t a n c e
w i l l b e f o r t o t a l s u s p e n d e d s o l i d  a v o l a t i l e s u s p e n d e d s o l i d ( V S S ) , s o d i u m , c a l c i u m , m a g n e s i u m ,

 c o n d u c t i v i t y ( E C ) , n i t r o g e n , p h o s p h o r o u s , m e t a l i o n s a n d f l u o r i d e . T h e s o d i u m a b s o r p t i o n r a t i o
( S A R ) s h o u l d b e c a l c u l a t e d f r o m s o d i u m , c a l c i u m a n d m a g n e s i u m d e t e r m i n a t i o n .

8. S o i l s . A l l s o i l s i n v e s t i g a t i o n s h o u l d b e p e r f o r m e d b y a q u a l i f i e d s o i l s c i e n t i s t .
A . A s o i l s m a p s h o u l d b e f u r n i s h e d o f t h e s p r a y f i e l d , i n d i c a t i n g t h e v a r i o u s s o i l t y p e s . T h i s m a y b e

i n c l u d e d o n t h e l a r g e - s c a l e t o p o g r a p h i c m a p . S o i l s i n f o r m a t i o n c a n n o r m a l l y b e s e c u r e d t h r o u g h t h e U S D A
S o i l C o n s e r v a t i o n S e r v i c e .

B . T h e s o i l s s h o u l d b e n a m e d a n d t h e i r t e x t u r e d e s c r i b e d .
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A p r i l  D R A F T

C . S l o p e s a n d  p r a c t i c e o n t h e s p r a y f i e l d a r e c l o s e l y r e l a t e d . S l o p e s o n c u l t i v a t e d f i e l d s
s h o u l d b e l i m i t e d t o f o u r p e r c e n t (4%) o r l e s s . S l o p e s o n s o d d e d f i e l d s s h o u l d b e l i m i t e d t o e i g h t p e r c e n t (8%)
o r l e s s . F o r e s t e d s l o p e s s h o u l d b e l i m i t e d t o e i g h t p e r c e n t (8%) f o r y e a r - r o u n d o p e r a t i o n b u t s o m e s e a s o n a l
o p e r a t i o n s l o p e s u p t o f o u r t e e n p e r c e n t (14%) m a y b e a c c e p t a b l e .

D . T h e t h i c k n e s s o f s o i l s s h o u l d b e i n d i c a t e d . I n d i c a t e h o w d e t e r m i n e d .
E . D a t a s h o u l d b e f u r n i s h e d o n t h e e x c h a n g e c a p a c i t y o f t h e s o i l s . I n c a s e s o f i n d u s t r i a l w a s t e s

p a r t i c u l a r l y , t h i s i n f o r m a t i o n m u s t b e r e l a t e d t o s p e c i a l c h a r a c t e r i s t i c s o f t h e w a s t e s .
F . I n f o r m a t i o n m u s t b e f u r n i s h e d o n t h e i n t e r n a l a n d s u r f a c e 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

m a t e r i a l s . L o c a t i o n a n d d e p t h s t o i m p e r m e a b l e o r r e s t r i c t e d h o r i z o n s s h o u l d b e i n d i c a t e d .
G . P r o p o s e d a p p l i c a t i o n r a t e s s h o u l d t a k e i n t o c o n s i d e r a t i o n t h e d r a i n a g e a n d p e r m e a b i l i t y o f t h e s o i l s

a n d t h e d i s t a n c e t o t h e w a t e r t a b l e .
9. A g r i c u l t u r a l P r a c t i c e .

A . T h e p r e s e n t a n d i n t e n d e d s o i l - c r o p m a n a g e m e n t p r a c t i c e s , i n c l u d i n g f o r e s t a t i o n , s h a l l b e s t a t e d .
B . P e r t i n e n t i n f o r m a t i o n s h a l l b e f u r n i s h e d o n e x i s t i n g d r a i n a g e s y s t e m s .

 W h e n c u l t i v a t e d c r o p s a r e a n t i c i p a t e d , a c r o p p i n g a n d h a r v e s t i n g p r o g r a m b y a q u a l i f i e d a g r o n o m i s t )
s h a l l b e i n c l u d e d .
10. A d j a c e n t L a n d U s e .

A . P r e s e n t a n d a n t i c i p a t e d u s e o f t h e a d j o i n i n g l a n d s m u s t b e i n d i c a t e d . T h i s i n f o r m a t i o n c a n b e
p r o v i d e d o n o n e (1) o f t h e m a p s a n d m a y b e s u p p l e m e n t e d w i t h n o t e s .

B . T h e p l a n s h a l l s h o w e x i s t i n g a n d p r o p o s e d s c r e e n s , b a r r i e r s o r b u f f e r z o n e s t o p r e v e n t b l o w i n g s p r a y
f r o m e n t e r i n g a d j a c e n t l a n d a r e a s .

C . I f e x p a n s i o n o f t h e f a c i l i t y i s a n t i c i p a t e d , t h e l a n d s w h i c h a r e l i k e l y t o b e u s e d m u s t b e s h o w n o n t h e m a p

[(B)] ( C ) S i t e I n f o r m a t i o n .
!. D i s t a n c e f r o m h a b i t a t i o n . L a g o o n s i t e s s h o u l d b e as f a r as p r a c t i c a b l e f r o m h a b i t a t i o n o r a n y a r e a w h i c h m a y

b e b u i l t u p w i t h i n a r e a s o n a b l e f u t u r e p e r i o d . T h e a g e n c y d o e s n o t a t t e m p t t o s e t a n y m i n i m u m d i s t a n c e f r o m
h a b i t a t i o n s i n c e e a c h ca se m u s t b e j u d g e d u p o n i t s o w n m e r i t s .

2 . P r e v a i l i n g w i n d s . I f p r a c t i c a b l e , [ponds] l a g o o n s a n d s p r a y l a n d a p p l i c a t i o n s i t e s s h o u l d b e l o c a t e d s o t h a t
l o c a l p r e v a i l i n g w i n d s w i l l b e i n t h e d i r e c t i o n o f u n i n h a b i t e d a r e a s .

3 . S u r f a c e r u n o f f . L o c a t i o n o f [ p o n d s j l a g o o n s i n w a t e r s h e d s r e c e i v i n g s i g n i f i c a n t a m o u n t s o f s t o r m w a t e r
r u n o f f i s d i s c o u r a g e d . A d e q u a t e p r o v i s i o n s m u s t b e m a d e t o d i v e r t s t o r m w a t e r r u n o f f a r o u n d t h e p o n d s a n d p r o t e c t
e m b a n k m e n t s f r o m e r o s i o n .

4 . H y d r o l o g y . C o n s t m c t i o n o f [ponds] l a g o o n s i n c l o s e p r o x i m i t y t o w a t e r s u p p l i e s a n d o t h e r f a c i l i t i e s s u b j e c t
t o c o n t a m i n a t i o n s h o u l d b e a v o i d e d . A m i n i m u m s e p a r a t i o n o f f o u r f e e t ( 4 ' ) ( 1 . 2  b e t w e e n t h e b o t t o m o f t h e p o n d
a n d t h e m a x i m u m g r o u n d w a t e r e l e v a t i o n s h o u l d b e m a i n t a i n e d w h e r e f e a s i b l e .

5 . G r o u n d w a t e r p o l l u t i o n . P r o x i m i t y o f l a g o o n s t o w a t e r s u p p l y l o c a t e d i n a r e a s o f p o r o u s s o i l s a n d f i s s u r e d
r o c k f o r m a t i o n s h a l l b e e l e v a t e d t o a v o i d c r e a t i o n o f h e a l t h h a z a r d s o r o t h e r u n d e s i r a b l e c o n d i t i o n s . I f t h e g e o l o g i c a l
r e p o r t f r o m [DGLS] M i s s o u r i G e o l o g i c a l S u r v e y m a k e s s u g g e s t i o n s f o r r e m e d i a l t r e a t m e n t o f t h e s i t e , t h e e n g i n e e r
s h a l l c o m p l y w i t h t h e s u g g e s t i o n s . I n s o m e c a s e s , t h e e n g i n e e r i n g g e o l o g i s t r e q u e s t s t o v i s i t t h e s i t e d u r i n g o r a f t e r

 W h e n a r e q u e s t i s m a d e , t h e c o n s u l t i n g e n g i n e e r s h a l l c o m p l y w i t h t h e r e q u e s t .

( 5 ) B a s i s o f D e s i g n .
( A ) Q u a l i t y o f E f f l u e n t . A c o n t r o l l e d d i s c h a r g e s t a b i l i z a t i o n [pond] l a g o o n ( f o u r ( 4 ) - c e l l ) w i l l b e c o n s i d e r e d

c a p a b l e o f m e e t i n g e f f l u e n t l i m i t a t i o n s o f t h i r t y ( 3 0 )  b i o c h e m i c a l o x y g e n d e m a n d  a n d t h i r t y ( 3 0 )
s u s p e n d e d s o l i d s . F l o w - t h r o u g h s t a b i l i z a t i o n [ponds] l a g o o n s ( t h r e e ( 3 ) - c e l l ) , a n d a e r a t e d l a g o o n s y s t e m s w i l l b e
c o n s i d e r e d c a p a b l e o f m e e t i n g e f f l u e n t l i m i t a t i o n s o f t h i r t y ( 3 0 )  a n d e i g h t y ( 8 0 )  s u s p e n d e d s o l i d s .
F l o w - t h r o u g h l a g o o n s y s t e m s a n d a e r a t e d l a g o o n s y s t e m s f o l l o w e d b y s u b m e r g e d s a n d filters w i l l b e c o n s i d e r e d
c a p a b l e o f m e e t i n g e f f l u e n t l i m i t a t i o n s o f t w e n t y ( 2 0 ) m g / l  a n d t w e n t y ( 2 0 )  s u s p e n d e d s o l i d s . L a g o o n s
m a y b e i n c o r p o r a t e d i n t o i r r i g a t i o n s y s t e m s o r s y s t e m s u t i l i z i n g c h e m i c a l c o a g u l a t i o n a n d filtration t o m e e t t h e
r e q u i r e m e n t s o f 1 0 C S R  P l e a s e r e f e r t o 1 0 C S R 2 0 - 7 . 0 1 5 E f f l u e n t R e g u l a t i o n f o r d i s c h a r g e
r e q u i r e m e n t s .
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( B ) A r e a a n d L o a d i n g s f o r C o n t r o l l e d D i s c h a r g e S t a b i l i z a t i o n  L a g o o n s ( f o u r ( 4 ) - c e l l ) . [Pond] L a g o o n
d e s i g n f o r  l o a d i n g s s h a l l n o t e x c e e d t h i r t y - f o u r ( 3 4 )  k m p e r h e c t a r e p e r d a y ) a t t h e t h r e e - f o o t

