








Figure 7. Sewered aqua-privy block in the Chipanda area of Matero, Lusaka, Zambia. (Photograph: 
Dr. K.O. Iwugo). 
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sewer, and thence into a 600 mm trunk sewer which transverses the city from 
,north-west to south-east. The 225 and 600 mm sewers were designed as part 

i 'of the conventional sewer system of Lusaka and so receive unsettled 
sewage. Some conventional flush-toilets discharge directly into the 150 mm 
lateral sewers without settlement. Treatment was originally in a series of 
waste stabilization ponds, but these were abandoned when the small bore 
sewers were connected to the city's expanded conventional sewerage system. 

Australian seuered septic tanks 18/ - 

4.5 The State of South Australia has the largest number of small bore 
sewer systems receiving septic tank effluent. In South Australia they are 
called "common effluent drainage systems" and by mid-1982 65 townships were 
served by small bore sewers and 55 extensions to existing schemes had been 
added; the total length of small bore sewers was then some 750 km. Demand 
for small bore sewerage is high, with 56 townships requiring serv'ce over 
the next few years. The first small bore sewer scheme, serving 40 
properties in Pinnaroo, was installed in 1962. The first township to 
provide a scheme for all properties was Barmera; this scheme was 
commissioned in 1964 and provided for 493 connections at an average cost of 
A$116 (US$129) (1964 prices) per connection. It has five pumping stations 
and treatment of the collected wastewater is in a facultative waste 
stabilization pond. The design details are as described in paragraph 4.6. 

4.6 Design criteria. Small bore sewer schemes are subject to Section 
530~ of the South Australian Local Government Act 1934-1972 as amended. In 
practice schemes have to conform to the specifications laid down by the 
South Australian Health Commission (Health Surveying Services division). 
The principal design criteria are as follows: 

(a) Design velocity and flows: minimum design velocity of 0.46 
m/s (1.5 ft/s) at half-full pipe; average wastewater flow of 
136 led (30 imp. gallon or 36 US gallon per person per day); 
peak flow of 0.283 litres/minute per person, which allows 
for three times the average dry weather flow. 

(b) Pipe di ameters and gradients: PVC pipes with diameters of 
100, 150 and 200 mm are used; they should not flow more than 
half full at any time; and they should be laid at gradients 
not flatter than: 

E/ Detailed information on Australian small bore sewer systems can be 
found in: Comuon Effluent Drainage Systems, South Australian Health 
Commission, Adelaide, 1982. [This publication is a collection under 
one cover of various records, directions and legislation on small bore 
sewers compiled by the Health Surveying Services office of the South 
Australian Health Commission.] 
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(cl 

100 mm ........ 0.67% (1 in 150) 
150 mm ........ 0.40% (1 in 250) 
200 mm ........ 0.33% (1 in 300) 

Manholes and flushing and inspection points: manholes 
(minimum diameter 1.066 m, 3.5 ft) should be located at 
intersections of four sewers (or of two or three sewers if 
the sewer depth exceeds 2.5 m) and every 245 m where minimum 
gradients are used. Flushing and inspection points should 
be installed at all changes in direction; at the junction of 
two sewers where the sewer depth is less than 2.5 m; every 
120 m; at the upstream termini of the scheme; and at each 
household connection point. Flushing of the sewers with 
clean water once a year is recommended. 

(d) Cover: the minimum cover is 1 m, unless special arrange- 
ments are made to prevent damage to the pipe. Recommenda- 
tions are also made for the design of pumping stations and 
waste stabilization ponds (see footnote 18, page 27). 

4.7 Nonetheless, the South Australian experience with small bore 
sewers has been excellent and systems installed in the early 1960s are 
working very well today, some twenty years later. However, several of the 
above design criteria appear too conservative. Smaller pipe diameters, a 
lower peak factor and flatter gradients can be used satisfactorily, 
especially if the inflective gradient design approach (Section 2.23) is 
used. 

Nigerian severed aqua-privies lg/ - 

4.8 The only small bore sewerage scheme in Nigeria is the sewered 
aqua-privy system in the resettlement town of New Bussa near the Kainji Dam 
in Kwara State. This system, which was constructed in 1964, serves 256 
enclosed family compounds, each housing 15-40 people. A sanitation block, 
comprising a laundry, shower room and an aqua-privy compartment, is 

19/ - This case study is taken from R.G. Feachem, D.D. Mara and K.0. Iwugo, 
Appropriate Sanitation Technologies for Urban Areas in Africa, 
Public Utilities Report RES 22, The World Bank, 1979. More detailed 
information is given in Sanitation Site Report No. 2: New Bussa, 
Nigeria, by the same authors (unpublished World Bank document, May 
1978). An early report of the system is given by B.B. Waddy, The 
Siting and Sewage System of New Bussa, Journal of the Society of 
Health of Nigeria, 6, ppe 16-19, 1971. 
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provided in each compound (Figures 8 and 9); a water tap is located in the 
laundry area. Sullage is discharged into the aqua-privy tank, which in turn 
discharges into a short length of 100 mm diameter asbestos cement pipe which 
is connected, via a street junction box, to a 100 mm or 150 mm diameter 
collector sewer which runs in the lane or street outside the compound 
(Figure 10). The wastewater is treated in one of two single faculative 
waste stabilization ponds serving the east and weat sides of the town. 

