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FIELD EVATUATTON
ol
Pressure Distribution NeLworics
by.
J. C. Converse _ R J. Otisg

Mambuer ASAL -

Pressure nebwarks Lor distribubion ol seplic rank ellluent in subsurface
501l absorption systems were first developed to improve the performance

‘of mound systems. Conventional 10 ew (4 in.} dinmeter piping was Found
(B0 provide poor distribution. Portions ol the gravel bLed Léeame locally

overloaded which led to shorr circuiting of the septic fank effluent out

the side of the mound (Bouma b al 1975). Uniform disttibution of the

Aiquid through the use of Carufully'duﬁigund'pressurc networks corrected

this problem (COnvupsu, 1974, Convarse ot al 1974, Otis et a1 1977).

Since  their introduction, pressure  distvibution has been adopted by a
number of states .. oo overcome - problems  with ripidly permeable snils,
shallow water tables, bedrock or other restrictive horizuns,”steep slopes

Coamd s larpe Flows ATrimgle  J Councit : of Governments, 1979, State of
- Washington, 1980, Seqre ol Wisconsin, 940, Carlile, IQHU).T -

v

A pressure distribution nebwork- eonsists of laterals with equally spaced
perforations drilied 1ip the inverts. -‘“The laterals are connected to a
selid wall wanifold. The diameters oF ‘the laterals ‘and manifold are
determined by the perforation diameter and spacing sclecced such that the
rate of flow out ench perforation of the netwark is nearly equal. 4 pump

.or, siplion is used to pressurize the notworls,

A simplified design procedure for sizing netwnrks has heen developed
(Ocis, 1942).  this procedure  permits o variation [n diseharge rates
between..any -Ewo  perforations within a tateral ' of 10% and any twn
perforations Detween any lateral of 15%. It is based en orifice and pipe
friction losses only. Juuction and fitting losses are ignored. Wiile
this procedure has  been used widely,'.vnry'little'conf[metion of - the

'.dusigu. assumplions  has been wade in the Eiold or laberatory. Therafore,

the purpose of rthis -study  wits  to  detormine  how well the pressure
distribution systems are performing in the Ffield. S

i
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Methods and Procedures

Ten operating networks wicl treutm%nt capacities ranging in size from 1.7
m /ﬂ (450 wial fday)  ro 50,8 m‘/d {15,000 pirl Aday) wero avaluatoed for
wllormicy  of tiquid distribution. Characteristics of thege systems are
phven o ahile 1, Since LU win wol possible Lo mensure oulbilow rales from
each perforation, cach network Wias tested by measuring Lhe pressures with
Tanometers  every 153 secounds at various locations during a dnsing cycle
(Fig.1). The clovations ae cach manometer connection aud the c¢levation of
the liquid surface in the dosing tank at the start, during, and end of
the dosing cycle also were recorded.  Single runs were usually made
because of  the time involved to refill the dosing tank.. Buplicate runs
were made at System € and results of both were very similar.

The "networks were evaluntod by comparing tlo measured network losses and
estimated average perforation dlscharge rates to design values. The

- design procedure used is described by Otig (1982). ‘The networle losses

were determincd Dby taking  the dif{fereace beLween “the inler pressure
surfaces clevation and the average pressure surlace clevations af distal
ends ol the 1atergl, Maximun  network  losses permitied by the degign
procedure were calculated by wultiplying 0.31 times the average of the
distal  pressures measured. gt the pipe inverts.  The average perforation
discharge rates were estimuted by dividing the wedisured pump or siphon
rate by the number of holoes in the network. Using these wvalues and the

| oaverage  network pressure,  Lhe actual  orilice coeflficlent could be

estimated from the orifice equation and compared ro 0.4 value used in

“design,

Results and Discussion

The design _procedure s based upon - the  siwplilying assumption that
chuanges ‘in_ the periorution. discharge rates dalang  the length of the
lateral ave due  ta changes I pressuce within the pipe as o result of
lriction losses alone. The resulis ol the Field sbudy presented in Table
2 suggest that CLthis may be o reasonably - accurate wmodel but that

" refinements are needed.

‘The most striking  featuve of  the results is the great variability

in network performance. It is difficult to  see a1 pattern to the
variabilicy with tghe limited dita collected. Variaktions in wisbewater
characteristics and quality of construction could aceount for much of the
variability, but it was not possible to quantify these factors in the

field.

