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I t cw be used by t he
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0&M manua l s .

2 : App l i cab i l i t y . Th i s manua l app l i es t o a l l f i e l d ope r a t i ng ac t i v i t i es
hav i ng c i v i l wo r ks des i gn r espons i b i l i t i es .
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CHAPTER 1
I NTRODUCT I ON

1 - 1 . Gene r a l . Th i s manua l p r esen t s gene r a l gu i dance f o r t he p r epa r a t i on
o f s i t e - spec i f i c ope r a t i on and ma i n t enance ( 0&M) manua l s f o r t he bas i c l and
t r ea t men t sys t ems used t o t r ea t was t ewa t e r s , and t o supp l emen t O&M i n f o r ma -
t i on a l r eady p r ov i ded f o r ex i s t i ng sys t ems . The r e a r e t h r ee bas i c sys t ems
t ha t d i f f e r i n t he r a t e a t wh i ch wa t e r i s app l i ed and i n t he f l ow pa t h o f
t ha t wa t e r a f t e r app l i ca t i on . These sys t ems a r e as f o l l ows .

_a . S l ow r a t e . Th i s t ype o f sys t em i s s i m i l a r t o conven t i ona l ag r i cu l -
t u r a l i r r i ga t i on p r ac t i ce . Was t ewa t e r i s app l i ed t o an a r ea cove r ed by
vege t a t i on . The vege t a t i on i s an essen t i a l componen t i n t he sys t em and t he
app l i ed was t ewa t e r i s t r ea t ed . a s i t t r i ck l es down t h r ough t he so i l and t he
r oo t zone o f t he c r op . A t yp i ca l l oad i ng f o r a s i t e i n t he no r t he r n U . S .

m i gh t be abou t 2 - 1 / 2 m i l l i on ga l l ons o f was t ewa t e r pe r yea r pe r ac r e .
Chap t e r 2 p r ov i des add i t i ona l de t a i l s on t he p r ocess , and necessa r y s i t e
cond i t i ons .

b . Ove r l and f l ow . I n t h i s t ype o f sys t em , was t ewa t e r i s app l i ed a t t he
t op o f gen t l y s l op i ng g r assed f i e l ds . The su r f ace has been smoo t hed du r i ng
cons t r uc t i on so t he was t ewa t e r f l ows down t he s l ope i n a sha l l ow shee t t o
co l l ec t i on d i t ches a t t he t oe . The so i l s a r e usua l l y c l ays o r o t he r i mpe r -
meab l e t ypes . The was t ewa t e r i s t r ea t ed as a r esu l t o f con t ac t be t ween i t
and t he g r asses , t he so i l su r f ace and t he o r gan i c ma t on t he s l ope . Annua l
l oad i ng f o r a s i t e i n t he no r t he r n U . S . m i gh t be abou t 5 m i l l i on ga l l ons o f

was t ewa t e r pe r yea r pe r ac r e . Chap t e r 3 p r ov i des add i t i ona l de t a i l s on t he
p r ocess .

c .

�

Rap i d . i n f i l t r a t i on .

�

Th i s t ype o f sys t em uses f l ood i ng o f open
bas i ns i n sandy so i l s . Vege t a t i on i n t he bas i ns i s no t necessa r y f o r
t r ea t men t . The was t ewa t e r i s t r ea t ed as i t pe r co l a t es t h r ough t he uppe r
so i l l aye r s . A t yp i ca l l oad i ng f o r a s i t e i n t he no r t he r n U . S . m i gh t be
abou t 32 m i l l i on ga l l ons pe r yea r pe r ac r e . Chap t e r 4 p r ov i des add i t i ona l
de t a i l s on t he p r ocess .

1 - 2 . Pu r pose and scope . Th i s documen t has t wo bas i c pu r poses . I t can be
used by t he ope r a t o r s o f ex i s t i ng and f u t u r e sys t ems t o supp l emen t t he O&M
i n f o r ma t i on f u r n i shed t o t hem on t he mechan i ca l e l emen t s i n t he i r sys t ems .
I t can a l so be used as a gu i de f o r t he p r epa r a t i on o f f u t u r e O&M manua l s .
The wr i t e r o f t he O&M manua l can t ake t he necessa r y chap t e r s f r om t h i s
documen t and add t hem t o t he spec i f i c i n f o r ma t i on on ope r a t i on and ma i n t en -
ance o f t he equ i pmen t i nvo l ved . Ope r a t o r s o f ex i s t i ng sys t ems on l y need t o
be conce r ned w i t h t hose chap t e r s cove r i ng t he t ype o f p r ocess t hey a r e
r espons i b l e f o r . The t ypes o f equ i pmen t t ha t can be used and t he poss i b l e
comb i na t i ons a r e a l mos t i n f i n i t e , so t h i s documen t canno t poss i b l y cove r
a l l o f t ha t ma t e r i a l . Th i s manua l does p r ov i de t he f undamen t a l p r ocedu r es
t ha t a r e common t o t he bas i c l and t r ea t men t sys t ems . Spec i a l cond i t i ons
t ha t a r e un i que t o a s i ng l e s i t e a r e a l so beyond t he scope o f t h i s documen t
and mus t be i nc l uded i n po r t i ons o f t he s i t e - spec i f i c O&M manua l . The r e i s
some dup l i ca t i on i n t h i s documen t be t ween t he t echn i ca l chap t e r s because
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t he r e a r e common e l emen t s i n t he va r i ous p r ocesses and each chap t e r i s
i n t ended t o s t and i ndependen t l y . The ope r a t o r s and f u t u r e manua l wr i t e r s

us i ng t h i s documen t shou l d be p r i ma r i l y conce r ned w i t h t he chap t e r desc r i b -
i ng t he p r ocess o f i n t e r es t t o t hem and append i x A . Howeve r , chap t e r 2

does con t a i n t he mos t de t a i l on mon i t o r i ng p r ocedu r es t ha t may a l so be
app l i cab l e t o t he o t he r sys t ems , so t hese sec t i ons shou l d be consu l t ed i f
mon i t o r i ng i s an i ssue o f conce r n .

1 - 3 . De f i n i t i ons .

Ac r e - f oo t - A l i qu i d measu r e o f a vo l ume equa l t o cove r i ng a 1 - ac r e a r ea
t o 1 - f oo t o f dep t h .

Ae r oso l - - A suspens i on o f co l l o i da l so l i d o r l i qu i d pa r t i c l es i n a i r o r
gas , hav i ng sma l l d i ame t e r s r ang i ng f r om 0 . 01 t o 50 m i c r ons .

Aqu i c l ude - A geo l og i c f o r ma t i on wh i ch , a l t hough po r ous and capab l e o f
abso r b i ng wa t e r s l ow l y , w i l l no t t r ansm i t i t r ap i d l y enough t o f u r n i sh An
app r ec i ab l e supp l y f o r a we l l o r sp r i ng .

Ava i l ab l e mo i s t u r e - The pa r t o f t he wa t e r i n t he so i l t ha t can be t aken
up by p l an t s a t r a t es s i gn i f i can t t o t he i r g r ow t h ; t he mo i s t u r e con t en t o f
t he ' so i l i n excess o f t he u l t i ma t e w i l t i ng po i n t .

Ava i l ab l e nu t r i en t - Tha t po r t i on o f any e l emen t o r compound i n
t ha t can be r ead i l y abso r bed and ass i m i l a t ed by g r ow i ng p l an t s .
( " Ava i l ab l e " shou l d no t be con f used w i t h exchangeab l e . )

Evapo t r ansp i r a t i on - The comb i ned l oss o f wa t e r f r om a g i ven a r ea and
du r i ng a spec i f i ed pe r i od o f t i me by evapo r a t i on f r om t he so i l su r f ace ,
snow o r i n t e r cep t ed p r ec i p i t a t i on , and by p l an t t r ansp i r a t i on and t i ssue
bu i l d i ng .

F i e l d a r ea - The " we t t ed a r ea " whe r e t r ea t men t occu r s i n a l and
app l i ca t i on sys t em .

F i e l d capac i t y ( f i e l d mo i s t u r e capac i t y ) - The mo i s t u r e con t en t o f
t he f i e l d 2 o r 3 days a f t e r sa t u r a t i on and a f t e r f r ee d r a i nage has
p r ac t i ca l l y ceased ; t he quan t i t y o f wa t e r he l d i n a so i l by cap i l l a r y
ac t i on a f t e r t he g r av i t a t i ona l o r f r ee wa t e r has been a l l owed t o d r a i n ;
exp r essed as mo i s t u r e pe r cen t age , d r y we i gh t bas i s .

t he so i l

so i l i n

F r ag i pan - A l oamy , dense , b r i t t l e subsu r f ace ho r i zon t ha t i s ve r y l ow i n
o r gan i c ma t t e r and c l ay bu t i s r i ch i n s i l t o r ve r y f i ne sand . The l aye r
i s seem i ng l y cemen t ed and s l ow l y o r ve r y s l ow l y pe r meab l e .

Ho r i zon ( so i l ) - A l aye r o f so i l , app r ox i ma t e l y pa r a l l e l t o t he so i l
su r f ace , w i t h d i s t i nc t cha r ac t e r i s t i cs p r oduced by so i l - f o r m i ng p r ocesses .

I n f i l t r ome t e r - - A dev i ce by wh i ch t he r a t e and amoun t o f wa t e r i n f i l t r a -
t i on i n t o t he so i l i s de t e r m i ned ( cy l i nde r , sp r i nk l e r o r bas i n f l ood i ng ) .
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Lys i me t e r - A dev i ce f o r measu r i ng pe r co l a t i ng and l each i ng l osses f r om a
co l umn o f so i l . A l so a dev i ce f o r co l l ec t i ng so i l wa t e r i n t he f i e l d .

M i c r onu t r i en t - A chem i ca l e l emen t necessa r y i n on l y t r ace amoun t s ( l ess
t han l mg L ) f o r m i c r oo r gan i sm and p l an t g r ow t h . Essen t i a l m i c r onu t r i en t s
a r e bo r on , ch l o r i de , coppe r , i r on , manganese , mo l ybdenum and z i nc .

M i ne r a l i z a t i on - The conve r s i on o f a compound f r om an o r gan i c f o r m t o an
i no r gan i c f o r m as a r esu l t o f m i c r ob i a l decompos i t i on.

Sod i c so i l - A so i l t ha t con t a i ns su f f i c i en t sod i um t o i n t e r f e r e w i t h t he
g r ow t h o f mos t c r op p l an t s , and i n wh i ch t he exchangeab l e sod i um pe r cen t age
i s 15 : 1 o r mo r e .

So i l wa t e r - Tha t wa t e r p r esen t i n t he so i l po r es i n an unsa t u r a t ed ( ae r a -
t i on ) zone above t he g r oundwa t e r t ab l e . Such wa t e r may e i t he r be l os t by
evapo t r ansp i r a t i on o r pe r co l a t i on t o t he g r oundwa t e r t ab l e .

Tens i ome t e r - A dev i ce used t o measu r e t he nega t i ve p r essu r e ( o r t ens i on )
w i t h wh i ch wa t e r i s he l d i n t he so i l ; a po r ous , pe r meab l e ce r am i c cup
connec t ed t h r ough a t ube t o a manome t e r o r vacuum gauge .

T i l l - Depos i t s o f g l ac i a l d r i f t l a i d down whe r e t he g l ac i e r me l t s , con -
s i s t i ng o f a he t e r ogeneous mass o f r ock f l ou r , c l ay , sand , pebb l es ,
cobb l es and bou l de r s i n t e r m i ng l ed i n any p r opo r t i on ; t he ag r i cu l t u r a l
cu l t i va t i on o f f i e l ds .

T i l t h - The phys i ca l cond i t i on o f a so i l as r e l a t ed t o i t s ease o f cu l t i -
va t i on . Good t i l t h i s assoc i a t ed w i t h h i gh noncap i l l a r y po r os i t y and
s t ab l e , g r anu l a r s t r uc t u r e , and l ow i mpedance t o seed l i ng eme r gence and
r oo t pene t r a t i on.

T r ansp i r a t i on - The ne t quan t i t y o f wa t e r abso r bed t h r ough p l an t r oo t s
t ha t i s used d i r ec t l y i n bu i l d i ng p l an t t i ssue o r g i ven o f f t o t he a t mos -

phe r e as a vapo r f r om t he l eaves and s t ems o f l i v i ng p l an t s .

Vo l a t i l i z a t i on - The evapo r a t i on o r chang i ng o f a subs t ance f r om l i qu i d t o
vapo r .

W i l t i ng po i n t - The m i n i mum quan t i t y o f wa t e r i n a g i ven so i l necessa r y t o
ma i n t a i n p l an t g r ow t h . When t he quan t i t y o f mo i s t u r e f a l l s be l ow t h i s , t he
l eaves beg i n t o d r op and sh r i ve l up .



Sec t i on I . P r ocess Desc r i p t i on

2 - 1 . I n t r oduc t i on . S l ow r a t e l and t r ea t men t i s t he con t r o l l ed app l i ca t i on
o f was t ewa t e r t o a vege t a t ed l and su r f ace . A po r t i on o f t he f l ow i s used
by t he vege t a t i on and t he r ema i nde r pe r co l a t es be l ow t he r oo t zone i n t o
deepe r so i l l aye r s o r t he g r oundwa t e r t ab l e . The was t ewa t e r i s t r ea t ed as
i t passes t h r ough t he t opso i l , t he r oo t zone and t he deepe r so i l l aye r s .

When t he g r oundwa t e r i s a d r i nk i ng wa t e r aqu i f e r , t he sys t em i s des i gned
and ope r a t ed so t ha t d r i nk i ng wa t e r s t anda r ds can be ma i n t a i ned a t t he
p r o j ec t bounda r i es . S l ow r a t e sys t ems r esemb l e conven t i ona l i r r i ga t i on
bo t h i n l ayou t and ope r a t i on . Sp r i nk l e r un i t s can be f i xed r i se r s o r
mov i ng sys t ems such as cen t e r p i vo t r i gs . Su r f ace app l i ca t i on t echn i ques
i nc l ude r i dge and f u r r ow , and bo r de r s t r i p f l ood i ng . S l ow r a t e sys t ems a r e
t he mos t common t ype i n use a t Co r ps o f Eng i nee r s f ac i l i t i es . Tab l e 2 - 1
summa r i z es t he t yp i ca l s i t e cha r ac t e r i s t i cs , des i gn f ea t u r es and pe r f o r m-
ance expec t a t i ons f r om s l ow r a t e l and t r ea t men t . F i gu r e 2 - 1 i l l us t r a t es
t he va r i ous hyd r au l i c pa t hways i n s l ow r a t e sys t ems .

b b b b

�

b b b '

�

_ .. - : .
bb b b

dUnde r d r a i ns

CHAPTER 2
SLOW RATE SYSTEMS

G r oundwa t e r

b b bb . b b
Pe r co l a t i on

a . App l i ca t i on Pa t hway

b . Recove r y Pa t hway

c . Na t u r a l D r a i nage i n t o Su r f ace Wa t e r s

Evapo -
t r ansp i r a t i on

Recove r ed
Wa t e r

db bb
We l l

F i gu r e 2 - 1 . S l ow r a t e hyd r au l i c pa t hways .
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Tab l e 2 - 1 . Typ i ca l cha r ac t e r i s t i cs o f s l ow r a t e l and t r ea t men t sys t ems .

S i t e cha r ac t e r i s t i cs

G r ade

So i l pe r meab i l i t y
Dep t h t o g r oundwa t e r
C l i ma t i c r es t r i c t i ons

Des i gn f ea t u r es

App l i ca t i on me t hod
Annua l l oad i ng r a t e ( f ee t )
F i e l d a r ea r equ i r ed ( ac r es ) b
Typ i ca l week l y l oad i ng ( i nches )
M i n i mum p r eapp l i ca t i on

t r ea t men t i n t he U . S .
Vege t a t i on

Expec t ed pe r co l a t e qua l i t y

Less t han 20% on cu l t i va t ed l and ;
l ess t han 40% on uncu l t i va t ed l and .

Mode r a t e l y s l ow t o mode r a t e l y r ap i d .
2 - 3 f ee t ( m i n i mum) . a
S t o r age o f t en needed f o r co l d wea t he r

and du r i ng heavy r a i n f a l l .

Sp r i nk l e r o r su r f ace f l ood i 3g
1 . 5 t o 20 - ( 11 - 150 ga l . / f t pe r yea r )
60 t o 700
0 . 5 t o 25
P r i ma r yc

Requ i r ed

Ave r age

�

Uppe r r ange

a Unde r d r a i ns o f t en used a t s i t es w i t h h i gh na t u r a l g r oundwa t e r t o ma i n t a i n
t h i s l eve l , see f i gu r e 2 - 1 .

b F i e l d a r ea i s t ha t pa r t o f sys t em ac t ua l l y we t t ed by app l i ed was t ewa t e r ,
i t does no t i nc l ude bu f f e r a r ea , r oads o r d i t ches . The ac r es shown a r e f o r
a t yp i ca l 1 m i l l i on - ga l l on - pe r - day sys t em .

c Use o f p r i ma r y was t ewa t e r r equ i r es r es t r i c t i on o f pub l i c access t o s i t e
and p r oduc t i on o f c r ops no t used d i r ec t l y by peop l e .

d Pe r co l a t e concen t r a t i on w i l l depend on amoun t i n app l i ed was t ewa t e r and
t ype o f vege t a t i on used i n t he sys t em .

�

,

BOD ( m i l l i g r ams pe r l i t r e [ mg / L1 ) <2 <5
Suspended so l i ds ( mg / L ) <1 <5
Ammon i a n i t r ogen ( as N ) ( mg / L ) <0 . 5 <2
To t a l n i t r ogen ( as N ) ( mg / L ) 3d <8d
To t a l phospho r us ( as P ) ( mg / L ) <0 . 1 <0 . 3
Feca l co l i f o r ms ( no . / 100 mL ) 0 <10



2 - 2 . Hyd r a u l i c l oad i ng .

EM 1110 - 2 - 504
30 Nov 83

M. ,

_a . . I t i s t yp i ca l f o r mos t was t e t r ea t men t p r ocesses t o be desc r i bed i n
t e r ms o f t he f l ow vo l ume pe r un i t o f t i me , such as cub i c me t e r s pe r second
o r ga l l ons pe r m i nu t e , e t c . The l oad i ngs on t he p r ocess un i t s a r e t hen
o f t en de f i ned as t ha t vo l ume d i v i ded by t he su r f ace a r ea o f t he t ank o r
pond ( i . e . ga l l ons pe r squa r e f oo t pe r day ) . S l ow r a t e l and t r ea t men t i s
d i f f e r en t , howeve r . S i nce i t i s r e l a t ed t o conven t i ona l i r r i ga t i on p r ac -
t i ce i t i s t yp i ca l t o desc r i be was t ewa t e r l oad i ngs i n t e r ms o f t he dep t h o f

wa t e r app l i ed ove r t he t r ea t men t su r f ace a r ea du r i ng t he t i me unde r d i scus -
s i on . These l oad i ng un i t s a r e s t i l l i n essence t he mo r e f am i l i a r vo l ume o f
f l ow ( cub i c f ee t [ f t 3 ] ) d i v i ded by t he su r f ace a r ea i nvo l ved ( squa r e f ee t
[ f t 2 ] ) t o g i ve t he un i t s o f dep t h ( . f t 3 = f t 2 = f t ) . As shown i n t ab l e 2 - 1
a t yp i ca l sys t em m i gh t app l y 3 me t r es ( 9 . 8 f ee t ) o f wa t e r pe r yea r on a
f i e l d . Conve r s i on t o mo r e f am i l i a r t e r ms i s r e l a t i ve l y easy s i nce :

1 f oo t ( f t ) o f wa t e r on 1 ac r e = 325 , 829 ga l l ons

So , a l oad i ng o f 3 me t r es pe r yea r wou l d be equa l t o 30 , 000 cub i c me t r es
pe r hec t a r e pe r yea r , o r 3 , 207 , 133 ga l l ons pe r ac r e pe r yea r , o r 73 . 6
ga l l ons pe r squa r e f oo t pe r yea r .

( m 3 )

_b . I t i s a l so t yp i ca l f o r mos t commun i t y was t e t r ea t men t sys t ems t o be
i n use 24 hou r s a day , 365 days pe r yea r . Th i s i s no t t r ue f o r t he l and
t r ea t men t po r t i on o f s l ow r a t e sys t ems . The s i t e i s usua l l y d i v i ded i n t o
suba r eas and t he app l i ca t i on i s f r equen t l y r o t a t ed be t ween f i e l ds . A
pa r t i cu l a r suba r ea m i gh t t hen on l y r ece i ve was t ewa t e r a f ew hou r s f o r l day
each week . Sys t ems i n ex t r eme c l i ma t es m i gh t shu t down comp l e t e l y f o r
seve r a l weeks i n t he w i n t e r and s t o r e t he was t ewa t e r i n a pond du r i ng t ha t
pe r i od . I f a 10 - f oo t pe r yea r sys t em we r e ope r a t ed 52 weeks pe r yea r t he
ave r age week l y l oad i ng wou l d be :

( 10 f t ) ( 12 i n . / f t ) : 52 weeks = 2 . 3 i n . / week .

I f t he sys t em shu t down f o r 12 weeks pe r yea r , t he ope r a t i ona l season wou l d
be 40 weeks and t he ave r age week l y l oad i ng wou l d have t o be :

( 10 f t ) ( 12 i n . / f t ) -. 40 weeks = 3 . 0 i n . / week .

The sys t em des i gn m i gh t r equ i r e t ha t a pa r t i cu l a r f i e l d r ece i ve i t s en t i r e
week l y l oad i ng du r i ng an 8 - hou r ( h r ) pe r i od , 1 day pe r week . The ac t ua l
app l i ca t i on r a t e wou l d t hen be :

3 i n .

�

: 8 h r = 0 . 375 i n . / h r

I t i s t h i s f i na l , sho r t - t e r m app l i ca t i on r a t e t ha t i s t he bas i s f o r t he
des i gn o f t he de l i ve r y p i pes and pump i ng sys t ems . Fo r examp l e , 0 . 375
i n . / h r on a 25 ac r e f i e l d wou l d r equ i r e a pump i ng capac i t y o f ( m i nu t e
[ m i n ] , second [ s ] ) :

2 - 3

1 cen t i me t r e
1 me t r e ( m) o f

( cm) o f
wa t e r

wa t e r on 1 hec t a r e ( ha ) = 100 cub i c me t r es
on 1 hec t a r e = 10 , 000 cub i c me t r es

1 i nch ( i n . ) o f wa t e r on 1 ac r e = 27 , 152 ga l l ons ( ga l . )
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( 0 . 375 i n . / h r ) : ( 12 i n . / f t ) _ ( 60 m i n / h r ) _ ( 60 s / m i n ) = 0 . 0000087 f t / s

( 0 . 0000087 f t / s ) ( 25 ac r es ) ( 43 , 560 f t 2 / ac r e ) = 9 . 45 f t 3 / s

o r

�

( 9 . 45 f t 3 ) ( 448 . $ ) = 4241 ga l l ons pe r m i nu t e ( gpm) .

c . The hyd r au l i c pa t hways f o r t he app l i ed was t ewa t e r a r e i l l us t r a t ed i n
f i gu r e 2 - 1 . The r ecove r y o r subsu r f ace pa t hway used i n a sys t em i s pa r t i c -
u l a r l y i mpo r t an t f o r de t e r m i n i ng mon i t o r i ng r equ i r emen t s , wh i ch a r e d i s -
cussed i n sec t i on I I I .

2 - 3 . Sys t em t ypes and managemen t . The t ype o f s l ow r a t e sys t em can r ange
f r om a r emo t e f o r es t ed s i t e w i t h no pub l i c access t o a go l f cou r se o r pa r k

w i t h da i l y pub l i c use . These sys t ems can be managed by t he Co r ps o f Eng i -
nee r s o r con t r ac t pe r sonne l , o r be bu i l t by t he Co r ps o f Eng i nee r s and
ope r a t ed by s t a t e o r l oca l agenc i es . These va r i ous comb i na t i ons and t he
c r i t i ca l f ac t o r s t o be cons i de r ed f o r each a r e summa r i z ed i n t ab l e 2 - 2 .
Bo t h t he t ype o f sys t em and t he managemen t p l an a r e dec i ded on du r i ng
des i gn ; howeve r , e i t he r can be changed l a t e r , so t he sys t em ope r a t o r shou l d
be awa r e o f t he i mp l i ca t i ons o f such a change . I n gene r a l , a change f r om

Sys t em t ype
1 . Fo r es t s i t e , r emo t e ,
no pub l i c access .

2 . Fo r es t s i t e , l i m i t ed
pub l i c assess f o r h i k i ng ,
hun t i ng , e t c .

3 . Ag r i cu l t u r a l s i t e ,
pas t u r e w i t h an i ma l

g r a z i ng . No pub l i c access .

4 . Ag r i cu l t u r a l s i t e ,
c r op p r oduc t i on and ha r -

ves t . No pub l i c access .