4.9 No information on the hydraulic design of the small bore sewers is 
available, but it can be reasonably assumed that it was based on the Zambian 
schemes described above, as these were the only other schemes in existence 
at that time. Some design details differ, however. For example, the short 
connector sewers were commonly exposed, some being protected by a thin layer 
of concrete (Figure 10); they were thus liable to damage. Many of the 
precast concrete junction box covers were broken and it was common to see 
excreta and paper lying in the sewers; some of the junction boxes were 
completely blocked and overflowing. This suggests that the aqua-privy tanks 
were not being desludged regularly, so permitting solids to enter the small 
bore sewers; desludging was expected to be done manually by the 
householders, with burial of the removed sludge in the compound itself. The 
situation was further aggravated by poor tank outlet design: many outlets 
were broken, so permitting the escape of floating solids. 

4.10 In spite of these problems, user satisfaction was generally high, 
the main complaints being the intermittence of the water supply and the need 
for manual desludging. i There were also design faults with the small bore 
sewer network, principally the shallow (often zero) depth of the connector 
and collector sewers and their junction boxes. 

4.11 Total construction costs (household sanitation block, small bore 
sewers, ponds) were Nd: 33.3 (1964 Nigerian pounds) per household, equivalent 
to USS408 (1978 dollars). 

American severed septic tanks 

4.12 There are more than 20 small bore sewer systems in the United 
States. The first to be constructed was at Mt. Andrew in Alabama, in 1975. 
This system and another at Westboro in Wisconsin, which was constructed in 
1977, are described below. 

. . 
(a) Mt. Andrew, Alabama 20/ - 

4.13 This experimental small bore sewer system serves the Grady W. 
Taylor subdivision, a self-help housing project for 31 low-income families. 

20/ A detailed description of this system can be found in J.D. Simmons, - 
J.O. Newman, C.W. Rose and E.E. Jones, Small-Diameter, Variable Grade, 
Gravity Sewers for Septic Tank Effluent, In: On-Site Sewage Treatment, 
'(Publication l-82), American Society of Agricultural Engineers, St. 
Joseph, Michigan, 1982. 
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Figure 8. Sanitation block in New Bussa 
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Figure 9. Sanitation block in New Bussa. 
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Fignre 10. External view of sanitation block in New Bussa, showing exposed connector sewer and 
junction boxes. 
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Figure 11. Site plan of the Mt. Andrew small bore sewer system. 
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Figure 12. Profile of the 50 mm diameter inflective gradient small bore sewer system at Mt Andrew, Alabama 
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The system was designed to test three low-cost septic tank effluent 
collection systems: (a) a small bore sewer with continuous but not uniform 
slope; (b) force main connections to a small bore sewer with continuous 
slope; and (c) a small bore sewer with variable gradient. Final treatment 
and disposal were provided by a stabilization pond. The collection lines 
were laid out in a conventional manner (Figure 11). Line B and its 
continuation, Line D, both 75 mm diameter PVC pipe, have nearly continuous 
slope but precise grade control was not maintained. The grade was 
controlled only to the extent that adequate fall exists from the septic 
tanks to the collection line and thence to the pond. Of the 18 homes served 
by these two lines, 8 required lift pumps to enter the collection main. 
Line C was constructed with continuous slope to its junction with Line D, 
but without precise grade control; it is a 50 mm PVC pipe serving three 
homes. Line A, a 295 m long 50 mm PVC pipe with 10 connections, was 
constructed with an average fall of 2% but at a constant depth rather than 
to grade. As a result, there are five inflections between positive and 
negative gradients (Figure 12). No manholes or cleanouts were installed in 
any of the lines. 

4.14 Modified septic tanks installed upstream of each connection 
served as interceptor tanks. Each has two compartments; the first is a 
1920 litre settling tank, and the second is a liquid storage compartment of 
195 litre capacity. The two compartments are hydraulically connected with 
six 50 mm diameter PVC "lamella settling tubes" set at 60' from the 
horizontal and with their opening 600 mm above the bottom of the first 
compartment. The tubes are intended to remove any solids passing through 
the settling compartment and to prevent scum from entering the storage 
compartment. The outlet from the storage compartment is a 50 mm PVC 
vertical standpipe with its opening 300 mm above the floor. This allows for 
surge storage above the outlet and a vent for the drain. 

