
TA 

7 

.1822 

No.93 

1927 

- IOWA· STATE COLLEGE

OF AGRICUL TlJRE AND MECHANIC ARTS 

OFFICIAL PUBLICATION 

·01.xxv :\1.ay 28, 1927 

��-----------

RESIDENTIAL 

SEWAGE TREATMENT PLANTS 

BY LlXIJOS J. MUHPHY 

ENGINEERING EXTENSION DEPARTMENT 

IOWA STATE COLLEGE 

AMES, IOWA 

No 70 

Published semi-weekly January to June, weekly July to December, by the Iowa State Col
lege of Agriculture and Mechanic Arts, Ames, Iowa. Entered as second-class n1atter and 
accepted for mailing at special rate of Postage provided for in Section 429, P. L. & R., Act 
August 2�. 1912, authorized April 12, 1920. 

T~ f 1':l"no A RY Ua"1 i \ 

· 1r " ;) lOWA 



Typical Residential Sewage Treatment P lant. 

TABLE OF CONTENTS 

Introduction 

House Plumbing 

Grease Trap 

'l'he Sewer 

Cesspools 

Imhoff 'l'anks 

Septic Tanks 

Secondary Ti·eatment 

Subsurface Irrigation 

Trickling Filter s 

Intermittent Sand Filters 

Sludge Disposal 

Location of Disposal Plant 

Page 

5 

6 

7 

8 

9 

9 

11 

14 

14 

16 

17 

18 

18 

Construction Details for a Typical Sewage Treatment Plant Com-
prising a Septic Tank and Subsurface Irrigation System 18 

Material and Labor E -timates 

Operation Suggestions 

22 

23 



DD 

5Go l• i i11<h • I foot 

TYPICAL 
PLUM81NG LAY-OUT 

ro 1t ... 

SINGLE li!ESIOENCE 
Lngineuing &ten5/on Dept. 

Iowa Stole Gallego 
1927 

RESIDENTIAL 
SEWAGE TREATMENT PLANTS 

BY LINDON J. lVIURPIIY 

Muni cipal Engineer, Engineering Extension Department 
Iowa State Coll ege, Ames, Iowa 

INTRODUCTION 

No problem is more vital to the health, comfort and convenience of 
the family in the village or rural community than the proper dis
posal of sewage and other household wastes. 'l'he growing interest 
and appreciation of the importance of this problem is clearly shown 
by the almost constant call for definite information concerning the 
de ign and operation of single residence disposal plants. 

Many families in village and rural homes are finding that it is pos
sible to have the conveniences and sanitary safeguards which have 
long been the privilege of the city dweller. These homes are being 
equipped with running water, with a bathroom as complete as that in 
the city, and with latmdry facilities adequate for our present tandard 
of cleanliness. The majority are, however, still faced with the prob
lem of satisfactorily disposing of the household waste. 

In the small town or even the village the public sewerage .-ystcm 
and disposal plant is in many cases undoubtedly the most satisfactory 
and economical solution to the problem. However, in the small village 
with widely scattered residences a common sewerage system and plant 
may be exceedingly expensive, and with the isolated or rural home 
no alternative is available, other than the individual residence dis
posal system. 

The isolated outdoor closet has always been a nuisance, and it is 
now being recognized as a hazard to the health of the family through 
the possibility of disease being carried by flies, as well as the danger of 
polluting the water supply. 

'l'he cesspool was devised to eliminate the objectional outdoor 
closet, and it is in many ways a distinct improvement. However , with 
the resulting concentration of the sewage in one place, together with 
the increased use of water which has followed the adoption of modern 
plumbing and the water carriage system of sewerage, even greater 
danger of polluting the water supply has resulted. Numerous t ests 
have shown that the purifying effects of the soil are limited almost 
entirely by their proximity to the surface. 'l'he nitrifying bacteria, 
with multitudinous other vegetable and animal organisms are effective
ly active only in the top foot or so of soil. Hence it is evident that a 
sewage effluent discharged from four to ten feet below the surface 
will receive very little purification and is a potential ource of danger 
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for the watgr snpply . Porous gravel strata or fissured rock beds may 
carry the sewage directly to a nearby well. 