The results do indieate, however, that 1) the assumed orifice encfficient
in the desipn procedure I opreater T than the actual woelfliciont and

2) lareral lengths rthat approach the maximom- length allowed by the

design procedure resule in network losscs greater than those predicted.
These are conflicting resules il the model 1s assumed o be cnrrect.
Lower orifice coefficients  indicate lower perforation discharge rates
which reduce the lateral flow rates and, therefore, the fricrion losses..
In other words, overestimating " the orifice coefficient should result
in an overestimation in network losses. The fact that results dn non
indicate this, particularly in networks B and o where the lateral
lengths nearly equal " the maximum allowed and the orifice coefEicients
are only slightly less than the assumed value, suggest that the assumed
Hazen Williams friction Ffacror is too  high and/or the fitting and
junctiqh losses cannot be ignored, Unfortynntély; the field study
wist ot designed o measure either of these Lactors. The resules fran
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Figure 1. fTypes of Distribution Networks Evalunated.
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dystems E through J indicate 4 change in the friction Factor may be
sufficient.

In addition to the pressurc analysis in each network, bhe pipe gradiencts
across  vachs network  were  bavestipgoted.  Vavincions  in pipe clevation
will wlter the velative  prossures  over  onel perfaracion resulting
b wvarying  discharge  ristos. Phe oo ioom gradients  found in each of
the  necworks ranged  Lrom 0,07 Lo Lo8eh with o median of 1.004,
Measured  distal pressares reanged  rom .70 m (0,92 fe) of wiker
to 213 m (7.0 LL) of water, Fov a 9.2 w () fr) lateral, a gradient nf
L.uG% percent would vesule in - 15% viriad ion in perloration discharge
rates at G.30 m (0.98 Cc) of walber or a 2% percent variaction’at 2.13 m
(7.0 ft} of watoer. : ’

The recommended distal pressure of .76 m (2.5 ft) of water {Ctis, et al
1977) would cesult in o 67 variation in pevloration discharge rate. Thus,
It uppears that the winimm distal discharge rate should beé at lease 0.76
m . (2.5 fr) of witer in ordes Lo ‘minimize rhe offect of elevation
dillerence  Lound  in Lhe bicld. ALl bul 3 ol the systems studied meet or
excecd that minimum recommended prossure. '

1

System G is o wound  system which contains two sceparate beds which
are loaded simultanecusly.. ‘There wére problems encountered with this
system and  thus it could not be wevalunted Llike the other systems.
The  proximal presswee at each wanifold (poiats 4 & 5, Fig.l) was greatey
than 2.0 m (6.6 fr.} of witer. Incorrect readings cccurred in all
but one of the distal minometers. Manometers 1 and '7-were partially
plugged with solids pushed in from che Laternl. Manometer” 1 was unplugged
before the end of the run and indicated a pressure of 2.45 m (& f&) of
witber. Manometer 2 did wt rcceivu.ﬁny cifluent indicating that the inlet
to the manometer was plugged or a blockage oceurred in the lateral.
Manometers 3 and O were clean :nd indieated pressures of 2.5 m (8.2 £t)
and 1.9 w (6,1 [e) ol wator respeccivoly. : -

EBach  bed had 2 observacion vtubes  Ehat extended to ' the rock-sand
interface. Three of the 4 tubes had stzanding liquid. The dry tube was
near  manometer 2, which did not receive any effluent. Upnn investigating
the depth of water in the observation tubes prior to and after pumping,
it appears cthat the bed eontiining manometers 5, 6 and .7 is receiviag
more effluent than the other bed. No reasnn for this can be given until

- Burther investigations are made.

Summaty and Conclusions:

Ten field installed pressure distribution network systems 'were, evaluated
to determine if the design procedures and assumprions were adequate.
These systems ranged in size from 1.7 to S56.8 n13kMy (450 .- 15000

| gal/day).*

“The field data shows wmuch vériahility but that the  design model

appears o be a reasonable design tool if the lateral length is kept
to  less than 80% of the maximum design length permitted by the model.
If greater, it appears that the perforation diseaharge rate will vary by
more than 10% within the laterul and by more than 153% between laterals.

Seven of the 10 systems vyielded distal pressures greater than 0.74
m o of water which is the minimum recommended pressure, but the proximal
pressure was elther higher or lower than 1.31 eimes the distal pressure.
The estimated orifice coefficient wvaried Ffrom 0.28 to 0.47 with one

unexplained exception while the design coefficient used is 0.6.

1
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) 7
Further study is needed to refine the model, Model sensitivity needs

to  be examined for changes in the flazen-Williams friction factor,
and orfice coefficient. The affects of velocity heads, fitting and
junction losses and perforation bl inding due to rock contact with the

purlovations vecd Lo be evalual e,
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