5 . Rec r ea t i ona l s i t e ,
con t i nuous pub l i c access
( go l f cou r ses , p l ay -

g r ounds , a t h l e t i c f i e l ds ,
e t c . ) .

Tab l e 2 - 2 . S l ow r a t e sys t em t ypes and managemen t needs .

Co r ps o f Eng i nee r s
bu i l t and ope r a t ed

P r i ma r y e f f l uen t su i t ab l e .
T r ee ha r ves t p r og r am I f
n i t r ogen r emova l i s sys t em
r equ i r emen t . Ope r a t i on o f t en
seasona l .

Pond e f f l uen t su i t ab l e i f
access l i m i t ed t o , nonapp l i ca -
t I on season . T r ee ha r ves t
p r og r am as above i f needed .

No t t yp i ca l f o r Co r ps o f Eng i -
nee r s sys t ems , cou l d l ease
r i gh t s . P r i ma r y e f f l uen t su i t -
ab l e . Avo i d da i r y an i ma l s .

No t t yp i ca l f o r Co r ps o f Eng i -
nee r s sys t ems , excep t l ease
f o r f o r age g r ass o r hay ha r -
ves t . One t o t h r ee cu t t i ngs
pe r season depend i ng on l oca -
t i on and c l i ma t e . P r i ma r y
e f f l uen t su i t ab l e .

Mo r e common I n wa t e r sho r t
a r eas . Needs b i o l og i ca l t r ea t -
men t , i n pond o r s i m i l a r , and
an ox i d i z ed , s t ab l e e f f l uen t
w i t h f eca l co l i f o r m <200 / 100 mL .

2 - 4

Managemen t needs
Co r ps o f Eng i nee r s bu i l t ,

con t r ac t o r ope r a t ed

Same as Co r ps o f Eng i nee r s
ope r a t ed .

Pond e f f l uen t , w i t h f eca l t o l l - Same as con t r ac t o r ope r a t i on
f o r m <1000 / 100 m l . i f access

�

w i t h any add i t i ona l s t a t e o r
no t r es t r i c t ed du r i ng season .

�

l oca l r equ i r emen t s .
O t he r w i se same as no . 1 .

Pond e f f l uen t w i t h f eca l co l i -
f o r m <1000 / 100 m l . s i nce l ess
d i r e r t con t r o l ove r t ype o f
an i ma l o r pe r i ods o f access .

Cou l d be f a r med by con t r ac t
ope r a t o r o r by subcon t r ac t o r ;
t r ansm i ss i on o f was t ewa t e r t o
l oca l f a r me r s poss i b l e . To

cove r a l l cases need pond
e f f l uen t w i t h f eca l co l i f o r m
<1000 / 100 mL . Avo i d human f ood
c r ops t ha t a r e ea t en r aw .

Same as Co r ps o f Eng i nee r s
ope r a t ed .

Co r ps o f Eng i nee r s , s t a t e
o r l oca l agency ope r a t ed

Same as Co r ps o f Eng i nee r s
ope r a t ed . S t a t e o r l oca l
agency may have add i t i ona l

r equ i r emen t s .

Same as con t r ac t o r ope r a t i on
w i t h any add i t i ona l s t a t e o r
l oca l r equ i r emen t s .

M i n i mum r equ i r emen t s same as
con t r ac t o r ope r a t i on . S t a t e
may l i m i t t ypes o f c r op t o be
p r oduced o r have o t he r r e -
s t r i c t i ons .

Same as Co r ps o f Eng i nee r s
ope r a t ed . Add i t i ona l po l l sh -
I ng s t ep ( chem i ca l t r ea t men t ,
f i l t e r s , m i c r osc r eens ) some -
t i mes used f o r cons i s t en t l y
l ow suspended so l i ds .



f o r es t t o c r op p r oduc t i on o r a dec i s i on t o a l l ow pub l i c access may r equ i r e
h i ghe r l eve l s o f p r eapp l i ca t i on t r ea t men t and d i s i n f ec t i on . A sh i f t f r om
d i r ec t Co r ps o f Eng i nee r s ope r a t i on t o con t r ac t o r l oca l agency managemen t
may r equ i r e s i m i l a r cons i de r a t i ons , pa r t i cu l a r l y i f t he Co r ps o f Eng i nee r s
i s s t i l l r espons i b l e f o r pe r f o r mance .

2 - 4 . I n t r oduc t i on . The numbe r o f ope r a t i ng pe r sonne l and t he sk i l l l eve l s
r equ i r ed o f t hem w i l l depend on t he t ype o f sys t em ( t ab l e 2 - 2 ) and on i t s
s i z e . F i gu r e 2 - 2 p r esen t s an es t i ma t e o f t he pe r sonne l needs o f t yp i ca l
s l ow r a t e l and t r ea t men t sys t ems . The f i gu r e shows t he app r ox i ma t e numbe r
o f man - hou r s pe r day f o r t he sma l l e r sys t ems and t he numbe r o f f u l l - t i me
emp l oyees r equ i r ed f o r t he l a r ge r sys t ems . These es t i ma t es a r e on l y f o r
t he l and t r ea t men t po r t i on o f t he sys t em . Add i t i ona l t i me w i l l be r equ i r ed
f o r ope r a t i on and ma i n t enance o f any sewe r sys t ems , sewe r sys t em pump
s t a t i ons and t he p r e t r ea t men t p r ocesses t ha t a r e used p r i o r t o l and t r ea t -
men t . These es t i ma t es a r e f o r a " t yp i ca l " sys t em ; an ag r i cu l t u r a l ope r a t i on
p r oduc i ng r ow c r ops w i l l r equ i r e mo r e t i me f o r 0&M t han i nd i ca t ed , a
f o r es t ed s i t e w i l l r equ i r e l ess . The t i me r equ i r ed w i l l a l so va r y w i t h t he
equ i pmen t used . Fo r i ns t ance , a cen t e r p i vo t un i t wou l d r equ i r e l ess t i me
t han so l i d - se t sp r i nk l e r s o r a su r f ace f l ood i ng ope r a t i on . The l eve l o f

p r eapp l i ca t i on t r ea t men t a l so has an i n f l uence ; t he use o f p r i ma r y e f f l uen t
w i l l r equ i r e mo r e a t t en t i on t han t he use o f pond o r seconda r y e f f l uen t
because o f sp r i nk l e r c l ean i ng , e t c .

aaa
30
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�
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. Sec t i on I I . S t a f f i ng Requ i r emen t s

0 2 4 6 8
Man - hou r s / day

F i gu r e 2 - 2 . Pe r sonne l needs f o r l and t r ea t -
men t po r t i on o f s l ow r a t e sys t ems .
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2 - 5 . Gene r a l sk i l l s . The gene r a l sk i l l s r equ i r ed f o r r ou t i ne ope r a t i on o f
a l l t ypes o f s l ow r a t e sys t ems a r e essen t i a l l y t he same as t hose needed f o r
r ou t i ne ope r a t i on o f any s i mp l e was t e t r ea t men t sys t em . The ma j o r mechan i -
ca l t asks i nvo l ve ope r a t i ng and se r v i c i ng pumps , mo t o r s and va l ves . The
on l y " new " mechan i ca l e l emen t s a r e cen t e r p i vo t s o r s i m i l a r r i gs and t he
sp r i nk l e r noz z l es . The mechan i ca l componen t s o f t he f o r me r a r e a l l
f am i l i a r ( d r i ve mo t o r s , g r ease f i t t i ngs , e t c . ) and a r e no t d i f f i cu l t t o
se r v i ce . Sp r i nk l e r noz z l es w i l l r equ i r e a t t en t i on bu t manu f ac t u r e r ' s
l i t e r a t u r e p r ov i des c l ea r i ns t r uc t i ons f o r se r v i c i ng t he t ype chosen f o r a
pa r t i cu l a r p r o j ec t . A un i que r equ i r emen t f o r s l ow r a t e l and t r ea t men t i s
dec i d i ng when t o t u r n t he wa t e r on and o f f o r when t o sw i t ch t he app l i ca -
t i on t o a d i f f e r en t pa r t o f t he s i t e . A bas i c p r og r am and schedu l e o f

ope r a t i ons w i l l have been de t e r m i ned f o r each p r o j ec t du r i ng f i na l des i gn .
Howeve r , t h i s may r equ i r e ad j us t men t by t he ope r a t o r i f f l ow i nc r eases , i f
a yea r i s espec i a l l y we t o r d r y , o r i f t he vege t a t i on used i n t he sys t em
changes . Sec t i on I o f t h i s chap t e r i n t r oduced t he hyd r au l i c l oad i ng con -
cep t s , sec t i on I V w i l l p r esen t f u r t he r de t a i l s on spec i f i c ope r a t i ng p r oce -
du r es .

2 - 6 . Spec i a l sk i l l s . The ope r a t o r o f a f o r es t ed s i t e w i l l some t i mes need
expe r t adv i ce t o he l p w i t h p r ob l ems such as i nsec t i n f es t a t i ons o r p l an t
d i seases , o r t o de t e r m i ne wh i ch t r ees t o cu l l o r when t o c l ea r cu t . The
ope r a t o r o f an ag r i cu l t u r a l s i t e w i l l r equ i r e a l l o f t he f a r m i ng sk i l l s
no r ma l l y assoc i a t ed w i t h t he pa r t i cu l a r ac t i v i t y ( pas t u r es , hay c r ops , r ow
c r ops , e t c . ) . Rec r ea t i ona l s i t es r equ i r e pa r t i cu l a r a t t en t i on t o wa t e r
qua l i t y t o ma i n t a i n adequa t e hea l t h p r o t ec t i on ( see sec t i on I I I f o r i n f o r -
ma t i on on mon i t o r i ng ) . I n add i t i on , t he was t ewa t e r app l i ca t i on schedu l i ng
f o r r ec r ea t i ona l s i t es r equ i r es ca r e f u l con t r o l so as no t t o i n t e r f e r e w i t h
r ec r ea t i ona l ac t i v i t i es . Tha t w i l l usua l l y i nvo l ve n i gh t t i me o r o f f - season
app l i ca t i on . Many r ec r ea t i ona l s i t es w i l l i nc l ude a ca r e f u l l y ma i n t a i ned
t u r f g r ass cove r . The ope r a t o r may need expe r t adv i ce f r om t i me t o t i me on

p r ocedu r es f o r r eseed i ng , weed con t r o l , supp l emen t a l f e r t i l i z a t i on , e t c .
Mos t s t a t es now have l i cens i ng p r og r ams f o r was t ewa t e r t r ea t men t p l an t
ope r a t o r s . A l t hough t hese p r og r ams t end t o f ocus on t he conven t i ona l
mechan i ca l sys t ems f o r was t ewa t e r t r ea t men t , i t wou l d s t i l l be bene f i c i a l ,
and poss i b l y necessa r y , f o r l and t r ea t men t sys t em ope r a t o r s t o ob t a i n
ope r a t o r l i censes . The t r a i n i ng i nvo l ved i n t hese p r og r ams shou l d he l p t he
ope r a t o r t o be t t e r unde r s t and t he hea l t h and sa f e t y r equ i r emen t s o f was t e -
wa t e r t r ea t men t as we l l as ope r a t i on o f t he mechan i ca l componen t s common t o
a l l sys t ems .

Sec t i on I I I . P r ocess Con t r o l and Mon i t o r i ng

2 - 7 . I n t r oduc t i on . The i n f o r ma t i on needed f o r ope r a t i on o f t he sys t em i s
ob t a i ned t h r ough t he mon i t o r i ng p r og r am . Mon i t o r i ng needs can be d i v i ded
i n t o t wo ca t ego r i es . The r e i s comp l i ance mon i t o r i ng t o ce r t i f y t ha t t he
sys t em i s mee t i ng t he r equ i r emen t s o f t he Fede r a l , s t a t e and l oca l agenc i es
t ha t a r e r espons i b l e . The r e i s a l so r ou t i ne p r ocess mon i t o r i ng t o ensu r e
t ha t a l l i n t e r na l componen t s i n t he sys t em a r e cos t e f f ec t i ve and f unc t i on -
i ng as des i gned . Th i s t ype o f mon i t o r i ng i s necessa r y even i f r egu l a t o r y
r equ i r emen t s d i d no t ex i s t . Howeve r , i t i s o f t en poss i b l e t o sa t i s f y bo t h
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r egu l a t o r y and ope r a t i ng needs a t t he same t i me i f t he mon i t o r i ng p r og r am
i s ca r e f u l l y p l anned .

2 - 8 . Comp l i anc e mon i t o r i ng .

EM 1110 - 2 - 504
30 Nov 83

_a . Gene r a l . The Fede r a l gove r nmen t and a l l s t a t es have r egu l a t i ons
con t r o l l i ng d i scha r ges t o su r f ace wa t e r s . Land t r ea t men t sys t ems w i t h a
po i n t sou r ce d i scha r ge w i l l r equ i r e a Na t i ona l Po l l u t i on D i scha r ge E l i m i na
t i on Sys t em ( NPDES ) pe r m i t f r om t he app r op r i a t e agenc i es . Howeve r , no t a l l
l and t r ea t men t sys t ems have a po i n t d i scha r ge t o su r f ace wa t e r s so an NPDES

pe r m i t i s no t a l ways r equ i r ed . Land t r ea t men t sys t ems t ha t co l l ec t t he
t r ea t ed wa t e r w i t h unde r d r a i ns o r we l l s and t hen d i scha r ge i t t o su r f ace

wa t e r s w i l l need a pe r m i t , as w i l l mos t ove r l and f l ow sys t ems ( chap . 3 ) .
I n gene r a l , t he hyd r au l i c pa t hways shown i n f i gu r e 2 - 1b f o r s l ow r a t e
sys t ems w i l l r equ i r e an NPDES pe r m i t , t he o t he r s w i l l no t .

( 1 ) A l t hough a d i scha r ge pe r m i t may no t be r equ i r ed f o r t he case
whe r e t he t r ea t ed wa t e r r ema i ns i n t he g r ound o r eme r ges i n t o su r f ace wa t e r
a t some r emo t e p l ace ( f i g . 2 - l c ) t hese sys t ems a r e no t i gno r ed by t he r egu
l a t o r y agenc i es . Many s t a t es now r equ i r e pe r m i t s t o d i scha r ge t o g r ound -

wa t e r . The i r c r i t e r i a r ange f r om ve r y spec i f i c r egu l a t i ons t ha t have t he
f o r ce o f l aw t o gene r a l gu i de l i nes t ha t may be s t r ong l y r ecommended bu t
wh i ch a r e mo r e f l ex i b l e i n app l i ca t i on t han r egu l a t i ons ; t he r e a r e a l so
case - by - case de t e r m i na t i ons t ha t depend on t he s i t e cond i t i ons and ope r a -
t i ona l p l an o f a pa r t i cu l a r sys t em .

( 2 ) These con t r o l s p r o t ec t t he hea l t h o f t he ope r a t o r s and t he
gene r a l pub l i c , as we l l as sa f egua r d t he env i r onmen t . The conce r n goes
beyond wa t e r qua l i t y and can i nc l ude t he t ype o f c r op t o be g r own , t he
cond i t i on o f t he so i l and t he p r esence o f a i r bo r ne ae r oso l pa r t i c l es . As a
r esu l t , some agenc i es i ssue spec i f i c c r i t e r i a r e l a t i ve t o t he t ype o f
sys t em t ha t can be ope r a t ed as we l l as spec i f i c mon i t o r i ng r equ i r emen t s t o
ensu r e comp l i ance .

_b . Fede r a l gu i de l i nes . The U . S . EPA has i ssued gu i de l i nes f o r t he
l eve l , o f p r eapp l i ca t i on t r ea t men t be l i eved su i t ab l e f o r va r i ous t ypes o f
l and t r ea t men t sys t ems . These gu i de l i nes a r e i n t ended t o p r o t ec t t he
pub l i c hea l t h and t hey become mo r e s t r i ngen t as pub l i c access i nc r eases o r
when t he c r ops g r own en t e r t he human f ood cha i n d i r ec t l y . Tab l e 2 - 3
p r esen t s t he U . S . EPA gu i de l i nes f o r a l l t h r ee o f t he ma j o r l and t r ea t men t
sys t ems .

�

The U . S . EPA does no t have mon i t o r i ng r equ i r emen t s f o r l and
t r ea t men t sys t ems t ha t don ' t have po i n t sou r ce d i scha r ges . Gene r a l l y , t he
no r ma l p r ocess con t r o l mon i t o r i ng ( pa r a . 2 - 9 ) t ha t shou l d be unde r t aken f o r
a l l sys t ems w i l l be adequa t e t o gua r an t ee success f u l ope r a t i on o f t he
sys t em .
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Tab l e 2 - 3 . Gu i dance f o r assess i ng l eve l o f p r eapp l i ca t i on t r ea t men t .

S l ow r a t e sys t ems ( r e f e r ence sou r ces i nc l ude U . S . EPA wa t e r qua l i t y
c r i t e r i a and va r i ous s t a t e gu i de l i nes ) .

P r i ma r y t r ea t men t - - accep t ab l e f o r i so l a t ed l oca t i ons w i t h
r es t r i c t ed pub l i c access and when l i m i t ed t o c r ops no t ea t en
r aw by peop l e .

- B i o l og i ca l t r ea t men t by l agoons o r i n - p l an t p r ocesses p l us
con t r o l o f f eca l co l i f o r m coun t t o l ess t han 1000 / 100 mL - -
accep t ab l e f o r con t r o l l ed ag r i cu l t u r a l i r r i ga t i on , excep t f o r
human f ood c r ops t o be ea t en r aw.

- B i o l og i ca l t r ea t men t by l agoons o r i n - p l an t p r ocesses w i t h
add i t i ona l BOD o r suspended so l i ds con t r o l as needed f o r
aes t he t i cs , p l us d i s i n f ec t i on t o l og mean o f 200 / 100 mL ( EPA
f eca l co l i f o r m c r i t e r i a f o r ba t h i ng wa t e r s ) - - accep t ab l e f o r
app l i ca t i on i n pub l i c access a r eas such as pa r ks and go l f
cou r ses.

Rap i d - i n f i l t r a t i on sys t ems .

- P r i ma r y t r ea t men t - - accep t ab l e f o r i so l a t ed l oca t i ons w i t h
r es t r i c t ed pub l i c access .

- B i o l og i ca l t r ea t men t by l agoons o r i n - p l an t p r ocesses - -
accep t ab l e f o r u r ban l oca t i ons w i t h con t r o l l ed pub l i c access .

Ove r l and f l ow sys t ems .

- Sc r een i ng o r comm i nu t i on - - accep t ab l e f o r i so l a t ed s i t es w i t h no
pub l i c access .

- Sc r een i ng o r comm i nu t i on p l us ae r a t i on t o con t r o l odo r s du r i ng
s t o r age o r app l i ca t i on - - accep t ab l e f o r u r ban l oca t i ons w i t h
no pub l i c access .

_c . S t a t e r equ i r emen t s . A l l o f t he 50 s t a t es have an i n t e r es t i n and
some l eve l o f con t r o l ove r t he mon i t o r i ng o f l and t r ea t men t sys t ems , even
t hough t he r e i s no su r f ace d i scha r ge . Tab l e 2 - 4 i s a l i s t i ng o f t he s t a t es
t ha t have mon i t o r i ng c r i t e r i a and t he l eve l o f con t r o l t ha t t hey i mpose ( as
o f 1 Janua r y 1982 ) . The mon i t o r i ng r equ i r emen t s f o r , a pa r t i cu l a r sys t em
w i l l have been de t e r m i ned du r i ng des i gn and w i l l be wr i t t en i n t o t he s i t e -
spec i f i c po r t i on o f t he O&M manua l . Whe r e app l i cab l e , t he gu i de l i nes o r
r egu l a t i ons f r om t he s t a t e agency shou l d be i nc l uded i n t he manua l . The
ope r a t o r mus t t hen be awa r e t ha t i f he changes t he mode o f ope r a t i on , o r i f
he a l l ows pub l i c access o r changes t he c r ops t o be g r own , t he r e may be a
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change i n t he mon i t o r i ng p r og r am . I n t he f i r s t t wo ca t ego r i es o f t ab l e 2 - 4
t he ope r a t o r can de t e r m i ne wha t changes m i gh t be needed by r ead i ng t he

gu i de l i nes o r r egu l a t i ons . I n t he l as t ca t ego r y d i r ec t con t ac t w i t h t he
s t a t e agency w i l l be needed .

Tab l e 2 - 4 . S t a t e con t r o l o f mon i t o r i ng .

Regu l a t i on

Ca l i f o r n i a , De l awa r e , M i ch i gan , M i nneso t a , O r egon ,
Pennsy l van i a , Sou t h Ca r o l i na , Ve r mon t , W i scons i n ,
Wyom i ng

Gu i de l i nes

Geo r g i a , I l l i no i s , Ma r y l and , Neb r aska , New Hampsh i r e ,
New Mex i co , New Yo r k , Ok l ahoma , Texas , V i r g i n i a , Wes t
V i r g i n i a

Case - by - Case

A l l o t he r s - 28 s t a t es

d . Mon i t o r i ng l oca t i ons . I t i s no t poss i b l e t o p r esen t he r e a l l o f t he
s t a t es ' spec i f i c r equ i r emen t s f o r t he t ype and f r equency o f t es t i ng o f t he
app l i ed was t ewa t e r , pe r co l a t e - g r oundwa t e r , so i l s and c r ops . Such a l i s t i ng
wou l d be t oo comp l ex t o be o f va l ue and wou l d r ap i d l y be ou t o f da t e s i nce
many agenc i es f r equen t l y upda t e and r ev i se t he i r c r i t e r i a . Howeve r , i t i s
poss i b l e , based on p r esen t c r i t e r i a , t o summa r i z e t he a r eas o f mos t conce r n
t o t he s t a t e agenc i es . Tab l e 2 - 5 summa r i z es t he numbe r o f s t a t es t ha t

mon i t o r t he ma j o r componen t s o f a l and t r ea t men t sys t em : t he app l i ed was t e -
wa t e r , t he g r oundwa t e r , t he so i l , t he c r op and ae r oso l s . The i r l eve l o f
conce r n r anges f r om r equ i r ed mon i t o r i ng t o case - by - case j udgmen t t o no
conce r n a t a l l .
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Tab l e 2 - 5 . Numbe r o f s t a t es w i t h mon i t o r i ng c r i t e r i a .

App l i ed
Mon i t o r i ng was t ewa t e r G r oundwa t e r So i l C r op Ae r oso l

Requ i r ed - r ecommended 25 14 5 2 0
Sugges t ed 0 0 2 2 0

Case - by - case 20 31 20 23 15

No conce r n 5 5 23 23 35
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_e . Was t ewa t e r mon i t o r i ng . The ma j o r i t y o f s t a t es a r e conce r ned abou t
t he qua l i t y o f t he was t ewa t e r t o be app l i ed , and 25 have spec i f i c r egu l a -
t i ons o r gu i de l i nes . G r oundwa t e r p r o t ec t i on i s a case - by - case conce r n and
i t depends l a r ge l y on t he g r oundwa t e r use i n t he v i c i n i t y o f t he f ac i l i t y
and t he c l ass i f i ca t i on o f t he aqu i f e r . Mon i t o r i ng o f t he so i l i s usua l l y
o f t he p r ocess con t r o l t ype t o make su r e t he sys t em ope r a t es p r ope r l y o r t o
wa r n o f l ong - t e r m e f f ec t s t ha t m i gh t i nh i b i t t he f u t u r e use o f t he s i t e f o r
o t he r pu r poses . C r ops a r e a l so mon i t o r ed f o r ope r a t i ona l pu r poses bu t t he
l eve l o f conce r n i nc r eases when t he c r op i s consumed d i r ec t l y by peop l e .

The po t en t i a l f o r ae r oso l con t am i na t i on i s o f l i t t l e conce r n t o mos t s t a t e
agenc i es , excep t on a case - by - case bas i s f o r r ec r ea t i ona l ope r a t i ons and
t hose t ha t a r e c l ose t o t he pub l i c .

( 1 ) A t yp i ca l examp l e o f t he t ype and f r equency o f mon i t o r i ng , r e -
qu i r ed f o r t he app l i ed was t ewa t e r i s shown i n t ab l e 2 - 6 . The B i ochem i ca l
Oxygen Demand ( BOD ) , pH , n i t r ogen and phospho r us a r e f am i l i a r wa t e r qua l i t y
pa r ame t e r s t es t ed f o r i n mos t sys t ems . Howeve r , i n t h i s case t he ma i n
pu r pose f o r mon i t o r i ng t he pH , nu t r i en t s and o t he r c r i t i ca l chem i ca l i npu t s
i s t o make success f u l ope r a t i on o f t he sys t em ce r t a i n . Th i s i s essen t i a l l y
p r ocess con t r o l mon i t o r i ng s i nce t he pu r pose i s t o ensu r e hea l t hy vege t a -
t i on and success f u l ope r a t i on , wh i ch i n t u r n w i l l ensu r e r ea l i z a t i on o f
des i gn goa l s and comp l i ance w i t h wa t e r qua l i t y r equ i r emen t s . Many pa r am-
e t e r s ( me t a l s , e t c . ) a r e no t shown i n t ab l e 2 - 6 . E i t he r t hey a r e no t
gene r a l l y p r esen t i n su f f i c i en t concen t r a t i on i n t he t yp i ca l domes t i c -
mun i c i pa l was t ewa t e r s o r t he i r p r esence has no d i r ec t e f f ec t on t he p r ope r
ope r a t i on o f t he sys t em .

