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larger Systems. With the advent of pressure"diatribution 8ysfems to more
evenly distribute the effluent throughout the goii absorption unit, siphons,

However, the publie perception of siphons is that cnce they are installed,
they will perform satisf&ctory forever, - -

dosing pregsure distriburion networks in on-site Bystems under field

FIELD PERFORMANCE

Procedure
=2tedure

4 total of 50 field nystems eaing siphons to Pressurize the distribution
network were observed. All of the siphons, which were 7.5 and 10 cm (3 and
4%) diameter, were of the Miller type and produced by two different
manufacturers (Fig, 1}, The sites were visited At various intervals from
July, 1933 through June, 1986, Water Was run into the doge chamber to
determine 1if rhe siphon wag working Properly or 1f it wag trickling. 1If 5
siphon was found trickling, air wag blown under the bell to reser it
(Converae, et al., 1985). Various measurements were taken at each gire tg

. determine {f the installation met manufacturers specificat{iong (Falkowski, et
al., 1985). Corrections were applied to siphong which continued to

Resulrs and Discussion
——————1C Jlacussion

The performance of the siphons are reported in Table 1. Throughout the.
course of the study 25 &f the 50 systems were found in a malfunctioning state
at least once, The 4A (10 cm (4™ diameter, Make A siphon suffered from a
design flaw and 48 such skews the performance data. A1} nine of these unitg
trickled for the duration of the study. Thig problem was very difficult tg-
diagnose az the 8iphon would discharge when water was run into the dose,
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Fig. 1 Cross Section of 2 Dose Chamber Showing a Miller Type Siphon

Table 1. Field Pérformance of the Systems Utilizing Siphons

In Make Dia. Number- Percent  Number Percent After Reset or Correction

Observed OF Failing Failure Number percent

em(in) Total . Falling Failure
38 A 7.5¢3) 31 62 11 35 1 3
44 A 19¢4) 9 18 9 100 9 100
3B B 7.5(3) ¢ 12 4 67 1 17
4B B 10(4) & 8. i 25 1 25
TOTAL 50 100 25 50 12 24

However, a stage level recorder clearly showed the siphon would begin to
trickle immediately under normal operating conditions. When the doge chamber
water level reached the discharge point, a 8lug of water and air would
discharge but the siphon would not ackieve full digscharge. Enough alr and

dose chamber to rige to the top of the vent (overflew) plpe or the trap
entrance and the device would begin to trickle. Running water from a hose
into the tank provided enough flow through the siphon at the point of

_ One of the trickling 44 siphons was get up in the lab for evaluatien. Tt S
operated avery time the tank was filled, but at the discharge point the giphon
hesitated bafore golng into full discharge. The reason for failure was
determined to be an inadequate driving head at the point of discharge. 'The
septic effluent geems o augment this hesitation which causes thig siphea ta
stall. This ean be corrected by lengthening the long leg of the trap, or
adding ‘a amalier diameter trap in parallel to trigger the larger trap (Bal1,




If the 4A siphons are removed from the study, the Initia] fallure rate 14

39%. The failure Percentage after 8imply resetting each siphon was reduced to
17%. This indicates that the number of trickling siphons in this study coulqg
be cut in half if they had beep monitored periodically and reset when
trickling occurred. After corrections were performed on the remaining
Bystems, a failure percentage of 7% remained. Therefore, excluding the 44
madel, only 3 gur of the 41 8ystems could not be reset or repaired,

These 3 syatems consisted of one of each of the remaining medels. Thesge
siphons did not trickle at 411 times, but would work Perlodically and thep
begin to trickle until reget. The reason for thege failures could not be
identified, as all of the measurable specificationg Were correct and the unitg
vere determined to be alr tight. '

The 4B siphon Yeacted much the agme ag the 44 model, 1ip that' at the discharge
point a hesitatign period would cccur, Most times thig siphon would then
activate and go inte s full discharge. Other times the same sequence of
events described for the 44 model would occur.

This same course of events may also cccur in the 7.5 em (3") models, only much
less frequent, Unfortunataly, 2 giphon, once interrupted, will continue to
trickle until reger.

specifications,

0 -
Insuring that all design criterta are met will aid in the performance of any
siphon device.