 ( 1 . 9  o p e r a t i n g d e p t h i n t h e p r i m a r y c e l l s . T h e p r i m a r y c e l l s h a l l b e f o l l o w e d b y a s e c o n d a r y c e l l h a v i n g 0 . 3
t h e a r e a o f t h e p r i m a r y c e l l a n d b y t w o ( 2 ) s t o r a g e c e l l s . T h e t w o ( 2 ) s t o r a g e c e l l s s h a l l h a v e a v o l u m e a b o v e t h e
t w o - f o o t ( 2 ' ) ( 0 . 6  l e v e l f o r o n e ( 1 ) m o n t h ' s s t o r a g e o f a v e r a g e d a i l y f l o w i n e a c h c e l l . A t l e a s t o n e h u n d r e d
t w e n t y ( 1 2 0 ) d a y s ' d e t e n t i o n t i m e b e t w e e n t h e t w o - f o o t ( 2 ' ) l e v e l ( 0 . 6  a n d t h e m a x i m u m o p e r a t i n g d e p t h s h a l l b e
p r o v i d e d i n t h e e n t i r e p o n d s y s t e m . F l o w c a n b e b a s e d o n o n e h u n d r e d ( 1 0 0 ) g a l l o n s p e r c a p i t a p e r d a y ( 3 8

 o r o t h e r v a l u e s i f d a t a i s p r e s e n t e d t o j u s t i f y t h e r a t e . P r i m a r y a n d s e c o n d a r y c e l l s s h a l l b e d e s i g n e d f o r
 w a t e r d e p t h s u p t o a m a x i m u m o f  f e e t ( 5 ' ) ( 1 . 5 t n ) . T h e s t o r a g e c e l l s h o u l d b e m a d e as d e e p as p o s s i b l e u p t o a 

m a x i m u m d e p t h o f e i g h t f e e t  ( 2 . 4 m ) .
( C ) A r e a a n d L o a d i n g s f o r F l o w - t h r o u g h S t a b i l i z a t i o n [Ponds] L a g o o n s ( t h r e e ( 3 ) - c e l l ) . [Pond] L a g o o n d e s i g n

f o r  l o a d i n g s s h a l l n o t e x c e e d t h i r t y - f o u r ( 3 4 ) p o u n d s p e r a c r e p e r d a y  k m p e r h e c t a r e p e r d a y ) . T h e s e c o n d
c e l l m u s t b e a t l e a s t 0 . 3 t h e a r e a o f t h e f i r s t c e l l a n d t h e t h i r d c e l l 0 . 1 t h e a r e a o f t h e f i r s t c e l l . T h e f i r s t a n d s e c o n d
c e l l s m u s t h a v e a v a r i a b l e o p e r a t i n g l e v e l o f b e t w e e n t w o f e e t  ( 0 . 6  a n d  f e e t  ( 1 . 5  T h e t h i r d c e l l
m u s t h a v e a v a r i a b l e o p e r a t i n g l e v e l o f b e t w e e n t w o f e e t ( 2 ' ) ( 0 . 6  a n d e i g h t f e e t ( 8 ' ) ( 2 . 4  D e t e n t i o n t i m e o f a t
l e a s t o n e h u n d r e d t w e n t y ( 1 2 0 ) d a y s m u s t b e p r o v i d e d . F l o w s o f l e s s t h a n o n e h u n d r e d ( 1 0 0 ) g a l l o n s p e r c a p i t a p e r
d a y ( . 3 8  m a y b e u s e d i f d a t a i s p r e s e n t e d t o j u s t i f y t h e l o w e r

( D ) A e r a t e d L a g o o n s . F o r t h e d e v e l o p m e n t o f f i n a l d e s i g n p a r a m e t e r s i t i s r e c o m m e n d e d t h a t a c t u a l e x p e r i m e n t a l
d a t a b e d e v e l o p e d ; h o w e v e r , t h e a e r a t e d l a g o o n d e s i g n f o r m i n i m u m d e t e n t i o n t i m e m a y b e e s t i m a t e d u s i n g t h e
f o l l o w i n g f o r m u l a :

E

t = 
2 . 3

w h e r e :
t = d e t e n t i o n t i m e i n t h e a e r a t i o n c e l l i n d a y s ;
E = p e r c e n t  t o b e r e m o v e d i n a n a e r a t e d p o n d ; a n d

 = r e a c t i o n c o e f f i c i e n t a e r a t e d l a g o o n , b a s e
1 . F o r n o r m a l d o m e s t i c s e w a g e t h e  v a l u e  a s s u m e d t o b e . 1 5 p e r d a y f o r M i s s o u r i c o n d i t i o n s . T h e r e a c t i o n
r a t e c o e f f i c i e n t f o r d o m e s t i c s e w a g e w h i c h i n c l u d e s s o m e i n d u s t r i a l w a s t e , o t h e r w a s t e o r p a r t i a l l y t r e a t e d s e w a g e
m u s t b e d e t e r m i n e d e x p e r i m e n t a l l y f o r v a r i o u s c o n d i t i o n s w h i c h m i g h t b e e n c o u n t e r e d i n t h e a e r a t e d p o n d s .
C o n v e r s i o n o f t h e r e a c t i o n c o e f f i c i e n t a t o t h e r t e m p e r a t u r e s s h a l l b e b a s e d o n e x p e r i m e n t a l d a t a . R a w s e w a g e
s t r e n g t h s h o u l d a l s o c o n s i d e r t h e e f f e c t o f a n y r e t u r n s l u d g e s .

2. [Also, additional] A d d i t i o n a l s t o r a g e v o l u m e s h o u l d b e c o n s i d e r e d f o r s l u d g e a n d i n n o r t h e r n [ c l i m a t e s ]
M i s s o u r i , i c e c o v e r .

3 . O x y g e n r e q u i r e m e n t s g e n e r a l l y w i l l d e p e n d o n t h e  l o a d i n g , t h e d e g r e e o f t r e a t m e n t a n d t h e
c o n c e n t r a t i o n o f s u s p e n d e d s o l i d s t o b e m a i n t a i n e d . A e r a t i o n e q u i p m e n t s h a l l b e c a p a b l e o f m a i n t a i n i n g a m i n i m u m
d i s s o l v e d o x y g e n l e v e l o f t w o ( 2 )  i n t h e [ponds] l a g o o n s at a l l t i m e s . T h e a e r a t i o n e q u i p m e n t s h a l l b e

 '  o f p r o v i d i n g 1.3  o f o x y g e n p e r p o u n d o f  (1 .3  r e m o v e d .  r e m o v a l
 ' s h a l l b e b a s e d o n w a r m w e a t h e r  . 

4 . S u i t a b l e p r o t e c t i o n f r o m w e a t h e r s h a l l b e p r o v i d e d f o r  [The aeration equipment shall be 
capable  1.3 pounds of oxygen per pound  (1.3 kg/kg  removed.  removal shall be 
based on warm weather rates. Aerated cells shall be followed by a polishing cell with a volume of 0.3 of the volume 
of the aerated cell (see 10 CSR  details on aeration equipment).] 

J  5 . A s u f f i c i e n t n u m b e r o f a e r a t o r s s h a l l b e p r o v i d e d s o t h a t a d e s i g n l e v e l o f d i s s o l v e d o x y g e n w i t l i i n a 
p a r t i c u l a r c e l l s h a l l b e m a i n t a i n e d w i t h  l a r g e s t c a p a c i t y a e r a t o r i n t h a t  o u t o f s e r v i c e .

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

B . S u r f a c e a e r a t o r s s h o u l d b e d e s i g n e d t o p r e v e n t i c i n g . C o n s i d e r a t i o n s h o u l d b e g i v e n t o t h e i n s t a l l a t i o n o f
s p l a s h p l a t e s f o r c o n t r o l o f m i s t i n g . F o r p l a t f o r m m o u n t e d a e r a t o r s , t h e p l a t f o r m l e g s s h o u l d b e s p a c e d a t a 
s u f f i c i e n t d i s t a n c e f r o m t h e a e r a t o r t o m i n i m i z e t h e e f f e c t o f i c e b u i l d - u p c a u s e d b y s p l a s h i n g .

1 . A e r a t o r d e s i g n s h o u l d p r o v i d e f o r p e r i o d i c a n d m a j o r m a i n t e n a n c e a n d r e p a i r s a n d s h a l l p r o v i d e f o r
r e m o v a l o f t h e a e r a t o r s f o r r e p l a c e m e n t i f n e c e s s a r y .