!t _is apparent that a better, safer means of sewage disposal than 
this is necessary. Many years of tests and experimentation have re
sulted in the evolntion of the modern sewage digestion tank, which is 
usually followed by :filtration or some method of oxidation to secure 
an effluent meeting modern sanitary r equirements. 

'l~ypical disposal plm1ts meeting the needs presented by varyinl! 
samtary and economic conditions are explain ed in detail in the foi°: 
lowing pages. 

HOUSE PLUMBING 

Because of the fa ct that satisfa ctory sewage disposal in a modern 
treatment plant is dependent to a certain extent upon a ·well designed 
pl~1m?ing sys~em, it may li e advi sable to list briefly the fundamental 
prrnc1plcs wlnch should be followed in installing a plumbing system 
for the home. Mr. q. S '. Nichols, Engineer, Division of Sewage Dis
posal, Dept. of Public Works, City of Miami, Florida, and formerly 
Professor of Sanitary Engineering, Iowa State College has listed the 
following a. essentials to a sanitary and satisfactor/ plumbing in
stallation: 

1. A thor oughly competent and reli able plumber should be em
ployed . 

2. Simplicity in the layou t of piping and fixtures will materially 
aid in the elimination of plumbing troubles. 

3. A main soil pipe, made of 4-in ch cast iron pipe with air-water
tight joints, should extend from a point 5 feet dutside the cellar 
wall up through th e house roof. 'l'hc pipe should be straight 
from basement t o roof. 

4. All ~xtures_ shoul~ discharge into the main soil pipe, and be 
provided with smtable traps thoroughly vented to prevent 
escape of sewer gases into the rooms. 

5. A separ ate vent pipe should be carried from the outlet of every 
trap into a main , 2-inch, iron vent pipe, independ ent of the soil 
P!Pe, 'I'his pipe may be connected with the soil pipe above the 
highest and · below the lowest discharge connections. Such 
ventin g is intend ed to prevent breakage of the water seal in th e 
traps and the forcing of sewer gas into the house. 

6. Plumbing materials and fixtures should be of good quali ty 
simple in de.-ign, and should have all connections and joint~ 
made thorouµ: hl y an d permanently air and water-tight. Such 
fixtures shonld be mrid e of non-absorbent materi als, such as 
porcelain or enameled iron. 

7. All plumbing and fix tures should be accessible. The soil pipe 
should not be enclosed in a wall unless a r emovable wooden 
pan el is placed over it. The :fixtures should be located as near 
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the ma in drain as possibl e, first because the cost of plumbing 
will be less, and second, because this will facilitate the sanitary 
and perfect operation of the plumbing system. All fixtures, 
both for bathroom and for kitch en , should be placed in the open, 
to permit free access of air and light. Boxed-in sinks, bath
tubs and other fixtures are insanitary ; th ey allow th e collection 
of dirt and moisture whi ch are detrimental to health and life. 
Provide an abundance of light and air around all fixtures. 

Tempor a ry 5eahnq OT 
P u1'if o r Plo.srer or Par,~ 

rro. 
lfif-chen .:5'/ 

F ig. 3. Typ ical Grease Tra ps. 

GREASE TRAPS 

Sewa ge from a sin gle r esidence ma y contain from 10 to 30 pounds 
of grease :rnd fats per per. ·on per year. This grease, coming mainly 
from th e ki tchen sink, hinders septi c action and clogs pipes, :filter s and 
soil. Wh ere the quantity of gr easy water or waste fats whi ch may 
Q:et into the se wer lin e is at all appreciable 3 grease trap is advisahle. 

rl'his devi ce shonld have a capacity several times that of th e largest 
quantity of greasy water discharged into it at on e time in order that 
th e water may be well cooled and the grease congealed. As a dishpan 
of greasy water (2 1-2 to 3 gallons ) is the largest quantity likely to be 
discharged into the sink at one t ime, th e grease trap should have a 
capacity of at least 7 or 8 gallon s. Several types of grease traps suit
ti ble for r esidenti al use arc shown in Fig. 3. It " ·i l1 be noted that in 
each th e outlet pipe ha s .-mall clea ran ce at the bottom. 'L'hi s with a 
V-shaped bottom helps t o secure a sconring velocity, and thus prevent 
th e accumulation of coffee grounds an d solid matter in th e bottom of 
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the trap. The grease trap may be placed on the ·ink line either in the 
ba ·ement or just outside the building, located, however, wh ere it will 
be accessible for in pections. 'l'hese should be made every few months 
and the grease skimmed off. · 

