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water was applied to land in West Dover , Vermont. The wastevater was applied
using the spray irrigation method at ambient temperatures as low as 0 F. Dun n
the first winter, freezing was a major problem. Modified spray nozzles that
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alleviate the problem several 30— to 36—tn. risers were installed at- an angle
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winter of 1977—78. They functioned well enough to warrant future installation
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SU!ThIARY

Because of stringent water qualit y ~ ‘ntro1 regulations enacted by
the Vermont Water Resources Board in 1971 whIch , in essence , prohibit ed
discharge of sewage effluent into upland streams , a land treatment
facility was constructed in West Dover , Vermont , to treat wastewater .
Since the average dail y design flDw for the facility was almost twice as
high in winter as in summer (0.55 mgd vs 0.30 mgd) due to the influx of
skIers to the area , the facility had to be able to operate efficientl y
throughout the winter.

The mode of treatment at West Dover consists of spraying biologicall y
t reated wastewater onto a forested knoll. Twelve spray laterals run
paralle l to  each other , approximatel y 75 ft apart. They are suspended
approximately 5— 15 ft above the ground on posts and follow the contours
of the hillside . Upward—spraying nozzles are spaced at 25— to 50—ft
Intervals along the laterals . Downward— spraying nozzles have been
installed at the 66 low points to drain the laterals after spraying to
prevent freezing .

During three w1nter~ of operation , spraY nozzles were modified or
replaced to allow spraying at ambient air temperatures as low as 0F.
Changes In operating procedures h ive also allowed more winter spraying.
The operator experimented with rt;ers on the laterals to direct the
spray away from them , thereby minimizing the buildup of ice.

The main conclusion drawn fr.~ui the studies conducted at West Doveris that spray Irrigation is possl- 1e at ambient air temperatures as low
as 0°F. However , steps must be taken to ensure that spray nozzles and
distribut ion laterals are kept from freezing . Specific suggestions on
how to minimize problems of freezing are fo und at the end of the report.
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~~ 1NTRO1)UCTION

Lanti t t c a  tmt ’nt ot was tewa e r maY be t e c h n i c a l  lv  or economi t’a liv
dt ’s I rab I t  i i i  ~t i - e’as w h i ch  e’xper ic-n e moderate to severe wtntt’rs. To
m i i i  h u t  ~~ st t l r . I gt ’ , i t  max’ he’ nece ~sary  to apply wastewat&’r t o  the land in
stuhi rt’t ’z (ng  cond i t ions. Th i s  rt’-rnrt is  an assessment of the problems
associated w ith applying wastewater by spray irrigation during the
w int er ii i  a i - o l d  climate .

The svs e~m disc us~ t’d in thi s report is  the  was I ewat ~ i t rea tment
fac i lit y i-t i the  N o r t h  Branch F i re  D i s t r i c t  Numbe r 1 , located in West

è l)ove r , Vermont (F’ 1g. 1 , 2, 3) . The general de’ s I gn and operating char—
.Icter 1st L’s of this s it e  have be ’n previously reported (Cassel 1977 ,
Bt’uzoun 1977) . Thi’ sys t e rn is es ~ent t a l l  v a spraY i r r i g a t i o n  sy s tem
and t r e at s  wastewatet- from se ver i l  n e a r l 4 \  ski r e s o r t s  (motels, lodges ,
restaurants) . The w in t e r  de s igi  f l o w  Is nearly doub It ’ t he  des ign  I- low
or ot ~~ r seaso n s ~‘ t the y e a r .  i’h is ~ I us the I ac tha t the total

s toragi’ c.epac i t  v ot the  svs t em i - i  wi u t  e r is on iv 4 Jaws makes spraying
ot t h e  was lt’wa t er  d u r i n g  the  w i n t e r  ~i nt’cess i t  v

Twt’ lye spray laterals run parallel to each other  in a n o r t h — s o u t h
directi on tol lowing the  u n d u l a t i n g  eontours  ol the’ spray si t e .  They are
75 ft apart and 5 to  15 f t  above 11w ground . Each consists of 2— and
i — t n .  ga lvan i zed s tee l p i pe i n s u l a te d  w i t h  a j ac k e t  of PVC pipe .

~‘t ’get a tion  has been cleared fo r  5 to 10 f t  on either side of ea c h
L it e r a l .  Fi gure 4 shows a spray  l a t e r a l  d u r i n g  March 1978. Figure 5 is
a ~~~~ section of a typical lateral. There are 66 low poin ts  in the
system where , originally , 1/2—lu . spray nozzles were installed. These
nozzles spraY downwards to rapidly drain the laterals after each spray
cycle (Fig. 6). Origina l ly . Buckner Turf King rotary sprinklers
were i n s t a l le d  every 50 t t  along the spr aY l a t e r a l s , except  at the
tow p o i n t s .  A d di t i o n a l  in f o r m a t i o n  on these nozzles and t h e i r
opera t iona l c h a r ac t e r i s t i c s  is presented below .