2. P r o v i s i o n s s h a l l b e m a d e f o r i n d e p e n d e n t o p e r a t i o n o f e a c h a e r a t o r b y o n / o f f s w i t c h e s , t i m e c l o c k s , e t c .
C . D i f f u s e d a e r a t i o n . T h e d e s i g n f o r c o m p r e s s e d a i r v o l u m e r e q u i r e m e n t s s h a l l i n c l u d e t h e b a s i n a e r a t i o n
r e q u i r e m e n t s t o g e t h e r w i t h a i r u s e d i n o t h e r c h a n n e l s , p u m p s , o r o t h e r a i r - u s e d e m a n d s . T h e a i r d i f f u s i o n
e q u i p m e n t s h a l l b e c a p a b l e o f m a i n t a i n i n g s u f f i c i e n t m i x i n g a n d o x y g e n c o n c e n t r a t i o n i n t h e a e r a t e d v o l u m e
u n d e r m a x i m u m s e a s o n a l d e m a n d c o n d i t i o n s . P r o v i s i o n s s h a l l b e m a d e f o r r e m o v a l o f d e p o s i t s f o r
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D . I f m e a s u r e m e n t o f p e r c o l a t i o n l o s s e s i s r e q u i r e d b y t h e d e p a r t m e n t . I n n o c a s e s h a l l m e a s u r e d
p e r c o l a t i o n l o s s e s e x c e e d t h i r t y - f i v e h u n d r e d (3500) g a l l o n s p e r a c r e p e r d a y . I n a r e a s w h e r e t h e r e i s a 
s i g n i f i c a n t p o t e n t i a l f o r g r o u n d w a t e r c o n t a m i n a t i o n , j u s t i f i c a t i o n s h a l l b e p r o v i d e d b e f o r e m e a s u r e d
p e r c o l a t i o n l o s s e s w i l l b e a l l o w e d t o e x c e e d f i v e h u n d r e d (500) g a l l o n s p e r a c r e p e r d a y a n d i n n o c a s e s h a l l
p e r c o l a t i o n l o s s e s e x c e e d s e v e n t e e n h u n d r e d  g a l l o n s p e r a c r e p e r d a y . W h e n e v e r i n d u s t r i a l w a s t e s a r e
 s i g n i f i c a n t p a r t o f t h e  d e p a r t m e n t m a y r e q u i r e m o r e s t r i n g e n t s e e p a g e l i m i t a t i o n s a n d

l i n e r d e s i g n c o n s i d e r a t i o n s .  l o s s e s i n e x c e s s o f o n e - s i x t e e n t h i n c h ( 1 / 1 6 " ) ( 1 . 6 m m ) p e r d a y
w i l l b e c o n s i d e r e d e x c e s s i v e .

( C ) L a g o o n S e a l a n d L i n e r .
[1. Design. Ponds shall be sealed so that seepage loss through the seal is as low as practicably possible. Seals 

consisting of soils or synthetic liners may be used provided the permeability, durability, integrity and cost 
effectiveness of the proposed materials can be satisfactorily demonstrated for anticipated conditions. Bentonite, 

 ash or other sealing aids may be used to achieve an adequate seal in systems using soil. Results of a testing 
program which substantiates the adequacy of the proposed seal must be incorporated into and/or accompany the 
engineering report. Standard ASTM procedures or other acceptable methods shall be  for all tests. Soils having 
 permeability coefficient of 10-  or less with a compacted thickness of twelve inches (12") (30.5 cm) will be 

acceptable as a lagoon seal for water depths up io  feet (5) (1.5  For permeability coefficients greater than 
 cm/sec  over  feet (5) (1.5 m) such as an aerated lagoon system, the following formula shall be 

used to determine minimum  thickness: 

v
t

where:  . 
K = the permeability coefficient of the soil in question; 
H = the head of water in the lagoon; and
 = the thickness of the soil seal. 

2. Normal construction methods will include over-excavation below grade level of twelve inches (12") (30.5 
cm), scarification and compaction of base material to ninety-five percent (95%) standard Procter density at 
moisture content between two percent (2%)  and four percent (4%) above optimum, and compaction of lifts 
generally not exceeding six inches (6") (15.2 cm) to ninety-five percent (95%) standard Procter density at moisture 
content between two percent (2%) below and four percent (4%) above optimum. Maximum rock size should not 
exceed one-half (1/2) of the thickness of the compacted lift. The cut face of dikes must also be over-excavated and 
compacted in lifts not to exceed six inches (6")  cm) per lift. Soils containing plastic clay may be
this construction requirement on a case-by-case basis based on particle size analysis and Atterburg limits.  fact, 
with some clay soils,  construction cannot be obtained by over-excavation and recompaction. 
Construction control must include field density. A minimum of two (2) density tests per acre or not less than three 
(3) tests must be performed for the base and each  Permeability tests of field compacted material may be 
performed at the option of the consulting engineer. 

3. Prefilling. The pond shall be  in order to protect the liner, to prevent weed growth, to reduce odor, to 
allow measurement  losses and to maintain moisture content of the seal. However, the dikes must be 
completely prepared as described in subparagraphs (6)(A)7.A. and/or B. of this rule before the introduction of 
water. If the lagoon bottom is allowed to dry, the seal must be recompacted as required in paragraph (6)(C)2. 

4. Percolation losses. Measurement  losses shall consider flow into and out of the lagoon, rainfall 
and evaporation, and changes in water level. Measured percolation losses in excess of one-sixteenth inch
(1.6 mm) per clay will be considered excessive.] 

1 . S i t e E v a l u a t i o n . A p r e l i m i n a r y i n v e s t i g a t i o n f o r a l a g o o n s i t e s h o u l d b e u n d e r t a k e n t o s c r e e n a s t u d y a r e a
f o r p o t e n t i a l s i t e s b e f o r e a d e t a i l e d s i t e i n v e s t i g a t i o n , i f r e q u i r e d , i s u n d e r t a k e n . T h e p u r p o s e o f t h e
i n v e s t i g a t i o n i s t o a s s e m b l e a v a i l a b l e i n f o r m a t i o n t o d e t e r m i n e i f s o i l b o r i n g s a n d s o i l t e s t s a r e r e q u i r e d t o
d e s i g n a p o n d w h i c h w i l l m e e t t h e s e e p a g e r e q u i r e m e n t s . T h e i n v e s t i g a t i o n s h o u l d b e d o n e u s i n g d a t a s u c h a s
S o i l C o n s e r v a t i o n S e r v i c e ( S C S ) C o u n t y S o i l S u r v e y s , U . S . G e o l o g i c a l S u r v e y t o p o g r a p h i c m a p s a n d t h e
r e q u i r e d g e o l o g i c a l e v a l u a t i o n f r o m t h e D e p a r t m e n t o f N a t u r a l R e s o u r c e s , D i v i s i o n o f G e o l o g y a n d L a n d
S u r v e y . V i s u a l i n s p e c t i o n o f t h e a r e a n o t i n g t o p o g r a p h y , w e t a r e a s , v e g e t a t i o n a n d d i t c h i n g i s u s e f u l a n d m a y
b e n e c e s s a r y , p a r t i c u l a r l y i f m a p s a r e n o t d e t a i l e d a n d / o r s o i l m a p s d o n o t e x i s t . I n f o r m a t i o n g a t h e r e d f r o m
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t h i s i n v e s t i g a t i o n s h o u l d b e p a r t i c u l a r l y u s e f u l i n e v a l u a t i o n o f t h e s i t e w i t h r e g a r d t o e s t i m a t i n g p o s s i b l e s o i l
v a r i a b i l i t y a n d s u i t a b i l i t y .

A . A l l p o t e n t i a l l a g o o n s i t e s  r e c e i v e a r a t i n g f r o m t h e g e o l o g i c a l e v a l u a t i o n . T h e r a t i n g w i l l i n f e r t h e
r e l a t i v e g e o l o g i c a l l i m i t a t i o n s f o r d e s i g n i n g a n d c o n s t r u c t i n g a p o n d a t t h e s i t e i n q u e s t i o n . W h e n e v e r t h e
g e o l o g i c a l e v a l u a t i o n i n d i c a t e s t h a t a  s l i g h t l i m i t a t i o n s , t h e r e q u i r e m e n t s f o r a d d i t i o n a l s i t e

 i n v e s t i g a t i o n a s s e t f o r t h i n  t h i s r u l e , m a y n o t b e r e q u i r e d b y t h e d e p a r t m e n t . T h e
\ d e p a r t m e n t m a y r e q u i r e t h a t t h e r e s u l t s o f d e n s i t y t e s t s , t a k e n o n t h e f i n i s h e d p o n d l i n e r , b e s u b m i t t e d a n d
1 a p p r o v e d p r i o r t o p u t t i n g t h e p o n d i n t o o p e r a t i o n .
\ B . W h e n e v e r a s i t e h a s m o d e r a t e g e o l o g i c a l l i m i t a t i o n s , t h e d e p a r t m e n t m a y r e q u i r e o n e (1) o r a l l o f t h e

r e q u i r e m e n t s f o r a d e t a i l e d s i t e i n v e s t i g a t i o n a s s e t f o r t h i n s u b s e c t i o n (17) (B) o f t h i s r u l e . T h e d e p a r t m e n t
m a y r e q u i r e d e n s i t y t e s t s , t a k e n o n t h e f i n i s h e d p o n d l i n e r , b e s u b m i t t e d a n d a p p r o v e d p r i o r t o p u t t i n g t h e
p o n d i n t o o p e r a t i o n .

C . S i t e s t h a t h a v e s e v e r e g e o l o g i c a l l i m i t a t i o n s f o r c o n s t r u c t i o n o f w a s t e w a t e r s t a b i l i z a t i o n l a g o o n s w i l l b e
r e v i e w e d o n a c a s e - b y - c a s e b a s i s . T h e d e p a r t m e n t m a y r e q u i r e a r t i f i c i a l l i n e r s i n t h e s e s i t u a t i o n s . I n g e n e r a l ,
w h e r e t h e r e i s h i g h c o l l a p s e p o t e n t i a l d u e t o b e d r o c k a n d s o i l c o n d i t i o n s , t h e u s e o f p o n d s w i l l n o t b e a l l o w e d .
E x c e p t i o n s m a y b e g r a n t e d d e p e n d e n t u p o n t h e t y p e o f l i n e r p r o p o s e d a n d w h e r e t h e g e o l o g i c a l
c o n s i d e r a t i o n s h a v e b e e n t h o r o u g h l y e v a l u a t e d s o t h a t t h e r i s k o f g r o u n d w a t e r c o n t a m i n a t i o n i s m i n i m i z e d .