THE SEWER 

Th e house plumbing :ystem houlcl be connected to the t reatment 
t ank by a . ewer line comprisin g vitrified sewer pipe at least four 
in ches in diamete l', (preferabl y s ix inches ) \\'ith t ight j oints, and 

G C N Ci?AL PLAN 

Fig. 4 . rfypica l Layout for a Res idential Sewag e Trea tment Plant. 

la_id on a trur aml uniform line and grade. 'l'h e joint. may be calked 
,~·1th JU!e or oakum and filled ,ri th cement mortar, or may be made 
tight with a polll'ed or I r e-cast asphalti c join t filler. Great care 
should be taken to lay the sewer in a strai<>ht lin e aml on a nni fo nn 
grade of not less than s ix in ches per hundred feet . 

PRINCIPLES OF SEWAGE DISPOSAL 

Sewage disposal is ordinarily understood to mea n th e ca n ying 
away and treatment of se1rnge. Domestic sr1rng from tl te average 
home comprise · anythin g from human excreta to dairy 1rnstes and 
soapy water , thus con ta ining much solid matter in ·nspension as well 
as that in coi:nplcte. solu tion, ~nd having the property of changing 
character rapidly ,nth age. It must th erefore be treated carefully 
and promptly in a properly designed 1 lan t to pr·event a nui ance. 

In transforming sewage to a harm le. s and inofl'cnsi ve tate, two 
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distinct procc ·ses ar e found to take place. Re<luction and ox idation. 
Reduction or the breaking clown of the solid organic matter , is best 
accomplished in a digestion tank, several types of which will be men
tioned later. The purification of th e sewage effluent is largely ac
complished by some form of oxidation , of which sub- urface irriga
tion and filtration are the most common. 

CESSPOOLS 

The cesspool, whi ch was at one time popul ar as a means of sewage 
dispo:al is often confused with th e septic tank because of their similar
ity of appearance and action. Two distinct types of ce ·spools have 
been constructed, the leaching and th e t ight. In th e latter the 
processes taking place arc identical with those going on in the septic 
tank. The cesspool is often thought of as being a larger and deeper 
type of tank. The processes taking place in it are frequently less con
trolled than those of the septic tank. Thus when the tight cesspool is 
provided with an outlet, baffles, and trapped overflows it becomes a 
septic tank. 'l'hesc improvements give greater efficiency, and with 
overflows provided the initial capacity becomes of less importance and 
the size of the tank can be reduced. The septic tank bas all the ad
vantages and few of the disadvantages of the ccs pool. There ar e, in 
fa ct few places where the tight cesspool can be used economically. 
'l'he leaching cesspool cannot be considered as a sanitary means of 
sewage disposal, and is to be particularly avoided where there is any 
possibility of contaminating the water suppl y. 

IMHOFF TANKS 

The· Imhoff or two-story tank is a development and variation o·f the 
septic tank principle, which was worked out by Dr. Karl Imhoff of 
Germany in an attempt to eliminate some of the disadvantages of the 
septic tank. All of the material which will settle or fl.oat is separated 
from the rest of th_e sewage, and as this compri. cs most of the objec
tionable elements of the sewage, from the standpoint of nuisance its 
elimination is a distin ct aid in the treatment of the sewage. 

This separation is accompli shed by divi dino· the tank into two com
partments, one above and contained within the other. The sewage is 
allowed to fl.ow slowly throu crh th e upper chamber, where the slnclge 
settling out of the sewage, drops through a trapped slot into the lower 
or digestion chamber , and undergoes decomposition here in the absence 
of air. The sewage being undisturbed by the era ses of decomposition 
and the particles of decomposing slud ge carried up by these gases, 
leaves th e tank in much fresher condition, is comparatively free from 
obnoxious odors, and is relatively easier to pnrify. The sludge is also 
much easier to treat and dispose of without creating a nuisance. 