OPERAT iON

As shown In F igure  1, there are three spray p ump s , each of which
supp i  it ’s a separate header which In  t u r n  feeds four spray l a t e r a l s .  At
any g iven t i m e , each pump can pump to one of i t s  four  l a t e r a l s .  The
f low to each spray lateral is regulated by a pneumatic Camfiex valve .
There are’ two nwthods of operating the spray system —— automatic or
manual. During automatic operation a cam/timer system Is used to
program the desired timing and selection of spray laterals. After one
spray lateral has operated for a specified length of time, it automat ically
shuts oft and the next one begins. During manual operation the operator
turns on the spray pump and adjusts the Camfiex valve of the selectet
spray  l a t e r a l .  it  w i l l  spray u n t i l  the operator  shu t s  I t  o f f .

SPRAY NOZZLES

There are’ 66 downward—spray ing nozz les  and . depend i ng on the
sea son • between 300 and h 70 h i gh  po in t  no~ z lea on the laterals. This
se ct i o n  ol the  rt ’port d iscusses  the  problems t h a t  have occurred w i t h
these’ no. .’Et ’s under winter conditions, and their solutions.
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sp ray i nQ  nozzi. ptoc .d
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Figure 5. Cross section of typical spray lateral.

Downward—Spraying Nozzles
a

Or ig inal l y Parasol 1/2 E40 nozzles manufactured by Spray ing Systems
Co. were installed at the 66 low po in t s  along the spray l a t e r a l s .  Their
purpose was to d ra in  the low sections of the spray l a te ra l s  a f t e r
comple t ion  of a spray cycle .  During the f i r s t  w in t e r  of opera t ion
( 1 9 7 5 — 7 6 )  it was found that the Parasol nozzles would effectively drain
most of the wastewater  w it h i n  1 hour of the comp letion of a spray cyc le .
However , a small q u a n t i t y  of wastewater  would continue to dr ip  f rom
these nozzles for several hours. This wastewater had a temperature of
about 40 °F when It  was w i t h i n  the lateral , and would freeze at ambient
a i r  t empera tu res  as hi gh as 27° F when i t  dripped out . During the next
spray ing cycle the nozzles would remain frozen and would not spray . The
f rozen  nozzles  became a problem at the end of a spray cycle because
there  was no way for  the wastewater to drain from the low points in the
l a t e ra l s .  The l a t e ral s  were then  suscept ib le  to damage caused by the
progressive freezing of the wastewater left in them.

Because of these problems , the engineering firm of Dufresne—Henry
of Spr ingf ie ld, Vermon t , who had des igned the sys tem, conduc ted a
special study (Dufresne—Henry l976a). They evaluated several alternatives
or partial solutions to the problem. Many alternatives were eliminated
a f t e r  an i n i t i a l  screening indicated they would be too expensive .
Others were eliminated af ter field tes ting showed they did not alleviate
the problem.

After several tests Dufresne-~Henry recommended installation of
mod ified Fulijet 3/4 HH6W nozzles, also manufac tured by Spray ing Systems
Co. This Fulijet nozzle contains two vanes, each of which can be
isolated from the other. One of the vanes is fed through the body of
the nozzle  i tself , and the other is fed through a 3/8—in , brass tube
which extends upward out of the base of the spray nozzle (Fig. 7).

When the spray lateral is shut off , the wastewater drains by
gravity through both vanes until the liquid level in the lateral reaches
the top of the copper tube . At this point , liquid stops flowing through r
the vane fed by the tube . The other vane continues to drain. Because
the liquid quickly passes by the entrance to the tube, the weeping L
action described previously does not occur and the vane remains open.
The other vane is subject to weeping and may freeze shut during the
final stages of drainage. However, when the lateral is brought back on
line , liquid passes through the open vane and heat from the flowing
liquid transfers through the brass partition separating the two vanes
and quickly thaws the other vane , restoring the nozzle to normal operation
(see Fig. 8). 
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Figure 6. Downward—spraying nozzle.
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F ’igur ~ 7. M o d i f i e d  F u l Ij e t  3/4 HH6W n o z z l e .

~~~~.1 

,.— . . 

-—  
p

— 
— . S p r u v  i ng .