D . W h e r e l i n e r s a r e u s e d i n s t o r a g e o r t r e a t m e n t b a s i n s f o r w a s t e w a t e r s o f a n i n d u s t r i a l n a t u r e , t h e
s u m m a r y o f d e s i g n d a t a s h a l l d o c u m e n t t h a t t h e l i n e r o r s t o r a g e s t r u c t u r e m a t e r i a l i s c a p a b l e o f c o n t a i n i n g
t h e w a s t e w a t e r f o r a t l e a s t t w e n t y (20) y e a r s a n d s h a l l s p e c i f y r e p a i r o r r e p l a c e m e n t p r o c e d u r e s i n t h e e v e n t
o f l e a k a g e o r d a m a g e t o t h e  S e c o n d a r y c o n t a i n m e n t o r l e a k a g e d e t e c t i o n a n d c o l l e c t i o n d e v i c e s s h a l l b e
c o n s i d e r e d f o r c o r r o s i v e o r r e a c t i v e w a s t e w a t e r s a n d f o r t o x i c m a t e r i a l s . T h e d e p a r t m e n t m a y r e q u i r e
l e a k a g e t e s t i n g a n d s u b m i t t a l o f d e n s i t y t e s t s a n d / o r c o e f f i c i e n t o f p e r m e a b i l i t y o n t h e f i n i s h e d l i n e r p r i o r t o
p l a c i n g t h e s t r u c t u r e i n t o o p e r a t i o n .

2. D e t a i l e d S o i l s I n v e s t i g a t i o n . I f a d e t a i l e d s i t e i n v e s t i g a t i o n i s n e e d e d t o s u b s t a n t i a t e f e a s i b i l i t y a n d d e s i g n
o f a p r o j e c t a t a s e l e c t e d s i t e w i t h r e g a r d t o d e s i g n r e q u i r e m e n t s , t h e q u a n t i t y a n d q u a l i t y o f s o i l m a t e r i a l s o n
s i t e ( a n d b o r r o w ) m u s t b e i d e n t i f i e d a n d e v a l u a t e d f o r u s e i n t h e p o n d a n d / o r l i n e r c o n s t r u c t i o n . T h e d e s i g n
c o n c e p t s a n d o b j e c t i v e s o f t h e i n v e s t i g a t i o n s h o u l d b e m a d e c l e a r b y t h e c o n s u l t i n g e n g i n e e r t o t h e q u a l i f i e d
s o i l e n g i n e e r i n g p a r t y d o i n g t h e f i e l d w o r k s o t h a t  i n v e s t i g a t i o n s t r a t e g y c a n b e d e v e l o p e d a n d s u f f i c i e n t
d a t a c o l l e c t e d . M o s t i m p o r t a n t , a n i d e n t i f i c a t i o n o f t h e v o l u m e o f t h e s o i l n e e d e d f o r t h e l i n e r m u s t b e
d e t e r m i n e d . T h e d e p a r t m e n t m a y r e q u i r e t h e f o l l o w i n g t o b e i n c l u d e d i n t h e s o i l s i n v e s t i g a t i o n :

A . E x p l o r a t i o n s h a l l b e s u f f i c i e n t t o i d e n t i f y a n d d e f i n e t h e q u a n t i t i e s a n d q u a l i t y o f t h e s o i l l i n e r
m a t e r i a l s . T h e u s e o f t e s t p i t s , s p l i t b a r r e l o r t h i n w a l l s a m p l i n g o r a c o m b i n a t i o n o f t h e s e t e c h n i q u e s m a y b e
u s e d d e p e n d i n g o n t h e t o t a l a r e a o f i n v e s t i g a t i o n a n d t h e d e p t h t o w h i c h e x p l o r a t i o n i s n e e d e d . T h e f o l l o w i n g
i n f o r m a t i o n , i n w h o l e o r i n p a r t , m a y b e r e q u i r e d b y t h e d e p a r t m e n t :

1 . A t t e r b u r g l i m i t s ;
2. S t a n d a r d P r o c t o r d e n s i t y ( m o i s t u r e / d e n s i t y r e l a t i o n s h i p s ) ;
3 . C o e f f i c i e n t o f p e r m e a b i l i t y ( u n d i s t u r b e d a n d r e m o l d e d ) ;
4 . D e p t h t o b e d r o c k ;

 P a r t i c l e s i z e  a n d
6. D e p t h t o s e a s o n a l h i g h g r o u n d w a t e r t a b l e .

B . I n f o r m a t i o n g a t h e r e d f r o m t h e i n v e s t i g a t i o n s h o u l d b e p r e s e n t e d o n a b a s e m a p d r a w n t o s c a l e a n d
r e f e r e n c e d t o U . S . G e o l o g i c a l S u r v e y d a t u m . S l o p e , l a n d s c a p e p o s i t i o n a n d o t h e r s u r f a c e f e a t u r e s s h o u l d a l s o
b e i n c l u d e d . S t r a t i g r a p h y o f  s h o u l d b e s h o w n u s i n g c r o s s s e c t i o n s o r f e n c e d i a g r a m s w h e n s o i l l i n e r
m a t e r i a l i s t o b e i d e n t i f i e d . C o p i e s o f o r i g i n a l b o r i n g a n d o t h e r s o i l t e s t l o g s s h a l l a l s o b e i n c l u d e d . A n
i n t e r p r e t a t i o n o f t h e c o l l e c t e d d a t a s h a l l b e i n c o r p o r a t e d i n t o t h e r e p o r t . A n y s i t e c o n s t r a i n t s a n d h o w t h e y
w i l l b e d e a l t w i t h s h o u l d b e d i s c u s s e d .
3 . D e s i g n . T h e f o l l o w i n g c r i t e r i a a r e f o r d e s i g n a n d c o n s t r u c t i o n o f s o i l l i n e r s . E n g i n e e r i n g r e p o r t s , p l a n s

a n d s p e c i f i c a t i o n s s h o u l d a d d r e s s t h e s e c r i t e r i a .
A . T h e s o i l s u s e d f o r c o n s t r u c t i o n o f a w a s t e w a t e r s t a b i l i z a t i o n p o n d l i n e r s h o u l d m e e t t h e f o l l o w i n g

m i n i m u m s p e c i f i c a t i o n s :
1 . B e c l a s s i f i e d u n d e r t h e U n i f i e d S o i l C l a s s i f i c a t i o n S y s t e m s a s  C h , G c o r S c ;
2. A l l o w m o r e t h a n f i f t y p e r c e n t (50%) p a s s a g e t h r o u g h a N o . 200 s i e v e ;
3 . H a v e a l i q u i d l i m i t e q u a l t o o r g r e a t e r t h a n t h i r t y (30);
4. H a v e a p l a s t i c i t y i n d e x e q u a l t o o r g r e a t e r t h a n t w e n t y (20); a n d
5. H a v e a c o e f f i c i e n t o f p e r m e a b i l i t y e q u a l t o o r l e s s t h a n 1  c e n t i m e t e r s p e r s e c o n d w h e n

c o m p a c t e d t o n i n e t y p e r c e n t (90%) o f s t a n d a r d p r o c t o r d e n s i t y w i t h t h e m o i s t u r e c o n t e n t b e t w e e n t w o
p e r c e n t (2%) b e l o w a n d f o u r p e r c e n t (4%) a b o v e t h e o p t i m u m m o i s t u r e c o n t e n t ;
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2. Clean graded gravel, preferably placed  al least three (3) layers should be placed around the underdraws 
and to a depth of at least six inches (6") (15 cm) over the top of the underdrains. Suggested  for the three 
(3) layers are: one and one-half inches to three-fourths inch (1 l/2"-3/4") (3.8  cm), three-fourths inch to 
one-fourth inch  (1.9 cm-.6 cm) and one-fourth inch to one-eighth inch (l/4"-l/8") (.6  cm). 

3. At least twenty-four inches (24") (0.6 m) of clean washed sand should be provided. The sand should have an 
effective size of 0.3-1.0 mm and a uniformity coefficient of 3.5 or less. 

4. Open-joint or perforated pipe underdrains may be used. They should be spaced not to exceed  (10) 
(3.0  center-to-center. 

5.  earth base of the filters should be sloped lo the underdrains or the underdrains may simply be placed in 
 gravel base on  flat bottom of the basin. 

6. The depth of liquid above the sand must be adjustable from one to  feet (1-5') (.3
7. At least two (2) cells must be provided with the combined capacity equal to  necessary for the design 

loading.
8. A vehicle access ramp from the top of the embankment down to the sand surface and running along one (1) 

side of the filter is a desirable feature for periodic maintenance of the filler.] 

[(8) Miscellaneous. 
(A) Fencing. The pond area shall be enclosed wilh an adequate fence to discourage trespassing and prevent 

entering of  Minimum fence height shall be  feet (5') (1.5  The fence may be of  chain link or 
woven type. Fencing shall not obstruct vehicle traffic or mowing operations on the dike. A vehicle access gate of 
sufficient width to accommodate mowing equipment shall be provided. All access gates shall be provided with locks. 

(B) Access. An all-weather access road shall be provided to the pond site to allow year-round maintenance of the 
facility.

(C) Warning Signs. Appropriate permanent signs shall be provided along the fence around the pond to designate 
the nature of the facility and advise against trespassing. At least one (1) sign shall be provided on each side of the 
site and one (1) for every  (500)  of its perimeter. 

(D) Flow Measurement. Refer to 10 CSR
(E) Groundwater Monitoring. An approved system of groundwater monitoring wells or lysimeters may be 

required around the perimeter of the pond site to facilitate groundwater monitoring. The use of wells and/or 
lysimeters  determined on a case-by-case basis.

(F) Laboratory Equipment. Refer to 10 CSR  (D). 
(G) Pond Level Gauges. Pond level gauges shall be provided. 
(H) Sen'ice Building. Consideration in design should be given to a service building for laboratoiy and 

maintenance equipment.] 