The Imhoff tank has for these r easons become very popular in 
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municipal installations. The difference in results over those obtained 
in the septic tank become much less marked in the smaller plants, and 
with r esidential installations the results arc very comparable. The 
cost of the Imhoff tank is almost always higher. It r equires a great 
deal more operating attention for satisfactory results than does the 
septic tank. H ence for installations serving less than twenty people 
it is seldom recommended either from the standpoint of economy or 
operation. 

SEPTIC TANKS 

Principle of Operation. The primary function of the sep tic tank 
is to settle out and break down the solid material in the sewage. Its 
action constit utes only the preliminary part of sewage purification, 
and no plant consisting solely of a septic tank can be expected to give 
an effluent free from contamination, or those elements dangerous to 
health. 

The theory of operation of the septic tank is simple. Much of 
t he or gani c matte r carried in su, pension in sewage is heavier than 
water, and under favorable conditions will settle out by gravity. 
'fhe septic tank is designed so that the sewage may be retained 
practically qui et for a sufficient length to allow the heavier organic 
material to settle out, and the lighter constituents to ri."e to the surface 
as scum, yet 11ot long enough to cause the sewage to become objec-
tionably septic. 

As the solid matter settles in a septic tank it is attacked by billi ons 
of "anaerobic" and facultative anaerobic bacteria ( those which live 
and thrive in the absence of light and air ) , which break the organic 
matter into more stable compounds, part of which are liquid and part 
gaseous. In ri ing through the liquid the gases of decomposition carry 
some of the lighter materials to the surface, where together with other 
materials lighter than water, it forms a scum. This mat need not be 
disturbed except when the tank is cleaned or when i t depth becomes 
excessive. 

Capacity . A resid enti al septic tank is ordinarily designed to serve 
a family of 5 or 6 people. Under village and rural conditions the 
daily water consumption averages 20 to 30 gallons per cap ita. \Vhile 
th e daily sewage fl ow is approximately equal to the water consump
tion , it is advisable to provide a larger per capita capacity in the 
s ttlin g tank to take care of the difference in character and varied 
flow of the sewage. An estimated flow of 50 gallon. per capita per 
<la)' has been found suitable in determining the size of the septic tank . 

A retention period of 24 hours is r ecommended for a tank of this 
capacity. Rectangular tanks are usually the simplest to construct. 
A report presented at the Conference of State Sanitary Engineers, 
June 1926, r ecommends that the tank be not less than 4 feet deep , 
not less than three feet wide, and from 4.5 to 6 feet loug. The 
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capacity of the tank is made large enough so that a sludge space of 
from 2 to 4 cu. feet per capita will be provided in addition to that 
r equired by the detention period . 

The residential septic tank is, in the majority of cases, built with a 
flat bottom due to the greater ease of construction. The cleaning out 
of sludge is however greatly facilitated by the construction of a hopper 
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Fig. 7. Dis t r ibutin g Boxes. 

bottom. On the more expensive tanks, sludge removal pipes are pro
vided so that by the turning of a va lve the r ipened sludge will be 
discharged by hydrostatic pressure . 

Covers for small plants are usually made of r einforced concrete 
slabs · cast in small sections, so as to be easily r emovable for inspection 
and ~leaning. Planks have been used for this purpose though th ey 
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are not tQ be reconnp.ended because of their lack of d_urability. _In 
some lar"e installations the tops have been poured m place with 
small ma~holes left for access to the tank. This method is not ad
visable . because of the difficulty of r emoving the sct~m and slud~e. 

'l'he attached sketches show several type. of septic tanks which 
have given satisfactory results . . . . 