~~~~~~~~~~~~~~~u±rT
— — -. Praining. Brass tubi - i n  l e f t  h;d f dr a t n s

‘ - .1 5 ~~~~~ 
- ~~~~~~~ - -

- q u i t ’~~. l v  , un til I quid I eve I is be 1 & vt i t s“
~14.~j~J b 

t op .  Then on lv r i ght  h a l t  cont  i nut ’s  to  d r a i n .  
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? ~~~~~~~~~~~~ 

i f  i s  open and ready for next spray

th’xt spray i - v t - I c .  W . i t er  m i t  i a l l v  sp ray s
— ~~— — hrough th e  b r ass  tube  on t h e  l e f t  s i de .  The

4 . u . beat froiv tlw liquid melts the ice p lug
bl ocking t he’ right half of t h e ’  nozzle and

d 
sp ray  lug  resumes in t h e  norma l manuier as

Ft gut- c’ 8. Operat h n  of mod (fled Full et 3/4 HH6W noz:~ le.
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After installation of these modified nozzles, spraying was accom-
plished at ambient air temperatures as low as 0°F. Dufresne—Henry also
recommended that automatic alternating of spray lines not be practiced
dur ing the winter months in order to minimize operational difficulties.
Instead , they recommended that continuous spraying of the spray lines be
accomplished over the course of the spray day . A spray day may be only
a few hours , during which the allowable amount of e f f l u e n t  is applied .

Upward—S praying Nozzles

Originally, about 300 Buckner Turf King rotary sprinklers were
ins talled as the high point nozzles fo r  the system . Again , during the
winter of 1975—76 problems occurred wi th these sprinklers and Dufresne—
Henry  conducted a special s tud y to identify and correct them (Dufresne—
Henry l976b). They determined that the Buckner nozzles were unsat—
I s f ac to ry  for use during winter operations because they were susceptible
to:

1. Freezing d amage .
2. Plugging due to freezing.
3. Excessive maintenance because the nozzle had moving par t s

and because it had to be kept pe r f ec t ly  level.

They also noted that the spray diameter of the Buckner nozzles (55—
65 f t )  was significantly greater than the width of the corridor cleared
along each spray lateral (10—20 f t ) .  This resulted in a significant Ice
buildup on many of the trees along the spray laterals during the winter .
In an e ff o r t  to f ind a suitable winter replacement for the Buckner
nozzles, Dufresne—Henry reviewed the available literature and selected
several nozzles for on—site testing. As a result of their testing
program they recommended that the Buckner nozzles, located every 50 ft
along the spray laterals, be replaced wi th  Fulljet 1/4 HII14W nozzles ,
manufactured by Spraying Systems Co . ,  at 2 5 — f t  intervals.

The Fulljet nozzles were recommended because their application rate
(0.275 in./hr) was very close to the design application rate of 0.25
in . /hr . By placing the Fulljet  nozzles at 25—ft  intervals along each
spray lateral, more than 600 of them would have been required as com-
pared with approximately 300 Buckner nozzles. This was more than a 200%
increase, which offset the lower capacity of the Fulijet nozzles (6.20
gpm for  the Buckner versus 2 .75  gpm for  the Full jet , or 44%) . The
capacity of the new system with Full.jet nozzles was essentially the same
as with the Buckner nozzles. As with the downward—spraying nozzles,
there have been very few problems associated with the new nozzles during
the winter. ¼

SNOW AND ICE BUILDUP

After the problems with the nozzles had been alleviated and the
system operated throughout the winters of 1976—77 and 1977—78, problems
began to develop due to snow and ice buildup . This section discusses
these problems and the method used by the operator to alleviate them.
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Ft  gure’ 9. Snow and i t e ’ bi t  I I  ch ip  t t t ’ .i r s p l ay  nez z It ’ .

si ray Ing con t I nued throughout t he’ win t e’ r • large amount s ot snow
and Ice’ formed under t he’ spray laterals , part lcuia rtv within t h e  s p i . i v
c i r c l e ’  of the  n o z z l e s .  D u r i n g  the  w i n t e r  of 19 7 7 — 7 8  o n ly  l a t e r a l s  S