(7) L a g o o n R e t r o f i t s
A . B a f f l e s

 M e m b r a n e c o v e r s , e i t h e r p e r m e a b l e  i m p e r m e a b l e , w h e n  o n a n e a r t h e n  s y s t e m , s h a l l
b e c o n s t r u c t e d  d e n s i t y p o l y e t h y l e n e ( H D P E ) a n d h a v e a m i n i m u m t h i c k n e s s  b e u l t r a v i o l e t a n d
w e a t h e r r e s i s t a n t .

A . T h e H D P E c o v e r s h a l l b e s e c u r e d a t  l a g o o n p e r i m e t e r u t i l i z i n g a n a n c h o r t r e n c h .
B . T h e a n c h o r t r e n c h s h a l l b e c o n s t r u c t e d w i t h r o u n d e d c o r n e r s i n  l o a v o i d s h a r p b e n d s .

2 . S e a m s
A . L a r g e r o c k s a n d o t h e r o b j e c t s s h a l l b e r e m o v e d f r o m t h e t r e n c h s i d e s .
B . E x t r u s i o n a n d f u s i o n w e l d i n g s h a l l b e u s e d f o r field s e a m i n g .
C . T r i a l s e a m s s h a l l b e u s e d t o v e r i f y a c c e p t a b l e e n v i r o n m e n t a l c o n d i t i o n s . S p e c i m e n s o f t h e t r i a l  s h a l l
b e t e s t e d i n s h e a r a n d p e e l u s i n g a f i e l d t e n s i o n m e t e r . T h e s e a m i n g e q u i p m e n t s h a l l n o t b e u s e d i f t h e
s p e c i m e n s f a i l t h e t e s t i n g .
D . T h e c o v e r s h a l l i n c l u d e a t l e a s t s i x 6 " s a m p l e p o r t s t h a t w i l l b e u s e d t o r e t r i e v e w a s t e w a t e r a n d s l u d g e
s a m p l e s f r o m t h e l a g o o n ' s c o n t e n t s . T h e s a m p l e p o r t s s h a l l p r e v e n t t h e e s c a p e o f b i o g a s w h i l e t h e p o r t i s
o p e n . E a c h p o r t  h a v e a s e c u r e d c o v e r o r c a p .
E . T h e c o v e r s h a l l i n c l u d e at l e a s t t h r e e  h a t c h e s l o c a t e d a l o n g o r n e a r t h e c e n t e r o f t h e l a g o o n . E a c h
h a t c h s h a l l h a v e a s e c u r e d c o v e r o r c a p .

3 .  T h e c o v e r s h a l l i n c l u d e a l l n e c e s s a r y c o l l e c t i o n s p i p i n g a n d o t h e r c o n d u c t s t o c o l l e c t a n d c o n v e y t h e
g e n e r a t e d b i o g a s h a n d l i n g s y s t e m . B i o g a s c o l l e c t i o n w i l h i n  c o v e r s h a l l i n c l u d e a c e n t r a l c o l l e c t i o n c o n d u i t
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B . T h e p u m p i n g s y s t e m a n d d i s t r i b u t i o n s y s t e m s h a l l b e s i z e d f o r t h e f l o w a n d o p e r a t i n g p r e s s u r e
r e q u i r e m e n t s o f t h e d i s t r i b u t i o n e q u i p m e n t a n d t h e a p p l i c a t i o n r e s t r i c t i o n s o f t h e s o i l s a n d t o p o g r a p h y ;

C . P r o v i s i o n s s h a l l b e m a d e f o r d r a i n i n g t h e p i p e s t o p r e v e n t f r e e z i n g i f p i p e s a r e l o c a t e d a b o v e t h e
f r o s t l i n e ;

D . A s u i t a b l e s t r u c t u r e s h a l l b e  e i t h e r a p o r t a b l e p u m p i n g u n i t o r a p e r m a n e n t
i n s t a l l a t i o n . T h e i n t a k e t o t h e p u m p i n g  t h e c a p a b i l i t y f o r v a r y i n g t h e w i t h d r a w a l
T h e i n t a k e e l e v a t i o n s h o u l d b e m a i n t a i n e d t w e l v e t o t w e n t y - f o u r i n c h e s (12-24") b e l o w t h e w a s t e w a t e r /
e l e v a t i o n . T h e i n t a k e s h a l l b e s c r e e n e d s o a s t o m i n i m i z e c l o g g i n g o f t h e s p r i n k l e r n o z z l e o r d i s t r i b u t i o n
s y s t e m o r i f i c e s . F o r u s e o f a p o r t a b l e p u m p , a s t a b l e p l a t f o r m a n d f l e x i b l e i n t a k e l i n e w i t h f l o t a t i o n d e v i c e t o
c o n t r o l d e p t h o f i n t a k e w i l l b e a c c e p t a b l e ;

E . T h r u s t b l o c k i n g o f p r e s s u r e p i p e s s h a l l b e p r o v i d e d . F o r u s e o f a b o v e g r o u n d r i s e r s f o r s p r i n k l e r s , a 
c o n c r e t e p a d a n d s u p p o r t b r a c i n g s h o u l d b e c o n s i d e r e d ; a n d

F . A u t o m a t i c o r s e m i - a u t o m a t i c c o n t r o l s s h o u l d b e c o n s i d e r e d f o r s h u t o f f o f t h e s y s t e m a f t e r a 
p r e s c r i b e d w a s t e w a t e r a p p l i c a t i o n p e r i o d . M a n u a l s t a r t - u p o f t h e a p p l i c a t i o n s y s t e m i s r e c o m m e n d e d . . 

4.  p e r m e a b i l i t y . S o i l p e r m e a b i l i t y s h a l l b e b a s e d o n t h e m o s t r e s t r i c t i v e l a y e r i n t h e t o p f i v e f e e t
o f s o i l . S o i l s h a v i n g p e r m e a b i l i t y r a t e s o f t w o - t e n t h s t o t w o i n c h e s (0 .2-2") p e r h o u r a r e m o s t s u i t a b l e f o r
i r r i g a t i o n . V a l u e s b e l o w t w o - t e n t h s i n c h (.2") p e r h o u r m a y g e n e r a l l y r e q u i r e s p e c i a l a p p l i c a t i o n e q u i p m e n t ,
r e d u c e d a p p l i c a t i o n r a t e s o r o v e r l a n d f l o w a p p r o a c h . V a l u e s a b o v e t w o i n c h e s (2") p e r h o u r w i l l r e q u i r e
r e d u c e d a p p l i c a t i o n r a t e s t o p r o v i d e a d e q u a t e r e s i d e n c e t i m e w i t h i n t h e s o i l p r o f i l e o r w i l l r e q u i r e a d d i t i o n a l
s o i l s a n d g e o l o g i c i n f o r m a t i o n f o r d e p t h t o b e d r o c k , d e p t h t o w a t e r t a b l e a n d r e c h a r g e a r e a s .

5. S l o p e . T h e m a x i m u m a l l o w a b l e s l o p e o f t h e w e t t e d a p p l i c a t i o n a r e a i s t w e n t y
6. A p p l i c a t i o n r a t e . T h e a p p l i c a t i o n r a t e c o n s i s t s o f a n h o u r l y a p p l i c a t i o n r a t e i n i n c h e s p e r h o u r a n d

d a i l y , w e e k l y a n d a n n u a l a p p l i c a t i o n r a t e s i n i n c h e s p e r a c r e . A p p l i c a t i o n o f w a s t e w a t e r w i l l n o t b e a l l o w e d
d u r i n g p e r i o d s o f g r o u n d f r o s t , f r o z e n s o i l o r d u r i n g r a i n f a l l s . T h e f o l l o w i n g s h a l l a p p l y t o d e s i g n a p p l i c a t i o n
r a t e s :

A . T h e h o u r l y a p p l i c a t i o n r a t e s h o u l d n o t e x c e e d t h e d e s i g n s u s t a i n e d p e r m e a b i l i t y r a t e e x c e p t f o r
s h o r t p e r i o d s w h e n i n i t i a l s o i l m o i s t u r e i s s i g n i f i c a n t l y b e l o w f i e l d c a p a c i t y . T h e h o u r l y r a t e s h a l l n o t e x c e e d
o n e - h a l f  t h e d e s i g n s u s t a i n e d p e r m e a b i l i t y f o r s l o p e s e x c e e d i n g t e n p e r c e n t (10%). H o w e v e r , i n n o c a s e
s h o u l d t h e a p p l i c a t i o n r a t e b e g r e a t e r t h a n o n e - h a l f i n c h (1/2") p e r h o u r . F o r s o i l p e r m e a b i l i t y o f l e s s t h a n
t w o - t e n t h s i n c h (0.2") p e r h o u r , t h e d e s i g n e d m a x i m u m a p p l i c a t i o n r a t e s h o u l d b e a s l o w a s p r a c t i c a b l e a n d
s h a l l n o t e x c e e d t w o - t e n t h s i n c h (0.2") p e r h o u r ;

B . T h e d a i l y a n d w e e k l y a p p l i c a t i o n r a t e s s h o u l d b e b a s e d o n s o i l m o i s t u r e h o l d i n g c a p a c i t y ,
a n t e c e d e n t r a i n f a l l a n d d e p t h t o t h e m o s t r e s t r i c t i v e s o i l p e r m e a b i l i t y . T h e a p p l i c a t i o n r a t e s h a l l i n n o c a s e
e x c e e d o n e i n c h  p e r d a y a n d t h r e e i n c h e s (3") p e r w e e k ; a n d

C . T h e d e s i g n m a x i m u m a n n u a l a p p l i c a t i o n r a t e s h a l l n o t e x c e e d a r a n g e f r o m f o u r p e r c e n t t o t e n
p e r c e n t  o f t h e d e s i g n s u s t a i n e d s o i l p e r m e a b i l i t y r a t e f o r t h e n u m b e r o f d a y s p e r y e a r w h e n s o i l s
a r e n o t f r o z e n . T h e f o l l o w i n g s h a l l a p p l y t o t y p i c a l d o m e s t i c w a s t e w a t e r l a g o o n e f f l u e n t :