Dosing Apparatus . A dosing tank 1s a dev1c~ designed to collect 
the sewage effluent from a settling tank and to ~lischarge the_ efflu ~nt 
intermittently into a purification system. Sep~1c tanks, >part1c~1lanly 
the larger ones, discharge sewage almost contmuously. If th1~ flow 
is allowed to dribble into a tile line or onto a sand bed the portion of 
the filterin"' material near the inlet is sure to be overdosed, thus soon 
becoming choked and ineffective. 'l'o avoid ~he destruction of _the filter 
by improper dosage, a dosi1:g tank and siphon should be mstalled. 
Such a tank is frequently designed to hold the sewage _effluent co_llected 
in from 8 to 24 hours . It is frequently constructed mtegral with the 
sep tic tank as indi cated in Fig. 6. The siphon is _install~d ar~d ad
justed so that when the sewage r ea~hes . a predetermmed hei~ht .. rn t he 
dosing tank, the entire accumulation 1s flu shed ou~ an~ d1stnbut~d 
b the sudden flow to ever y part of the filter, thus m s~rmg a!1 equal 
d~sa"e to every part of the distribution area. The siphon 1s auto-

"' . t matic in action and has no movmg parts to wear on . 

SECONDARY TREATMENT 

After passing through a settling or dige~tion tank,_ the sewage 
effluent alth ouo·h rid of a large part of the sohd mat~er , is frcquent~y 
more f~ul tha; the raw sewage. It contain s considerable orgamc 
matter and immense numbers of bacteria. Before the efflu ent ca? 
safely be turned into a water cour. _e the_ organic matter m.ust be oxi
dized to more stable compounds wln ch will n ot cr eaie a ntusance, and 
the harmful, di sea. e pToduciug bacteri a must be clcstr?y~d. . 

Secondary treatment methods in clude sub-surface irrigati?n, sa1:~ 
fi lters, trickling· filt ers, contact beds, , econdary tanks, leachm g cess
pools, and others. (?f th~se o~ly t he first three are adaptable to sat
i •factory use in conJ tmct10n with the small treatment plant. 

SUB-SURF ACE IRRIGATION 

As the name suggests, sub-surface irrigation consists in d ischarging 
the effluent from the primary treatment tank into the car~h below t_hc 
oTound surface. This is usually accomplished through a lme or series 
~f lines of farm tile laid with open joints. These arc frequently four
inch ti le laid in rows 6 to 10 feet apart and 12 to 20 i11 ches under the 
ground surface. The upper layers of th? soil c~ntain innumer_able 
n itrifying bacteri a whi ch attack the orgamc matcn al and reduce it to 
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more stable compounds. In sections of the state where there may be 
danger of freezing the distribution lines, it wm often be advisable to 
place the lines deeper than 20 inches at the sacrifice of th e greatest 
efficiency in purification. The gra vcl filled distribution trenches 
shown in :F'ig. S will then often give the most satisfactory r esults, 
with the distribution tile carried at a depth sufficient to preclude 
severe freezing. 

This method of treatment is particularly adapted to use in the 
smaller disposal plant. It i: one of the few methods whose first cost 
is low and which, if properly constructed, will function successfull y 
:'·ear after yea r with practically no attention. Probably more than 
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Fig. 8. Details in Sub~s ur face lrrigat:on. 

t hree-fourths of the small septic tanks are equipped with sub-surface 
i l'rigation systems. This method may be used where there is no clanger 
from grotmd water pollution. A sandy or gTavclly soil presents, of 
course, the most favorable condition s, t hough with proper precaut ions, 
it may be used in tight soils. Th e tighter the soil, the greater the 
amount of tile needed, and the more care needed in constrncting t he 
system. Recommendations for the total length of distribution lines 
vary from 20 to 60 feet per capita de1 ending upon soil conditions. No 
one line should be over 100 feet in length. The fall required in each 
lateral is small, ranging from 3 to 4 inches per hnndred feet . 

'l'h e 1926 Conference of State Sanitary Engineers r ecomm ended 
th at the main distributor should be of vit rified sewer tile with ce
mented joints, that the laterals should be of 3 or 4-inch farm tile laid 
in a t wo foot trench containing from 6 in ches to one foot of cinders, 
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gravel @r crnsht d Jock below the til e_. 'l'his poro~1s _material ai_ds 
greatly in the diffusion and absorpt1~n of tl~e l~qmd. The tile 
should be as near th e surface as is consistent with its ad_eqnatc pro
tection. In sandy soi l it may be necessar~ to merely ~hg a _trench 
twelve inches wide and twelve to eigh teen mches deep, m winch ~he 
tile is laid carefully to grade. After the joints arc protected with 
tar paper or broken tile to prevent infiltra~ion of_ sand and mud, the 
tile may then be covered with the sanely soi l previously excavated . 