* Fo r sys t ems w i t hou t s i gn i f i can t s t o r age .
f o r e f f l uen t app l i ed f r om s t o r age ponds .
s i z es .

2 - 10

Use c r i t e r i a i n t ab l e 2 - 7
I n t e r po l a t e f o r i n t e r med i a t e

Tab l e 2 - 6 . Typ i ca l

Pa r ame t e r

mon i t o r i ng schedu l e f o r

S i z e o f
0 - 0 . 075

app l i ed was t ewa t e r . *

sys t em ( mgd )
mo r e t han 2 . 0

BOD once / 3 mon t hs t w i ce / week
Suspended so l i ds once / 3 mon t hs t w i ce / week
pH once / 3 mon t hs t w i ce / week
K j e l dah l - n i t r ogen once / 3 mon t hs t w i ce / week
Ammon i um- n i t r ogen once / 6 mon t hs once / week
N i t r a t e - n i t r ogen once / 6 mon t hs once / week
Phospho r us once / 6 mon t hs once / week

Ch l o r i de once / 6 mon t hs once / week
Sod i um once / yea r once / mon t h
Ca l c i um once / yea r once / mon t h

Magnes i um once / yea r once / mon t h
Po t ass i um once / yea r once / mon t h
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( 2 ) A s i m i l a r l i s t i ng w i l l be i nc l uded as pa r t o f t he s i t e - spec i f i c
0&M manua l f o r eve r y sys t em . I f t he r e a r e no spec i f i c r equ i r emen t s f r om
s t a t e o r l oca l agenc i es , t hen t he l i s t i ng i n t ab l e 2 - 6 i s r ecommended f o r
Co r ps o f Eng i nee r s sys t ems r ece i v i ng t yp i ca l domes t i c - mun i c i pa l was t e -
wa t e r s . Compos i t e samp l es shou l d be t aken , i f poss i b l e , du r i ng 1 day ' s
ope r a t i on e i t he r a t t he pump i ng s t a t i on o r a t t he ac t ua l app l i ca t i on s i t e .

f . G r oundwa t e r mon i t o r i ng . G r oundwa t e r i s usua l l y mon i t o r ed a t t he
sys t em bounda r i es when t he qua l i t y o f d r i nk i ng wa t e r supp l i es a r e a f ac -
t o r . N i t r a t e - n i t r ogen ( N03 - - N ) i s t he pa r ame t e r o f g r ea t es t conce r n , bu t
i t i s adv i sab l e t o measu r e t he o t he r f o r ms o f n i t r ogen ( TKN , NH 4+ ) as we l l
s i nce t hey m i gh t subsequen t l y ox i d i z e t o n i t r a t e . I n gene r a l , s l ow r a t e
sys t ems t ha t can r emove enough n i t r ogen t o mee t d r i nk i ng wa t e r s t anda r ds a t
t he p r o j ec t bounda r i es w i l l a l so r emove a l l o f t he o t he r cons t i t uen t s o f
conce r n i n t yp i ca l domes t i c - mun i c i pa l was t ewa t e r s . F r equen t samp l i ng i s
no t necessa r y because g r oundwa t e r moves r e l a t i ve l y s l ow l y and r ap i d changes
i n qua l i t y w i l l no t be obse r ved . Samp l es t aken once o r t w i ce pe r yea r
shou l d be su f f i c i en t . The des i gn o f t hose sys t ems t ha t ope r a t e on l y
seasona l l y shou l d i nc l ude an es t i ma t e o f t he t r ave l t i me f o r t he pe r co l a t e
t o r each t he p r o j ec t bounda r y and t he samp l i ng ope r a t i on shou l d be
schedu l ed acco r d i ng l y .

( 1 ) S i nce t he r e may be l i t t l e ve r t i ca l m i x i ng o f t he g r oundwa t e r and
t he - sys t em pe r co l a t e , t he samp l i ng dep t h o f t he mon i t o r i ng we l l s mus t be
ca r e f u l l y se l ec t ed du r i ng des i gn . We l l s t ha t a r e t oo deep w i l l p r obab l y
no t ob t a i n samp l es t ha t have been i n f l uenced by t he l and t r ea t men t ope r a -
t i on . The o r i g i na l l oca t i on and dep t h o f mon i t o r i ng we l l s shou l d be de t e r -

( a t l eas t I " l ong
w / c l osed bo t t om)

Locked Cap

F i gu r e 2 - 3 . Typ i ca l sha l l ow mon i t o r i ng
we l l .

2 - 1 1



EM 1110 - 2 - 504
30 Nov 83

m i ned du r i ng des i gn . Howeve r , i t may be necessa r y t o add new we l l s i f
ope r a t i ona l cond i t i ons change o r i f g r oundwa t e r l eve l s we r e no t p r ope r l y
de t e r m i ned du r i ng des i gn . F i gu r e 2 - 3 i l l us t r a t es t he des i gn f ea t u r es f o r a
t yp i ca l sha l l ow mon i t o r i ng we l l t ha t , depend i ng on so i l cond i t i ons , cou l d
be i ns t a l l ed t o dep t hs o f 10 - 15 f ee t by t he sys t em ope r a t o r . Deepe r we l l s
w i l l gene r a l l y r equ i r e mechan i ca l d r i l l i ng t echn i ques .

( 2 ) G r oundwa t e r mon i t o r i ng we l l s a r e some t i mes i ns t a l l ed w i t h i n t he
app l i ca t i on s i t e as we l l as a t t he p r o j ec t bounda r i es . These we l l s mon i t o r
pe r f o r mance i mmed i a t e l y benea t h t he app l i ca t i on s i t e and measu r e t he dep t h
o f g r oundwa t e r unde r t he app l i ca t i on s i t e . F i gu r e 2 - 4 i l l us t r a t es one
r e l a t i ve l y easy t echn i que f o r measu r i ng t he dep t h o f wa t e r i n mon i t o r i ng

we l l s . S i nce samp l es a r e t aken i n f r equen t l y f r om t hese mon i t o r i ng we l l s ,
t he wa t e r s t and i ng . i n t he cas i ng w i l l no t be r ep r esen t a t i ve o f t he t r ue
g r oundwa t e r qua l i t y . A t l eas t t h r ee cas i ng vo l umes shou l d be pumped o r
r emoved w i t h a we l l ba i l e r p r i o r t o we l l samp l i ng .

a = t op o f cas i ng e l eva t i on above da t um
b - l eng t h o f we t t ed t ape
c = t ape r ead i ng - - r ead exac t l y a t t he t op o f

t he cas i ng
d = p i e zome t r i c head , r e l a t i ve t o a g i ven da t um
c - b = d t w ( dep t h t o wa t e r )
a - d t w = d ( p i e zome t r i c head a t t he cen t e r o f t he

sc r een , r e l a t i ve t o i nd i ca t ed da t um p l ane ) .

F i gu r e 2 - 4 . Wa t e r l eve l de t e r m i na t i on i n obse r va t i on we l l .

( 3 ) The l oca t i on o f mon i t o r i ng we l l s i s based on t he de t e r m i na t i on o f
t he g r oundwa t e r f l ow d i r ec t i on made du r i ng sys t em des i gn . As shown i n
f i gu r e 2 - 5 t he pe r i me t e r we l l s a r e i ns t a l l ed on t he hyd r au l i ca l downg r ad i
en t o f t he s i t e . I n add i t i on a mon i t o r i ng we l l shou l d be i ns t a l l ed on t he
upg r ad i en t s i de t o measu r e wa t e r qua l i t y be f o r e t he g r oundwa t e r f l ows
benea t h t he s i t e . Measu r i ng t he g r oundwa t e r e l eva t i on i n t hese we l l s can
con f i r m t ha t t he d i r ec t i on o f f l ow i s as p r ed i c t ed i n des i gn . Sp r i ngs o r
seeps i n unexpec t ed l oca t i ons a f t e r t he sys t em s t a r t s up a r e usua l l y a s i gn
o f g r oundwa t e r movemen t , and add i t i ona l we l l s may be needed i n t hose d i r ec -
t i ons .
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So i l and vege t a t i on mon i t o r i ng . Case - by - case mon i t o r i ng o f s i t e

so i l and vege t a t i on i s r equ i r ed by a numbe r o f s t a t e agenc i es . The l ong -

t e r m pu r pose i s t o documen t accumu l a t i on o f c r i t i ca l po l l u t an t s . The
sho r t - t e r m ( annua l ) pu r pose i s r ea l l y p r ocess con t r o l mon i t o r i ng t o make

su r e t ha t t he sys t em i s wo r k i ng we l l and i s i n op t i mum cond i t i on . S i nce

t h i s i s c r i t i ca l t o ope r a t i on , mon i t o r i ng o f so i l and vege t a t i on i s cove r ed

i n t he nex t pa r ag r aph .

2 - 9 . P r ocess con t r o l mon i t o r i ng . Th i s i s i n f o r ma t i on t he ope r a t o r shou l d

ob t a i n t o make su r e h i s sys t em i s ope r a t i ng e f f i c i en t l y w i t h t he l eas t

poss i b l e cos t and ene r gy use . The comp l i ance mon i t o r i ng d i scussed p r ev i -

ous l y i s usua l l y conce r ned w i t h t he i n i t i a l i npu t and f i na l ou t pu t o f mos t

sys t ems . P r ocess con t r o l mon i t o r i ng i s a l so conce r ned w i t h t hose aspec t s ,

as we l l as w i t h t he pe r f o r mance o f t he i n t e r na l componen t s i n t he sys t em .

_a . P r eapp l i ca t i on t r ea t men t . I n add i t i on t o t he t es t i ng o f t he i n -

com i ng was t ewa t e r d i scussed i n t he p r ev i ous pa r ag r aph , t h i s w i l l a l so

i nc l ude mon i t o r i ng t he componen t s , mechan i ca l o r o t he r , t ha t a r e i nc l uded

i n t he p r eapp l i ca t i on t r ea t men t f o r a pa r t i cu l a r sys t em . Th i s cou l d r ange

f r om a s i mp l e pond t o a comp l e t e t r i ck l i ng f i l t e r p l an t w i t h r ecyc l e and

r egu l a r s l udge r emova l r equ i r emen t s . De t a i l s on t hese t ypes o f mon i t o r i ng

needs w i l l be i nc l uded i n t he s i t e spec i f i c po r t i on o f t he 0&M manua l .
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b . S t o r age ponds . Some t ype o f s t o r age pond i s o f t en i nc l uded i n mos t
s l ow r a t e l and t r ea t men t sys t ems . The i r pu r pose can r ange f r om equa l i z i ng
t he da i l y va r i a t i ons i n f l ow t o seasona l s t o r age f o r we t o r co l d wea t he r ,
f o r ha r ves t pe r i ods , o r f o r eme r genc i es . Many o f t he newe r s l ow r a t e
sys t ems comb i ne p r eapp l i ca t i on t r ea t men t and s t o r age i n a s i ng l e pond
sys t em . Mon i t o r i ng needs i nc l ude r egu l a r measu r emen t o f wa t e r l eve l i n t he
s t o r age pond as we l l as wa t e r qua l i t y t es t s j us t be f o r e and du r i ng t he
pe r i od o f l and app l i ca t i on f o r seasona l sys t ems . I n some cases ponds may
r equ i r e a l i ne r t o p r even t uncon t r o l l ed r e l ease o f was t ewa t e r t o g r ound -

wa t e r s .

( 1 ) Wa t e r l eve l . Wa t e r l eve l i n t he pond shou l d be measu r ed a t
l eas t week l y du r i ng t he ope r a t i ng season . The me t hod o f obse r va t i on can
r ange f r om a s i mp l e ma r ke r boa r d o r s t a f f gauge v i sua l l y obse r ved , t o au t o

ma t i c , and some t i mes t r ansm i t t i ng , wa t e r l eve l r eco r de r s . D i r ec t obse r va -
t i on by t he ope r a t o r i s r ecommended , even i f au t oma t ed equ i pmen t i s
i ns t a l l ed , t o a l l ow h i m t o a l so obse r ve d i kes and o t he r pond s t r uc t u r es .

As shown i n append i x A , t he wa t e r l eve l da t a a r e used t o de t e r m i ne how much
wa t e r i s t o be app l i ed t o t he l and t r ea t men t s i t e . The capac i t y o f t he
s t o r age pond , de t e r m i ned du r i ng des i gn , p r ov i des s t o r age f o r a max i mum com-
b i na t i on o f was t ewa t e r f l ow and r a i n f a l l . The app l i ca t i on schedu l e , a l so
de t e r m i ned du r i ng des i gn , i s t hen based on mov i ng t ha t much wa t e r t o t he
l and t r ea t men t s i t e du r i ng t he app l i ca t i on season . I n any pa r t i cu l a r yea r
t he r e may be mo r e o r l ess wa t e r i n t he s t o r age pond t han was p r ed i c t ed
du r i ng des i gn e i t he r due t o changes i n was t ewa t e r f l ows o r ve r y we t o r ve r y
d r y yea r s . The ope r a t o r mus t t hen r ev i se t he app l i ca t i on schedu l e acco r d -
i ng l y t o make ce r t a i n t ha t t he vege t a t i on on t he s i t e ge t s enough wa t e r and
a l so t o keep t he pond t o t he spec i f i ed l ow l eve l a t t he end o f t he season .
The ad j us t men t s used w i 11 ' depend on t he t ype o f sys t em and whe t he r t he s i t e
i s i n a hum i d o r d r y c l i ma t e . Usua l l y , t he pump i ng sys t em has been

des i gned t o de l i ve r a ce r t a i n vo l ume o f wa t e r pe r m i nu t e and i s no t ad j us t -
ab l e . Howeve r , t he ope r a t o r can va r y ope r a t i on t i me f o r t he pumps , s t a r t
t he app l i ca t i on season ea r l i e r , ex t end i t , o r change t he amoun t o f wa t e r
pu t on pa r t i cu l a r pa r t s o f t he s i t e . Sugges t i ons f o r app r op r i a t e ac t i on on
each case a r e l i s t ed i n t he f o l l ow i ng subpa r ag r aphs .

( a ) Ope r a t i on p r ocedu r es f o r mo r e wa t e r t han no r ma l i n s t o r age .

_1 . Fo r es t , pas t u r e and hay c r op s i t es . S t a r t app l i ca t i on
season ea r l i e r ( as soon as f r os t i s ou t o f t he g r ound ) and ex t end t he
season i n t o l a t e f a l l . I f d i f f e r en t so i l s ex i s t , app l y mo r e wa t e r t o a r eas
w i t h coa r se r so i l s by i nc r eas i ng pump i ng t i me . App l y mo r e wa t e r t o t he
en t i r e s i t e by i nc r eas i ng pump i ng t i me , bu t do no t a l l ow pond i ng o r r uno f f
o f was t ewa t e r .

_2 . Ag r i cu l t u r a l r ow c r ops . Con t i nue app l i ca t i on f o r l onge r
pe r i od a f t e r c r op ha r ves t . Consu l t w i t h coun t y ag r i cu l t u r a l ex t ens i on
agen t and p l an t a mo r e wa t e r t o l e r an t c r op t ha t yea r . I nc r ease app l i ca t i on
t o t he max i mum amoun t r ecommended by t he ex t ens i on agency f o r t he c r op
g r own . P l an t a r ye g r ass m i x t u r e on t he coa r ses t so i l s on t he s i t e ,
con t i nue no r ma l r ow c r opp i ng and app l i ca t i on p r ac t i ce on r es t o f t he s i t e .
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App l y a t h i ghes t poss i b l e r a t es ( see pa r a . 2 - 5 and app . A ) on t he g r assed
p l o t , and p l ow unde r g r ass and r e t u r n t o no r ma l p r ac t i ce t he f o l l ow i ng
yea r .

_3 . Rec r ea t i ona l S i t es . I nc r ease t he app l i ca t i on pe r i od t o t he
max i mum poss i b l e w i t hou t i n t e r f e r i ng w i t h pub l i c access , and / o r r es t r i c t
access t o a po r t i on o f t he s i t e and app l y a t h i ghe r r a t es on t ha t po r t i on ,
and / o r con t i nue app l i ca t i on a f t e r t he r ec r ea t i ona l season has ended .

( b ) Ope r a t i on p r ocedu r es f o r l ess wa t e r t han no r ma l i n s t o r age .

1 . Fo r es t , pas t u r e and hay c r op s i t es . I n a r i d c l i ma t es ,
r educe t he amoun t t o be app l i ed pe r week bu t con t i nue app l i ca t i ons t o t he
who l e s i t e . I n hum i d c l i ma t es , t ake a po r t i on o f t he s i t e ou t o f se r v i ce ,
con t i nue app l i ca t i on on t he r es t a t des i gn r a t es ; i f vege t a t i on on ou t - o f -
se r v i ce po r t i on shows s t r ess t hen app l y some wa t e r .

2 . Ag r i cu l t u r a l r ow c r ops . I n bo t h a r i d and hum i d c l i ma t es ,
use t he p r ocedu r e i n append i x A t o ca l cu l a t e how much wa t e r i s ava i l ab l e
f o r app l i ca t i on , and de t e r m i ne t he wa t e r needs pe r ac r e o f t he c r op t o be
g r own . P l an t on l y t he numbe r o f ac r es t ha t can be suppo r t ed w i t h ava i l ab l e
f l ow .

3 . Rec r ea t i ona l s i t es . Reduce t he amoun t t o be app l i ed pe r
week bu t con t i nue app l i ca t i ons t o t he who l e s i t e . I n d r y c l i ma t es t h i s
w i l l p r obab l y r equ i r e ex t r a wa t e r t he f o l l ow i ng yea r t o l each sa l t s f r om
t he r oo t zone i f t he app l i ca t i on has been r educed seve r e l y .

( 2 ) Wa t e r qua l i t y . Was t ewa t e r w i l l be t r ea t ed f u r t he r i n s t o r age
ponds . The add i t i ona l t r ea t men t can be ve r y s i gn i f i can t i n seasona l s t o r -
age ponds w i t h a l ong de t en t i on t i me . The BOD and suspended so l i ds w i l l be
r educed , t he bac t e r i a and v i r uses w i l l be r educed , and t he n i t r ogen concen -
t r a t i on can be r educed , depend i ng on cond i t i ons i n t he pond . The s i z e o f
t he l and t r ea t men t s i t e and t he app l i ca t i on r a t e may bo t h depend on t he
amoun t o f n i t r ogen i n t he was t ewa t e r i f t he g r oundwa t e r i s a po t en t i a l o r
ac t ua l , d r i nk i ng wa t e r sou r ce . Mo r e o r l ess n i t r ogen t han expec t ed i n t he
pond e f f l uen t can t hen change e i t he r t he amoun t o f l and i n se r v i ce and t he
amoun t o f was t ewa t e r app l i ed o r bo t h . P r ocedu r es i n append i x A and i n
l a t e r pa r ag r aphs o f t h i s chap t e r show how t o make t he necessa r y ca l cu l a -
t i ons and ad j us t men t s . N i t r ogen i s a l so i mpo r t an t t o mee t t he f e r t i l i z e r
needs o f t he vege t a t i on g r own on t he s i t e . I f t he r e i s l ess n i t r ogen t han
expec t ed i n t he s t o r age pond e f f l uen t , t hen supp l emen t a l f e r t i l i z e r s may be
needed .

c . D i s i n f ec t i on .

( 1 ) D i s i n f ec t i on i s usua l l y r equ i r ed f o r r ec r ea t i ona l s i t es and may
be r equ i r ed f o r ag r i cu l t u r a l s i t es g r ow i ng f ood c r ops f o r human use .
Sys t ems w i t hou t l ong - t e r m s t o r age w i l l no t usua l l y r emove bac t e r i a and
v i r uses t o l eve l s r equ i r ed by t he r egu l a t o r y agenc i es f o r r ec r ea t i on o r
f ood p r oduc t i on . D i s i n f ec t i on i s no t t echn i ca l l y necessa r y f o r o t he r t ypes
o f . s l ow r a t e sys t ems , bu t may s t i l l be r equ i r ed by r egu l a t o r y au t ho r i t i es .
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When d i s i n f ec t i on i s needed , t he dec i s i on w i l l be made du r i ng des i gn and
app r op r i a t e f ac i l i t i es i nc l uded i n t he sys t em . These w i l l usua l l y be some
f o r m o f ch l o r i na t i on , and i ns t r uc t i ons f o r ope r a t i on and f o r mon i t o r i ng
r es i dua l s w i l l be i nc l uded i n t he s i t e - spec i f i c po r t i ons o f t he O&M

manua l . Res i dua l ch l o r i ne can be ha r m f u l t o some vege t a t i on so dech l o r i na -
t i on may be needed i n a r i d s t a t es .

Tab l e 2 - 7 . Mon i t o r i ng o f s t o r age pond e f f l uen t s .

Des i gn f l ow ( mgd )
Pa r ame t e r

�

0 - 0 . 015

�

-

�

mo r e t han 2 . 00

BOD

�

1 week p r i o r t o app l i ca t i on

�

1 week p r i o r t o app l i ca t i on
season , once eve r y 3 mon t hs

�

season , t hen t w i ce pe r week
du r i ng app l i ca t i on season .

�

du r i ng season .

Suspended

�

Same as BOD .

�

Same as BOD .
so l i ds

pH

�

Same , as BOD .

�

Same as BOD .

K j e l dah l -

�

1 week p r i o r t o app l i ca t i on

�

1 week p r i o r t o app l i ca t i on
n i t r ogen

�

season , 1 samp l e a t m i d -

�

season , once pe r week du r i ng
po i n t o f season .

�

season .

Ammon i a -

�

Same as K j e l dah l - n i t r ogen .
n i t r ogen

N i t r a t e -

�

Same as K j e l dah l - n i t r ogen .
n i t r ogen

Phospho r us

�

Same as K j e l dah l - n i t r ogen .

Ch l o r i de

�

1 week p r i o r t o app l i ca t i on

�

1 week p r i o r t o app l i ca t i on
season .

�

season , once pe r mon t h t he r e -
a f t e r du r i ng season .

Sod i um

�

Same as ch l o r i de .

Ca l c i um

�

Same as ch l o r i de .

Magnes i um

�

Same as ch l o r i de .

Po t ass i um

�

Same as ch l o r i de .

Bac t e r i a :
1 week p r i o r t o app l i ca t i on
season , t hen t w i ce pe r week
du r i ng season .

2 - 1 6
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( 2 ) Sys t ems w i t h l ong - t e r m t r ea t men t o r s t o r age i n ponds ( f o r mo r e
t han 30 days ) dese r ve spec i a l cons i de r a t i on . A l t hough a d i s i n f ec t i on capa -
b i l i t y may be p r ov i ded i t may no t be necessa r y t o use i t con t i nuous l y ,
depend i ng on t he concen t r a t i on o f i nd i ca t o r bac t e r i a i n t he e f f l uen t d r awn
f r om t he s t o r age pond. The des i gn eng i nee r shou l d ask t he r egu l a t o r y
agency f o r a pe r m i t r equ i r emen t i n t e r ms o f a bac t e r i a coun t pe r 100 m i l l i -
l i t e r s ( mL ) i ns t ead o f a s i mp l e ch l o r i ne r es i dua l . Then , du r i ng ope r a t i on ,
i f t he co l i f o r m o r f eca l co l i f o r m coun t s a r e be l ow t he spec i f i ed l i m i t ,
ch l o r i ne d i s i n f ec t i on wou l d no t be r equ i r ed . A s t and - by capab i l i t y f o r
ch l o r i na t i on t o mee t eme r gency cond i t i ons i s r ecommended . Th i s wou l d r ange
f r om bo t t l es o f househo l d ch l o r i ne b l each f o r ve r y sma l l sys t ems t o a
supp l y o f hypoch l o r i t e powde r o r l i qu i d f o r l a r ge r sys t ems . The t es t i ng
f r equency f o r co l i f o r ms o r f eca l co l i f o r ms i n t ab l e 2 - 7 assumes t he coun t
r ema i ns be l ow t he spec i f i ed pe r m i t l eve l . I f t he t es t i nd i ca t es a h i ghe r
l eve l , d i s i n f ec t i on shou l d be s t a r t ed and con t i nued un t i l t he l eve l
( measu r ed p r i o r t o ch l o r i na t i on ) i s aga i n w i t h i n l i m i t s . Tes t i ng unde r
t hose cond i t i ons shou l d be week l y f o r sma l l sys t ems and eve r y o t he r day f o r
l a r ge sys t ems . When t he bac t e r i a coun t d r ops t o an accep t ab l e l eve l t he
d i s i n f ec t i on can be s t opped .