( I )  p e r m e a b i l i t y l e s s t h a n t w o - t e n t h s i n c h (0.2") p e r h o u r . T h e m a x i m u m a p p l i c a t i o n r a t e s h a l l
b e f o r t y i n c h e s (40") o f a p p l i e d w a s t e w a t e r p e r y e a r . T h e d e p a r t m e n t m a y r e q u i r e l o w e r a p p l i c a t i o n r a t e s
w h e n t h e r e i s e v i d e n c e o f f r a g i p a n s , c l a y p a n s o r z o n e s o f s e a s o n a l s a t u r a t i o n w i t h i n t h e t o p t w o f e e t (2') o f t h e
s o i l p r o f i l e ;

( I I ) S o i l p e r m e a b i l i t y r a n g e f r o m t w o - t e n t h s i n c h (0.2") p e r h o u r t o t w o i n c h e s (2") p e r h o u r . T h e
m a x i m u m a p p l i c a t i o n r a t e s h a l l b e o n e h u n d r e d i n c h e s (100") o f a p p l i e d w a s t e w a t e r p e r y e a r . L o w e r r a t e s
m a y b e r e q u i r e d i f t h e r e i s e v i d e n c e o f s e a s o n a l s a t u r a t i o n i n t h e t o p f i v e f e e t (5') o f t h e s o i l p r o f i l e o r i f t h e r e
i s a s i g n i f i c a n t p o t e n t i a l f o r g r o u n d w a t e r c o n t a m i n a t i o n ;

( I I I ) S o i l p e r m e a b i l i t y r a n g e s f r o m t w o i n c h e s (2") p e r h o u r t o s i x i n c h e s (6") p e r h o u r . T h e
m a x i m u m a p p l i c a t i o n r a t e s h a l l b e s i x t y i n c h e s (60") o f a p p l i e d w a s t e w a t e r p e r y e a r . T h e d e p a r t m e n t m a y
r e q u i r e l o w e r r a t e s i f t h e r e i s a s i g n i f i c a n t p o t e n t i a l f o r g r o u n d w a t e r c o n t a m i n a t i o n ; a n d

( I V ) S o i l p e r m e a b i l i t y o v e r s i x i n c h e s (6") p e r h o u r . T h e m a x i m u m a p p l i c a t i o n r a t e s h a l l b e t w e n t y -
f o u r i n c h e s (24") o f a p p l i e d w a s t e w a t e r p e r y e a r .

D . I n n o c a s e s h a l l t h e a p p l i c a t i o n r a t e r e s u l t i n t h e r u n o f f o f a p p l i e d w a s t e w a t e r d u r i n g o r
i m m e d i a t e l y f o l l o w i n g a p p l i c a t i o n .
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7. N i t r o g e n L o a d i n g . N i t r o g e n a p p l i c a t i o n r a t e s s h a l l n o t e x c e e d t h e a m o u n t o f n i t r o g e n t h a t c a n b e
u t i l i z e d b y t h e v e g e t a t i o n t o b e g r o w n . T y p i c a l d o m e s t i c w a s t e w a t e r a f t e r l a g o o n s t o r a g e c a n b e e x p e c t e d t o
c o n t a i n f r o m f i v e t o e i g h t m i l l i g r a m s p e r l i t e r (5 -8  o f a m m o n i a n i t r o g e n a s N a n d l e s s t h a n o n e
m i l l i g r a m s p e r l i t e r  o f n i t r a t e n i t r o g e n a s N . A m m o n i a n i t r o g e n c a n b e 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
a n d r e t a i n e d i n t h e s o i l f o r l a t e r u s e b y p l a n t s a n d m i c r o o r g a n i s m s . H o w e v e r , n i t r a t e n i t r o g e n i s m o b i l e a n d
w i l l r e a d i l y l e a c h t h r o u g h t h e s o i l p r o f i l e i f w a s t e w a t e r i s a p p l i e d f a s t e r t h a n t h e v e g e t a t i o n o r s o i l m i c r o b e s
c a n u t i l i z e t h e n i t r a t e s . I f t h e a p p l i e d w a s t e w a t e r i s e x p e c t e d t o p r o v i d e m o r e t h a n o n e h u n d r e d fifty p o u n d s
(150  o f t o t a l n i t r o g e n p e r a c r e a n n u a l l y o r i f t h e a p p l i e d w a s t e w a t e r e x c e e d s t e n (10) m g / l o f n i t r a t e
n i t r o g e n a s N , t h e n c a l c u l a t i o n s s h a l l b e s u b m i t t e d t o s h o w t h e a m o u n t o f p l a n t - a v a i l a b l e n i t r o g e n p r o v i d e d
a n d t h e a m o u n t o f n i t r o g e n t h a t w i l l b e u t i l i z e d b y t h e v e g e t a t i o n t o b e g r o w n .

8. T r a c e e l e m e n t l o a d i n g . C o n s i d e r a t i o n s h a l l b e g i v e n t o t h e t y p e a n d i n f l u e n c e o f a n y i n d u s t r i a l w a s t e s
c o n t r i b u t e d t o t h e w a s t e w a t e r s t a b i l i z a t i o n p o n d . T y p i c a l d o m e s t i c w a s t e w a t e r d o e s n o t c o n t a i n a m o u n t s o f

 t r a c e s u b s t a n c e s w h i c h a r e o f c o n c e r n f o r l a n d a p p l i c a t i o n o f w a s t e w a t e r u n d e r t h i s r u l e . H o w e v e r ,
i n t r o d u c t i o n o f s u b s t a n c e s , s u c h a s e x c e s s s o d i u m , c h l o r i d e s , b o r o n o r o t h e r c o n s t i t u e n t s , c a n h a v e a n a d v e r s e
i m p a c t o n s o i l s a n d v e g e t a t i o n . W a s t e w a t e r s u i t a b l e f o r g e n e r a l l a n d a p p l i c a t i o n s h a l l n o t e x c e e d t h e t r a c e
e l e m e n t c o n c e n t r a t i o n s i n T a b l e 4-5 o f t h e  Environmental Protection Agency Process Design  for 
Land Treatment of Municipal Wastewater ( E P A 625-1/81-013).

9. G r a z i n g a n d h a r v e s t i n g d e f e r m e n t . G r a z i n g o f a n i m a l s o r h a r v e s t i n g o f f o r a g e c r o p s s h o u l d b e
d e f e r r e d f o r u p t o t h i r t y (30) d a y s f o l l o w i n g w a s t e w a t e r i r r i g a t i o n d e p e n d i n g u p o n a m b i e n t a i r t e m p e r a t u r e
a n d s u n l i g h t c o n d i t i o n s . T h e f o l l o w i n g d e f e r m e n t s s h a l l b e c o n s i d e r e d :

A . D u r i n g t h e p e r i o d f r o m M a y 1 t o O c t o b e r 30 o f e a c h y e a r , t h e m i n i m u m d e f e r m e n t f r o m g r a z i n g o r
f o r a g e h a r v e s t i n g s h a l l b e f o u r t e e n (14) d a y s ;

B . D u r i n g t h e p e r i o d f r o m N o v e m b e r 1 t o A p r i l 30 o f e a c h y e a r , t h e m i n i m u m d e f e r m e n t f r o m g r a z i n g
o r f o r a g e h a r v e s t i n g s h a l l b e t h i r t y (30) d a y s ;

C . G r a z i n g o f s e w a g e i r r i g a t e d l a n d i s g e n e r a l l y n o t r e c o m m e n d e d f o r l a c t a t i n g d a i r y a n i m a l s u n l e s s
t h e r e h a s b e e n a m u c h l o n g e r d e f e r m e n t p e r i o d . T h e r e c o m m e n d a t i o n s o f t h e S t a t e M i l k B o a r d s h a l l b e
f o l l o w e d ; a n d

D . D e f e r m e n t m a y n o t b e r e q u i r e d f o r i r r i g a t i o n w a t e r t h a t h a s b e e n d i s i n f e c t e d s o t h a t t h e w a t e r
c o n t a i n s l e s s t h a n f o u r h u n d r e d (400) f e c a l c o l i f o r m o r g a n i s m s p e r o n e h u n d r e d m i l l i l i t e r s (100 m l ) .

( F ) O p e r a t i o n a n d M a i n t e n a n c e . A n o p e r a t i o n a n d m a i n t e n a n c e p l a n s h a l l b e p r o v i d e d t o e x p l a i n t h e k e y
o p e r a t i n g p r o c e d u r e s a t a l e v e l e a s i l y u n d e r s t o o d b y t h e o w n e r a n d t h e o p e r a t o r o f t h e f a c i l i t y . A n o u t l i n e
a n d b r i e f s u m m a r y o f o p e r a t i o n s s h a l l b e p r o v i d e d a s p a r t o f t h e f a c i l i t y p l a n . A d e t a i l e d o p e r a t i o n a n d

 p l a n s h a l l b e  a s p a r t o f t h e s u b m i t t e d p l a n s a n d a t a m i n i m u m s h a l l a d d r e s s
m a i n t e n a n c e o f m e c h a n i c a l e q u i p m e n t a n d v e g e t a t i v e c o v e r , m o n i t o r i n g , r e c o r d k e e p i n g , o p e r a t i n g
p r o c e d u r e s , a p p l i c a t i o n s c h e d u l i n g a n d w i n t e r i z a t i o n o f t h e s y s t e m .

1 . P u b l i c A c c e s s A r e a s . T h e w a s t e w a t e r s h a l l b e d i s i n f e c t e d p r i o r t o l a n d a p p l i c a t i o n ( n o t s t o r a g e ) i n
a c c o r d a n c e w i t h s e c t i o n (5) o f t h i s r u l e .