TRICKLING FILTERS 

'l'ri ckling filt er s provide a means of secondarr trca tr~en_t by which a 
good effluent is obtained at a moderate first cost , and with a r eason
able dco-r ee of attention. Local conditions must, however, be nch 
that a h~acl of 6 to 8 feet is available for passage of !l1e se_wagc through 
the filter. The care given to the plant must be mtell1gent an?- de
pendnble. The cost of a trickling filter is, like the cost of th~ ~n'.e:·
mittent sand filter, somewhat grea ter than the owner of the ordmaiy 
small sewage treatment plant can afford. . 

In this method the effluent from a septic or Imh?ff tank 1s allow~cl 
to trickle throuo-h a bed of broken stone, gravel, cmders, broken tile 
or lath. 'l'he g;eater part of the purification is secured through th e 
action of aerobic bacteria upon the sewage as it passes clown throug_h 
the filter. A stable effluent of good quality is prodncecl, althou~h it 
d oes not have the high degree of purity found in the effluent of the 
intermittent sand filter. . . 

'l'he filtering material should be clean, ~harp, and hard, varymg i~ 
size from 1 to 3 1-2 inches. The depth of the bed should be not _less 
than four and one-half to five feet and may be from seven to eight 

feet. · ·f 1 11 t f It is necessary that the sewage be applied um orm y to a par s_ o 
the bed, and that it be applied in~ermittently. For best operat1~n 
the dosing cycle can be comparatively short as contrast~d to tha t 
necessary with the intermittent sand filter, frequently_ bemg set be
tween fifteen and thirty minutes. Uniform dosage is secured ?Y 
several methods whose elaborateness commonly depends upon th~ size 
of the plant. 'lhc larger filters arc in nearly every ca~e ~qmpped 
with spray nozzles; in the small beds splash plates and tippmg trays 
may be used. 

'I'he size of filter depends upon the nu~ber of ~ersons served a~1cl 
the quantity of sewage fl.ow. The Am~r1cai:i Pubhc H ealth -4-ssocrn~ 
tion has recommended that not over thll'ty-s1x gallons be applied pe1 
square foot of filter daily and that the volume of bed be not less than 
eight cubic feet per capita. . . . 

'frickling filters may be u, eel wherever the r eqms1te amount ?f. at
tention for satisfactory operation can be given, and where suff1c1cnt 
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head is available. They must be r ecommended with caution for use 
in built up sections because of the possibility of noticeable odors anL1 
filter fli es under certain conditions. 

INTERMITTENT SAND FILTERS 

A method of . econdary treatment which is very popular for large 
residential and institutional plant wh ere the volume of sewage is too 
o-reat :for economical sub-surface disposal, is that of intermittent sn nd 
filtration. Its popularity is undoubtedly clue to the excellent pnrifica
tion secured. 

Sand filters are also used in those localities where, because of ad
verse conditions, sub-surface irrigation is not practicable, and yet 
" ·here a high degree of purification is desired. 

This type of plant has, however, certain limitations which may 
prevent its use. From 36 to 54 inches of head must be available to 
make possible the satisfactory operation of the plant; considerable 
land area is required :for the sand filters; in a built-up district such a 
plant may become a nuisance; sand filters arc not ordinarily econom
ica lly advisable for installation serving less than 25 people. 

A distinct draw-back to the utilization of the intermittent saml 
filter for small re ' id ential installations, is the fact that it requires 
careful operating attention to insure satisfactory r esults. Inspections 
of the bed should be made evm·.r few days, and where several beds are 
,wailable th e flow of sewa,o-e alternated weekly between beds. At in
tervals of about a month the beds , hould be raked and scraped. In 
1lll' winter additional attention is necessary in mounding the beds. 
It is evident, therefore, that sand filters should not be constru cted 
rnless proper operating attention is assnrecl. . 

::5 '.md beds are contain ed either within concrete walls or earthen 
embankments. 'fhc bottom is usually shaped from the earth to meet 
the needs of the under-drainage system designed .for the bed. 