_d . App l i ca t i on s i t e mon i t o r i ng . Mon i t o r i ng a t t he app l i ca t i on s i t e i s
necessa r y t o ensu r e ' t ha t t he sys t em ope r a t es p r ope r l y . Mon i t o r i ng t asks
w i l l i nc l ude obse r v i ng t he sp r i nk l e r s , pumps and o t he r mechan i ca l equ i pmen t
and de t e r m i n i ng so i l f e r t i l i t y and c r op qua l i t y a t ag r i cu l t u r a l s i t es .

( 1 ) Gene r a l r equ i r emen t s . These r equ i r emen t s usua l l y app l y t o a l l
s i t es and essen t i a l l y cons i s t o f r ou t i ne v i sua l obse r va t i ons and r eco r d -
keep i ng . W i t h seasona l l y ope r a t ed sys t ems i t i s essen t i a l t o know when t he
so i l s t haw i n t he sp r i ng and when t hey f r ee z e i n t he w i n t e r i f t hese
f ac t o r s con t r o l t he app l i ca t i on schedu l es deve l oped du r i ng des i gn . The
ac t ua l t i me o f f r ee z i ng and t haw i ng w i l l va r y f r om yea r t o yea r and may be
d i f f e r en t t han t he des i gn assump t i ons . An espec i a l l y heavy r a i n f a l l du r i ng
t he app l i ca t i on season may r equ i r e ad j us t men t i n t he r ou t i ne week l y
schedu l e . I f t he amoun t o f r a i n f a l l f r om a s i ng l e s t o r m o r c l ose l y spaced
s t o r ms i s equa l t o t he amoun t o f was t ewa t e r schedu l ed f o r app l i ca t i on i t
may be necessa r y t o wa i t f o r a f ew days so t ha t t he r e i s no r uno f f . The
ope r a t o r mus t , a l so obse r ve a r eas whe r e t he r e m i gh t be pond i ng i n l ow
spo t s . These sha l l ow pudd l es can l ead t o odo r and i nsec t p r ob l ems and mus t
be e l i m i na t ed . Wa t ch i ng t he sp r i nk l e r pa t t e r ns w i l l r evea l c l ogged noz z l es
o r o t he r mechan i ca l p r ob l ems i n t he sys t em . I f t he s i t e i s unde r d r a i ned
t he d r a i n ou t l e t s shou l d be r ou t i ne l y i nspec t ed t o make ce r t a i n t ha t t hey
a r e f l ow i ng . I f mon i t o r i ng we l l s ex i s t on t he s i t e , t he dep t h o f wa t e r i n
t he we l l shou l d be r egu l a r l y measu r ed . I n gene r a l , i f t he g r oundwa t e r
t ab l e ge t s w i t h i n 5 f ee t o f t he su r f ace , was t ewa t e r app l i ca t i ons shou l d be
t empo r a r i l y s t opped . The r e may be excep t i ons f o r spec i a l s i t ua t i ons bu t
t hese w i l l be de f i ned i n t he po r t i ons o f t he s i t e - spec i f i c 0&M manua l .

( 2 ) Ag r i cu l t u r a l s i t es . The sho r t - t e r m mon i t o r i ng he l ps t he ope r a -
t o r de t e r m i ne i f ad j us t men t s a r e needed i n app l i ca t i on r a t es and schedu l es
and he l ps h i m make su r e t ha t a l l equ i pmen t i s f unc t i on i ng as i t i s supposed
t o . The l onge r - t e r m mon i t o r i ng a i ds t he ope r a t o r i n ma i n t a i n i ng so i l
f e r t i l i t y and ensu r i ng good c r op qua l i t y , and t hese r equ i r e pe r i od i c
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samp l i ng and t es t i ng . Tab l e 2 - 8 p r esen t s a sugges t ed mon i t o r i ng p r og r am
f o r t he so i l s a t an ag r i cu l t u r a l s i t e . The numbe r o f samp l es t aken w i l l

depend on t he numbe r o f d i f f e r en t so i l t ypes a t t he s i t e and t he s i z e o f
t he s i t e . Spec i f i c gu i dance can be ob t a i ned f r om t he coun t y ag r i cu l t u r a l
ex t ens i on agen t , bu t f o r t he gene r a l case t he r e shou l d be a compos i t e so i l
samp l e r ep r esen t i ng each o f t he ma j o r so i l t ypes on t he s i t e .

Tab l e 2 - 8 . So i l mon i t o r i ng
on ag r i cu l t u r a l s i t es .

Annua l samp l e and t es t

pH ( f o r l i me needs )

Ava i l ab l e phospho r us

Exchangeab l e / ex t r ac t ab l e
Po t ass i um
Sod i um
Magnes i um
Ca l c i um

Base l i ne and eve r y 5 yea r s

pH ( f o r - l i me needs )
N i t r ogen

Ca t i on exchange capac i t y ,
pe r cen t o r gan i c ma t t e r

Exchangeab l e / ex t r ac t ab l e
Po t ass i um
Phospho r us
Coppe r
Z i nc
N i cke l
Cadm i um

To t a l
Bo r on
Coppe r
Z i nc
N i cke l
Cadm i um

Sod i um adso r p t i on r a t i o ( SAR )

i n wes t e r n s t a t es o r a r i d

c l i ma t es .

2 - 1 8 -



( a ) Base l i ne samp l es shou l d be t aken and t es t ed e i t he r du r i ng t he
f i na l s t ages o f des i gn o r j us t be f o r e t he sys t em i s pu t i n t o ope r a t i on . A
pH de t e r m i na t i on i s needed t o see i f l i me i s r equ i r ed t o ad j us t so i l pH f o r
t he c r op t o be g r own . Phospho r us and po t ass i um r esu l t s a r e needed t o
dec i de i f supp l emen t a l f e r t i l i z a t i on i s r equ i r ed . These t es t s shou l d be
r epea t ed annua l l y f o r h i gh va l ue c r ops ; howeve r , once eve r y 3 yea r s i s
su i t ab l e f o r hay and s i m i l a r c r ops . The coun t y ag r i cu l t u r a l ex t ens i on
agen t can he l p i n t e r p r e t t hese t es t r esu l t s and t e l l t he ope r a t o r how t o
co r r ec t any p r ob l ems .

( b ) The e f f l uen t shou l d be ana l y z ed f o r t he heavy me t a l s l i s t ed
i n t ab l e 2 - 8 so t ha t an undes i r ab l e accumu l a t i on i n t he so i l can be
avo i ded . Compos i t e samp l es a r e usua l l y t aken f r om t he t opso i l l aye r and
t he r oo t zone o f r ow c r ops . A heavy me t a l bu i l dup i s no t l i ke l y f r om t he
e f f l uen t s i n Co r ps o f Eng i nee r s sys t ems . Even i f heavy me t a l s do accumu -
l a t e , t h i s i s no t l i ke l y t o a f f ec t t he ope r a t i on o f t he sys t em du r i ng i t s
l i f e . The p r esence o f some heavy me t a l s such as excess cadm i um can , how-

eve r , a f f ec t t he f u t u r e use o f t he s i t e f o r f ood p r oduc t i on a f t e r t he was t e
t r ea t men t ope r a t i on i s s t opped . Hence , t he me t a l s i n t he so i l s a r e
measu r ed f o r l ong - t e r m r eco r dkeep i ng r a t he r t han f o r sho r t - t e r m ope r a t i ona l
r easons .

( c ) Tab l e 2 - 9 l i s t s t he sugges t ed t es t s and f r equency o f t hese
t es t s f o r vege t a t i on mon i t o r i ng a t ag r i cu l t u r a l s i t es . I f a sys t em i s
supposed t o r emove n i t r ogen o r phospho r us , t hen t he t o t a l n i t r ogen and
phospho r us concen t r a t i on i n t he ha r ves t ed c r ops shou l d be measu r ed and c r op
y i e l d shou l d be de t e r m i ned . Th i s w i l l a l l ow ca l cu l a t i on o f r emova l pe r f o r -
mance by t he c r op t o ensu r e t ha t t he sys t em i s f unc t i on i ng as des i gned . I f
f o r age g r asses o r s i l age a r e t he c r op and i f t hese a r e f ed t o l i ves t ock ,
t hen t he n i t r a t e con t en t i n g r asses can cause hea l t h p r ob l ems i n t he l i ve -
s t ock . The ana l ys i s i s pa r t i cu l a r l y i mpo r t an t i f was t ewa t e r w i t h a h i gh
n i t r ogen con t en t i s used and i f t he app l i ca t i on season has been unusua l l y
we t and coo l . The coun t y ag r i cu l t u r a l ex t ens i on agen t shou l d be consu l t ed
f o r adv i ce on t he t es t i ng need i n a pa r t i cu l a r yea r . The vege t a t i on shou l d

be t es t ed f o r t he me t a l s l i s t ed i n t ab l e 2 - 9 eve r y 5 yea r s , as t he so i l i s
( t ab l e , - 8 ) , t o es t ab l i sh l ong - t e r m t r ends .

Tab l e 2 - 9 . Vege t a t i on mon i t o r i ng on ag r i cu l t u r a l s i t es .

Componen t

To t a l n i t r ogen and phospho r us

N i t r a t e ( NOg ) f o r f o r age g r asses and
s i l age

Coppe r , z i nc , n i cke l , cadm i um
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A t ha r ves t i f r ecommended by
ex t ens i on agen t f o r l i ves t ock
p r o t ec t i on .

A t f i r s t ha r ves t and eve r y 5
yea r s t he r ea f t e r t o es t ab l i sh
t r ends .

r emova l
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( d ) The numbe r o f samp l es r equ i r ed f o r t hese t es t s and t he pa r t o f
t he p l an t t o samp l e a r e c r i t i ca l t o t he r e l i ab i l i t y o f r esu l t s . Hay
cu t t i ngs and g r een chop f o r s i l age f r om sma l l f i e l ds can be samp l ed
i mmed i a t e l y a f t e r ha r ves t s i nce a r ep r esen t a t i ve compos i t e samp l e can be
ob t a i ned f r om t he m i ned ma t e r i a l s . La r ge o r sca t t e r ed f i e l ds and o t he r
c r ops shou l d be samp l ed i n t he f i e l d w i t h r ecommended samp l i ng pa t t e r ns .
I t i s bes t t o samp l e t he l eaves r a t he r t han t he p l an t f r u i t s s i nce t he
l ea f y ma t t e r w i l l usua l l y show i nc r eases i n me t a l con t en t f i r s t and t he r eby
g i ve an ea r l i e r wa r n i ng o f po t en t i a l p r ob l ems . Tab l e 2 - 10 r ecommends t ech -
n i ques f o r vege t a t i on samp l i ng .

Tab l e 2 - 10 . Vege t a t i on samp l i ng - f i e l d pa t t e r n and p l an t pa r t .

C r ok

�

Pa t t e r n

�

, P l an t pa r t

A l f a l f a

�

X d i agona l s o f f i e l d , 50 - 100 c l umps . Uppe r s t em cu t t i ng i n
ea r l y f l owe r s t age .

Co r n

�

X d i agona l s o r a l ong r ow a t l eas t
50 p l an t s i n t o f i e l d .

Whea t and

�

X d i agona l s , 200 o r mo r e l eaves .

�

F i r s t f ou r l ea f b l ades
g r a i ns

�

f r om t op o f p l an t .

G r ass and

�

X d i agona l s .
sod

Soybeans

�

Random l eaves f r om a t l eas t 5% o f

�

Younges t ma t u r e l eaves ,
p l an t s , 50 t o 100 l eaves .

�

a f t e r pod f o r ma t i on .

T r ee

�

X d i agona l s i n o r cha r d , one l ea f
f r u i t s

�

f r om no r t h , sou t h , eas t and wes t
s i des o f t r ee .

( 3 ) Fo r es t ed s i t es . Mon i t o r i ng i s usua l l y l i m i t ed t o t he ope r a t o r

no t i c i ng t h i ng t ha t shou l d be done t o he l p t he sys t em ope r a t e p r ope r l y .

Th i s w i l l i nc l ude cu l l i ng dead wood and t h i nn i ng t he s t and t o encou r age

mo r e v i go r ous g r ow t h o f des i r ab l e t r ees . The ope r a t o r mus t ensu r e t ha t

b r ush and o t he r l ow g r ow t h does no t i n t e r f e r e w i t h sp r i nk l e r ope r a t i on o r

t he i n t ended d i s t r i bu t i on pa t t e r n .

( 4 ) Rec r ea t i ona l s i t es . The bas i c mon i t o r i ng r equ i r emen t s f o r

ope r a t i on a r e t he same as desc r i bed f o r g r ass - cove r ed ag r i cu l t u r a l s i t es .

Ma i n t enance o f a hea l t hy g r ass cove r and no i n t e r f e r ence w i t h t he r ec r ea

t i on a r e t he t wo ma j o r ope r a t i ona l conce r ns . Mon i t o r i ng f o r comp l i ance

w i t h r egu l a t o r y s t anda r ds i s usua l l y mos t s t r i ngen t f o r t h i s t ype o f s i t e .

2 - 20

Cen t e r one - t h i r d o f l ea f ,
j us t be l ow l owe r cen t e r ;

a t f u l l t ass l e .

C l i pp i ngs o r who l e t ops .

Ma t u r e l eaves , shou l de r
he i gh t , 8 - 12 weeks a f t e r
f u l l b l oom .
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2 - 10 . Labo r a t o r y equ i pmen t and p r ocedu r es . Sys t ems w i t h a des i gn f l ow o f
100 , 000 ga l l ons pe r day ( gpd ) o r mo r e w i l l usua l l y have an on - s i t e l abo r a -
t o r y f o r samp l e p r epa r a t i on , s t o r age and some wa t e r qua l i t y t es t i ng . The
s i z e o f t he l abo r a t o r y and t he equ i pmen t and chem i ca l s p r ov i ded a r e de t e r -
m i ned du r i ng des i gn . These f ac i l i t i es a r e essen t i a l l y t he same as wou l d be
r equ i r ed f o r wa t e r qua l i t y t es t i ng a t mechan i ca l t r ea t men t p l an t s . An on -
s i t e capab i l i t y f o r so i l s and vege t a t i on t es t i ng i s no t necessa r y excep t
f o r ve r y l a r ge sys t ems ( mo r e t han 15 m i l l i on ga l l ons pe r day [ mgd ] ) because
o f t he i n f r equen t t es t i ng r equ i r ed . Ope r a t o r s f o r sys t ems o f a l l s i z es
shou l d be p r ope r l y t r a i ned i n app r oved samp l i ng and samp l e p r ese r va t i on
p r ocedu r es . I n t h i s way t he ope r a t o r can r e l i ab l y ob t a i n samp l es on t he
spec i f i ed schedu l e and t hen sh i p t hem t o a l abo r a t o r y f o r ana l ys i s i f t he r e
i s no l abo r a t o r y a t t he s i t e .

2 - 11 . P r eapp l i ca t i on t r ea t men t componen t s . The p r ocedu r es f o r p r eapp l i ca -
t i on t r ea t men t componen t s w i l l be de t e r m i ned du r i ng des i gn and be i nc l uded
i n t he s i t e - spec i f i c po r t i on o f t he O&M manua l . The r ange o f poss i b l e

componen t s i s t oo l a r ge f o r i nc l us i on he r e .

2 - 12 . S t o r age ponds . The ope r a t i ona l schedu l e f o r s t o r age ponds w i l l be
deve l oped du r i ng des i gn and be i nc l uded i n t he s i t e - spec i f i c po r t i ons o f
t he des i gn manua l . Th i s schedu l e may have t o be changed f o r pa r t i cu l a r l y

we t o r d r y yea r s o r i f t he t ype o f vege t a t i on g r own on t he s i t e i s
changed . Pa r ag r aphs 2 - 2 and 2 - 13 , and append i x A p r ov i de gu i dance on how
t o ca l cu l a t e t he needed change .

2 - 13 . App l i ca t i on r a t es and schedu l es . Con t r o l o f t he wa t e r t o be app l i ed
i s common t o a l l sys t ems and r equ i r es t he f o l l ow i ng ope r a t o r dec i s i ons :

- S t a r t up and shu t down schedu l e
- Quan t i t y o f was t ewa t e r t o be app l i ed each sh i f t
- F r equency o f app l i ca t i on
- F i e l d o r sec t i on t o be used .

The de t a i l s o f t hese dec i s i ons may change f r om yea r t o yea r depend i ng on
t he c l i ma t e , r a i n f a l l and t ype o f c r op bu t t he f i na l r esu l t mus t be t o
app l y t he t o t a l amoun t o f was t ewa t e r r equ i r ed du r i ng t he app l i ca t i on
season . A spec i f i c p r og r am w i l l have been f o r mu l a t ed du r i ng des i gn and
i ns t r uc t i ons w i l l be i nc l uded i n t he s i t e - spec i f i c po r t i on o f t he O&M

manua l . Howeve r , t he ope r a t o r mus t have t he know l edge and t he capab i l i t y
t o a l t e r t he schedu l e t o accommoda t e spec i a l cond i t i ons .

a . Yea r - r ound ope r a t i ons . A t s i t es whe r e t he was t ewa t e r i s t r ea t ed
yea r - r ound and whe r e t he r e i s usua l l y l i t t l e s t o r age vo l ume , t he ope r a t o r
has l i t t l e o r no f l ex i b i l i t y t o make ad j us t men t s . The da i l y l and t r ea t men t
app l i ca t i ons mus t ma t ch t he da i l y was t ewa t e r f l ow . I n mos t cases t he
ope r a t o r can dec i de wh i ch f i e l d t o use and how l ong t o con t i nue t he app l i -
ca t i on t o t ha t f i e l d . Du r i ng t he s t a r t up phase t he ope r a t o r shou l d use t he
schedu l e p r ov i ded by t he des i gn eng i nee r . Howeve r , t he des i gn i s o f t en
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based on ave r age s i t e cond i t i ons . The ope r a t o r shou l d ca r e f u l l y wa t ch each
a r ea t o see i f t he wa t e r i s r ap i d l y i n f i l t r a t i ng , pond i ng o r r unn i ng o f f .
Some pa r t s o f t he s i t e may be ab l e t o t ake mo r e wa t e r t han t he des i gn va l ue
and some pa r t s l ess . The ope r a t o r can t hen make ad j us t men t s t o con t r o l s
and va l ves t o pu t mo r e wa t e r on t he be t t e r so i l s and l ess on t he poo r e r
l oca t i ons . Mos t sys t ems w i l l have a f i xed capac i t y pump so i t i s no t
usua l l y poss i b l e t o i nc r ease t he r a t e o f f l ow t o a pa r t i cu l a r l oca t i on , bu t
t he t i me pe r i od f o r app l i ca t i on can be ad j us t ed .

b . Seasona l f l ow ope r a t i ons .

( 1 ) Gene r a l . Sys t ems whe r e t he was t ewa t e r f l ow i s seasona l a r e no t
uncommon . These m i gh t i nc l ude camp g r ounds , sk i r eso r t s and i n t e r m i t t en t l y
occup i ed t r a i n i ng s t a t i ons . W i n t e r t i me f l ow i n co l d c l i ma t es w i l l usua l l y
r equ i r e was t ewa t e r s t o r age f o r l and app l i ca t i on l a t e r i n t he wa r m mon t hs .
Was t ewa t e r app l i ca t i on can usua l l y s t a r t as soon as t he f r os t i s ou t o f t he
g r ound and can con t i nue i n t o t he f a l l un t i l e i t he r f r oz en g r ound o r i c i ng
p r even t s f u r t he r i n f i l t r a t i on o f t he wa t e r . Ponds a r e o f t en i nc l uded i n
t hese t ypes o f sys t ems , e i t he r f o r t r ea t men t o r f o r s t o r age . The pond '
shou l d con t a i n a g r adua t ed s t a f f ( f ee t and t en t hs o f f ee t ) so t he ope r a t o r
can eas i l y see t he dep t h o f wa t e r .

�

I n add i t i on t he ope r a t o r needs t o know
t he o t he r d i mens i ons o f t he pond , t he l eng t h o f t he app l i ca t i on season , t he
amoun t o f was t ewa t e r t ha t w i l l f l ow i n t o t he pond du r i ng t he season , and an
es t i ma t e o f r a i n f a l l o r evapo r a t i on du r i ng t he season . W i t h t h i s i n f o r ma -
t i on he can ca l cu l a t e t he app l i ca t i ons and t i me schedu l es f o r each week .

Append i x A p r ov i des de t a i l s on t he bas i c ca l cu l a t i ons ; an examp l e i s shown
be l ow whe r e p r ec i p i t a t i on exceeds evapo r a t i on a t t he s i t e .

Cond i t i ons :

( 2 ) Examp l e : p r ec i p i t a t i on exceed i ng evapo r a t i on .

- Pond d i mens i ons 100 f t x 200 f t x 5 f t wo r k i ng dep t h
- D i s t r i bu t i on pump capac i t y 75 gpm
- Was t ewa t e r f l ow du r i ng season 20 , 000 gpd ( 35 week season )
- Es t i ma t ed r a i n f a l l du r i ng season 6 . 6 i nches mo r e t han evapo r a t i on .

S t a f f gauge i nd i ca t es 1 f oo t o f wa t e r i n t he pond above t he m i n i mum l eve l
a t s t a r t o f season ( t h i s wa t e r i s f r om snowme l t and r a i n f a l l because t he
pond was pumped down t o t he r equ i r ed l eve l by t he end o f t he p r ev i ous
season ) . To t a l wa t e r t o be app l i ed :

I n i t i a l pond con t en t : ( 1 f t ) ( 100 f t ) ( 200 f t ) . = 20 , 000 f t 3

Was t ewa t e r f l ow :
( 20 , 000 gpd ) ( 35 weeks ) ( 7 days / week ) ( 0 . 1337 f t 3 )

Ne t r a i n f a l l on pond :
( 6 . 6 i n . ) ( 1 f t / 12 i n . ) ( 100 f t ) ( 200 f t )

To t a l t o be app l i ed ove r en t i r e season :

App l i ca t i on pe r week : 666 , 130 f t 3 / season
35 weeks season

2 - 22

655 , 130 f t 3

11 , 000 f t 3
666 , 130 f t 3

= 19 , 032 f t 3 / week



- Pump i ng t i me pe r week : ( 19 , 032 f t 3 / week ) ( 7 . 48 ga l . / f t 3 ) _ 31 . 6 h r / week .( 75 gpm) ( 60 m i n / h r )

The app l i ca t i on s i t e has a t o t a l a r ea o f 2 . 25 ac r es , d i v i ded i n t o f i ve
equa l p l o t s o f 0 . 45 ac r es each . The sys t em has manua l va l ves and pump con -
t r o l s and t he ope r a t o r i s usua l l y on l y ava i l ab l e 5 days pe r week . The r e -
f o r e , t he schedu l e has been se t up t o app l y was t ewa t e r t o one p l o t pe r day ,

Monday t h r ough F r i day , w i t h no app l i ca t i ons on Sa t u r day o r Sunday . So :

Pump i ng , t i me pe r day : ( 31 . 6 h r / week ) : ( 5 days / week ) = 6 . 32 h r / day .

Amoun t pumped du r i ng t ha t t i me :

( 6 . 32 h r / day ) ( 60 m i n / h r ) ( 75 gpm) ( 0 . 1337 f t 3 / ga l . ) = 3802 f t 3 / day .

The hyd r au l i c l oad i ng on a p l o t ( pa r a . 2 - 2 ) wou l d be

( 3802 f t 3 / week ) ( 12 i n . / f t ) = 2 . 32 i n . / week .
( 0 . 45 ac r es ) ( 43 , 560 f t / ac r e )
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A check on t hese ca l cu l a t i ons i s poss i b l e s i nce mos t sys t ems w i l l have a
t o t a l i z i ng f l owme t e r a t t he pump . Fo r t he examp l e above , t he me t e r shou l d
show abou t 29 , 340 ga l l ons pumped a t t he end o f each ope r a t i ona l day f o r a
t o t a l each week o f abou t 146 , 700 ga l l ons . These va l ues shou l d be r eco r ded
i n a da i l y ope r a t i ng l og . The ope r a t o r shou l d obse r ve and r eco r d t he s t a f f
gauge r ead i ng i n t he pond once each week and r epea t t hese ca l cu l a t i ons
eve r y 3 o r 4 weeks t o be su r e t ha t a l l wa t e r w i l l be app l i ed by t he end o f
t he season . I f i t i s an espec i a l l y we t yea r o r i f t he sys t em i s no t wo r k -
i ng pa r t o f t he t i me , i t may be necessa r y t o i nc r ease t he pump i ng t i me on
t he mo r e pe r meab l e p l o t s a t t he s i t e .

c . Yea r - r ound f l ow , seasona l app l i ca t i ons .