 A. T h e w a s t e w a t e r s h a l l c o n t a i n a s f e w o f t h e i n d i c a t o r o r g a n i s m s a s p o s s i b l e a n d i n n o c a s e s h a l l t h e
i r r i g a t e d w a s t e w a t e r c o n t a i n m o r e t h a n o n e h u n d r e d t w e n t y - s i x (126) E s c h e r i c h i a c o l i f o r m o r g a n i s m s p e r
o n e h u n d r e d m i l l i l i t e r s (100 m l ) ;

B . T h e p u b l i c s h a l l n o t b e a l l o w e d i n t o a n a r e a w h e n a p p l i c a t i o n i s b e i n g c o n d u c t e d ; a n d
C . F o r  c o u r s e s u t i l i z i n g w a s t e w a t e r , a l l p i p i n g a n d s p r i n k l e r s a s s o c i a t e d w i t h t h e d i s t r i b u t i o n o r

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

2. N i g h t t i m e I r r i g a t i o n
A . I f l a n d  i n e v e n i n g o r n i g h t t i m e , a n a u t o m a t i c n o t i f i c a t i o n a l a r m s y s t e m s h a l l b e i n s t a l l e d .

T h e a l a r m s y s t e m s h a l l b e i n s t a l l e d o n e a c h p i v o t a n d p u m p s y s t e m , a n d b e c a p a b l e o f n o t i f y i n g a n
o n - c a l l o p e r a t o r w h e n a f a u l t o c c u r s i n t h e s y s t e m . T h e a l a r m s y s t e m s h a l l a l s o i n c l u d e p r e s s u r e
m o n i t o r i n g i n c a s e o f l i n e b r e a k o r o t h e r m a l f u n c t i o n s t h a t c a u s e s l e a k s .

B . T h e o p e r a t i o n s a n d m a i n t e n a n c e m a n u a l s h a l l i n c l u d e p r o v i s i o n s o n d a i l y o p e r a t o r c h e c k s o f t h e
s y s t e m t o e n s u r e t h a t t h e i r r i g a t i o n p u m p i n g a n d p i v o t s y s t e m s a r e w o r k i n g p r o p e r l y a n d t h a t t h e r e
i s n o r u n o f f f r o m a n y field w h e r e t h e i r r i g a t i n g p i v o t i s c u r r e n t l y l o c a t e d . T h e m a n u a l s h a l l i n c l u d e
p r o v i s i o n s f o r s t r e s s t e s t i n g t h e s y s t e m a t l e a s t o n c e p e r s e a s o n t o e n s u r e t h e a l a r m s y s t e m i s
o p e r a t i n g p r o p e r l y a n d t h e s y s t e m c o m p o n e n t s a r e i n g o o d c o n d i t i o n .

 3 . S y s t e m M o n i t o r i n g . A n a p p r o p r i a t e m o n i t o r i n g  p r o v i d e d t o d e t e r m i n e t h e q u a l i t y o f
 w a t e r l e a v i n g t h e l a n d t r e a t m e n t s i t e a n d e n t e r i n g  g r o u n d w a t e r . A n a l y s i s o f s o i l a n d

p l a n t t i s s u e s a m p l e s m a y b e r e q u i r e d t o m o n i t o r t h e e f f e c t o f t h e w a s t e w a t e r o n t h e s o i l a n d c r o p .



 1 0  S t a n d a r d s
B l u e :  C S R  1 5 ,  1 7 ) .
O r a n g e :
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(9) S u b s u r f a c e I r r i g a t i o n
( A ) S u b s u r f a c e  s y s t e m s , a l s o k n o w n a s d r i p d i s p e r s a l  d e s i g n e d a n d o p e r a t e d t o a l l o w
t h e s o i l t o p r o v i d e f i n a l t r e a t m e n t o f t h e w a s t e w a t e r p r i o r t o i t s i n t r o d u c t i o n t o g r o u n d w a t e r . D i s p e r s a l a n d
t r e a t m e n t o c c u r s v i a p h y s i c a l , c h e m i c a l a n d b i o l o g i c a l p r o c e s s e s w i t h i n t h e s o i l a n d t h r o u g h
e v a p o t r a n s p i r a t i o n a n d n u t r i e n t u p t a k e b y p l a n t m a t t e r . T h e r e a r e m a n y f a c t o r s t o b e c o n s i d e r e d w h e n
d e s i g n i n g d r i p d i s p e r s a l s y s t e m s , s u c h a s t h e q u a l i t y o f t r e a t e d e f f l u e n t b e i n g a p p l i e d , d e p t h o f s o i l s , a n d
r e t e n t i o n t i m e i n t h e s o i l s b e f o r e w a t e r r e t u r n s t o e i t h e r g r o u n d w a t e r o r s u r f a c e w a t e r .
( B ) P r e l i m i n a r y T r e a t m e n t . S u b s u r f a c e I r r i g a t i o n s h a l l b e p r e c e d e d b y p r e l i m i n a r y t r e a t m e n t . P r e l i m i n a r y
t r e a t m e n t s h a l l b e a t a m i n i m u m b e i n g t r e a t e d w i t h a s e p t i c t a n k , h o w e v e r s e c o n d a r y t r e a t m e n t t e c h n o l o g i e s
s h o u l d b e u s e d .

1 . W h e n u s i n g s e p t i c t a n k e f f l u e n t t h e r e s h a l l b e a m i n i m u m o f t w o f e e t (2') o f s a n d f i l l m a t e r i a l a n d t w o
f e e t (2') o f n a t u r a l l y o c c u r r i n g s o i l s b e t w e e n t h e b o t t o m o f t h e t r e n c h r o c k a n d t h e h i g h e s t e l e v a t i o n o f
t h e s e a s o n a l h i g h g r o u n d w a t e r l e v e l , b e d r o c k , o r o t h e r l i m i t i n g  o r
2. W h e n u s i n g s e c o n d a r y t r e a t m e n t t h e r e s h a l l b e a m i n i m u m o f o n e f o o t (1') o f m a t e r i a l a n d t w o f e e t (2')
o f n a t u r a l l y o c c u r r i n g s o i l s b e t w e e n t h e b o t t o m o f t h e t r e n c h r o c k a n d t h e h i g h e s t e l e v a t i o n o f t h e
s e a s o n a l h i g h g r o u n d w a t e r l e v e l , b e d r o c k , o r o t h e r l i m i t i n g l a y e r .

( C ) D e s i g n .
1 . D r i p d i s p e r s a l d e s i g n s u b m i t t a l s s h o u l d t a k e i n t o c o n s i d e r a t i o n a l l f a c t o r s i n f l u e n c i n g t h e i n f i l t r a t i v e
c a p a c i t y o f t h e s o i l a n d t h e a b i l i t y o f t h e s o i l a n d s i t e t o t r a n s p o r t g r o u n d w a t e r a w a y f r o m t h e a p p l i c a t i o n
a r e a . I t s h o u l d b e n o t e d t h a t t h e u s e o f h i s t o r i c a l i n f o r m a t i o n f r o m e x i s t i n g s y s t e m s i n s t a l l e d a n d o p e r a t e d i n

s y s t e m s .
2. S i t e s w i t h s e a s o n a l h i g h g r o u n d w a t e r l e s s t h a n t w e n t y - f o u r (24) i n c h e s d e e p m a y r e q u i r e d r a i n a g e
i m p r o v e m e n t s b e f o r e t h e y c a n b e u t i l i z e d f o r s l o w r a t e l a n d t r e a t m e n t . T h e d e s i g n h y d r a u l i c c o n d u c t i v i t y a t
s u c h s i t e s i s a f u n c t i o n o f t h e d e s i g n o f t h e d r a i n a g e s y s t e m .
3. T h e d e s i g n w a s t e w a t e r l o a d i n g i s a f u n c t i o n o f :

a . P r e c i p i t a t i o n .
b . E v a p o t r a n s p i r a t i o n .
c . D e s i g n h y d r a u l i c c o n d u c t i v i t y r a t e .
d . N i t r o g e n  l i m i t a t i o n s .
e . O t h e r  l o a d i n g l i m i t a t i o n s .
f . G r o u n d w a t e r a n d d r a i n a g e c o n d i t i o n s .
g . A v e r a g e a n d p e a k d e s i g n w a s t e w a t e r f l o w s .

 S o i l  r a t e s ''
 R a t e o f n i t r o g e n u p t a k e i n s i t e v e g e t a t i o n

4. T h e d e s i g n a p p l i c a t i o n r a t e i n g a l l o n s p e r d a y p e r s q u a r e f o o t ( G P D / S F ) s h a l l b e d e r i v e d f r o m e i t h e r t h e
h y d r a u l i c ( w a t e r ) l o a d i n g r a t e ( L w h ) b a s e d u p o n t h e m o s t r e s t r i c t i v e o f
A . T h e N R C S h y d r a u l i c c o n d u c t i v i t y d a t a a n d t h e t e x t u r e a n d s t r u c t u r e
B . T h e n u t r i e n t ( n i t r o g e n ) l o a d i n g r a t e ( L w n ) . T h e a m o u n t o f w a s t e w a t e r t h a t c a n b e a p p l i e d t o a s i t e m a y b e
l i m i t e d b y t h e a m o u n t o f n i t r o g e n i n t h e w a s t e w a t e r . A p a r t i c u l a r s i t e m a y b e l i m i t e d b y t h e n i t r o g e n c o n t e n t
o f t h e w a s t e w a t e r d u r i n g c e r t a i n m o n t h s o f t h e y e a r a n d l i m i t e d b y t h e i n f i l t r a t i o n r a t e d u r i n g t h e r e m a i n d e r
o f t h e y e a r . T h e e q u a t i o n b e l o w  b e u s e d t o c a l c u l a t e , o n a m o n t h l y b a s i s , t h e a l l o w a b l e h y d r a u l i c l o a d i n g
r a t e b a s e d o n n i t r o g e n l i m i t s :