'.l'he filtering material should be a good quality of sand, clean and 
,;h ::rp, and for best results should have an effective size of 0.30 to 0.50 
mm. 'l'h c depth of the sand bed is dependent largely upon th e head 
a,·ailabk, but it should never ·be less than twenty-four inches. ~"i. 
depth of thirty inches is desirable. 

'l'he bottom of each bed should be sloped to drains, whi ch frequently 
consist of 4 to 6 inch til e placed in parall el row.· 6 to 10 feet center 
to ecnter ,mLl leadino· to a main outfall sewer. The 11nderclrains 
sho uld b; laid with OJ;en joints, and should be covered with broken 
stone or gravel to a depth of 6 or inches. 'fhc gravel around the 
nnderdrain may vary between 1-4 inch and one in ch in size ; above this 
,:houlcl be placed a hro-inch layer of pea gravel to prevent the san? 
washing down into th e underdrains. 'l'h e capacity of the small r ~s 1-
dential filter is usually placed less p r acre than that of the large city 
plnnt hrcnrn-: e of' the gTefltr 1· pPreentngc of sediment carri ed onto the 
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bed and the Jiklihood that it will receive less carefnl operating atten
tion. A rate of 100,000 gallons per acre per day is frequently used, 
with a liberal allowance of approximately 100 gallons per capita per 
day. Recommended bed sizes vary from 43 to 55 square feet per per
son or 750 to 1000 people per acre. At least 40 feet of sand filter 
area is advisable to insure satisfactory results. 

SLUDGE DISPOSAL 

Sludge may be defined as the settled solids which collect in the bot
tom of digestion tanks. Whil e anaerobic action breaks down a portion 
of the heavier sewage matter, a considerable portion·· remains in the 
tank, and unless removed the sludge will in time fill the tank so that it 
is worthless so far as sewage treatment is concerned. The capacity of 
sludge hoppers vary, of course, in different designs. If, however. 
the black ripen ed sludge in the bottom of the tank is removed and 
buri ed perhaps once a year, th e most favorable conditions for efficient 
sewage treatment arc maintainrd. 

LOCATION OF DISPOSAL PLANT 

'l'he proper location of a r esidential sewage disposal plant de
pends largely upon loca l conditions. It is sometimes permissable 
to pla ce a properly constructed septic tank quite near the house. It 
must be kept in mind however that a leaky tank may seriously pollute 
a nearby well or water supply, as well as being a possible nuisance 
from odors d nring certain seasons of the year . 

rrhere can be no definite limit set as to the distance which im
purities may be carried throu gh the soil as the natural drainage to 
or away from the water supply ,,vill vary widely in different cases. 
'l'o guard against the danger of contamination the septic tank and 
nbsorption bed should be located as far from a well or other supply 
as possible, n ever closer than fifty feet. Th e septic tank and filtra
tion system should also be placed on the down-hill side of both the 
surface and sub-surface drainage from the water supply. All sewer 
lines from the house to the tank and {rom tank to the absorption bed 
should be of vitrified sewer pipe with thoroughly ccmentc<l. joints. 

CONSTRUCTION DETAILS FOR A TYPICAL SEWAGE TREAT-
MENT PLANT COMPRISING A SEPTIC TANK 

AND SUB-SURFACE IRRIGATION SYSTEM 

Septic Tank. After completing the construction of the house 
sewer to the tank site, excavation for the septic tank may be started . 
If the soil is of a character that does not cave in readily, it is common 
practice to use the earthen walls of the pit for outside forms. In 
this case the excavation should be made carefully so that the walls 
wh en poured may have a uniform thickness. Extra care will be 

t 
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necessary to make the sid es :mooth and vertical, and the corners square. 
The methods of constructing the inside forms, for both the single 

chamber tank and the tank with do~ing chamber attached, are shown 
in figures 6, 9 and 10. All pipe openings should be accurately 
placed and cut. rro prevent the adhesion of forms to the concrete and 
to make removal easy, the faces of all forms should be well greased. 
Crankcase oil, crude oil or soft soap may be used for this purpose 
It can be appli ed with a swab or brush . • 

In order to insure watertightness in the tank a mixture of 1 part 
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Fig. 9. F orm Details for Plant No. I Compr is in g a Sing le Chamber Septic rrank. 