4.15 The residents installed the sewers themselves with technical 
assistance. The cost of installation in 1975 was about US$ 6.50 per linear 
metre. This system has required very little maintenance during its eight 
years of operation. Pumping of the interceptor tanks, the only maintenance 
performed on the system, has been more frequent than originally anticipated 
due to the small settling compartment volume. Inspection and sampling of 
the tanks and lines were performed after 18 months of operation. Samples of 
effluents from the interceptor tanks indicated that the solids removal is no 
better and is sometimes worse than conventional septic tanks, but that 
sludge, scum and large suspended solids are removed effectively. To inspect 
the lines, sections of the 50 mm inflective gradient sewer were removed. 
Only a thin grey residue was found coating the inside walls of the pipe. NO 
accumulations of heavy solids were observed. 

(b) Uestboro, Wisconsin fi/ 

4.16 This system serves a small rural community of approximately 200 
persons. It has 85 house connections, and so is a much larger system than 

21/ R...T. Otis, An Alternative Public Wastewater Facility for a Small Rural - 
Corunity , Small Scale Waste Management Project, University of 
Wisconsin, Madison, Wisconsin, 1978. 
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Figure 13. Site plan of the Westboro small bore sewerage systems. 



- 37 - 

that at Mt. Andrew. The small bore sewers, designed following the South 
Australian guidelines (para. 4.61, are used to collect effluent from 
interceptor tanks for direct discharge into a common subsurface soil 
absorption field without additional treatment (Figure 13)22/. The sewers 
are 100 mm diameter PVC pipes laid at a minimum gradient of 0.67%. 
Curvilinear alignments in both the horizontal and vertical planes between 
adjacent manholes were allowed. Manholes were installed at the upstream 
end of each line, at all junctions and at intervals not exceeding 185 m 
(spacings greater than the 122 m typically required'for conventional sewers 
were permitted because of the availability of hydraulic jetting equipment 
able to reach more than 60 m). The few homes with basemPEt drains below 
the invert elevation of the collector sewers were provided with small 
residential lift stations. In addition, three community lift stations were 
necessary. 

4.17 Each household has an interceptor tank. Existing septic tanks 
were used if they were found to be in good condition; if they were not, new 
prefabricated 3,785 litre (1,000 US gallon) single-compartment tanks were 
installed regardless of home size. The tanks, whether new or existing, and 
all other appurtenances, such as the residential lift stations, were 
purchased by the Westboro Sanitary District, which retained owership and 
responsibility for their maintenance. The costs of power to run the 
residential lift stations are paid by those households requiring them. 

4.18 Construction costs of the Westboro system were significantly 
greater than the Mt. Andrew system, because it is a more conservative 
design and self-help labor could not be used. In particular, problems 
involving frost damage to sewer lines in past winters led to specifications 
requiring that the small bore sewers be buried much deeper than would be 
required simply on hydraulic grounds, significantly increasing cost; this 
would not be an issue in the great majority of developing countries. The 
total cost was US$245,635 in 1977, representing a cost of US$2,890 per 
connection and USS42.60 per linear metre. 

4.19 The small bore sewers have performed well over the six years 
since the system became operational. The only regular maintenance 
performed has been pumping of the interceptor tanks. The tanks are 
desludged on a staggered three-year cycle, except for those located at the 
larger commercial establishments which are desludged annually. No sewer 
cleaning has been necessary. Observation of the sewers indicates that they 
rarely flow more than one-eighth to one-quarter full. Solids accumulation 
in the sewers is primarily due to slime growths which commonly slough from 
the pipe wall. However, minor problems have occurred with the system. 
Infiltration and inflow have become a severe problem during heavy rains or 
snow melt. The sources have not been positively identified but the 
individual interceptor tanks are suspected. Covers of two of the 75. new 
tanks installed have collapsed because of insufficient reinforcement. 
There is a possibility that others are cracked and so allow groundw;:sz to 
seep in. Also, the manholes have been found to be a source of grit, stones 
and other debris, as well as of clear water inflow; fortunately, these 

22/ For design criteria for soil absorption field systems, see U.S. - 
Environmental Protection Agency, Process Design Manual for Land 
Treatment of Wunicipal Uater, October, 1981. 