( 1 ) Gene r a l . The bas i c p r ocedu r es a r e s i m i l a r t o t hose i n t he p r e -
v i ous case excep t t ha t t he en t i r e annua l was t ewa t e r f l ow mus t be app l i ed

du r i ng t he app l i ca t i on season . I n add i t i on , i f t he s i t e i s des i gned f o r
ag r i cu l t u r a l r ow c r ops , s t a r t up w i l l usua l l y come a f t e r p l an t i ng and app l i -
ca t i on w i l l be s t opped f o r ha r ves t and cu l t i va t i on . The r e mus t no t be any

e r os i on , bu t w i t h many sys t ems i t i s poss i b l e t o r esume app l i ca t i on t o t he

ba r e f i e l ds a f t e r ha r ves t i s comp l e t e and t o con t i nue i t un t i l f r ee z eup .

S t a r t i ng w i t h t he same bas i c cond i t i ons as t he p r ev i ous case , t he examp l e

be l ow i l l us t r a t es t he changes t ha t wou l d be needed f o r yea r - r ound was t e -

wa t e r f l ow t o a seasona l r ow c r op ope r a t i on . .

Cond i t i ons :

2 - 2 3

( 2 ) Examp l e : yea r - r ound f l ow w i t h seasona l r ow

- Was t ewa t e r f l ow , yea r r ound : 20 , 000 gpd
- F r os t ou t o f g r ound 31 Ma r ch
- Cu l t i va t i on and p l an t i ng comp l e t e by 27 Ap r i l
- A l l ow 3 weeks shu t down f o r cu l t i va t i on and ha r ves t
- F r ee z i ng cond i t i ons s t a r t by 30 Novembe r .

c r op ope r a t i on .
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I n r esponse t o t he above :

- App l i ca t i on - season : 27 Ap r i l t o 30 Novembe r - 3 weeks = 28 weeks
- Was t ewa t e r s t o r age season : 52 - 28 = 24 weeks
- Amoun t s t o r ed :

( 20 , 000 gpd ) ( 7 day / week ) ( 24 weeks ) ( 0 . 1337 f t 3 / ga l . ) = 449 , 232

A t a 5 - f oo t wo r k i ng dep t h , pond a r ea wou l d have t o be :

449 , 232 f t 3 = 89 , 846 f t 25 f t

�

.

Th i s cou l d be equa l t o t h r ee ponds , each abou t 150 by 200 f ee t , i ns t ead o f
t he s i ng l e pond o f t ha t s i z e i n t he p r ev i ous case . Howeve r , a s i ng l e ,

deepe r pond wou l d p r obab l y be used i n t h i s case . Annua l p r ec i p i t a t i on on
pond ( 1 f t i n w i n t e r ) + ( 0 . 55 f t i n summe r ) = 1 . 55 f t ( f r om p r ev i ous case ) :

( 1 . 55 f t ) ( 89 , 846 f t 2 ) = 139 , 261

�

f t 3 .

Was t ewa t e r f l ow du r i ng app l i ca t i on season :
( 20 , 000 gpd ) ( 7 days / week ) ( 0 . 1337 f t 3 / ga l . ) ( 28 weeks )

W i t h t he assump t i on o f 2 . 75 i n . / week max i mum , t he hyd r au l i c l oad i ng f o r a

season i s :

( 2 . 75 i n . / week ) ( 28 weeks ) + ( 12 i n . / f t ) = 6 . 42 f t / season .

A t t h i s l oad i ng , t he s i z e o f t he app l i ca t i on s i t e wou l d be :

1 , 112 , 597 f t 3

�

= 4 . 0 ac r es
( 6 . 42 f t / season ) ( 43 , 560 f t / ac r e )

d i v i ded i n t o f i ve equa l p l o t s o f 0 . 8 ac r es each . Amoun t o f wa t e r t o be
app l i ed each week :

1 , 112 , 597 f t 3
= 39 , 736 f t 3 / week .

28 weeks

( 39 $ 736 f t 3 / week )
( 40 h r / week ) ( 0 . 1337 f t / ga l . ) ( 60 m i n / h r )

2 - 2 4

124 gpm

r

f t 3 .

=

�

524 , 104 f t 3

I f t he ope r a t o r i s on l y ava i l ab l e du r i ng an 8 - hou r sh i f t , 5 days pe r week ,
and i f t he sys t em i s manua l l y ope r a t ed , t he max i mum pump i ng t i me i s 40
h r / week . Pump capac i t y r equ i r ed :

Season t o t a l t o be app l i ed : - S t o r ed was t ewa t e r 449 , 232 f t 3
- Ne t p r ec i p i t a t i on 139 , 261 f t 3
- Season was t ewa t e r f l ow 524 , 104 f t 3

1 , 112 , 597 f t-



( a )

�

I t wou l d . be des i r ab l e t o have t i me sw i t ches on t he pump f o r
au t oma t i c s t a r t and s t op , and so l eno i d va l ves on t he sp r i nk l e r l i nes so
t ha t t he p r ope r se t can be opened i n t he p r ope r sequence . W i t h cen t e r
p i vo t sys t ems , t he d r i ve sys t em i s con t r o l l ed by t i me sw i t ches so t ha t t he
un i t can be p r og r ammed t o make t he necessa r y numbe r o f r o t a t i ons each
week . The ope r a t o r t hen on l y needs t o make a b r i e f v i s i t t o t he s i t e each
day t o ensu r e p r ope r ope r a t i on .

( b ) As an a l t e r na t i ve , assume t he 75 gpm. pumps f r om t he p r ev i ous
case a r e used , bu t . t hey a r e equ i pped w i t h au t oma t i c t i me sw i t ches . Pump i ng
t i me pe r week a t 75 gpm :

39 , 736 f t 3 / week
66 h r / week( 75 gpm) ( 0 . 1337 f t / ga l . ) ( 60 m i n / h r ) =

Pump i ng t i me pe r day on t he des i gna t ed 0 . 8 - ac r e p l o t :

66 h r / week = 13 . 2 h r / day5 p l o t s
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The amoun t pumped du r i ng t ha t t i me i s s t i l l equa l t o t he 2 . 75 - i n . / week
max i mum l oad i ng . Au t oma t i c con t r o l s w i l l a l l ow use o f sma l l e r pumps and
sav i ngs i n ope r a t o r t i me . The amoun t pumped t o each 0 . 8 - ac r e p l o t pe r week
w i l l be :

( 13 . 2 h r / p l o t ) ( 60 m i n / h r ) ( 75 gpm) ( 0 . 1337 f t 3 / ga l . ) = 7942 f t 3 / week pe r p l o t

( c ) Th r ough obse r va t i on and expe r i ence t he ope r a t o r can de t e r m i ne
wh i ch a r e t he " be t t e r , " mo r e pe r meab l e p l o t s and schedu l e mo r e wa t e r , i f
necessa r y , f o r t hose a r eas . Howeve r , t he r e i s l ess f l ex i b i l i t y w i t h r ow
c r ops t han w i t h hay f i e l ds , pas t u r es and f o r es t s s i nce many r ow c r ops w i l l
no t t o l e r a t e excess wa t e r f o r ve r y l ong pe r i ods . The coun t y ag r i cu l t u r a l
ex t ens i on agen t can g i ve adv i ce f o r spec i f i c c r ops .

2 - 14 . Ope r a t i on a t ag r i cu l t u r a l s i t es . Managemen t o f t he c r op i s a ma j o r
r equ i r emen t a t ag r i cu l t u r a l s i t es . A pa r t i cu l a r c r op i s usua l l y se l ec t ed
du r i ng des i gn and p l an t ed ea r l y i n t he f i r s t yea r o f ope r a t i on . I t may be
poss i b l e , t he r ea f t e r , t o change t he c r op t o e i t he r i mp r ove t he pe r f o r mance
o f t he sys t em o r t o i nc r ease t he va l ue o f t he ha r ves t . Gu i dance ' on t he
i n i t i a l c r op w i l l be p r ov i ded i n t he s i t e - spec i f i c po r t i ons o f t he O&M

manua l bu t t he ope r a t o r shou l d be awa r e t ha t a l t e r na t i ves ex i s t , and he
shou l d be ab l e t o de t e r m i ne t he e f f ec t o f a change i n h i s sys t em .

2 - 15 . C r op managemen t a t ag r i cu l t u r a l s i t es . Fo r Co r ps o f Eng i nee r s
sys t ems , t he p r i ma r y goa l i s was t ewa t e r t r ea t men t , no t c r op p r oduc t i on .
Howeve r , vege t a t i on i s essen t i a l on s l ow r a t e sys t ems t o :

- Remove n i t r ogen and phospho r us f r om t he was t ewa t e r
- P r even t r uno f f and e r os i on
- Keep so i l s po r ous f o r wa t e r i n f i l t r a t i on .

Any change i n t he t ype o f vege t a t i on o r i n t he managemen t p r ac t i ces mus t
ma i n t a i n t hese sys t em ob j ec t i ves .

2 - 2 5
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N
a .

�

Many t ypes o f c r ops have been g r own i n s l ow r a t e sys t ems .

�

The mos t
popu l a r c r ops a r e f o r age g r asses and co r n . Fo r age g r asses a r e des i r ab l e
because t hey use l a r ge amoun t s o f n i t r ogen . Fo r age g r asses t ha t have done
we l l i nc l ude o r cha r dg r ass , Ken t ucky b l ueg r ass , r eed cana r yg r ass and t a l l
f escue i n t he no r t h , and t he l a t t e r t wo g r asses and be r mudag r ass i n t he
sou t h . Seed m i x t u r es o f t wo o r t h r ee o f t hese g r asses may be expec t ed
annua l l y t o r emove 240 pounds ( l b ) o f n i t r ogen pe r ac r e o r mo r e . The ma j o r
d i sadvan t age o f g r asses i s t he i r l owe r ma r ke t va l ue t han co r n .

( 1 ) Legumes , such as a l f a l f a , a r e some t i mes cons i de r ed f o r s l ow r a t e
sys t ems because o f t he i r h i gh qua l i t y as a f o r age . The ma j o r d i sadvan t age
o f a l f a l f a i n t he hum i d eas t i s i t s i n t o l e r ance o f we t so i l s . I n s l ow r a t e
sys t ems whe r e i t has su r v i ved , t he so i l s we r e usua l l y we l l d r a i ned and t he
app l i ca t i on r a t e was l ow ( usua l l y l ess t han 1 i nch pe r week ) . I n d r i e r
c l i ma t es , whe r e app l i ca t i on r a t es a r e ad j us t ed t o mee t c r op wa t e r r equ i r e -
men t s , a l f a l f a and o t he r l egumes g r ow we l l .

( 2 ) Co r n i s a l so used w i de l y , p r i nc i pa l l y because o f i t s g r ea t e r
ma r ke t va l ue . I t s ma j o r d i sadvan t age i s i t s l owe r annua l n i t r ogen r emova l
capab i l i t y ( abou t 120 pounds pe r ac r e ) .

( 3 ) Tu r f g r asses can a l so be cons i de r ed s i nce t hey have a h i gh ma r ke t
va l ue i n u r ban a r eas . Ken t ucky b l ueg r ass t u r f can r emove abou t 200 pounds
o f , n i t r ogen pe r ac r e each yea r when t he c l i pp i ngs a r e r emoved . Bo t h t he
ma r ke t va l ue and cos t s assoc i a t ed w i t h t u r f g r asses a r e g r ea t e r t han f o r
f o r age g r ases o r co r n .

b . The t ype o f cu t t i ng managemen t f o r ha r ves t i ng f o r age g r asses w i l l
depend on t he des i r ed l eve l o f n i t r ogen r emova l . I f max i mum y i e l ds and
h i gh n i t r ogen r emova l a r e des i r ed , g r asses shou l d be cu t mo r e f r equen t l y
and a t t he p r ope r t i mes : t he i n i t i a l cu t t i ng shou l d be a t t he ea r l y head -
i ng s t age o f g r ow t h and subsequen t cu t t i ngs shou l d be eve r y 5 t o 6 weeks
f o r t he r ema i nde r o f t he season . The ea r l y head i ng s t age w i l l va r y w i t h
c l i ma t e bu t i t w i l l usua l l y be some t i me du r i ng m i dd l e t o l a t e sp r i ng .

( 1 ) I f l owe r n i t r ogen r emova l s , say i n t he r ange o f abou t 160 pounds
o f n i t r ogen pe r ac r e , a r e needed , t hen f ewe r cu t t i ngs a r e needed and ope r a -
t i ons cos t s can be saved . I n i t i a l cu t t i ngs f o r t h i s pu r pose shou l d be a t
t he l a t e f l owe r i ng s t age o f g r ow t h , w i t h one ex t r a cu t t i ng t owa r d t he end

o f t he g r ow i ng season . W i t h t h i s cu t t i ng me t hod , t he ma j o r i t y o f t he
n i t r ogen w i l l be r emoved a t t he i n i t i a l ha r ves t .

( 2 ) G r asses shou l d be managed p r ope r l y so , t ha t t hey can su r v i ve a t
t he s i t e as l ong as poss i b l e . Unde r p r ope r managemen t , g r asses a t t he s i t e
can pe r s i s t f o r 3 yea r s o r mo r e . They a r e usua l l y i nvaded by weedy
g r asses , some o f wh i ch a r e des i r ab l e . The weed quackg r ass has pe r f o r med
we l l i n s l ow r a t e sys t ems i n t e r ms o f n i t r ogen r emova l and f o r age qua l i t y .
When undes i r ab l e weeds p r edom i na t e , f i e l ds mus t be r enova t ed t o ma i n t a i n
t r ea t men t e f f i c i ency . When r eseed i ng , use s t anda r d me t hods f o r f i e l d
r enova t i on a l ong w i t h des i r ab l e t ypes o f f o r age g r asses .

2 - 2 6



( 3 ) W i t h co r n much o f t he n i t r ogen i s r emoved du r i ng a sho r t 4 - t o
6 - week pe r i od i n summe r . Th i s i s usua l l y be t ween t he knee - h i gh and t he
t asse l i ng s t ages o f g r ow t h .

( 4 ) G r ow i ng ano t he r c r op w i t h t he co r n can i mp r ove n i t r ogen r emova l
by an add i t i ona l 40 t o 80 pounds pe r ac r e and can l owe r t he pe r co l a t e
n i t r ogen concen t r a t i on . I n dua l c r opp i ng , co r n i s g r own du r i ng t he summe r
mon t hs , wh i l e a ce r ea l c r op ( e . g . r ye ) o r a f o r age g r ass ( e . g . r eed cana r y -
g r ass ) i s g r own du r i ng t he sp r i ng and f a l l . The ce r ea l o r g r ass r emoves
n i t r ogen du r i ng t he s l owe r co r n up t ake pe r i ods and t he r eby l eng t hens t he
app l i ca t i on season . The d i sadvan t ages o f t h i s sys t em a r e t ha t t he ac t ua l
co r n y i e l ds w i l l be l owe r due t o i nc r eased compe t i t i on w i t h t he g r asses and
t ha t a h i ghe r l eve l o f managemen t i s r equ i r ed .

( 5 ) Tu r f g r asses , g r own f o r sod p r oduc t i on o r ma i n t a i ned i n a l awn ,
can r emove n i t r ogen du r i ng t he en t i r e g r ow i ng season . When s t a r t ed f r om
seed f o r sod p r oduc t i on , n i t r ogen r emova l w i l l be l owe r . The sod i s usua l
l y ha r ves t ed a f t e r 12 t o 18 mon t hs . Week l y mow i ngs du r i ng pe r i ods o f ,

ac t i ve g r ow t h a r e des i r ab l e .

_c . S i nce was t ewa t e r s va r y i n t he i r compos i t i on , t he quan t i t y and t ype
o f so i l amendmen t s t ha t may be needed t o ma i n t a i n p l an t p r oduc t i v i t y w i l l
va r y . Expe r i ence and pas t wo r k have shown a need f o r l i me o r gypsum and
po t ass i um i n some l oca t i ons . L i m i ng i s i mpo r t an t t o ma i n t a i n i ng so i l pH .
Pas t wo r k has shown a dec r ease i n so i l pH w i t h con t i nuous was t ewa t e r app l i -
ca t i ons t o so i l s i n t he eas t e r n U . S . L i m i ng w i l l coun t e r ac t t h i s and a l so
dec r ease t he so l ub i l i t y o f me t a l s t ha t may be i n t he so i l s . Con t r o l o f
exchangeab l e sod i um can be c r i t i ca l i n a r i d c l i ma t es , and gypsum o r l i me
a r e usua l l y added f o r con t r o l .

( 1 ) Po t ass i um f e r t i l i z e r i s some t i mes needed by g r asses i n t he
cen t r a l and eas t e r n U . S . The f o l l ow i ng equa t i on can be used t o de t e r m i ne
annua l po t ass i um f e r t i l i z a t i on needs :

whe r e

K f

U

KwW

= 1 . 25 ( 0 . 9U - Kww)

annua l amoun t o f po t ass i um f e r t i l i z e r app l i ed i n t he sp r i ng
( l b / ac r e )

es t i ma t ed annua l c r op up t ake o f n i t r ogen ( l b / ac r e )

amoun t o f po t ass i um t o be app l i ed i n t he was t ewa t e r
( l b / ac r e ) .

( 2 ) The f o l l ow i ng i s an examp l e o f po t ass i um app l i ca t i on ( f o r age
g r ass , U = 240 l b / ac r e ) . F r om t he p r ev i ous examp l e , was t ewa t e r app l i ca t i on
i s 973 , 336 f t 3 / season on 4 ac r es . Assume po t ass i um i n was t ewa t e r i s 10

m i l l i g r ams pe r l i t r e ( mg / L ) , so :

2 - 2 7
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K

�

= ( 10 mg / L ) ( 8 . 34 l b - L / [ m i 1 . ga l . ] mg ) ( 973 , 336 f t 3 ) ( 7 . 48 ga l . / f t 3 )
ww

�

( 1 , 000 , 000 ga l . / m i l . ga l . ) ( 4 ac r es )

152 l b / ac r e

KF = 1 . 25 [ ( 0 . 9 ) ( 240 ) - 152 ] = 80 l b / ac r e .

d . The p r ocedu r es i n pa r ag r aph 2 - 13 assume t ha t t he amoun t o f wa t e r t o
be app l i ed I n a g i ven yea r i s equa l t o o r s l i gh t l y g r ea t e r t han t he amoun t
p r ed i c t ed by t he sys t em des i gn . D i s t r i bu t i on t o t he va r i ous p l o t s on t he
s i t e i s t hen by a s t r a i gh t f o r wa r d r o t a t i on w i t h each p l o t r ece i v i ng abou t
t he same amoun t o f wa t e r . Th i s does no t r ecogn i z e d i f f e r ences i n so i l
cha r ac t e r i s t i cs , excep t by t he ope r a t o r obse r v i ng pond i ng and r uno f f . I n
ve r y d r y o r l ow f l ow yea r s t he r e may no t be enough wa t e r t o app l y t he
des i gn amoun t t o a l l p l o t s . Howeve r , enough . wa t e r mus t be app l i ed t o keep
t he vege t a t i on hea l t hy . Th i s r equ i r es some know l edge o f t he mo i s t u r e
con t en t o f t he so i l a t t he r oo t zone . Th i s i n f o r ma t i on i s a l so needed t o
avo i d excess wa t e r f o r t oo l ong when wa t e r - sens i t i ve c r ops a r e g r own .

Tab l e 2 - 11 . F i e l d es t i ma t i ng o f so i l mo i s t u r e con t en t * .

Mode r a t e l y coa r se
F i ne t ex t u r e

�

Med i um t ex t u r e

�

t ex t u r e

�

Coa r se t ex t u r e

No - f r ee wa t e r a f t e r squee z - Same as f i ne t ex t u r e .

�

Same as. f i ne t ex t u r e .

�

Same as f i ne t ex t u r e ,

i ng , we t , ou t l i ne on hand .

0 . 0 - 0 . 6

�

0 . 0 - 0 . 5

�

0 . 0 - 0 . 4

�

0 . 0 - 0 . 2

Fo r ms a ba l l , squee z es ou t

�

Fo r ms a ba l l , some t i mes

�

Tends t o ba l l unde r

�

Appea r s d r y , w i l l no t f o r m

be t ween t humb and f o r e -

�

s t i cks s l i gh t l y w i t h p r es - p r essu r e , bu t w i l l no t

�

a ba l l when squee z ed ,

f i nge r I n r i bbons .

�

su r e .

�

ho l d t oge t he r .

0 . 6 - 1 . 2

�

0 . 5 - 1 . 0

�

0 . 4 - 0 . 8

�

0 . 2 - 0 . 5

Somewha t p l i ab l e , w i l l

�

Somewha t c r umb l y , bu t

�

Appea r s d r y , w i l l no t

�

Appea r s d r y , w i l l no t f o r m

f o r m a ba l l when squee z ed .

�

ho l ds t oge t he r f r om

�

f o r m a ba l l .

�

a ba l l .

p r essu r e .

1 . 2 - 1 . 9

�

1 , 0 - , 1 . 5

�

0 . 8 - 1 . 2

�

0 . 5 - 0 . 8

Ha r d , baked , c r acked .

�

Powde r y , d r y , some t i mes

�

D r y , l oose , f l ows t h r ough D r y , l oose , s i ng l e -

s l i gh t l y c r us t ed bu t

�

f i nge r s .

�

g r a i ned , f l ows t h r ough

eas i l y b r oken down I n t o

�

f i nge r s .

Powde r y cond i t i on .

1 . 9 - 2 , 5

�

1 . 5 - 2 . 0

�

1 . 2 - 1 . 5

�

0 . 8 - 1 . 0

e The nume r i ca l va l ues a r e t he amoun t o f wa t e r I ndex t ha t wou l d be needed t o b r i ng t he t op f oo t o f t he so i l t o

f i e l d capac i t y .

2 - 28

0 . 0 0 . 0 0 . 0 0 . 0

Eas i l y squee z es ou t be - Fo r ms a ve r y p l i ab l e ba l l , Fo r ms weak ba l l , b r eaks , S t i cks t oge t he r s l i gh t l y ,

t ween f i nge r s I n r i bbons , s t i cks r ead i l y i f h i gh I n eas i l y , w i l l no t s t i ck . may f o r m a ve r y weak ba l l

has s l i ck f ee l i ng . c l ay . unde r p r essu r e .
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( 1 ) Fo r mos t p l an t s t he bes t cond i t i on i s when t he so i l i s a t wha t
i s ca l l ed " f i e l d capac i t y " ( see pa r a . 1 - 3 ) . Th i s r ep r esen t s t he wa t e r t ha t
a un i t o f so i l can ho l d w i t hou t d r a i nage . A hand f u l o f so i l a t f i e l d
capac i t y wou l d f ee l damp bu t no f r ee wa t e r cou l d be squee z ed ou t i f t he
so i l we r e p r essed i n t o a ba l l . I f t he mo i s t u r e con t en t d r ops t o ha l f t h i s
amoun t o r l ess , t hen t he p l an t s w i l l be adve r se l y a f f ec t ed . When wa t e r i s
sca r ce t he goa l o f t he ope r a t o r shou l d be t o p l ace enough wa t e r on t he s i t e
t o ma i n t a i n g r ow t h bu t t o avo i d was t e . The amoun t o f wa t e r needed depends
on t he t ype o f so i l i nvo l ved . So i l mo i s t u r e can be measu r ed ve r y accu r a t e -
l y w i t h va r i ous t ypes o f p r obes and t ens i ome t e r s . These , i n t u r n , can be
t i ed i n t o t he sys t em con t r o l s t o p r og r am app l i ca t i ons t o t he l oca t i ons

whe r e wa t e r i s needed f o r t he necessa r y pe r i od o f t i me . The t yp i ca l Co r ps
o f Eng i nee r s sys t em w i l l no t have soph i s t i ca t ed con t r o l s . Howeve r , i t i s
s t i l l poss i b l e f o r t he ope r a t o r , w i t h some p r ac t i ce and expe r i ence , t o
es t i ma t e t he mo i s t u r e con t en t o f t he so i l us i ng t he gu i dance i n t ab l e 2 - 11 .

( 2 ) A hand f u l o f so i l shou l d be t aken f r om t he r oo t zone and
squee z ed i n t he hand . The f ee l and appea r ance o f t he r esu l t i ng so i l ba l l
shou l d t hen be compa r ed t o t he desc r i p t i ons i n t ab l e 2 - 11 . The numbe r s
unde r each desc r i p t i on a r e t he amoun t o f wa t e r t ha t shou l d be added t o
b r i ng t he t op f oo t o f so i l up t o f i e l d capac i t y . Fo r examp l e , i f a hand f u l
o f s i l t y sand ( mode r a t e l y coa r se t ex t u r e i n t ab l e 2 - 11 ) can be squee z ed
i n t o a ba l l , bu t i t t hen b r eaks apa r t when t he p r essu r e i s r e l axed , t he

wa t e r needs a r e be t ween 0 . 4 and 0 . 8 i nches t o b r i ng t he t op f oo t o f so i l up
t o f i e l d capac i t y .