Another problenm =ncountered was plugged laterals. ILaterals were found piugged
in both trickling and properly eperating 8ystems. Some of the cayses of

seeda, and synthetic hand tovelettes which had passed through the septic tank
te lodge in the network orifices, Many of thege items ‘may have been
¢liminated had the siphon been surrounded by 2 emall sieve screen (Ball, 1985)
or filters installed ar the outlet end of the geptic tank. Qther systems
however had become plugged by a cellophane like film which cavered the lateral
holes. This f{lm was also found coating the insides of the tank walle and
siphon bely,

" DISTRIBUTION PERFORMANGCE

Procedure:
——Trkdure

A laboratory 8tudy was performed uaing a full size Pressure distribution
network, siphon and dose chamber (Fig. 2), 4 7.5 ¢m {3") dia. siphon was
placed in a 1900 1, (500 gal) dose chamber. The 12.2 n (40') force main wag
interchanged between a 7.5 and 10 cm (3 ‘and a 4™) dia. PVGC pipe. The 6-3.2
cm (1 1/4") dig, laterals were each 6.1 m (20') long and connected to a 7.5 eop
(3m) dia. center manifold which was 1.2 m (4') leng. The laterals were -
perforated with 6.4 m (0.25") 444, orifices spaced 0.76 m (30"} apart. All
network materigls were constructed of schedule 40 pvgc pipe. Pressure
" transducers were Placed at the ends of the center two laterals and at the
entrance tg the manifold. The siphon outlet invert varied from 0,43 ro 1,45 m
(17 to 57") above tha distribution network invert. A stage lavel recorder wag
placed in the dose chamber to monitor liquid levels during the discharge
phase. The siphon had a 0,33 (13") draw down depth with an average
unrestricted flow rate of 272 Lpm {72 gpm). The Lransducers and stage level
recorder output were connected to an IBM-PC threugh a Lab Magter A to D
converter. Water was used ag the liquid mediym.

Thias portion of the g2tudy consisted of 3 parts: evaluating the system for 1)
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pressure distribution, 2} volume distribution, and 3) pressure distribution
related to perforation plugging,

Pressure Distribution: In this portion of the study, the water was collected
beneath the perforations in a2 trough and returned to 2 sump located directly
beneath the center of the distribution_network (Fig. 3). & pump conveyed
water to the dose chamher. In this manmer the siphon could be cycled
continuously. Pressure distribution in the network was measured using 7.5 and
10 cm (3 and 4") gia. farce mains at elevations of 0.43, 0.64, 0,84, 1.04,
1.24, and 1.45 n (17, 25, 33, 41, 49, aand 57") between the siphon curlet
invert in the dose chamber and the distribution lateral inverts. Five

replications of each combination was performed.

Fig. 3 A View Showing the Laboratory Setup for Studying Pressure Distribution

Volume Distribution: For this portion of the study, the area around each
perforation wag surrounded by 1) epen atmosphere, 2) large diameter aggregate,
1) medium dizmeter aggregate, or 4) small diameter aggregate. Table 2 pives
aieve analysis of the aggregate. The stone was placed in a basket directly
beneath the perforation and welght applied to the lateral to insure good
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contact with the aggregate, A 19 1. (5 gal) tub was placed beneath each
perforation to collect the water, each tub was weighed, and the water returned
to the sump (Fig. 4). The volume distributign méasurements were performed
using the 10 eco (4%) gia, force main with the elevation difference betweepn the

Table 2. Sieve Analysis of Aggregate

‘Large
Medium
Small

Fig. 4 View'Showing‘the Placement of Aggregate Around the Perfordtions

Perforation Plu ing: The effact of network pressure distribution on
perfaoration plugging was measured by taping shut 25, 50, and 75% of the
network perforations. The evaluations were done vith elevation differences of
0.43, 1.04, and l.45m (17, 41, and 57") between the siphon outlet invert and
the lateral inverts. Both force main dismeters were uged, The water was
collected ip troughs beneath the laterals and returned to the sump. Three
replications with randomly chogen perforations plugged for each run were
recorded.