Table 1: Unit Costs for Small Bore Sewers. Conventional Sewer and 
Water Main Installation from Selected Projecfs 
in the United States of America \ 

INSTALLED PIPE COST PER METRE (1982 $/M) 

DEPTH OF COLLECTOR INSTALLATION DEPTH OF COLLECTOR INSTALLATION 
United States United States 

I I 
WATER MAIN WATER MAIN 

O-2M O-2M 2-4M 2-4M 4 4 -6~ -6~ INSTALLATION INSTALLATION 
Community 

Pipe Dia. Pipe Dia. Per- Per- Pipe Dia. Pipe Dia. Per- Per- Pipe Dia. Pipe Dia. Per- Per- Pipe Diameter Pipe Diameter 
cent cent cent cent cent cent 

100 mm 200 mm Savings 100 mm 200 mm Savings 100 mm 200 mm Savings 100 mm150 mm 200 mn 100 mm 200 mm Savings 100 mm 200 mm Savings 100 mm 200 mm Savings 100 mm150 mm 200 mn 

Jest Boro, Jest Boro, $24.90 - - $24.90 - - $29.90 $37.40 $29.90 $37.40 20% 8,: - - - - - 20% 8,: - - - - - 
Wisconsin Wisconsin 

J J 
3adgek, 3adgek, $15.30 $37.20 40% - - - ,g - - - $15.30 $37.20 40% - - - ,> - - - 

South Dakota South Dakota 

South Corning, South Corning, $38.50 $46.80 18% $52.90 $75.60 31% - - - - .- - $38.50 $46.80 18% $52.90 $75.60 31% - - - - .- - 
New York New York 

lew Castle, lew Castle, $28.80 $50.40 $28.80 $50.40 43% 43% $36.00 $54.00 $36.00 $54.00 33% - - - 33% - - - $25.20 $27.00 $45.OC $25.20 $27.00 $45.OC 
Virginia Virginia 

Gardner, Gardner, $13.90 - - $13.90 - - $48.70 $86.90 $48.70 $86.90 44% $69.60 $86.90 20% - - - 44% $69.60 $86.90 20% - - - 
New York New York 

I 
w 
W 
I 
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materials have been retained largely within the manholes where they can be 
removed easily. Part of the problem with the manholes is damage to the 
covers in the course of snow-clearing operations using heavy equipment; this 
gain would not arise in most developing country applications. Corrosion is 
becoming severe in the three in-line lift stations where ferrous materials 
dere used. Pump rails, chains and supports for the float switches will soon 
require replacement with non-corrosive materials. Odors have not been a 
problem. 

V. COSTS 

5.1 Compared to conventional sewerage, small bore sewers can be 
significantly less costly to construct and operate, and yet provide a similar 
level of service. With primary sedimentation provided upstream of each 
connection to remove troublesome solids before the wastes enter the 
collectors, blockages rarely occur. In addition, flows are attenuated, 
markedly reducing peak to average flow ratios. As a result, design, 
construction and maintenance standards established for conventional sewers 
can be relaxed. For example, without the solids load, small bore sewers need 
not be designed for self-cleansing. Pipe gradients can be reduced and 
sections depressed below the hydraulic grade line. This reduces the depth of 
excavation necessary, but more importantly allows greater construction 
tolerances, reducing the level of skill required by the contractor and the 
extent of site supervision by the client agency. Also, access for mechanical 
cleaning equipment is not necessary since hydraulic flushing, if needed, is 
sufficient to keep the drains free-flowing. Therefore, curvilinear alignment 
is permitted and manholes can be replaced by simple cleanouts. Material 
costs are also reduced because attenuated peak flows allow smaller 
minirmm permissible pipe diameters and smaller lift stations; moreover, 
pumping equipment, which handles liquids and not solids, can be simpler. 

5.2 In Australia, "effluent drains" are required to be laid in the same 
way as conventional sewers with uniform gradients so as to achieve a minimum 
of 0.5 m/set flow velocity. Despite this requirement, construction costs are 
reported to be 25 to 35% less than conventional sewers* The costs of 
interceptor tanks and drain connections are borne by the users. If the 
privately borne costs were to be included in the total costs, however, few 
savings, if any, would result. Practice in the United States of America is 
similar to that in Australia. Uniform gradients have been required but in 
many cases minimum flow velocities have been reduced to 0.3 m/set. Reported 
savings in construction costs over conventional sewers range from 0% to 50%. 
In projects where the reported savings were low, the higher costs were 
attributed to a high percentage of interceptor tank replacement. only 
recently have projects been constructed in the United States where inflective 
gradients were allowed. Cost savings in these projects are expected to be 
greater, but as-constructed data are not yet available. 