2 - 16 . Ope r a t i ons a t f o r es t ed s i t es . Ope r a t i ons a t f o r es t ed s i t es w i l l
r equ i r e t he same dec i s i ons r ega r d i ng how much wa t e r i s needed , whe r e t o
app l y i t , and how l ong t o l e t i t r un , t ha t we r e d i scussed i n pa r ag r aph
2 - 13 . I n gene r a l , t he f r os t - f r ee season i s l onge r f o r f o r es t s t han f o r an
ag r i cu l t u r a l f i e l d , and i n no r t he r n c l i ma t es f o r es t so i l s t ha t have an
ea r l y snow cove r may no t f r ee z e a t a l l . I n t hese cases was t ewa t e r app l i ca -
t i on can con t i nue a l l w i n t e r . F i gu r e 2 - 6 i l l us t r a t es a spec i a l noz z l e t ha t

was used success f u l l y f o r w i n t e r ope r a t i on i n Ve r mon t . W i n t e r ope r a t i on
r equ i r es qu i ck d r a i nage o f exposed p i pes a t t he end o f t he app l i ca t i on

pe r i od . I f no t p l anned f o r du r i ng des i gn , t he ope r a t o r w i l l have t o
i ns t a l l d r a i ns a t a l l l ow spo t s i n t he p i p i ng sys t em be f o r e a t t emp t i ng

w i n t e r ope r a t i on . O t he r ope r a t i ona l r equ i r emen t s f o r f o r es t ed s i t es r e l a t e
t o t r ee managemen t and w i l l r equ i r e expe r t adv i ce . Eve r y 3 t o 4 yea r s , an
expe r i enced f o r es t e r shou l d t ou r . t he s i t e and make r ecommenda t i ons on
cu l l i ng o r ha r ves t and o t he r managemen t p r ac t i ces t ha t w i l l ensu r e a
hea l t hy s t and o f t r ees .

2 - 17 . Rec r ea t i ona l s i t es . Rec r ea t i ona l sys t ems have t he same bas i c r e -
qu i r emen t s as t he cases p r ev i ous l y d i scussed . They a r e mo r e d i f f i cu l t t o
ope r a t e s i nce t he r ec r ea t i ona l f unc t i on and schedu l e usua l l y t ake p r ece -
dence ove r t he was t ewa t e r r enova t i on . The ope r a t o r has t o p l an h i s ope r a -
t i ona l schedu l e f o r was t ewa t e r app l i ca t i ons so as no t t o i n t e r f e r e w i t h t he
r ec r ea t i on .
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D r a i n i ng . B r ass t ube i n l e f t ha l f d r a i ns qu i ck l y , un t i l l i qu i d

L JL__~

c .

Sp r ay i ng ,

F i gu r e 2 - 6 . Spec i a l sp r ay noz z l e f o r w i n t e r ope r a t i ons .

Sec t i on V . Eme r gency P r ocedu r es

b .

�

l eve l i s be l ow i t s t op . Then on l y r i gh t ha l f con t i nues t o d r a i n .

L i ne d r a i ned . Sma l l amoun t o f I ce has f o r med t o b l ock r i gh t ha l f
o f noz z l e . B r ass t ube I s open and r eady f o r nex t sp r ay cyc l e .

Nex t sp r ay cyc l e . Wa t e r i n i t i a l l y sp r ays t h r ough t he b r ass t ube onU

�

t he l e f t s i de . The hea t f r om t he l i qu i d me l t s t he i ce p l ug b l ock -
i ng t he r i gh t ha l f o f t he noz z l e and sp r ay i ng r esumes i n t he no r ma l

d.

�

manne r as shown i n a .

2 - 18 .

�

D i s r up t i on o f schedu l e . A ma j o r conce r n i s d i s r up t i on o f t he
ope r a t i ng schedu l e f o r was t ewa t e r app l i ca t i ons because t he r e i s usua l l y a
l i m i t ed amoun t o f s t o r age capac i t y ava i l ab l e . S i nce eme r genc i es canno t be
p r ed i c t ed , i t i s p r uden t f o r t he ope r a t o r t o keep some pa r t o f t he ava i l -
ab l e s t o r age f r ee . Th i s may r equ i r e pump i ng s l i gh t l y mo r e wa t e r t han t he
ave r age schedu l e wou l d r equ i r e du r i ng t he ea r l y pa r t o f t he season .



Ex t ended powe r f a i l u r es a l so d i s r up t ope r a t i ons . The des i gn shou l d have
p r ov i ded t he capab i l i t y f o r s t andby powe r a t t he pump i ng s t a t i ons and , i f
no t , t he ope r a t o r shou l d a r r ange f o r t he necessa r y mod i f i ca t i ons . Sys t ems
t ha t use cen t e r p i vo t d i s t r i bu t i on r i gs w i t h e l ec t r i ca l d r i ve mo t o r s shou l d
a l so have a po r t ab l e s t andby gene r a t o r f o r d i r ec t f i e l d connec t i on when
r equ i r ed .

2 - 19 . Odo r s . I f t r ea t men t and s t o r age ponds a r e pa r t o f t he sys t em and
t he r e i s pub l i c access t o t he s i t e o r i f t he s i t e i s c l ose t o a commun i t y ,
odo r s may be a conce r n f r om t i me t o t i me . Odo r s a r e no t usua l l y a p r ob l em
f r om p r ope r l y des i gned and ope r a t ed l and t r ea t men t sys t ems bu t t hey a r e

poss i b l e i f was t ewa t e r cha r ac t e r i s t i cs o r pond cond i t i ons change sudden l y .
The ope r a t o r mus t be p r epa r ed t o cope i mmed i a t e l y w i t h such a s i t ua t i on .

a . Use o f a chem i ca l such as sod i um o r po t ass i um n i t r a t e w i l l supp r ess
t heodo r s and a l l ow t i me f o r t he cause o f t he p r ob l em t o be i den t i f i ed and
co r r ec t ed . A r ecommended p r ocedu r e i n t o app l y 100 " pounds o f sod i um o r
po t ass i um n i t r a t e pe r ac r e o f pond su r f ace on t he f i r s t day and t hen 50
pounds pe r ac r e on each day t he r ea f t e r i f odo r s pe r s i s t . The chem i ca l
shou l d be app l i ed i n t he wake o f a mo t o r boa t .

b . Odo r s w i l l no t occu r on t he ac t ua l l and app l i ca t i on s i t e un l ess
sep t i c was t es a r e used o r i f s t agnan t pudd l es and ponds o f was t ewa t e r a r e
a l l owed t o s t and . The l a t t e r w i l l a l so be t he cause o f i nsec t p r ob l ems .
The ope r a t o r mus t r ou t i ne l y i nspec t t he app l i ca t i on s i t e and e l i m i na t e
t hese l ow spo t s by f i l l i ng w i t h new so i l .

Sec t i on V I . Ma i n t enance Cons i de r a t i ons
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< . ,

2 - 20 . Ponds . The d i kes and be r ms f o r ponds w i l l r equ i r e r egu l a r ma i n t en -
ance . Ea r t hen d i kes mus t be checked r egu l a r l y f o r musk r a t s and o t he r
bu r r ow i ng an i ma l s . So i l - cemen t , p l as t i c memb r ane o r aspha l t l i ne r s mus t be
r egu l a r l y i nspec t ed and r epa i r ed . Damage f r om waves o r i ce i n t he w i n t e r
a r e t he mos t common p r ob l ems .

2 - 21 . Mechan i ca l equ i pmen t . Spec i f i c ma i n t enance needs f o r pumps and
o t he r mechan i ca l equ i pmen t w i l l be p r esen t ed i n de t a i l i n t he s i t e - spec i f i c
po r t i on o f t he O&M manua l . Sys t ems t ha t use sp r i nk l e r s mus t have a r egu l a r
schedu l e f o r i nspec t i on and c l ean i ng . A l l l i nes and p i pes i n seasona l
ope r a t i ons shou l d be r egu l a r l y d r a i ned , even i f f r ee z i ng i s no t expec t ed ,
t o avo i d co r r os i on . I n add i t i on t o sp r i nk l e r ma i n t enance , t he l a r ge cen t e r

p i vo t r i gs r equ i r e a t t en t i on t o t he i r t i r es and gea r boxes . T i r es shou l d
be checked f o r p r ope r p r essu r e and t he gea r boxes f o r p r ope r l ub r i ca t i on a t
t he s t a r t o f t he ope r a t i on season . O t he r poss i b l e p r ob l ems and po t en t i a l
so l u t i ons a r e summa r i z ed i n t ab l e 2 - 12 , wh i ch i s a t r oub l eshoo t i ng gu i de .
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I nd i ca t o r s / obse r va t i ons

I . Wa t e r pond i nq I n
i r r i ga t ed a r ea whe r e

pond i nq no r ma l l y has

Tab l e 2 - 12 . T r oub l eshoo t i ng gu i de .

P r obab l e cause

App l i ca t i on r a t e I s
excess i ve .
I f app l i ca t i on r a t e

Check o r mon i t o r

�

So l u t i ons

1a .

�

App l i ca t i on r a t e .

�

1a . Reduce r a t e t o no r ma l va l ue ,

l b ( 1 ) . Seasona l va r i a t i on

�

l b ( 1 ) . I r r i ga t e po r t i ons o f t he
s i t e whe r e g r oundwa t e r I s
no t a p r ob l em o r s t o r e
was t ewa t e r un t i l l eve l has
d r opped .

l b ( 2 ) . Repa i r d r a i nage we l l s o r
I nc r ease pump i ng r a t e .

l b ( 3 ) . Repa i r d r a i n t i l es .

2 - 3 2

Repa i r p i pe .

2a . D r a i n a l um i num l a t e r a l l i nes
excep t when I n use . .

Coa t s t ee l va l ves o r I n -
s t a l l ca t hod i c o r anod i c
p r o t ec t i on .

Repa i r o r r ep l ace sc r een .

S t r i p c r op a r ea , r i p and
d i sc so i l when d r y .

Reduce app l i ca t i on r a t e
un t i l compa t i b l e w i t h I n f i l -
t r a t i on r a t e .

Feed ca l c i um and magnes i um
t o ad j us t SAR . Add l i me

o r gypsum t o r educe ex -
changeab l e sod i um pe r cen t -
age t o 5% o r l ess .

Repa i r b r eaks .

Each a r ea shou l d be a l l owed
t o r es t ( 2 - 3 days ) be t ween
app l i ca t i on o f was t ewa t e r t o
a l l ow so i l t o d r a i n .

S t o r e was t ewa t e r un t i l so i l
has d r a i ned .

Reduce ( o r I nc r ease ) app l i -
ca t i on r a t e .

2b . D i ss i m i l a r me t a l s
( s t ee l va l ves and

a l um i num p i pe ) .

2b . P i pe and va l ve
spec i f i ca t i ons .

2b .

3 . No f l ow f r om some 3 . Noz z l e c l ogged w i t h pa r - 3 . Sc r een , I t may have de - 3 .
sp r i nk l e r noz z l es . t i c l es f r om was t ewa t e r ve l oped ho l e due t o

due t o l ack o f sc r een i ng pa r t i a l p l ugg i ng .
a t i n l e t s i de o f I r r i ga -
t i on pumps .

4 . Was t ewa t e r I s r unn i ng 4a . Sod i um adso r p t i on r a t i o 4a . SAR , i t shou l d be ' 4a .
o f f o f I r r i ga t ed a r ea . o f was t ewa t e r ( SAR ) I s l ess t han 9 .

t oo h i gh and has caused
c l ay so i l t o become i m-
pe r meab l e.

4b . So i l su r f ace sea l ed by 4b . So i l su r f ace . 4b .
so l i ds .

4c . App l i ca t i on r a t e 4c . App l i ca t i on r a t e . 4c .
exceeds I n f i l t r a t i on
r a t e o f so i l .

4d . B r eak I n d i s t r i bu t i on 4d . Leaks I n d i s t r i bu t i on 4b .
p i p i ng . p i p i ng .

4e . So i l pe r meab l ' l i t y has 4e . Du r a t i on o f con t i nuous 4e .
dec r eased due t o con - ope r a t i on on t he g i ven
t i nuous app l i ca t i on o f a r ea .
was t ewa t e r .

4 f . Ra i n has sa t u r a t ed 4 f . Ra i n f a l l r eco r ds . 4 f .
so i l .

5 . I r r i ga t ed c r op i s 5a . Too much ( o r no t 5a . Wa t e r needs o f spec i f i c 5a .
dead . enough ) wa t e r has been c r op ve r sus app l i ca t i on

app l i ed . r a t e .

no t been seen . I s no r ma l , d r a i nage
may be I nadequa t e .

I n g r oundwa t e r l eve l ,

l b ( 2 ) . Ope r ab i l i t y o f any
d r a i nage we l l s .

1b ( 3 ) . Cond i t i on o f d r a i n
t i l es .

i c . B r oken p i pe I n d i s - i c . Leaks i n sys t em .
t r i bu t i on sys t em , __

2 . La t e r a l a l um i num 2a . E f f l uen t pe r m i t t ed 2a . ope r a t i ng t echn i ques .
d i s t r i bu t i on p i p i ng t o r ema i n I n a l um i -
de t e r i o r a t i ng . num p i pe t oo l ong

caus i ng e l ec t r ochem i ca l
co r r os i on .



6a .

10 . Excess i ve e r os i on ,

11 . Odo r comp l a i n t s .

5b .

Tab l e 2 - 12 ( con t ' d ) .

5c . App l i ca t i on o f I nsec t i - 5c . P r ope r con t r o l o f app l i ca -
t i de o r weed k i l l e r .

�

t i on o f I nsec t i c i de o r weed
k i l l e r .

5d . Wa t e r pond i ng .

N and P quan t i t i es ap -
p l i ed - check w i t h
coun t y ag r i cu l t u r a l
ex t ens i on agen t . Pos -
s i b l y need l ea f and
t i ssue ana l ys i s .

6b . T i m i ng o f nu t r i en t ap -

�

6b . Consu l t w i t h coun t y
p l i ca t i on no t cons i s t en t

�

ag r i cu l t u r a l ex t en
w i t h c r op need . ( A l so ,

�

s i on agen t .
see 5a - 5c ) .

B r oken ma i n , l a t e r a l ,

�

7a . D i s t r i bu t i on sys t em
r i se r o r gaske t .

M i ss i ng sp r i nk l e r head

�

7b . D i s t r i bu t i on sys t em
o r end p l ug .

Too many l a t e r a l s on

�

7c . Numbe r o f l a t e r a l s
a t one t i me .

B l ockage I n d i s t r i bu -
t i on sys t em due t o
p l ugged sp r i nk l e r s ,
va l ves o r sc r eens , o r
f r oz en wa t e r .

Pump I mpe l l e r i s wo r n .

�

9a . Pump i mpe l l e r .

Pa r t i a l l y c l ogged I n -
l e t sc r een .

10a . Excess i ve app l i ca t i on
r a t es .

10b . I nadequa t e c r op cove r . 1Ob . Cond i t i on o f c r op
cove r .

11a . Sewage t u r n i ng sep t i c

�

I l a .
du r i ng t r ansm i ss i on
t o I r r i ga t ed s i t e and
odo r s be i ng r e l eased as
I t I s d i scha r ged t o

p r e t r ea t men t .

I l b. Odo r s f r om s t o r age
r ese r vo i r s .

8a . D i s t r i bu t i on sys t em
f o r b l ockage .

9b . Sc r een .

10a . App l i ca t i on r a t e .

l i b . D i sso l ved oxygen I n
s t o r age r ese r vo i r s .

2 - 3 3

Check o r mon i t o r

�

So l u t i ons

f o r l eaks .
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Was t ewa t e r ana l ys i s and 5b . E l i m i na t e I ndus t r i a l d l s -
consu l t w i t h coun t y

�

cha r ges o f t ox i c ma t e r i a l s .
ag r i cu l t u r a l ex t ens i on
agen t .

f o r l eaks .

i n se r v i ce .

Sewage as I t l eaves
t r ansm i ss i on sys t em .

5d . ( See I t em 1 ) . Mos t c r i t i ca l
du r i ng ge r m i na t i on .

6a .

6b .

I I a .

I f I nc r eased was t ewa t e r ap -
p l i ca t i on r a t es a r e no t
p r ac t i ca l , supp l emen t was t e -
wa t e r N o r P w i t h comme r c i a l
f e r t i l i z e r . Supp l emen t and

ad j us t so i l pH .

�

'

Ad j us t app l i ca t i on schedu l e
t o mee t c r op needs .

7a . Repa i r l eak .

7b . Repa i r l eak .

7c . Make app r op r i a t e va l v i ng
cha nges .

8a . E l i m i na t e .

9a . Rep l ace I mpe l l e r

9b . C l ean sc r een .

10a . Reduce app l i ca t i on r a t e .

10b . ( See I t ems 5 and 6 ) .

Con t a i n and t r ea t o f f - gases
f r om d i scha r ge po i n t o f
t r ansm i ss i on sys t em by

cove r i ng I n l e t w i t h bu i l d -
I ng , pass i ng o f f - gas t h r ough

deodo r i z i ng sys t em .

11b . I mp r ove p r e t r ea t men t o r
ae r a t e r ese r vo i r s .

7 . I r r i ga t i on pump i ng 7a .
s t a t i on shows no r ma l
p r essu r e bu t above
no r ma l f l ow . 7b .

7c .

8 . I r r i ga t i on pump i ng 8a .
s t a t i on shows above
ave r age p r essu r e bu t
be l ow ave r age f l ow .

9 . I r r i ga t i on pump i ng 9a .
s t a t i on shows be l ow
no r ma l f l ow and 9b .
p r essu r e .

I nd l ea t o r s / obse r va t i ons P r obab l e cause

5b . Was t ewa t e r con t a i ns
excess i ve amoun t o f
t ox i c e l emen t s .

5c . Too much I nsec t i c i de
o r weed k i l l e r app l i ed .

5d . I nadequa t e d r a i nage has
f l ooded r oo t zone o f

c r op .

6. G r ow t h o f I r r i ga t ed 6a . Too l i t t l e n i t r ogen ( N )
c r op I s poo r . o r phospho r us ( P ) ap -

p l i ed .
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Tab l e 2 - 12 ( con t 1 d ) .

So l u t i ons

Add sod i um n i t r a t e , f o r t am-
po r a r y r e l i e f . ,

Reduce app l i ca t i on r a t es .

I ns t a l l t i r es w i t h h i ghe r
f l o t a t i on capab i l i t i es .

I mp r ove d r a i nage f ace i t em
l b ) .

Change c r op t o one w i t h
h i ghe r n i t r ogen needs .

App l y was t ewa t e r on l y du r i ng
pe r i ods o f ac t i ve c r op
g r ow t h .

Ha r ves t and r emove c r op .
ves t ed and r emoved .

I nd i c t e r s / abse r va t l ons P r obab l e , cause Check o r mon i t o r

11 c .
,

12 . Cen t e r p i vo t I r r i - 12s. Excess i ve , app l i ca t i on - 12a.
ga t i on r i gs s t uck r a t es , ,
I n mud .

12b . I mp r ope r t i r es o r r i gs . - - 12b.

12c. Poo r d r a i nage , - - 12c .

13 . N i t r a t e , concen t r a - 13a. App l i ca t i on o f n i t r ogen 13a . N i t r ogen be i ng op - 13a.
t i on o f g r oundwa t e r I s no t i n ba l ance w i t h p l i ed ( l b / ac r e , pe r "
I n v i c i n i t y o f I r - c r op needs . yea r ) w i t h needs o f
r i ga t i on s i t e , ' i : c r ops .
h i gh .

13b . N i t r ogen be i ng app l i ed 13b . App l i ca t i on schedu l es , 13b.
du r i ng pe r i ods when
c r ops a r e do r man t ,

13c. C r op i s no t be i ng he r - 13c . Fa r m i ng managemen t . 13c .



CHAPTER 3
OVERLAND FLOW SYSTEMS

3 - 1 . P r ocess desc r i p t i on . As t he name i mp l i es , ove r l and f l ow i s a p r ocess
whe r e was t ewa t e r f l ows ove r l and t ha t i s ca r e f u l l y g r aded t o encou r age
shee t f l ow . G r ass i s p l an t ed on t he l and t o t ake up nu t r i en t s and con t r o l
e r os i on . As t he was t ewa t e r f l ows ove r t he so i l su r f ace i t i s r enova t ed by
va r i ous phys i ca l , chem i ca l and b i o l og i ca l mechan i sms . A l so , some o f t he
was t ewa t e r i s l os t t h r ough evapo t r ansp i r a t i on by t he g r ass and by pe r co l a -
t i on i n t o t he so i l . The r ema i n i ng was t ewa t e r i s co l l ec t ed a t t he t oe o f
t he s l ope and i s usua l l y d i scha r ged t o a r ece i v i ng s t r eam . As a r esu l t ,

mos t ove r l and f l ow sys t ems mus t comp l y w i t h a po i n t sou r ce d i scha r ge
pe r m i t .

a . The ove r l and f l ow s i t e can con t a i n one o r seve r a l s l opes . A s l ope
i s a d i sc r e t e sec t i on o f t he ove r l and f l ow s i t e whe r e t he g r ade i s un i -
f o r m . Each s l ope i s bounded by t he d i s t r i bu t i on p i pe a t t he t op , t he r un
o f f co l l ec t i on d i t ch a t t he bo t t om and be r ms o r access r oads a t t he s i des .
The r eason f o r d i v i d i ng t he s i t e i n t o sepa r a t e s l opes i s t o a l l ow shu t down
o f po r t i ons o f t he s i t e f o r ha r ves t i ng and du r i ng ope r a t i on and ma i n t enance
( 0&M) .

_b . Runo f f wa t e r qua l i t y f r om an ove r l and f l ow s l ope w i l l depend on t he
amoun t o f t i me was t ewa t e r i s a l l owed t o r ema i n i n con t ac t w i t h t he so i l
su r f ace . Gene r a l l y , l onge r de t en t i on t i mes can be expec t ed t o p r oduce a
be t t e r r uno f f wa t e r qua l i t y t han sho r t e r de t en t i on t i mes . The ope r a t o r can
con t r o l de t en t i on t i me on an ex i s t i ng s l ope by ad j us t i ng t he app l i ca t i on
r a t e . The ave r age r uno f f wa t e r qua l i t y f r om a p r ope r l y ope r a t ed sys t em
w i t h adequa t e de t en t i on t i me i s shown i n t ab l e 3 - 1 . S i nce ove r l and f l ow
t r ea t men t depends on de t en t i on " t i me , i t i s i mpo r t an t t o ma i n t a i n each s l ope

so t ha t wa t e r f l ows un i f o r m l y . I f channe l i ng occu r s wa t e r w i l l f l ow t oo
qu i ck l y and de t en t i on t i me w i l l dec r ease .

Tab l e 3 - 1 . Ave r age r uno f f wa t e r qua l i t y .

Concen t r a t i on
Cons t i t uen t

�

( mg / L )

BOD

�

10
Suspended so l i ds

�

10
Ammon i a n i t r ogen as N

�

4
To t a l phospho r us as P

�

4
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c . The s l opes shou l d be seeded w i t h a pe r enn i a l g r ass m i x t u r e t ha t has
a h i gh mo i s t u r e t o l e r ance , a l ong g r ow i ng season and a h i gh nu t r i en t
up t ake , and t ha t i s we l l su i t ed f o r t he l oca l c l i ma t e and so i l cond i t i ons .
The m i x t u r e shou l d con t a i n g r asses whose g r ow t h cha r ac t e r i s t i cs comp l emen t
each o t he r , such as sod f o r me r s and bunch g r asses , and ea r l y and l a t e
ma t u r i ng t ypes . One m i x t u r e used qu i t e success f u l l y i s r eed cana r yg r ass ,
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t a l l f escue , r ed t op , da l l i sg r ass and r yeg r ass . A l t hough t h i s m i x t u r e has
p r oven t o be e f f ec t i ve i n a va r i e t y o f c l i ma t es , i t i s a l ways bes t t o
consu l t a coun t y ag r i cu l t u r a l ex t ens i on agen t .

3 - 2 . S t a f f i ng r equ i r emen t s . F i gu r e 2 - 2 can be used t o es t i ma t e s t a f f i ng
r equ i r emen t s f o r ove r l and f l ow sys t ems .

3 - 3 . I n i t i a l s t a r t up . Was t ewa t e r shou l d no t be app l i ed t o an ove r l and
f l ow s l ope un t i l t he g r ass i s we l l es t ab l i shed . P r ema t u r e was t ewa t e r
app l i ca t i on w i l l cause e r os i on and channe l i ng . As a gene r a l r u l e , was t e -
wa t e r shou l d no t be app l i ed un t i l t he g r ass has g r own h i gh enough t o be cu t
once . G r ass f r om t he f i r s t cu t t i ng may be l e f t on t he s l ope t o he l p bu i l d
an o r gan i c ma t . G r ass c l i pp i ngs shou l d be sho r t enough t o qu i ck l y f a l l t o
t he so i l su r f ace because l ong c l i pp i ngs t end t o r ema i n on t op o f t he cu t
g r ass and r e t a r d g r ow t h . An acc l i ma t i on pe r i od i s usua l l y necessa r y a f t e r
i n i t i a l s t a r t up ; du r i ng t h i s t i me t he m i c r ob i a l popu l a t i ons on t he so i l
su r f ace a r e i nc r eas i ng and adap t i ng t o t he was t ewa t e r env i r onmen t . Th i s
i n i t i a l acc l i ma t i on pe r i od may be as l ong as 4 mon t hs , bu t 1 - 2 mon t hs i s
t yp i ca l f o r p r i ma r y e f f l uen t .