W h e r e : L w n = a l l o w a b l e m o n t h l y h y d r a u l i c l o a d i n g r a t e b a s e d o n n i t r o g e n l i m i t s , i n c h e s / m o n t h
C p = n i t r o g e n c o n c e n t r a t i o n i n t h e p e r c o l a t i n g w a s t e w a t e r ,  T h i s w i l l u s u a l l y b e

N i t r a t e - N i t r o g e n
P r = F i v e - y e a r r e t u r n m o n t h l y p r e c i p i t a t i o n , i n c h e s / m o n t h
P E T = 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 , i n c h e s / m o n t h
U = n i t r o g e n u p t a k e b y c o v e r ,
N = n i t r o g e n u p t a k e b y c o v e r ,
C n = N i t r a t e - N i t r o g e n c o n c e n t r a t i o n i n a p p l i e d w a s t e w a t e r , m g / L ( a f t e r l o s s e s i n p r e a p p l i c a t i o n

L w n = C p ( P r - P E T ) +
( l - f ) ( C n ) - C p

t r e a t m e n t )
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f = f r a c t i o n o f a p p l i e d n i t r o g e n r e m o v e d  d e n i t r i f i c a t i o n a n d v o l a t i l i z a t i o n .
T h e L w h v a l u e i s d e t e r m i n e d b y a d e t a i l e d s i t e e v a l u a t i o n a n d w i l l b e d e p e n d e n t u p o n t h e s o i l c h a r a c t e r i s t i c s .
T h e v a l u e s o f L w h a n d L w n a r e c o m p a r e d f o r e a c h  T h e l e s s e r o f t h e t w o v a l u e s w i l l b e u s e d t o
d e t e r m i n e t h e a m o u n t o f a c r e a g e n e e d e d .
5. D r i p f i e l d a r e a r e q u i r e m e n t s . T h e m i n i m u m s o i l t r e a t m e n t a r e a a n d t o t a l l e n g t h . T h e s y s t e m s h a l l b e s i z e d
i n a c c o r d a n c e w i t h t h e f o l l o w i n g e q u a t i o n s :
A = — a n d L = • 

LTAR  feet 

W h e r e :
 A = M i n i m u m L P P s o i l t r e a t m e n t a r e a ( s q u a r e f e e t )

Q = M a x i m u m d a i l y s e w a g e f l o w ( g a l l o n s p e r d a y )
L = M i n i m u m t o t a l l e n g t h ( f e e t )
L T A R = L o n g t e r m a c c e p t a n c e r a t e ( g a l l o n s p e r d a y p e r s q u a r e f o o t ) . L T A R = L o n g t e r m a c c e p t a n c e r a t e
( g a l l o n s p e r d a y p e r s q u a r e f o o t ) . T h i s i s t h e l o w e s t r e p o r t e d c o n v e n t i o n a l s o i l l o a d i n g r a t e b e t w e e n t h e s o i l
s u r f a c e a n d a t l e a s t t w e l v e i n c h e s (12") b e l o w t h e f i l l .
( D ) S o i l s . M o d e r a t e l y p e r m e a b l e a n d w e l l - d r a i n e d s o i l s a r e d e s i r a b l e . P r e l i m i n a r y s o i l i n v e s t i g a t i o n s s h o u l d
b e d o n e t o i d e n t i f y a r e a s b e s t s u i t e d f o r s u b s u r f a c e w a s t e w a t e r  d i s p e r s a l .
1 . T h e p r o p o s e d d r i p d i s p e r s a l a r e a m u s t b e m a p p e d a t s u f f i c i e n t a c c u r a c y t o i d e n t i f y e a c h s o i l s s e r i e s ( o r
l o w e s t p o s s i b l e l e v e l o f s o i l c l a s s i f i c a t i o n ) p r e s e n t a n d t h e b o u n d a r y l o c a t i o n b e t w e e n s e r i e s . O n c e t h o s e a r e a s
a r e i d e n t i f i e d , t h e m o r e d e t a i l e d p r o c e d u r e s o u t l i n e d b e l o w w i l l b e e m p l o y e d .
2. I t i s r e q u i r e d t h a t a l l s o i l i n v e s t i g a t i o n s b e p e r f o r m e d b y a q u a l i f i e d s o i l s c i e n t i s t . E v a l u a t i o n o f a s o i l a r e a ' s
s u i t a b i l i t y f o r d r i p d i s p e r s a l s h o u l d t a k e i n t o c o n s i d e r a t i o n l i m i t i n g a s p e c t s o f t h e s o i l p r o f i l e .
3 . L e v e l s i t e s w i t h s h a l l o w r e s t r i c t i v e h o r i z o n s o v e r l a i n b y  p e r m e a b i l i t y s o i l s r e p r e s e n t o n e o f t h e m o r e
l i m i t e d s c e n a r i o s f o r d r i p d i s p e r s a l a n d t h e a p p l i c a t i o n r a t e a n d / o r a p p l i c a t i o n a r e a s h o u l d b e s u i t a b l y
m o d i f i e d .
4 . T h e u s e o f a n y s o i l i s s h o u l d m e e t t h e f o l l o w i n g f o u r (4) c r i t e r i a :

A . T h e a p p l i e d e f f l u e n t l o a d i n g r a t e d o e s n o t e x c e e d t h e a p p l i c a b l e h y d r a u l i c l o a d i n g r a t e i n t h e t a b l e
b e l o w . T h e a p p l i c a b l e h y d r a u l i c l o a d i n g r a t e i s d e t e r m i n e d b y a d e t a i l e d s i t e e v a l u a t i o n i n w h i c h t h e
s i t e i s m a p p e d u t i l i z i n g s o i l b o r i n g s a n d p i t s t o d e t e r m i n e t h e p h y s i c a l p r o p e r t i e s o f s o i l h o r i z o n s a n d
s o i l m a p u n i t s . - , 
B . T h e a p p l i e d e f f l u e n t m a x i m u m l o a d i n g r a t e d o e s n o t  1 0 % o f t h e m i n i m u m N R C S s a t u r a t e d
v e r t i c a l h y d r a u l i c c o n d u c t i v i t y  t h e  s e r i e s , t h e r e s u l t s o f t h e n u t r i e n t l o a d i n g r a t e , o r
0.20 g a l l o n s p e r d a y p e r s q u a r e f o o t w h i c h e v e r i s l e a s t .
C . T h e s o i l d o e s n o t h a v e a  h o r i z o n w i t h i n i t s  t w e n t y (20) i n c h e s .
D . T h e s o i l i s  d r a i n e d , o r c a p a b l e o f b e i n g d r a i n e d .

5. I t i s d e s i r a b l e t o h a v e a m i n i m u m d e p t h o f t w e n t y (20) i n c h e s o f u n d i s t u r b e d s o i l a b o v e a r e s t r i c t i v e
 w h i c h m a y n e e d t o b e i n c r e a s e d a s s l o p e i n c r e a s e s . T h i s i s n e c e s s a r y t o p r o v i d e a d e q u a t e i n s t a l l a t i o n

d e p t h a n d b u f f e r b e l o w t h e d r i p
6. E v e n i f a s o i l m e e t s t h e d e p t h r e q u i r e m e n t s i t m a y n o t b e s u i t a b l e d u e t o t h e t e x t u r e a n d / o r s t r u c t u r e . I f a 
s o i l s h o w s s i g n s o f w e t n e s s w i t h i n a d e p t h o f 20 i n c h e s  t h e s o i l s u r f a c e , i t w i l l m o s t l i k e l y r e q u i r e a s o i l
i m p r o v e m e n t p r a c t i c e s u c h a s a n i n t e r c e p t o r o r d r a w d o w n d r a i n . T h e l o c a t i o n a n d s i z e o f t h e d r a i n s a n d
b u f f e r s m u s t b e f a c t o r e d i n t o t h e t o t a l a r e a r e q u i r e d f o r t h e d r i p d i s p e r s a l s y s t e m .
( E ) L i n e s a n d T r e n c h e s .

1 . D r i p d i s p e r s a l l i n e s s h o u l d b e p l a c e d a t d e p t h s o f s i x (6) t o t e n (10) i n c h e s b e l o w t h e s u r f a c e .
T h e d r i p l i n e s s h o u l d b e  l e v e l a n d s h o u l d r u n w i t h t h e c o n t o u r .
2 . T h e e m i t t e r l i n e s p a c i n g a n d e m i t t e r s p a c i n g s h a l l b e a t 2 - f o o t s p a c i n g t o a c h i e v e e v e n
d i s t r i b u t i o n o f t h e w a s t e w a t e r a n d m a x i m u m u t i l i z a t i o n o f t h e s o i l .
3 . T h e v e r t i c a l s e p a r a t i o n b e t w e e n t h e b o t t o m o f t h e t r e n c h a n d a l i m i t i n g l a y e r , i n c l u d i n g b u t n o t l i m i t e d t o ,

 r e s t r i c t i v e h o r i z o n ; o r s e a s o n a l h i g h w a t e r t a b l e , s h a l l b e n o l e s s t h a n t w e n t y - f o u r i n c h e s (24") o r
 b e n o l e s s t h a n t w e l v e i n c h e s (12") f o r s y s t e m s d i s p e r s i n g s e c o n d a r y o r h i g h e r q u a l i t y e f f l u e n t .

4. V e r t i c a l s e p a r a t i o n s h a l l b e n o l e s s  f o r t y - e i g h t i n c h e s (48") w h e r e k a r s t f e a t u r e s a r e p r e s e n t u n l e s s t h e
s i t e c a n b e r e c l a s s i f i e d ;
5. T r e n c h e s s h a l l b e s p a c e d a t l e a s t five f e e t (5') a p a r t o n c e n t e r s . W h e n t r e n c h s p a c i n g i s g r e a t e r t h a n five 
f e e t (5') , a m a x i m u m e f f e c t i v e a r e a o f u p t o five s q u a r e f e e t (5 s q . f t . ) o f s o i l t r e a t m e n t a r e a p e r f o o t o f t r e n c h
m a y b e a l l o w e d .

L h o
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