5.3 
StatesZ3/. 

Table 1 presents unit costs from several projects in the United 
- These costs are presented as dollars (1982) per metre for 

23/ Otis, R.J., - Small Diameter Gravity Severs: An Alternative Wastevater 
Collection Method for Unsevered Corunities. U.S. Environmental 
Protection Agency, Cincinnati, Ohio, 1985. 
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Table 2: Share of Total Project Cost by Component 
from 10 Uniform Grade Small Bore Sewer projects 
in the United States of America 

COMPONENT PERCENT OF TOTAL PROJECT COST 

In place pipe 

Interceptor Tanks 

Lift Stations 

Service Connections 

Street Repair 

Street & R.R. Crossings 

Residential Lift Stations 

Force Main 

Site Restoration 

Manholes 

Cleanouts 

Miscellaneous 

29% 

17% 

13% 

13% 

7% 

6% 

3% 

3% 

3% 

3% 

1% 

2% 
100% 
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installing collector mains laid with a uniform gradient at various depths. 
Comparisons between 100 mm pipe and 200 mm pipe laid at the same depth and 
gradient show 20% to 44% savings. Total projects savings would be greater 
because with flatter or inflective gradients, small bore sewers would avoid 
deeper placement. If laid similarly to water mains, costs from the project 
in New Castle', (Virginia) suggest the savings would exceed 50% over 
conventional sewers. 

5.4 Table 2 summarizes the construction costs by component of the 10 
United States uniform grade small bore sewers reviewed. The costs are 
expressed as a percentage of the total construction costs. This shows that 
interceptor tanks and service connections account for approximately 30% of 
the total construction costs. In-place pipe costs also account for 
approximately 30% of the costs. Thus, even greater savings would result than 
those experienced in the United States in cases where interceptor tanks 
already exist and where inflective gradient systems are installed. 

5.5 Few operation and maintenance costs data are available. In 
Australia, where there is nearly 25 years of experience, maintenance has been 
shown to be required infrequently, simple to perform and relatively 
inexpensive when compared to conventional sewerage24/. Maintenance personnel 
need not be highly skilled to perform the general maintenance duties. 
Reasons for the lower costs are that the system needs little water to 
function because the interceptor tanks remove solids which may cause 
blockages, the collectors can be laid at shallow depths, making any necessary 
repairs quick and simple to perform, and the pre-treatment provided by the 
interceptor tanks can reduce final treatment costs. The most significant 
maintenance operation is the regular desludging of the interceptor tanks. 
Frequency of desludging will depend on tank size and user habits, varying 
between 1 to 10 years. 

5.6 In developing countries, the most economical application for small 
bore sewers is likely to be for the upgrading of areas where existing 
installations (septic tanks or pour-flush latrines with leach pits) are 
failing or are not functioning properly because of increased water use or 
urban expansion, rendering inadequate the area available for septic tank 
drain fields or on-site disposal of pour-flush effluents and sullage. In 
these circumstances, the septic tanks can be used as interceptor tanks to 
reduce the costs of installing the small bore sewers. Upgrading existing 
sanitation facilities in this manner is far more economical than constructing 
conventional sewers, not only because of the reduced construction costs but 
also because small bore sewers are not dependent on a good and reliable water 
supply to function properly. 

E/ Environmental Protection Authority. Comparisonof SeverageandComn 
Effluent Drainage for Country Townships- Report No. 65/79 East 
Melbourne, Australia, 1979. 
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INTERCBPTOItTAt?KVOLDHECALCULATIONS 

ANNEX1 
Page 1 

1. Interceptor tanks are usually designed as septic tanks, and a 
recent review of septic tank design has highlighted the wide variety of 
recommendations made in national codes of practice:/. In this Annex a 
rational design procedure for interceptor tanks is presented, based on the 
Brazilian septic tank code?/. 

2. Interceptor tanks are designed to provide space for four separF'le 
functions: 

(a) solids interception; 

(b) digestion of settled solids; 

(cl storage of digested solids; and 

(d) storage of scum. 

These functions and their tank volume requirements are discussed in turn. 

Solids interception 

3. The intercepted solids comprise two fractions: those in the tank 
influent and those which rise up from the sludge layers through flotation by 
the gases produced therein. Theoretically temperature affects the rate of 
sedimentation by changing the viscosity of the liquid phase, but in practice 
its influence is small and usually ignored. However temperature markedly 
affects the rate of anaerobic digestion and hence gas production; thus with 
increasing temperatures more solids will rise through flotation. Hydraulic 
surges which occur as a result of high peak flows over a short period of time 
also cause some of the settled solids to be resuspended. It is because of 
these two factors - solids flotation and hydraulic resuspension - that 
retention times in septic tanks are longer than those normally employed in 
raw sewage sedimentation tanks. Often a minimum mean hydraulic retention 
time of one day 4.8 used (rather than six hours at dry weather flow in 
sedimentation tanks), but there is a formula which relates the retention time 
to the contrib '.ing population and the per capita wastewater flow?/: 

L/ J. Pickford, The Design of Septic Tanks and Aqua-Privies, Overseas 
Building Note No. 187, Building Research Establishment, Garston, 
England, 1980. 