Resﬁlta.and Discussion
)

Pressure Distribution: Typlcal design cr

iteria use the distance between the
siphon invert angd the lateral invert elevation as the minimum hesd availahle
to the network (Otia, 1581). Pressure profiles were generated for each of the
six levels, which compared the pressures observed with both 2 7.5 and 10 cm (3
and 4"} force main, The minimym, average and maximum pressureg cbserved over
the entire discharge event are recorded 1in table 3,

These valyes represent the average of three Tuns, with their reapective
standard deviations algo listed. The standard deviations indicate that the }
Beparate runs correlated well within each get. The 7.5 em (3"} main generatas
higher pressure ip the network for all elevations except the 0.43 m (17™)
level. The pressures developed in the 7.5 em (3") main show a definite




Table 3. Network Distal Pressure with Perforations Open to the Atmosphere

Minimun Average Maximum
3 in. 4 im. 3 in. 4 in. 3 in. 4 in.
Elev. Press SD Press 5D Presg 8D Press 8D Presas 5§D Press 8D

17 16.2 0.09 18.0 0.15 19.7 0.08 18.5 0.14 22.% 0.33 19.4 0.22
25 23.1 .29 21.0° 0.46 26.2 .21 19.8 0.34 29.1 0.44 21.0 0.46
33 29.0 0.30 21.4 0.26 31.7 Q.25 21.3 0.15 34.4 0.34 21.4 .26
41 34.7 0.28 23.4° 0,53 37.4 0.19 23.6 0.38 40.0 0.39 23.7 0:56
49 39.0 1.16 23.8 0.41 42.7 0.67 24.5 0.36 45.3 0.91 253.5- 0.38
37 4.9 0.77 22.7 0.34 49.0 0.46 24.3 0.26 51.3 0.60 26.4 0.75

increase at each incremental change in initizl elevation. - The average
Pressures indicate the 7.5 em (3") main is capable of providing pressures near
those predicted by design. As the Initial elevation Ilncreases, the actual
Pressures to the network becomes farther away from those expected.

The 10 cm (4") main mzintaing & near constant pressure for all elevationsg
tested. At the 1.45 m (57"} level the actual pressure provided by the 10 cm
{4") dia. force maip is more than 0.76 m (3C0") below the design minimum. The
difference between the 7.5 and 10 cm (3 and 4"} main is best represented by
the profile curves pictured in Fig. 5. -

The only physical difference between these two systems is the volume which tha-
force main contains. - The ameunt of pipe flowing full becomes the controlling
factor for the amount of head applied to the system. The majority of systems
are probably designed with an initial elevation difference well above the 1,45
m (57") evaluated in this study. This indicates a large discrepancy may exist
between predicted head on the network and that which actually exists. Other
network configurations (size, perforation spacing and diameter) will give
different distal pressures but the relationships between the 7.5 and 10 cm (3
and 4") diameter should remain seimilar.

Volume: The uniformity of distribution for the aiphon in the spen conditions

was quite good (Fig 6, open condition). The lower volumes discharged from the

end perforations was attributed ro flow back inte the adjacent rerforation

near the end of an event and a 8lightly higher elevation. This was due to the

Placement of the end holes near the op of the end caps as is recommended for

air venting., A statistical test performed on the varlances between

perforations showed no significant difference between the remaining

perforations. The sage test applied to the three aggregate conditions

demonstrated uniformity was effected and some blinding of the holes did occur. _ -

The open condition was thus used as a standard to which the other three
conditions were compared. Table ‘4 shows the results of 2 Two Sample T Test
(Ryan et al., 1982} performed on the varilances and on the ranges. The ranges
were caleulated by subtracting the lowest volume from the largest volume
Tecorded from each hole. ‘

Each coudition was compared to the others, each showing & significant
‘difference except that between the medium and the amall aggregate. The two
separate tests correlated in each case. The P values give an indication of
the degree of significance. It is evident that the difference between the _
open condition and the large aggregate ia less significant then the difference ;
between the open condit{on and the other two. It is also demonatrated that £
there 18 & significant difference between the large aggregate and the smaller
dggregate gizes. These results are reflected quite clearly in the volume
profiles (Fig. 6) where Eany more open spaces exist in the profile for the
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Fig, 5 Distal Pressure Profiles During Discharge for 7.5 and 18 cm
(3 and 4") Force Mains for 6 Elevation Differences

" -8mall aggregate than the open condition.