3 - 4 . P r ocess con t r o l and mon i t o r i ng .

_a . Comp l i ance mon i t o r i ng . Mos t ove r l and f l ow sys t ems w i l l have a
d i scha r ge pe r m i t and i t w i l l spec i f y a l l owab l e concen t r a t i ons o f BOD and
suspended so l i ds i n t he r uno f f . G r oundwa t e r mon i t o r i ng may be r equ i r ed i f
t he so i l i s r e l a t i ve l y pe r meab l e and t he s i t e i s l oca t ed above a p r o t ec t ed
aqu i f e r . The pa r ame t e r s t o be mon i t o r ed and t he samp l i ng f r equency w i l l
usua l l y be spec i f i ed i n t he pe r m i t . I t i s i mpo r t an t t o es t ab l i sh back -
g r ound qua l i t y l eve l s by t ak i ng seve r a l samp l es f r om a l l mon i t o r i ng we l l s
be f o r e t he app l i ca t i on o f was t ewa t e r t o t he s i t e . Mo r e i n f o r ma t i on on
g r oundwa t e r mon i t o r i ng can be f ound i n pa r ag r aph 2 - 8 , f .

b . P r ocess con t r o l mon i t o r i ng .

( 1 ) P r eapp l i ca t i on t r ea t men t . The O&M manua l w i l l con t a i n t he bas i c
mon i t o r i ng needs f o r t he pa r t i cu l a r p r eapp l i ca t i on t r ea t men t p r ocess .

( 2 ) S t o r age_ponds . The p r ocess con t r o l mon i t o r i ng r equ i r emen t s f o r
s t o r age ponds a r e t he same f o r bo t h ove r l and f l ow and s l ow r a t e sys t ems .

Re f e r t o pa r ag r aph 2 - 9 , b f o r f u r t he r i n f o r ma t i on .

( 3 ) D i s i n f ec t i on . D i s i n f ec t i on p r i o r t o app l i ca t i on i s no t neces -

sa r y excep t i n t he un l i ke l y case t ha t gene r a l pub l i c access i s pe r m i t t ed .

Howeve r , t he r uno f f may have . t o be d i s i n f ec t ed i f a d i scha r ge pe r m i t t ha t

has a f eca l co l i f o r m l i m i t a t i on i s r equ i r ed . I f t h i s i s t he case , t he

ope r a t o r shou l d f o l l ow s t anda r d mon i t o r i ng p r ocedu r es r ecommended by t he

manu f ac t u r e r o f t he d i s i n f ec t i on equ i pmen t .

( 4 ) App l i ca t i on s i t e . The p r i ma r y me t hod o f con t r o l l i ng t he pe r f o r -

mance o f an ove r l and f l ow sys t em i s t o ad j us t t he app l i ca t i on r a t e . The

0&M manua l w i l l spec i f y t he bas i c app l i ca t i on r a t e f o r each s l ope i n t he

sys t em . Howeve r , . I f t h i s i n f o r ma t i on i s no t ava i l ab l e , t he ope r a t o r can
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ca l cu l a t e o r ad j us t t he app l i ca t i on r a t e as ou t l i ned i n append i x A . The
ope r a t o r can con t r o l t he vo l ume o f was t ewa t e r app l i ed t o a s l ope by con -
t r o l l i ng t he app l i ca t i on cyc l e . The app l i ca t i on cyc l e i s s i mp l y t he l eng t h

o f t i me was t ewa t e r i s app l i ed . The app l i ca t i on cyc l es used mos t o f t en i n
ex i s t i ng ove r l and f l ow sys t ems r ange f r om 6 t o 12 hou r s o f con t i nuous
ope r a t i on pe r day , 5 t o 7 days pe r week . Use o f an app l i ca t i on cyc l e w i t h -
i n t h i s r ange shou l d p r oduce a cons i s t en t r uno f f wa t e r qua l i t y . Longe r
app l i ca t i on cyc l es can be used t empo r a r i l y t o hand l e d i ve r t ed f l ows because
o f ha r ves t i ng o r ma i n t enance . A 24 - hou r pe r day app l i ca t i on cyc l e i s no t
r ecommended because i t may r esu l t i n anae r ob i c cond i t i ons on t he s l ope ,
wh i ch cou l d cause odo r s .

3 - 5 .

�

Rou t i ne ope r a t i &p r ocedu r es .

a . P r eapp l i ca t i on t r ea t men t . I t i s beyond t he scope o f t h i s manua l t o
add r ess a l l t he r ou t i ne ope r a t i ng p r ocedu r es assoc i a t ed w i t h va r i ous p r eap -
p l i ca t i on t r ea t men t p r ocesses . The p r ocedu r es r equ i r ed f o r t he p r ocesses
i n use w i l l be desc r i bed i n t he s i t e - spec i f i c O&M manua l f o r each sys t em .

b . S t o r age ponds . The bas i c ope r a t i ng p r ocedu r es f o r a s t o r age pond
shou l d be t he same f o r an ove r l and f l ow sys t em as f o r a s l ow r a t e sys t em
( see pa r a . 2 - 12 ) . The s t o r age pond shou l d on l y be used i n t he w i n t e r
du r i ng p r o l onged co l d . Once t he s l opes a r e back i n ope r a t i on t he s t o r age
pond shou l d be bypassed , and t he s t o r ed was t ewa t e r shou l d be b l ended w i t h
t he i ncom i ng was t ewa t e r f o r app l i ca t i on t o t he s i t e . Th i s p r ocedu r e w i l l
r educe p r e t r ea t men t cos t s and m i n i m i z e a l gae g r ow t h i n t he s t o r age pond .

A l gae can be d i f f i cu l t t o r emove by ove r l and f l ow , s i nce r emova l i s depend -
en t on t he t ype o f a l gae p r esen t i n t he was t ewa t e r . The dom i nan t t ype o f
a l gae o f t en changes w i t h t he season and con t r o l by t he ope r a t o r i s no t
poss i b l e .

c . App l i ca t i on s i t e .

3 - 3
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( 1 ) Annua l s t a r t up . I n t he sou t he r n U . S . an ove r l and f l ow sys t em
can gene r a l l y ope r a t e yea r - r ound , bu t t empo r a r y shu t downs o f 1 o r 2 weeks
may be necessa r y du r i ng t he co l des t wea t he r . I n t he no r t he r n U . S . , how
eve r , t he shu t down pe r i od may l as t f o r seve r a l mon t hs . I t w i l l t ake
app r ox i ma t e l y l mon t h f o r t he sys t em t o r eacc l i ma t e a f t e r a p r o l onged
w i n t e r shu t down .

( a ) I f t he sys t em has been shu t down ove r t he w i n t e r i t shou l d be
r es t a r t ed wheneve r f r os t i s ou t o f t he t opso i l l aye r . Typ i ca l l y , t h i s w i l l
be i n t he mon t h o f Ma r ch o r Ap r i l . The sys t em shou l d no t be r es t a r t ed t oo
ea r l y because poo r r uno f f wa t e r qua l i t y w i l l r esu l t . Expe r i ence w i l l
d i c t a t e t he bes t t i me t o beg i n ope r a t i on a t a pa r t i cu l a r s i t e .

( b ) Be f o r e was t ewa t e r i s app l i ed t o t he s l opes , a l l p i pe l i nes
shou l d be checked f o r l eaks . D i s t r i bu t i on l i nes a t t he t op o f t he s l opes
shou l d be r e l eve l ed ' t o ensu r e even f l ow d i s t r i bu t i on . Obv i ous channe l s on
t he s l opes shou l d be f i l l ed i n w i t h f i ne t opso i l and r eseeded . Comme r c i a l
sod can a l so be used i n a r eas whe r e t he channe l s a r e deep . These channe l s
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and o t he r ba r r en a r eas . shou l d be r eseeded w i t h a m i x t u r e o f g r asses con -
t a i n i ng a qu i ck g r ow i ng spec i es such as r yeg r ass . App l i ca t i on t o r eseeded

a r eas shou l d no t beg i n un t i l t he g r ass i s abou t 2 i nches t a l l . P r ema t u r e
app l i ca t i on cou l d wash t opso i l and seeds downs l ope .

( c ) I t may be necessa r y t o use a l owe r app l i ca t i on r a t e t han
no r ma l f o r abou t a mon t h a f t e r a p r o l onged shu t down . O t he r w i se , t he r uno f f
wa t e r qua l i t y may no t mee t pe r m i t r equ i r emen t s . Was t ewa t e r app l i ca t i on can
t hen be i nc r eased t o t he r ecommended r a t e as d i scussed i n pa r ag r aph 2 - 13 .

( d ) Du r i ng t he ea r l y sp r i ng , t he r uno f f may have a s l i gh t g r een -
i sh t i nge due t o t he a l gae . An a l ga l ma t some t i mes deve l ops on t he su r f ace
o f some s l opes . Howeve r , t he a l gae usua l l y d i sappea r s as soon as t he g r ass
i s t a l l enough t o shade t he su r f ace . Excess i ve g r ass and weed g r ow t h i n

un l i ned co l l ec t i on channe l s can be a p r ob l em s i nce r ank g r ow t h w i l l i mpede
t he r a t e o f r uno f f f l ow . L i ned channe l s may be t he bes t so l u t i on s i nce
k i l l i ng t he g r ass w i t h he r b i c i des may t hen cause so i l e r os i on .

( 2 ) Da i l y ope r a t i on . A l l componen t s ( pumps , va l ves , f l owme t e r s and
d i s t r i bu t i on sp r i nk l e r s o r p i pe l i nes ) shou l d be checked da i l y f o r p r ope r
ope r a t i on . Some ga t ed p i pe may have a t endency t o c l og , wh i ch r esu l t s i n
uneven f l ow d i s t r i bu t i on . I f seve r a l o f t he open i ngs become c l ogged , t he
f l ow r a t e t h r ough t he r ema i nde r w i l l i nc r ease , caus i ng channe l i ng and f l ow
sho r t - c i r cu i t i ng on t he s l ope . The app l i ca t i on r a t es and cyc l es shou l d
a l so be checked and ma i n t a i ned i n acco r dance w i t h pa r ag r aph 2 - 13 . Was t e -
wa t e r app l i ca t i on t o t he s l opes shou l d be s t opped du r i ng a heavy r a i ns t o r m
because con t i nued app l i ca t i on may hyd r au l i ca l l y ove r l oad t he t e r r aces and
cause channe l i ng . App l i ca t i on can con t i nue du r i ng l i gh t r a i n o r d r i z z l e
even t hough t he hyd r au l i c de t en t i on t i me w i l l dec r ease . Ra i n f a l l r uno f f
f r om ove r l and f l ow s l opes i s a t l eas t equa l t o and usua l l y be t t e r i n qua l -
i t y t han t he t r ea t ed r uno f f .

( 3 ) Ha r ves t i ng . The g r ass shou l d be cu t t wo o r t h r ee t i mes a yea r
and r emoved f r om t he s l opes . The bes t t i me t o cu t i s j us t a f t e r t he g r ass
goes t o seed . Th i s cu t t i ng p r ac t i ce w i l l r esu l t i n t he h i ghes t y i e l ds and
bes t qua l i t y f o r age . Depend i ng on t he l oca l ma r ke t , t he sa l e o f t he hay
can p r ov i de a modes t econom i c r e t u r n . A l so , r egu l a r ha r ves t i ng can i mp r ove
nu t r i en t r emova l and a l l ow t he ope r a t o r t o l ook f o r po t en t i a l channe l i ng
p r ob l ems on t he s l opes . On l y pa r t o f t he ove r l and f l ow s i t e shou l d be
ha r ves t ed a t any one t i me so t ha t t he sys t em can keep wo r k i ng .

( a ) Be f o r e ha r ves t i ng , each s l ope mus t be a l l owed t o d r y ou t so
t ha t equ i pmen t can t r ave l ove r t he so i l su r f ace w i t hou t l eav i ng r u t s . Ru t s
cou l d deve l op i n t o channe l s , espec i a l l y i f t hey a r e o r i en t ed downs l ope .
The d r y i ng t i me necessa r y be f o r e mow i ng i s usua l l y abou t l t o 2 weeks ;
howeve r , t h i s can va r y depend i ng on t he so i l and c l i ma t i c cond i t i ons .
A f t e r mow i ng , t he hay shou l d be d r i ed be f o r e r ak i ng and ba l i ng . Th i s may
t ake ano t he r week o r so depend i ng on t he wea t he r . The t o t a l t i me t ha t t he
s l ope can ' t be used f o r each ha r ves t t hen i s app r ox i ma t e l y 2 t o 3 weeks .
Th i s t i me can be r educed by a week o r mo r e i f g r een chop ha r ves t i ng i s
p r ac t i ced i ns t ead o f mow i ng , r ak i ng and ba l i ng . Howeve r , l oca l ma r ke t s may
no t ex i s t f o r t h i s t ype o f f o r age .
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( b ) The s t anda r d equ i pmen t r ecommended f o r ha r ves t i ng i s a good
f a r m t r ac t o r , a r ake and a ba l e r . A s t ake - body t r uck w i t h a f l a t bed i s
a l so needed t o t ake t he hay t o ma r ke t o r t o a s t o r age a r ea . A l l equ i pmen t
shou l d have f l o t a t i on , t i r es t o r educe r u t t i ng . Ha r ves t i ng shou l d be done
ac r oss t he s l ope so t ha t oppo r t un i t i es f o r downs l ope r u t t i ng a r e r educed .
A l l exposed p i pe l i nes and co l l ec t i on d i t ches shou l d be c l ea r l y ma r ked t o
avo i d damage .

( c ) Sugges t ed mon i t o r i ng p r og r ams f o r so i l s and vege t a t i on a r e
t he same f o r ove r l and f l ow as f o r s l ow r a t e sys t ems ( see pa r a . 2 - 8 , a ) . I f
t he g r ass i s used as f odde r , samp l es may be r equ i r ed du r i ng each ha r ves t ;
t hey shou l d be ana l y z ed f o r va r i ous nu t r i t i ve pa r ame t e r s such as p r o t e i n ,
f i be r , t o t a l d i ges t i b l e nu t r i en t s , phospho r us and d r y ma t t e r . These ana l y -
ses can be conduc t ed by t he ag r i cu l t u r a l depa r t men t o f mos t s t a t e un i ve r s i -
t i es .

( d ) A f t e r seve r a l yea r s o f ope r a t i on ce r t a i n na t i ve g r asses and
weeds w i l l beg i n t o g r ow on t he s l opes . I n mos t cases t hese p l an t s w i l l
have no i mpac t on t r ea t men t e f f i c i ency bu t cou l d dec r ease hay y i e l ds .
Ce r t a i n annua l spec i es such as ba r nya r dg r ass shou l d be e r ad i ca t ed be f o r e
t hey dom i na t e a s l ope . When t hese p l an t s d i e i n t he f a l l , t he s l ope i s
l e f t ba r e and i s suscep t i b l e t o so i l e r os i on . He r b i c i des shou l d be used t o
con t r o l t hese p l an t s and ba r r en a r eas shou l d be r ep l an t ed w i t h pe r enn i a l
g r asses . The coun t y ag r i cu l t u r a l ex t ens i on agen t may be ab l e t o g i ve
adv i ce on t he t ype and amoun t o f he r b i c i de t o use .

( 4 ) W i n t e r shu t down p r ocedu r e . I n gene r a l , ove r l and f l ow sys t ems
shou l d be shu t down wheneve r r uno f f wa t e r qua l i t y does no t mee t t he d i s -
cha r ge pe r m i t because o f sus t a i ned l ow t empe r a t u r es . L i ke any o t he r b i o -
l og i ca l p r ocess , t he r eac t i on r a t e s l ows down as t he t empe r a t u r e de -
c r eases . The l eng t h o f t he shu t down pe r i od w i l l va r y w i t h c l i ma t e and
r equ i r ed r uno f f wa t e r qua l i t y . Once t he sys t em i s shu t down , i t shou l d no t

be r es t a r t ed un t i l sp r i ng . A l l d i s t r i bu t i on l i nes shou l d be d r a i ned a f t e r
t he sys t em has been shu t down f o r t he season . Was t ewa t e r f l ows shou l d be

d i ve r t ed t o t he s t o r age pond and a l l pumps and va l ves shou l d be made r eady
f o r , w i n t e r .

3 - 6 . Eme r gency p r ocedu r es . Eme r gency s i t ua t i ons t ha t m i gh t be o f conce r n
on ove r l and f l ow sys t ems i nc l ude i n t ense r a i ns t o r ms , sudden co l d spe l l s ,
i nsec t i n f es t a t i ons and shock l oad i ngs o f t ox i c was t es . I n t ense r a i ns t o r ms
shou l d no t p r esen t a p r ob l em i f t he r uno f f co l l ec t i on d i t ches we r e ade -
qua t e l y s i z ed and cons t r uc t ed . The d i t ches a r e t yp i ca l l y des i gned , as a
m i n i mum , t o ca r r y r uno f f f r om a s t o r m w i t h a 25 - yea r r e t u r n f r equency .

�

I t

i s usua l l y des i r ab l e t o i ns t a l l a d r a i nage channe l a r ound t he pe r i me t e r o f

t he s i t e t o d i ve r t o f f - s i t e r uno f f . I nsec t pes t s such as mosqu i t oes and
a r my wo r ms have been r epo r t ed on some ove r l and f l ow s i t es . Mosqu i t oes

shou l d no t be a p r ob l em i f t he s i t e i s kep t f r ee o f b r eed i ng a r eas such as
s t agnan t d i t ches . A r my wo r ms , wh i ch a r e ha r m f u l t o t he vege t a t i on , can be

con t r o l l ed w i t h a pes t i c i de . A ce r t i f i ed ex t e r m i na t o r shou l d be consu l t ed

on t he p r ope r use o f pes t i c i des .
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3 - 7 . Ma i n t enance cons i de r a t i ons .

a . The key t o success f u l pe r f o r mance o f an ove r l and f l ow sys t em i s
ma i n t a i n i ng " shee t f l ow " down t he l eng t h o f each s l ope . I f channe l s
deve l op due t o poo r cons t r uc t i on o r hyd r au l i c ove r l oads t hey shou l d be
f i l l ed i n and r eseeded a t t he ea r l i es t conven i ence . Ano t he r ma i n t enance
cons i de r a t i on i s t he hea l t h o f t he vege t a t i on on t he s l opes . A hea l t hy and
p r o l i f i c g r ass s t and i s ve r y i mpo r t an t . Ba r r en a r eas shou l d be r eseeded a t
t he ea r l i es t poss i b l e t i me .

b . Expe r i ence has shown t ha t i f su r f ace d i s t r i bu t i on me t hods such as
ga t ed p i pe a r e used t o app l y r aw o r p r i ma r y was t ewa t e r t o t he ove r l and f l ow
s i t e , so l i ds w i l l even t ua l l y accumu l a t e on abou t t he t op 10 f ee t o f each
s l ope . Th i s bu i l dup occu r s because t he sha l l ow dep t h o f wa t e r f l ow a l l ows
t he suspended pa r t i c l es t o se t t l e ou t qu i ck l y . I f a l l owed t o accumu l a t e ,
t he so l i ds may smo t he r t he g r ass and become anae r ob i c . Howeve r , t h i s

p r ob l em can be e l i m i na t ed by d i sk i ng - i n t he so l i ds , wh i ch t hen decompose i n
t he so i l . Th i s on l y has t o be done i n f r equen t l y .



4 - 1 . P r ocess desc r i p t i on .

CHAPTER 4
RAP I D I NF I LTRAT I ON SYSTEMS

EM 1110 - 2 - 504
30 Nov 83

a . Gene r a l . I n r ap i d i n f i l t r a t i on sys t ems t he was t ewa t e r i s app l i ed t o
mode r a t e l y t o ve r y pe r meab l e so i l s ( such as sands and g r ave l s ) by f l ood i ng
bas i ns o r by sp r i nk l i ng . The was t ewa t e r i s t r ea t ed as i t t r ave l s t h r ough
t he so i l ma t r i x , and t he t r ea t ed pe r co l a t e d r a i ns na t u r a l l y t o su r f ace

wa t e r s o r moves downwa r d t o t he g r oundwa t e r . The ob j ec t i ve o f r ap i d i n f i l -
t r a t i on i s was t ewa t e r t r ea t men t . Uses o f t he t r ea t ed wa t e r can i nc l ude :

G r oundwa t e r r echa r ge
Recove r y by we l l s o r unde r d r a i ns f o r r euse o r d i scha r ge
Recha r ge o f su r f ace s t r eams by i n t e r cep t i on o f g r oundwa t e r
Tempo r a r y s t o r age o f g r oundwa t e r i n t he aqu i f e r .

Rap i d i n f i l t r a t i on sys t ems cons i s t o f a numbe r o f i n f i l t r a t i on bas i ns t ha t
a r e f l ooded and t hen a l l owed t o d r y be f o r e t hey a r e f l ooded aga i n . The
d r y i ng pe r i od a l l ows t he o r gan i c ma t e r i a l t ha t co l l ec t s , on t he so i l su r f ace
t o decay . I t a l so a l l ows t he so i l t o r eae r a t e . The hyd r au l i c l oad i ng r a t e
a t ex i s t i ng r ap i d i n f i l t r a t i on s i t es r anges f r om 50 t o mo r e t han 200 f ee t
pe r yea r . The hyd r au l i c l oad i ng r a t e depends on t he t ype o f so i l and dep t h
t o g r oundwa t e r , as we l l as on t he qua l i t y o f t he app l i ed was t ewa t e r and t he
l eve l o f t r ea t men t des i r ed .

b . P r ocess r equ i r emen t s . The ma j o r i t y o f r ap i d i n f i l t r a t i on sys t ems i n
t heU . S . have some t ype o f conven t i ona l was t ewa t e r t r ea t men t p r ocess t o
t r ea t t he was t ewa t e r be f o r e i t i s app l i ed t o t he i n f i l t r a t i on bas i ns . The
ope r a t i on and ma i n t enance ( 0&M) r equ i r emen t s f o r t he pa r t i cu l a r p r ocess i n
use w i l l be spec i f i ed i n t he s i t e - spec i f i c O&M manua l .

4 - 2 . S t a f f i ng r equ i r emen t s . The numbe r s o f and sk i l l l eve l s o f pe r sonne l
needed t o ope r a t e a r ap i d i n f i l t r a t i on sys t em depend on t wo f ac t o r s : t he

s i z e o f t he sys t em and t he t ype o f p r eapp l i ca t i on t r ea t men t p r ocess . The

manpowe r r equ i r emen t s f o r t he r ap i d i n f i l t r a t i on bas i ns shou l d be l ess t han
one - ha l f o f t he va l ues g i ven i n f i gu r e 2 - 2 f o r s l ow r a t e sys t ems .

4 - 3 . P r ocess con t r o l and mon i t o r i ng .

_a . Comp l i ance mon i t o r i ng . Comp l i ance mon i t o r i ng i s r equ i r ed by l oca l ,

s t a t e o r Fede r a l r egu l a t o r y agenc i es t o ce r t i f y t ha t t he sys t em i s pe r f o r m-

i ng as r equ i r ed . Fo r r ap i d i n f i l t r a t i on sys t ems , t h i s w i l l usua l l y r equ i r e

pe r i od i c samp l i ng and ana l ys i s o f t he g r oundwa t e r f r om we l l s benea t h and

a r ound t he pe r i me t e r o f t he s i t e . N i t r a t e - n i t r ogen i s t he g r ea t es t conce r n

f o r g r oundwa t e r s t ha t en t e r a d r i nk i ng wa t e r aqu i f e r . Pa r ag r aph 2 - 8 , f

d i scusses g r oundwa t e r mon i t o r i ng i n g r ea t e r de t a i l .
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b . P r ocess con t r o l mon i t o r i ng .

( 1 ) P r eapp l i ca t i on t r ea t men t . The sys t em i s usua l l y mon i t o r ed by
t he ope r a t o r t o de t e r m i ne t he l eve l o f pe r f o r mance o f t he d i f f e r en t un i t

p r ocesses i n t he en t i r e sys t em , t o make su r e t ha t t he un i t p r ocesses a r e
ope r a t i ng p r ope r l y , and t o ass i s t h i m i n mak i ng ope r a t i ona l changes t o
ensu r e t he con t i nued sa t i s f ac t o r y ope r a t i on o f t he sys t em .

( 2 ) S t o r age ponds . The ma j o r i t y o f r ap i d i n f i l t r a t i on sys t ems a r e
ope r a t ed t h r oughou t t he yea r ; t he r e f o r e , s t o r age ponds a r e no t t yp i ca l l y
r equ i r ed . The excep t i on may be t he i nc l us i on o f a sma l l capac i t y s t o r age
pond f o r f l ow equa l i z a t i on o r f o r eme r gency s t o r age i n case o f a ma j o r
mechan i ca l f a i l u r e . I n t he even t i t i s necessa r y t o use t he pond f o r
eme r gency s t o r age , t he ope r a t o r mus t p l an t o . emp t y t he pond as soon as t he
eme r gency i s r eso l ved . The s t o r ed was t ewa t e r shou l d be b l ended i n t o t he
da i l y f l ows f o r app l i ca t i on t o t he bas i ns . Mon i t o r i ng o f s t o r age bas i ns i s
cove r ed i n pa r ag r aph 2 - 12 .