I Constn@o e Imt+la$io de Fossas Septicas e Disposi@o dos Efluentes 
Fimais, Norma Brasileira Registrada 7229, Associa$~~Brasileira de 
Normas Tecnicas, Rio de Janeiro, 1982. 

II C.M. Fair and J .C. Geyer, Water Supply and Waste Engineering, pa 901, 
John Wiley, New York, 1954. The formula quoted has been changed from 
US gallons to litres. 
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th = 1.5 - 0.3 log (Pq) 

ANNEX1 
Page 2 

(1) 

where th = minimum mean hydraulic retention time, days 
P = contributing population 
4 = wastewater flow, led 

This equation indicates that the required minimum retention time decreases as 
the population served or per capita wastewater flow increases; it thus makes 
inherent allowance for the fact that the magnitude of peak flows decreases 
with increasing flow rates. However, the minimum recommended retention is 
six hours. 

4. The volume required for sedimentation (Vh,m3) is therefore given by 
the equation: 

vh = lo-‘(pq)th (2) 

Solids digestion and storage 

5. Although the digestion of intercepted solids and the storage of 
digested solids are two separate functions of an interceptor tank, it is 
necessary to consider them together since currently available field data do 
not distinguish between them4/. The literature on septic tanks is full of 
references to sludge accum&tion rates; reported values vary from 25 litres 
per capita per annum (lea) to greater than 100 lea. A reasonable estimate of 
sludge accumulation, based on the average sludge accumulation in 205 American 
septic tanks, is 0.19 led?/, equivalent to an annual storage requirement of 
70 litres per capita. Thus the combined sludge digestion and storage volume ' 
(Vs,m3> is given by: 

VS = 70 x 1O-3 PN (3) 

Where N equals desired interval between sucessive desludging operations, years. 

Storage of SCM 

6. Scum storage requirements are often implicitly included in the 
solids storage volume, but this is not strictly correct. Scum results from 
fats and grease in sullage and from toilet paper. A study of 268 septic 
tanks in the USA indicated that the submerged scum volume (i.e., the volume 

Y Solids digestion is a very temperature-dependent process, and so clearly 
less volume is required for digestion at higher temperatures. However, 
more field results are required before a reliable design relationship 
can be formulated between the digestion rate in interceptor tanks and 
temperature. 

51 SiR. Weibel and others, Studies on Household Sevage Disposal Systems, 
Part I, Public Health Service, Environmental Health Center, Cincinnati 
Ohio, 1949. 
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below the invert of the outlet pipe) rarely exceeds 0.7 cubic metrest/. 
Thus the maximum submerged scum depth cd,,, m) is a function of the tank 
surface area (A, m2); 

d ss = 0.7/A (4) 

Clear space depth 

7. The clear space depth, which is the minimum acceptable depth of the 
solids settling zone just prior to desludging, comprises the submerged scum 
clear depth and the sludge clear depth. The submerged scum clear depth is 
the distance between the underside of the scum layer and the bottom of the 
outlet "tee", and should be at least 75 mml/. The sludge clear depth is the 
distance between the top of the sludge layer and the bottom of the outlet 
"tee"; its minimum value (d,,, m) is related to the tank surface area as 
follows8/: 

d sc = 0.82 - 0.26A (5) 

subject to a minimum value of 0.3 mz/. Thus the minimum total clear space 
calculated as (0.075 + d,,) must be compared with the depth required for 
sedimentation (= Vh/A), and the greater depth chosen. 

Designeurqle 

8. Design ar: interceptor tank to pretreat the wastewater from a 
household of 8 persons who 

!i 
reduce 70 led of wastewater; the tank is to be 

desludged every three years-/. The solution is as follows: 

(a) Calculate the minimum mean hydraulic retention time for settleable 
solids sedimentation from equation [l]: 

th - 1.5 - 0.3 log(Pq) 

- 1.5 - 0.3 log(8 x 70) = 0.68 day 

!Y 

7/ 

!v 

91 -' 

T.W. Bendixen, R.E. Thomas, A.A. McMahan and J.B. Coulter, Effect of 
Food Waste Grhders on Septic Tanks, Public Health Service, Robert A. 
Taft Sanitary Engineering Center, Cincinnati, Ohio, 1961. 

J.A. Cotteral and D.M. Norris, "Septic Tank Systems", Journal of tha 
Sanitary Engineering Division, American Society of Civil Engineers, 
(95 9SA4), 715, 1969. 