The open condition profile demonstrates how evenly the five runs compare at
each hole. The largest varlation at a particular .arifice between rung in the
open condition was lese than 0.4 L (0.1 gal). Excluding the end orifices for
the reasons stated earlier, the largest variation between holes was about

0.8 L (0.3 gal). When the laterals were placed in large aggregate, the
variation at each orifice and between orifices becomes evident. 8till, the
overall distribution with large aggregate averaged around 1.9 I, (0.5 gal)
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Fig. 6 Volume Profiles of 5 Replicates for 4 Perforation Contact Surfaces

Table 4. Statistical 4Analysis on Uniformity of Volume Distribution for Open
Cenditions and 3 Aggregate Sizes : :

VARIANCE TEST(a)

Comparison P P/2 Determination
¥R vs LR(B) 0.076 ' 0.038 <.05 Significant
NR vs MR 0.0064 0.0033 £.05 Significant
NR va SR 0.014 - ~0.007 <.05 Significant
LR vs MR 0.014 0.007 <.05 Significant
LR vs SR . 0.036 0.018 £.85 Significant
MR vs SR 0.94 0.47 2.05 Mot significant

NR vg LR C.0032 0.0016 <.05 Siguificant

NR vz MR 0.0 0.0 <.05 Significant

NR vs SR 0.0 0.0 <.05 Significant

LR vs MR 0.0004 0.0002 .05 Significant

LR ve SR 0.0001 0.00005 <.05 Significant .
MR va SR 0.98 0.49 >.05 Not significant

(a) Two sample T test: Ho: Na significant difference; Ha: Significant
difference; @957 CI if P/2 < 0.05 then Ho is rejected.

{b) NR - No aggregate; LR - Large aggregate; MR - Medium aggregate; SR; - Small
Aggregate (Table 2 gives sizes).

{c) Ranges were determined by subtracting the lowest volume from the highest
volume recorded in the five run set, at each perforation.
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between orifices. When the profiles of the medium and small aggregates are
observed, the effects become ohvious. It {s mot uncommon to find the volume
at an erifice drop by 75%, and the varlation at each particular erifice to be
quite erratic. The profiles graphically demonstrate the statistical data.

Pressure profiles were also
volume tests were rum at the
(4") dia. force main.

identfcal to that which
remalning profiles the zlo
gmall aggregate actually s
1s charscteristic of a plugged conditi
profile for the lateral in smzll aggre
generated by the 257 plugged network

generated for each condition (Fig 7).
same tank elevation of 1.45 m (57") and s 10 cm
The pressure profile in the open condition was

was shown in ¥ig, 5 (open condition).

on as shown In Fig. 8.
gate is nearly ddentical to the curve
(Fig 8).

Blinding of the grifices does occur when the la

aggregate,

is decreased,

Perforation Plugging:
perforations are plugged.
is little noticesble effect.
good correlation between runs.
distal pressure also Increased,
of the laterals allowing the fore

At the 1.04 m (41") elevétion,
plugged, but at 50% both the
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The ocecurrence of plugging increase

LATERALS IN OPEN CONDITION

The operation of the siphon 1s n
and vniformity of the discharge are.
with actual septic effluent c¢ould iner
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ALl the

In each of the

pe of the pressure curve is decreasing with the
howing a slight negative slope,

This changing slope.
The pressure

terals are placed over

8 as the size of the aggregate
ot effected, but the pressure
Partial blinding of the holes coupled
ease the petential for plugged laterals

Table 5 shows how distal pressure is effected when the
At the low initizl elevation of 0.43 m (17™),
The atandard deviatioms are small,

In each case as rlugging was increased, the
This 1 due to the reduction in flow rate out
e main to fill to a higher level.

there
signifying’

the sawme holds true when 25% of the holes are
minimum and average pressures drop.
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Fig. 8 Distal Pressure Profile for 25, 50, 75, and 1007 of the Perforaticns
Open for 10 em (4") Force Main and 1.45 m (57") Elevation Difference

Table 5. Network Distal Pressure with 25, 50 75 and 1007 of the Perforations
Open for Two Force Mains Sizes and Three Elevations

El. Hole Mindmm Average . Maximum

100 16.2 0.07 13.0 o.11 19.7 0.05 18,5 0.08 22.9 0.11 ig.4 0.11
73 18.5 0.08 19.9 0.14 22.4 0.05 23.0 0.18 26.4 0.21 25.5 0.17
17 5¢ 21.9 0.05 22.7 0.14 25.3 0.08 26.1 0.04 27.4 .0.08 29.9 0.05
25 23.8 0.20 24,2 0,26 28.4 0.06 28.3 0.04 32.5 Q.29 32.7 0.28