through 9 were’ used. Typ ically , t he’ operator would spray  two ot t ttt ’st
l a t e r a l s  a l l  d ay .  On the  next  spray day he’ wou Id spray two d t t t  er t ’n
late ra Is while he attempted to remove’ the ice ’ t h at  had bu ilt up t hur  I ug
t he’ pre ’v b u s  day .  A l t  hough t he’ opera to r  worked hard to  remove t In’ I c e
fr ont the’ In U’ ra Is a large amount of i t  diet accumulate’ around t he’ spray
nez z 1 C’s ( F i g .  9) . As t he’se’ mounds cent  I nued t o  h u l l  d , t he’ I r we’ 1gb
act u.i 1 [y caused sags In the spray late’ra Is (Fig. tO) . Because’ there’ was
no way of draining them , these low points we’re’ ~‘ e ’t ~\’ su se’e’pt I h I  e t o
f re e z i n g  and burs t  ing .  or p l u g g i n g  ot t he’ l a ter a l ,

To mini ml ze the bet II dup of ice and snow on t he’ I at e’rals • t i t t ’
ope ra to r , ile’ t ing on the recomm e’ndn t lens  o I Dut re’sne ’— lh .n rv  ( l )ut  re’sne ’— Ht ’nrv
1977)  , removed the spray no zz It’ from t he t a t  era 1 and p 1 a e’t’d it on t op
of a copper r I st’r about 30— 3t~ in .  long . A n g l i n g  t he ’ r i s e ’ r app re ’x inn t c l v
20— 30 degree’s f rom t h e  Vt ’ r t [ca l  d i  roe t eel t he’ sp m v  awn~’ t rem t he hut  e’ ra 1
Figure’ II shows two of these’ e’xpe r (men t :i I r (set- s en sp m v  t a t  e ’ ma I s . l’he’
res ui I t s  were’ e’xce-’ II out and t he’ o p e rat o r  t n t  ends I e~ ins tal l  t best ’ r I s e r s
along th e  e’nt I re’ I e ’ngt h of severn I I at era Is. Als o , he p lans t it hav e ’ . u l l
t he’ r i ser s  on one lateral lean towards t In- We’S I and t host ’ on he n ex t
I at  e r .i I t ow~ rds t he’ east , The n he’ can se ’ t o e t t a t e ’ u- n i s  whe ’re’ t he’ sr i n  v
w i l l  not be blown hack on them by the w i n d 9
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RECOMMENI)AT IONS

A s a me’sul t of three winters ’ experience in spray lug waste’wate’r a t
amb ie’nt air temperature’s as low as 0°F at West Dover • Vermont , I he’
nut her recomme-’uds tha t the fo l  l owing  be e’on s I derod when tie ’s tgn tng a
wastowate- r spray I rrlgat [on system t it in’ used d u r i n g  t he’ w i n t e r  in  cii le t
ci im u t  C’s .

1, Where possible , d i  s tr i b u t  ton l a t e r a l s  should be’ he ir  it ’d dee ’ii
enesigh to protc’e’ t them aga ins t  Ire’ez f n g ,  nn(i vt ’r L i  ‘-a I r Ise ’  rs
shoii Id be’ in s u lat ed .

2 .  l’iw r i se ’  rs sheet Id he’ h i gh enough above the’ ground to ensure ’
tha t t hey  w i l l  not he bur ied  by e i t h e r  n at u ra  l i v  o c c u r r i n g
snow or the’ snow and ice ’ formed by spray  ing .

1. The’ m i  se’rs sheet let be re’ I nfor c( ’d to provide ’  St alt lill y .iga h is
t lie ’ we’ I gh t c t t  i c ~e’ and snow tha t may adhe re’ to  t he’m.

4. P r o y  I s ions shoui I d be’ made’ In I n-k— dra in bet t h t lie’ r I se’ rs and
11w d i  St r i but  t on  1 a t  era Is  at’ t i ’m a spraY ty e It- to p r e v en t
f r e e z i n g .
I t  i t  is too expe’ns lye to bury the’ laterals and I hey are ’
seispended above ’ t he ’ ground , as at Wet-u t llove’r , t he’ IIS( ’  OF

l’ e u l  ( j e t  nozz l e ’s , mod! I ic ~d as dlseusse’d p r & ’ v l e u i s l v,  at  t in’ low
i ~ t S iii  the’ line shou Id he con s I de’re’el

The use ot mi sc ’  rs at enough ci’ an a n gle  to ensu re’ tha t t lie ’
spr ay  does not fret’ ze’ on the’ late’ rats sheet Id be e’ons I tie’ reel
when the late’ ma is arc above the ’ ground

1. The- ab l i l l y  to m a n u a l l y  start and stop  spray ing  Spe’C it Ic
l a t e  ma Is  as compared to s p r a y i n g  and d r a i n i n g  many latera l s
several times per day should be b u i l t  into the system.

8. 11 the  spray nozzle  diameter  is f ixed  by the wastewater
appl ication rate allowed at the site , and if  the syste ’m is
bei ng built in a fores ted area , corridors cut for the spraY L
laterals should be wide enough so that spray does not
I reeze’ to the t rees.
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