R. Laak, "Multi-chamber septic tanks", Journal of the Enviromental 
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Thus the volume required for sedimentation is given by equation [2] as: 

vh - 10-3(Pq)th 

* lo-3(8 x 70)0.68 - 0.39 m3 

(b) Calculate the solids digestion and storage volume from 
equation 131: 

VS = 70 x 10-3PN 

= 70 x 10S3(8 x 3) = 1.68 m3 

Cc) Assume a cross-sectional area (A) of 3 m2. Then: 

(I) the maximum depth of sludge (V,/A) is (1.68/3), = 0.56 m; 

(ii) the maximum submerged scum depth cd,,) is given by 
equation 141 as (0.7/3), = 0.23 m; 

(iii) the minimum sludge clear space is given by equation [5] as 
IC.82 - (0.26 x 311, = 0.04 m; this is less than the minimum 
of 0.3 m which is therefore adopted; 

(iv) the total clear space depth is therefore (0.075 + 0.3) m, - 
0.375 m; this is greater than (Vh/A), = (0.38/3) - 0.13 m, so 
the total clear space is the controlling factor in the design. 

(d) The total effective depth is therefore the sum of the sludge depth 
(0.56 m), the clear space depth (0.375) and the maximum submerged scum depth 
(0.23 m), i.e. 1165 mm. 

(4 Thus suitable overall internal dimensions of the tank would be 
1 m x 3 P x 1.5 n, as shown in Figure 1.1. 

---i L-l 
SCUM ----A r 

CLEAR SPACE 

SLUDGE I 560 

i I 

1500 

1 3000 I 
1 1 

Figure 1.1. Dimensions of design example interceptor tank. 
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SNALX BORE SEWER DESIGN BXLVPLES 

1. A single small bore sewer is to be constructed to serve 20 lots, 
of which only 10 have been built to date (Figure 11.1). Each existing house 
has a multiple tap in-house level of water supply service. Provision must be 
made for the future connection of 10 lots located above the present upstream 
terminus of the sewer. The design (peak) flow is 0.025 litre/second per 
connection. 

2. Solution. Firstly, individual sections of the sewer are selected 
for hydraulic analysis on the basis of isolating sections with relatively 
uniform gradients or flows. In this case nine sections were chosen, as shown 
in Figure 11.1. 

3. The hydraulic calculations are presented in Table II.1 and 
described, column by column, below: 

Column 1: Station number 

Numbers relating to the commencement of each sewer section and 
starting..from the downstream terminus of the sewere 

Column 2: Station elevations 

The elevation in metres, of each station above a datum (which in 
this case is the elevation of Station 1). 

Column 3: Distance 

The distance, in metres, of each station from Station 1. 

Column 4: Elevation difference over section 

The difference, in metres, between the elevations (column 2) of 
adjacent stations. 

Column 5: Length of section 

The difference, in metres, between the station distances (column 3) 
of adjacent stations. 

Column 6: Average slope of section 

Column 4 divided by column 5 gives the average slope of the section 
in m/m. 

c01ullm 7: Number of connections served 

The number of lots connected upstream of the downstream station of 
the section. 



0 50 100 1t 260 
Length of sewer (ti) 

Figure II. 1. Sewer profile for design examples 
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Column 8: Design flow 

Column 7 multiplied by 0.025 (the design flow in litre/second per 
lot) gives the flow in the section in litres/second. 

Column 9: Pipe diameter 

The pipe diameter, in mm, selected by the designer for each 
section. Initial choices may prove inadequate and the pipe size may have to 
be increased (see column 10). 

Column 10: Flow at full pipe 

The capacity of the selected pipe diameter is calculated for the 
slope computed in CO~WUI 9. Manning's equation was used in this example with 
a roughness factor (n) of 0.013 for plastic pipe. The flow at full pipe must 
be greater than the design flow (column 8). If it is not, a larger size pipe 
must be used or the slope increased. 

4, The critical sections in small bore sewer designs are: (a) those 
that are continuously flooded; and (b) those laid level. In this example, 
three sections of the sewer will remain full at all times: the sections 
between stations 3 and 4; 6 and 7; and 9 and 10. These sections must be 
carefully analysed hydraulically to ensure that they do not become 
excessively surcharged during peak flow periods and back up into any 
connections. To check this, the maximum elevation to which the hydraulic 
gradient rises must be determined. The elevation difference between this 
elevation and the downstream outlet from the flooded section establishes the 
maximum permissible slope of the hydraulic gradient over the surcharged 
section. In the above example, for the section between stations 3 and 4, 
Manning's equation is used to calculate the hydraulic gradient for the 50 mm 
pipe flowing full: this is 0.0035 m/m and this is equivalent to the 
hydraulic grade line rising (0.0035 x 24, the latter figure being the section 
length), i.e. 0.08 m above the upstream station. The invert of the outlet of 
any interceptor tank discharging into the sewer along this section must be 
above the hydraulic grade line in order to avoid backflow into the tank 
during periods of peak flow. If this is not possible, then a larger pipe 
diameter mst be chosen, or an individual lift station provided, or the sewer 
elevation at the downstream station lowered; the choice between these options 
is essentially economic, although (especially in developing countries) the 
consequence of pump failure in the lift station must be taken into account. 