100 34.6 0.14 23.4 0.54 37.4 0.13 23.6 0.40 40.0 0.26 23.7 0.76
75 37.6 0.0l 28.2 1.20 40.3 0.09 34.8 0.81 43.3 0.0 35.4 0.35
41 50 31.6 0.78 31.28 2.26 36.2 0.53 46.2 0.19 44.5 0 g6 50.6 ©.03
25 41.29 1.00 29.7 0.85 51.5 0.14 51.0 0.18 55.8 0.34 56.0 0.29

100 44.9 0.22 22.7 0.30 49.0 0.22 24.3 0.13 51.3 Q.52 26.4 0.75
73 50.9 0.15 31.5 0.23 52.5 0.17 34.6 0.22 53.9 0.21 36.3 0.17
37 50 39.4 0.91 34.7 2,90 44.7 0.88 53.70 0.27 51.9 1.34 60.6 0.12
23 52.4 3,20 44.1 3.41 3.2 0.28 65.5 0.53 66.0 0.05 70.8 0.10
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results are evident for the 1.45 m (57"} level. When the entire flov profile
iz observed (Fig 8), the cause is better understood. When 25% of the holes
are blocked, the siphon flow rate slightly exceeds the npormal lateral flow
digcharge. Therafore, a gradual increase in pressure ig observed as the
force main beging to £117. When half the network is plugged, the force main
fille much faster than the laterals can discharge, and thus the presgure
beging to increase unti] the main completely fills. The controlling pressure
now becemes the level in the dose chamber, which drops relatively slow until
the tank is empty and the level inm the pipe again controls. When 75% of the
ratwork 1s plugged, the force main fills very fast in relatien to the laters?
discharge and the tank level again provides the controlling head. Thig
condition most closely matches that under which the siphon systems were
assuvmed to operate whep designed.

Systems with dose chambers elevated well above the laterals and agsumed to

provide more thean enough head on the network may actually bhe providing much
leas.

4 characteristic of all the siphon pressure profiles is the gradual decline
to zero pressure, During this decline, debris has the oppertunity to settle
into the orifices and poasibly block them during the npext event., Thkis
differs from the situstion provided by a pump which actually goes directly
from a constant positive pressure to an immediate negative pressure during
the back flow event.

SUMMARY AND CONCLUSIONS

An evaluation of Biphon performance was conducted on 50 field units over a
peried of 3 years. FEach siphon was dosed to a pregsure distribution network
for distributing septic tank effluent to aoil absorption systems. A full
8ize pressure distribution network dosged by a siphon was evalyatad for
pressure distribution, volume distribution, and pressure distribution
relating to perforation plugging in the laboratory.

Throughout the course of the study, 507 of the siphons were found to be
malfunctioning (trickling) at one time or another. After resetting, \
correcting installation errors, and eliminating 9 units becauge of a design
flaw, 3 out of the 4] unite continved to malfunction, Siphons must be
monitored to pretect the distribution laterals and insure full life of the
Syatem. A well designed siphon should have very few joints to seal
especially during installation in the field, be simple to Inatall, and sheould
be sized to discharge well above the minimim required driving head. Proper
irstallation and monitoring will insure longevity of a well designed system,

The 7.5 cm (3") force main was much more efficient than the 10 em (4M") at
transferring design pressures from the 7.5 em (3") aiphon to the network,

The fear of air entrapment in the force main could he eliminated by providing
an air gap below the lateral perforations. Even smaller diameter force mains
may provide higher pressures, all other factors considered, and should. be
studied further.

The siphon will distribute the effluent uniformly throughout the network when
“the perforations are open. Some blinding of the perforations oceurs when the
laterals are surrounded by large aggregate. Much more plugging occurs when

the aggregate asize ia reduced. A method to allow an air gap belew each
"perforation would eliminate blinding, improve venting of air, and allow the
pressurized air at the start of a eycle to clear the perforations.

Trickling aiphons will caunse the perforations of the distributifon network to
plug bur several s8ystems with properly operating aiphons became plugged due
to solida carried over from the geptic tank. Care must be taken to avaid
large solids from getting into the dose chamber.
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