( 3 ) App l i ca t i on s i t e . I n o r de r t o m i n i m i z e any p r ob l ems w i t h t he
bas i ns t he ope r a t o r shou l d i nspec t t hem da i l y . The ope r a t o r shou l d docu -
men t i n h i s da i l y l og shee t s t he dep t h o f s t and i ng wa t e r i n t he va r i ous
bas i ns and t he amoun t o f t i me i t t akes t hem t o d r a i n . Th i s w i l l a l l ow
ca l cu l a t i on o f t he was t ewa t e r i n f i l t r a t i on r a t e and i den t i f i ca t i on o f t hose
bas i ns whe r e t he i n f i l t r a t i on r a t e has dec r eased t o a l eve l whe r e r es t o r a -
t i on o f t he su r f ace i s needed . The ope r a t o r shou l d i nspec t t he be r ms o f
t he i n f i l t r a t i on bas i ns f r equen t l y . Vege t a t i on such as t r ee seed l i ngs and

b r ush shou l d be r emoved . The ope r a t o r shou l d a l so no t e any s i gns o f e r o -
s i on on t he be r ms . The ope r a t o r mus t a l so i nspec t t he hyd r au l i c sys t em
used t o app l y t he was t ewa t e r t o t he bas i ns t o de t e r m i ne i f i t i s f unc t i on -
i ng p r ope r l y . Low spo t s whe r e was t ewa t e r can r ema i n ponded shou l d be
f i l l ed i n . Du r i ng w i n t e r ope r a t i ons t he ope r a t o r mus t i nspec t t he en t i r e
sys t em , pay i ng pa r t i cu l a r a t t en t i on t o p r ob l ems o f f r ee z i ng and i ce f o r ma -
t i on .

4 - 4 . Rou t i ne ope r a t i ng p r ocedu r es .

_a . ~ P r eapp l i ca t i on t r ea t men t . The r ou t i ne ope r a t i ng p r ocedu r es f o r t he
p r eapp l i ca t i on p r ocesses w i l l be desc r i bed i n t he s i t e - spec i f i c po r t i ons o f
t he 0&M manua l ( see append i x A ) .

_b . S t o r age ponds . S t o r age ponds a r e usua l l y on l y i nc l uded f o r eme r gen -
c i es and mus t t he r e f o r e be emp t y a t a l l o t he r t i mes . I t i s i mpo r t an t t ha t
t he ope r a t o r emp t y t he pond as soon as poss i b l e a f t e r t he eme r gency .

c . App l i ca t i on s i t e . The ope r a t o r mus t keep accu r a t e da i l y r eco r ds o f
t hedep t h o f was t ewa t e r i n each bas i n . Th i s i n f o r ma t i on shou l d be used by
t he ope r a t o r t o compa r e t he ac t ua l ope r a t i ng i n f i l t r a t i on r a t es t o t he

des i gn r a t es . W i t h t h i s i n f o r ma t i on he w i l l be ab l e t o make t he necessa r y
changes i n t he ope r a t i on o f. t he sys t em .

4 - 2



EM 1110 - 2 - 504
30 Nov 83

( 1 ) An examp l e o f t he ca l cu l a t i ons t he ope r a t o r wou l d need t o make
t o de t e r m i ne t he new vo l umes t o be app l i ed t o each bas i n a r e g i ven i n
append i x A . I t i s ve r y i mpo r t an t t ha t each bas i n be ope r a t ed so t ha t i t
has an adequa t e d r y i ng pe r i od be f o r e i t i s f l ooded aga i n . Th i s d r y i ng
pe r i od i s ve r y i mpo r t an t because i t a l l ows t he so l i ds on t he so i l su r f ace
t o decompose , and i t a l l ows t he so i l t o r eae r a t e .

( 2 ) The ope r a t o r shou l d a l so measu r e and r eco r d t he dep t h t o g r ound -
wa t e r i n t he obse r va t i on we l l s a t t he s i t e . Th i s i n f o r ma t i on w i l l be used
t o de t e r m i ne t he ex t en t o f g r oundwa t e r mound i ng benea t h t he s i t e . Mound i ng
i s t he r i se o f t he wa t e r t ab l e above i t s no r ma l l eve l unde r t he i n f i l t r a -
t i on bas i ns . I f t he wa t e r t ab l e r i ses so t ha t i t i s w i t h i n a f ew f ee t o f
t he su r f ace i t w i l l have adve r se e f f ec t s on t he sys t em . I t w i l l r educe t he
r a t e o f movemen t o f t he was t ewa t e r i n t o t he so i l and i t w i l l r educe t he
l eve l o f t r ea t men t . A t r ap i d i n f i l t r a t i on s i t es w i t h r ecove r y we l l s o r
unde r d r a i ns , mound i ng may be r educed by i nc r eas i ng t he pump i ng r a t e f r om
t he we l l s o r unde r d r a i ns . I f t he sys t em does no t have r ecove r y we l l s o r

unde r d r a i ns and mound i ng becomes a p r ob l em , , t he ope r a t o r shou l d ge t he l p
f r om a qua l i f i ed g r oundwa t e r hyd r o l og i s t .

( 3 ) W i n t e r ope r a t i ng p r ocedu r es f o r t he i n f i l t r a t i on bas i ns may ,
depend i ng on t he l oca l c l i ma t e , r equ i r e t ha t ce r t a i n p r ecau t i ons be t aken
t o s t op f r ee z i ng i n t he d i s t r i bu t i on ne t wo r k . The ope r a t o r shou l d check
t he s i t e da i l y f o r t hese t ypes o f p r ob l ems and co r r ec t t hem i mmed i a t e l y .

4 - 5 . Eme r gency p r ocedu r es . One o f t he mo r e se r i ous t h i ngs t ha t can happen
t o a r ap i d i n f i l t r a t i on sys t em i s an e l ec t r i ca l powe r f a i l u r e t ha t can
a f f ec t pumps and mo t o r i z ed va l ves . An eme r gency gene r a t o r shou l d be ava i l -
ab l e . The ope r a t o r shou l d cons i de r sudden bas i n c l ogg i ng an eme r gency and
he shou l d t ake ac t i on t o co r r ec t i t as desc r i bed i n pa r ag r aph 4 - 6 .

4 - 6 . Ma i n t enance cons i de r a t i ons . Ma i n t a i n i ng t he so i l i n f i l t r a t i on capac -
i t y shou l d be o f p r i me conce r n t o t he ope r a t o r . As s t a t ed p r ev i ous l y , t he

ope r a t o r shou l d keep accu r a t e r eco r ds o f t he i n f i l t r a t i on r a t es o f t he
bas i ns t o de t e r m i ne when su r f ace r es t o r a t i on i s needed .

_a . Res t o r i ng t he bas i ns t o an accep t ab l e i n f i l t r a t i on capac i t y i s
no r ma l l y accomp l i shed by d i sc i ng o r sca r i f y i ng t he d r y so i l su r f ace t o
b r eak up t he o r gan i c ma t t ha t deve l ops . Ano t he r me t hod i s t o comp l e t e l y
r emove t he t op l aye r o f so i l and r ep l ace i t w i t h a su i t ab l e so i l . Th i s

me t hod uses mo r e l abo r and equ i pmen t t han d i sc i ng and i t w i l l a l so r equ i r e
l a r ge ea r t h mov i ng equ i pmen t . I f t h i s me t hod i s used , ca r e mus t be t aken
t o l i m i t t he amoun t o f veh i cu l a r t r a f f i c on t he beds t o r educe t he amoun t
o f compac t i on o f t he subsu r f ace so i l l aye r s .

b . I n co l de r c l i ma t es t he ope r a t o r shou l d d i sc t he d r y su r f ace o f t he
bas i ns abou t once each yea r du r i ng t he l a t e summe r and f a l l . Th i s shou l d
keep t he bas i ns f r om c l ogg i ng du r i ng t he w i n t e r season . Ano t he r sugges t i on
f o r co l d c l i ma t es i s t o p l ow t he bas i n su r f ace each f a l l and l eave t he
r i dges and f u r r ows . As t he wa t e r l eve l i n t he bas i ns dec r eases , shee t s o f

4 - 3
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f l oa t i ng i ce shou l d come t o r es t on t he r i dges wh i l e t he r ema i n i ng wa t e r
i n f i l t r a t es i n t o t he f u r r ows . Du r i ng t he nex t f l ood i ng sequence , t he

was t ewa t e r w i l l i n i t i a l l y f i l l t he f u r r ows and t hen as t he wa t e r l eve l
r i ses , i t w i l l f l oa t t he shee t s o f i ce t ha t a r e b r i dg i ng t he r i dges . Th i s
f l oa t i ng i ce he l ps t o i nsu l a t e t he was t ewa t e r i n t he bas i ns . A l so , bas i ns
i n co l d c l i ma t es t ha t have g r ass o r weeds g r ow i ng i n t hem shou l d be mowed

i n t he f a l l . Th i s w i l l keep i ce f r om f r ee z i ng t o t he vege t a t i on nea r t he
so i l su r f ace ; t h i s a t t ached i ce w i l l be subme r ged du r i ng t he nex t f l ood i ng
cyc l e and p r even t i n f i l t r a t i on . The s t and i ng wa t e r w i l l t hen f r ee z e and
t he bas i n won ' t wo r k .

c . Mechan i ca l equ i pmen t such as pumps , va l ves and f l owme t e r s shou l d be
ma i n t a i ned i n acco r dance w i t h t he manu f ac t u r e r s ' gu i de l i nes .



whe r e

P r e t r ea t men t

V = vo l ume o f pond ( f t 3 )
A = su r f ace a r ea ( f t 2 )

d = dep t h ( f t ) .

APPEND I X A
SAMPLE CALCULAT I ONS

A - 1 . I n t r oduc t i on . Th i s append i x p r esen t s ca l cu l a t i ons t ha t w i l l he l p an
ope r a t o r manage h i s l and t r ea t men t sys t em . The p r i ma r y conce r n he r e i s
wa t e r managemen t : r ece i v i ng t he wa t e r i n t o t he t r ea t men t sys t em , p r e t r ea t -
i ng i t , s t o r i ng i t , and d i s t r i bu t i ng i t on t o t he l and , w i t h r ecove r y and
f i na l d i scha r ge i f app l i cab l e . A l so o f conce r n i s qua l i t y managemen t and
ene r gy managemen t . Qua l i t y managemen t ensu r es t ha t t he l and t r ea t men t
sys t em i s ope r a t i ng w i t h i n i t s capab i l i t i es , espec i a l l y t he vege t a t i on
componen t , and a l so sa t i s f i es r egu l a t o r y r equ i r emen t s . The ope r a t o r can
manage ene r gy use by co l l ec t i ng and us i ng powe r consump t i on da t a t o make
su r e t ha t t he l and t r ea t men t sys t em i s e f f i c i en t . Th i s i s c r i t i ca l i n
j us t i f y i ng cha r ges t o t hose peop l e who mus t pay f o r t he sys t em .

A - 2 . Wa t e r managemen t . Land t r ea t men t sys t ems gene r a l l y cons i s t o f t h r ee
ma j o r componen t s , each o f wh i ch can t ake seve r a l d i f f e r en t f o r ms ( f i g .
A - 1 ) . P r e t r ea t men t can be a l mos t any conven t i ona l p r ocess , f r om s i mp l e ba r
sc r eens t o p r i ma r y c l a r i f i e r s t o an ac t i va t ed s l udge p l an t . Th i s i s
pa r t i cu l a r l y t r ue whe r e t he l and t r ea t men t componen t has been added t o an
ex i s t i ng was t ewa t e r t r ea t men t p l an t t o upg r ade o r expand i t . The pu r pose
o f p r e t r ea t men t i s t o p r epa r e t he was t ewa t e r f o r app l i ca t i on on t o t he l and ,
and t o p r o t ec t t he d i s t r i bu t i on sys t em t ha t d i scha r ges t he was t ewa t e r t o
t he l and ( pumps , noz z l es , we i r s , e t c . ) . Ope r a t i on and ma i n t enance o f con -
ven t i ona l p r ocesses a r e cove r ed adequa t e l y e l sewhe r e . I n many mode r n l and
t r ea t men t sys t ems , p r e t r ea t men t and s t o r age a r e comb i ned i n a pond , usua l l y

o f mu l t i p l e ce l l s . A l t e r na t i ve l y , t wo o r mo r e ponds may be p r ov i ded , t he
f i r s t f o r p r e t r ea t men t and t he l as t f o r seasona l o r eme r gency s t o r age . I n
gene r a l , t r ea t men t ponds w i l l ma i n t a i n a cons t an t dep t h , whe r eas s t o r age
ponds w i l l va r y i n dep t h . Depend i ng on s t a t e s t anda r ds , mos t ponds a r e
l i ned t o p r even t seepage .

S t o r age Land

F i gu r e A - 1 . Ma j o r componen t s o f a
l and t r ea t men t sys t em .

A - 3 . Ponds . Ca l cu l a t i ons he l p f u l i n manag i ng t he pond sys t em a r e a r ea -
dep t h - vo l ume r e l a t i onsh i ps and wa t e r ba l ance equa t i ons f o r t he pond sys t em .

V = Ad ( a t any t i me t )

�

( 1 )
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a . Fo r examp l e , i n a pond w i t h an a r ea o f 10 ac r es and a dep t h o f 6
f ee t , t he vo l ume o f wa t e r con t a i ned i s

The change i n vo l ume f o r a pond ove r a g i ven t i me can be ob t a i ned by mak i ng
a wa t e r ba l ance f o r t he pond - - essen t i a l l y accoun t i ng f o r a l l o f t he wa t e r
en t e r i ng and l eav i ng t he pond sys t em :

whe r e

Ad = ( 10 ac r es ) ( 43 , 560 f t 2 / ac r e ) ( 6 f t ) =

( 2 , 613 , 600 f t 3 ) ( 7 . 48 ga l . / f t 3 ) = 19 , 549 , 728 ga l .

AV - Q1 +P - Qo - E - S

�

( 2 )

AV - change i n vo l ume ove r t i me t ( f t 3 )
Q i - i n f l uen t was t ewa t e r t o t he pond ( f t 3 / un i t t i me )

P = p r ec i p i t a t i on ove r t i me t ( i n .
Qo = e f f l uen t f r om pond t o l and ( f t / un i t t i me )

E - evapo r a t i on ove r t i me t ( i n . )
S - seepage ove r t i me t ( i n . ) .

No t e t ha t P , E and S a r e dep t hs , and t ha t equa t i on 1 can be used t o
t r ans l a t e t hese dep t hs i n t o vo l umes o f wa t e r en t e r i ng t he pond .

b . A l t hough an ope r a t o r canno t con t r o l any o f t he pa r ame t e r s i n equa -
t i on 2 excep t Qo , use o f t hese equa t i ons , comb i ned w i t h dep t h measu r e -

men t s o f t he s t o r age pond and know l edge o f t he ove r a l l sys t em , can g i ve t he
ope r a t o r know l edge o f when t o app l y was t ewa t e r and how much t o app l y ( w i t h -
i n t he des i gn l i m i t s o f t he sys t em) . I t can a l so g i ve ea r l y wa r n i ng abou t
poss i b l e l eaks i n t he s t o r age componen t s , and l eaks , i n f i l t r a t i on o r ma j o r
new d i scha r ges i n t he co l l ec t i on sys t em .

A - 4 . Land . Managemen t o f wa t e r on t he l and componen t o f t he t r ea t men t
sys t em i s cons t r a i ned p r i ma r i l y by c l i ma t e and t he pe r co l a t i on capac i t y o f
t he so i l . These e l emen t s , as we l l as o t he r s , we r e accoun t ed f o r du r i ng t he

des i gn o f t he l and t r ea t men t sys t em . Key e l emen t s i n manag i ng t he l and
componen t o f t he t r ea t men t sys t em a r e Hyd r au l i c Load i ng Ra t e ( HLR ) and
App l i ca t i on Ra t e ( AR ) . HLR i s t he amoun t o f was t ewa t e r t o be app l i ed t o
t he l and pe r yea r o r mon t h ( f t / yea r o r f t / mon t h ) . AR i s t he dep t h o f wa t e r
t o be app l i ed du r i ng each l oad i ng cyc l e ( i n . ) . I n r ap i d i n f i l t r a t i on and
s l ow r a t e sys t ems , i t i s essen t i a l t ha t seve r a l days w i t hou t app l i ca t i on be
a l l owed be t ween l oad i ng cyc l es so t ha t ae r ob i c cond i t i ons i n t he r oo t zone
and so i l p r o f i l e a r e r es t o r ed . I n ove r l and f l ow sys t ems , t he r e may be
da i l y l oad i ng w i t h no app l i ca t i on a t n i gh t and on weekends . I n o r de r t o
ca l cu l a t e t he amoun t o f wa t e r t o app l y du r i ng a g i ven l oad i ng cyc l e , i t i s
necessa r y t o know t he HLR and t he app l i ca t i on f r equency .

V = [ HLR ] [ A ] [ 43 , 560 f t 2 / ac r e ]

�

( 3 )

A - 2



whe r e

V = vo l ume du r i ng one l oad i ng cyc l e ( f t 3 )
f = f r equency o f app l i ca t i on ( t i mes / mon t h )

HLR = hyd r au l i c l oad i ng r a t e ( f t / mon t h )
A = f i e l d a r ea ( ac r es ) .

Fo r examp l e : A - 25 ac r es , f = once / week and HLR ( f o r Ju l y ) = 1 f t .

�

How
much was t ewa t e r shou l d be app l i ed du r i ng each week l y l oad i ng cyc l e?

V = ( 1 f t ) ( 25 ac r es ) ( 43 , 560 f t 2 / ac r e ) = 1 , 089 , 000 f t 3

Ju l y has 31 days , o r :

Week l y l oad i ng :

31 Days

�

= 4 . 3 weeks .7 days / week
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1 , 089 , 000 f t 3 : 4 . 43 weeks = 245 , 823 f t 3 / week o r 1 , 839 , 356 ga l . / week .

The ca l cu l a t ed amoun t r ep r esen t s t he vo l ume t o be app l i ed t o t he f i e l d a r ea
du r i ng 1 week . I f t he l and app l i ca t i on s i t e i s zoned i n t o a r eas o r bas i ns
t ha t a r e t o r ece i ve was t ewa t e r one a t a t i me , t he vo l ume t o be pumped
du r i ng 1 day i s d i v i ded by t he numbe r o f bas i ns , and t he numbe r o f pump i ng
days i s equa l t o t he numbe r o f bas i ns .

A - 5 . Wa t e r qua l i t y . I t i s , i mpo r t an t t o know how much o f va r i ous was t e -
wa t e r cons t i t uen t s , pa r t i cu l a r l y nu t r i en t s , i s ac t ua l l y be i ng app l i ed t o
t he l and on a mass bas i s . To accomp l i sh t h i s , t he concen t r a t i on o f t he
cons t i t uen t i n t he app l i ed was t ewa t e r mus t be known as we l l as t he amoun t
o f was t ewa t e r app l i ed t o t he l and .

whe r e

M x - ( 2 . 72 ) ( cx ) ( HLR )

= mass o f cons t i t uen t x ( l b / ac r e ) app l i ed t o t he s i t e

c x = concen t r a t i on o f cons t i t uen t x ( mg / L ) i n t he app l i ed
was t ewa t e r

HLR - hyd r au l i c l oad i ng r a t e o f t he app l i ed was t ewa t e r ( f t / mon t h )

2 . 72 = conve r s i on f ac t o r , t o conve r t un i t s t o a mass bas i s .

Examp l e : A r ea = 30 ac r es , HLR f o r Ju l y = 1 f t , c x = t o t a l n i t r ogen . = 25
mg / L . How many pounds o f n i t r ogen pe r ac r e a r e app l i ed du r i ng t he mon t h o f
Ju l y?

M n = ( 2 . 72 ) ( 25 mg / L ) ( 1 f t ) = 68 l b / ac r e pe r mon t h .

A - 3
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The t o t a l amoun t o f n i t r ogen app l i ed i n Ju l y i s :

No t e t ha t i n t h i s examp l e t o t a l n i t r ogen concen t r a t i on was g i ven . I t i s
accep t ab l e t o assume t ha t t he sum o f t o t a l K j e l dah l n i t r ogen ( TKN ) and
n i t r a t e ( bo t h as N ) i s app r ox i ma t e l y equa l t o t o t a l n i t r ogen . The bas i c
equa t i on i s va l i d f o r a l l was t ewa t e r cons t i t uen t s and can a l so be used t o
ca l cu l a t e mass l oad i ngs o f s t o r age - t r ea t men t l agoons .

To t a l n i t r ogen = ( 68 l b / ac r e ) ( 30 ac r es ) = 2040 l b .
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Land%Treatment%Systems%Operation%and%Maintenance%
Updated%on:%8/14/2012%

%
1. In%a%__________%system,%wastewater%is%applied%at%the%top%of%gently%sloping%grassed%

fields.%
%%

a) overland%flow%
b) infiltration%flow%
c) soil%filtration%
d) none%of%the%above%

%
2. __________%system%uses%flooding%of%open%basins%in%sandy%soils.%Vegetation%in%the%basins%

is%not%necessary%for%treatment.%The%wastewater%is%treated%as%it%percolates%through%
the%upper%soil%layers.%

%
a) Overland%flow%
b) Infiltration%flow%
c) Rapid%infiltration%
d) none%of%the%above%

%
3. __________%is%a%loamy,%dense,%brittle%subsurface%horizon%that%is%very%low%in%organic%

matter%and%clay%but%is%rich%in%silt%or%very%fine%sand.%The%layer%is%seemingly%cemented%
and%slowly%or%very%slowly%permeable.%

%
a) Fragipan%
b) Aquiclude%
c) Aerosol%
d) none%of%the%above%

%
4. __________%is%a%device%used%to%measure%the%negative%pressure%(or%tension)%with%which%

water%is%held%in%the%soil;%a%porous,%permeable%ceramic%cup%connected%through%a%tube%
to%a%monometer%or%vacuum%gauge.%

%
a) Tilth%
b) Tensionmeter%
c) Volatilization%meter%
d) Lysimeter%

%
5. Slow%rate%land%systems%must%have%a%minimum%depth%to%groundwater%of%at%least%

__________.%
%

a) 3%feet%
b) 5%feet%
c) 10%feet%
d) 20%feet%

%
6. It%is%typical%for%most%waste%treatment%processes%to%be%described%in%terms%of%the%flow%

volume%per%unit%of%time,%such%as%cubic%meters%per%second%or%gallons%per%minute,%etc.%
%

a) True%
b) False%



7. The%number%of%operating%personnel%and%the%skill%levels%required%of%them%will%depend%
on%the%type%of%system%and%on%its%size.%

%
a) True%
b) False%

%
8. The%location%of%monitoring%wells%is%based%on%the%determination%of%the%groundwater%

flow%direction%made%during%system%design.%
%

a) True%
b) False%

%
9. Runoff%water%quality%from%an%overland%flow%slope%will%depend%on%the%amount%of%time%

wastewater%is%allowed%to%remain%in%contact%with%the%soil%surface.%Generally,%__________%
can%be%expected%to%produce%a%better%runoff%water%quality.%

%
a) longer%detention%times%
b) shorter%detention%times%
c) faster%flow%
d) slower%flow%

%
10. Wastewater%should%not%be%applied%to%an%overland%flow%slope%until%the%grass%is%well%

established.%Premature%wastewater%application%will%cause%__________.%
%

a) erosion%
b) channeling%
c) grass%should%not%be%installed%
d) both%a)%and%b)%

%
11. It%will%take%approximately%__________%for%the%overland%flow%system%to%reacclimatize%

after%a%prolonged%winter%shutdown.%
%

a) 1%week%
b) 1%month%
c) 3%months%
d) no%down%time%

%
12. Emergency%situations%that%might%be%of%concern%on%overland%flow%systems%include%

__________%shock%loadings%of%toxic%wastes.%
%

a) intense%rainstorms%
b) sudden%cold%spells%
c) insect%infestations%
d) all%of%the%above%

%
13. Maintaining%the%soil%infiltration%capacity%should%be%of%prime%concern%to%the%operator.%

%
a) True%
b) False%

%



14. Restoring%the%basins%to%an%acceptable%infiltration%capacity%is%normally%accomplished%
by%dicing%or%scarifying%the%dry%soil%surface%to%break%up%the%organic%mat%that%develops.%

%
a) True%
b) False%

%
15. One%of%the%more%serious%things%that%can%happen%to%a%rapid%infiltration%system%is%an%

electrical%power%failure%that%can%affect%pumps%and%motorized%valves.%
%

a) True%
b) False%
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