5, This design example is the same as the first example, except that a 
branch sewer line serving 20 additional lots discharges into the sewer just 
upstream of station 8. 

6. Solution. The hydraulic calculations are shown in Table 11.2. 
They are essentially the same as those in Table 11.1, except that in two 
sections 75 mm diameter pipe is needed as a result of the higher flow. 



Table X1.1. Hydraulic calculations for design exalaple il. 

ii 
(1) (2) (3) (4) (‘1 (6) (7) (8) (9) (IO) (II) 

. 

Station Station Dietance Elevation Length Average Number Design Pipe Plow at Comments r: 

nuber elevation Difference of slope of of flw Diameter full pipe 
over eection section connee 
eection tions 

served 
(ml (ml (9) (a) b/m) (L/S) (1) (L/S) 

0.00 0 1.65 21 

1.65 21 0.12 9 

1.77 30 0 .oo 24 

1.77 54 0.18 9 

1.95 63 0.67 64 

2.62 12? 0.00 71 

2.62 201 0.61 34 

3.23 235 1.71 43 

4.94 278 -0.28 17 

0.079 

0.013 

0 .oo 
0.0035 a/ 

0.02 

0.01 

0.00 
0.002 bfi/ 

0.018 

0.04 

-0.017 
0.0012lJ 

20 0 .so so 

20 0.50 so 

19 0.48 so 

2.27 

0.92 

0.48 
Hydraulic gradeline 
0.08 m above station 4 

I 

0” 
I 

19 0.48 so 

18 0.45 so 

16 0.40 so 

1.14 

0.81 

0 .bO 
Hydraulic gradeline 
0.18 l above statton 7 

14 0.35 

13 0;33 

I1 0.28 

50 

so 

so 
so 

I .08 

I .62 

0.28 
Hydraulic gradclint 
0.02 l + 0.28, i.e. 
0.30 l above station 10 

10 4.66 295 

/ Slopt of hydraulic gradclint. 



Table 11.2. Hydraulic calculations for design exaeple 12. 
‘!z 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
Station Station Distance Elevation tcngth Average NlrbtX Design Pipe Plow at Colcntr 

2 

number elevation Difference of elope of of flow Diameter full pipe r 

over section rection come c- 
sect ion t ions 

rerved 
(4 (a) (a) (ml (8/m) (L/S) (-1 (L/S) 

1 0.00 0 1.65 21 0.079 40 1.0 50 2.27 

2 1.65 21 0.12 9 

3 1.77 30 0.00 2b 

4 1.77 54 0.18 9 

5 1.95 63 0.67 64 

0.013 40 1.0 50 0.92g 

0.00 39 0.98 50 - Hydraultc gradeline 
0.015 21 50 0.98 0.35 l above rtatlon 4 

0.02 39 0.98 50 1 .lb 

0.01 38 0195 50 0.81 
76 2.38 

6 2.62 127 0 .oo 74 

7 2.62 201 0.61 34 

0.00 36 0.90 50 - Hydraulic grrdcllnc 
O.OlZ~/ 0.90 0.92 l above station 7 

0.018 34 0.85 50 1.08 

8 3.23 235 1.71 43 0 .Ob 13 OG.33 50 1.62 

9 4.94 278 -0.28 17 -0.017 11 50 Hydraulic gradellne 
0.0012~/ 50 0.28 0.30 8 ahouve station 10 

LO 4.66 295 

1 
: , 2 P 

r/ Slope of hydraulic gradeline. 
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7. It is worth noting that the two sections of 75 mm diameter pipe 
both discharge into sections of 50 mm diameter pipe. Thfs is one of the 
major differences between small bore sewers and conventional sewers (in which 
pipe diameters of downstream sections are always equal to or greater than 
that of upstream sections), and is only possible because all large solids are 
removed in the interceptor tanks. 

Sewer diarter 

0. In both design examples the hydraulic analysis indicates that 50 mm 
diameter pipe is suitable for all or many of the sections. Since this is 
less than the recommended minimum of 100 mm (see section 2.24), in practice 
the sewer would be 100 mm diameter throughout its length. 