portland cement, 2 parts sand, and 4 parts gravel or broken stone 
should be used. rl'he materials should be clean and hard, and must be 
thoroughly mixed. A sloppy mixture is to be avoided. 'l'he concrete 
should be poured promptly and worked thoroughly with a spade to 
make the face smooth and eliminate voids and pockets. The settling 
tank floor, being the lower, should be poured first. The wall forms 
.for the settling tank should then be set on the green concrete floor, the 
outlet pipe placed, and the concrete work continued, carrying the 
walls up uniformly on all sides. When the settling chamber walls 
have reached the bottom of the excavation for the siphon chamber, the 
siphon trap with its connections should be set to line and grade and 
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blocked ipto posit ion . 'fhe floor of the siphon chamber should now be 
poured, and the wall' forms set thereon. Pouring of all the walls 
should then be continued, settin g the inlet at i ts proper position. 
'fhe whole should be completed without an appreciable stop , making 
the entir e structure monolithic. The top slabs may be formed and 
poured separately, as shown in F ig. 6. A small amount of steel is 
placed in the bottom of these cover slabs to stiffen them and prevent 
possible cracking. 1\vo 3-8 inch bars or a strip of heavy stock 
fencing may be used in each slab for this purpose. 
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Fig. 10. F orm Detai ls for P la nt No . II Compris ing a Septic T ank a nd Dos ing Ch a m ber . 

Sub-Surface Irrigation System. The success of t his method of 
fi na l disposal is lar gely dependent upon the wise selection of the field 
which is to ser ve as a sewage filter , and the skill with which the distri
bution system is laid out. Most farm land is too fine and fer t ile for 
ideal fil terin g media; it admits insufficien t qua1i tities of air , holds 
water too long, and tends to clog r eadily . H ence the distribution field 
should be of ample size-allowin g 400 to 1000 sq. f t . per person, this 
area depending, of cour se, on the texture of the soi l. It should be 
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well drained, dry and porous. The field should be devoid of trees and 
shrubbery, giving air and sunlight free access. It should be located 
at least 300 feet down-hill from the domestic water supply . A gentl e 
slope to the field is preferable although a steep slope may be used 
with a properly laid out system. 

Distribution systems A and B shown in Fig. 11 ar e adapted to use 
in level or gently sloping fields. Layout C shown in Fig. 11 is suitable 
for use on a steeply sloping hillside. The size and length of distribu
tion tile, as previously mentioned, varies widely with different soils. 
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Fig. 11. Types of Sub-s urface Irr igation System. 
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With sa.!1dy, porous soils, water sinks rapidly and the tile lines may 
be larger in size ( i1sually 4 inches) , and shorter ( as low as 20 feet 
per capita in gravelly soil ). In tight, clay soils 3 inch tile are fre
quently used, as they give a more even dosage over the entire line; 
the lineal feet of tile necessary will run as high as 60 feet per person 
with tig·ht soil. The, tile are usually placed in parallel lines from 6 
to 10 feet apart, laid 12 to 18 inches deep, and on a slope of 3 to 4 
inches per hundred feet . The last twenty feet of each tile line should 
preferably be laid level or given a slight upward slope, thus prevent
ing undu e flow of sewage to the low ends of the system. 

The joints of the distribution system must be care;fully protected 
so that loose dirt will not fall or wash into the tile. Several methods 
are indica1"ed in Fig. 8. The lower end of each tile line should be 
closed with a brick or flat stone, or better still, an elbow may be placed 
on th e end and vented above the surface of the ground , thus im
proving th e flow of sewage, the ventilation of the system and the 
aeration of the soil. 

MATERIAL AND LABOR ESTIMATES 

With labor and material prices fluctuating widely in different 
localities and with seasonal demands, it is impossible to give prices 
applicable for any length of time. 'l'he followin g· bills of material are 
accurate for norm:11 conditions where no unusual emergencies are en
countered. 'fhe labor items for setting forms and concrete are esti
mates for average condition s only and may vary greatly with local 
condit ions. 
Plant No. I 

Excavation, figuring two feet of earth over cover, 7 1-2 cu. yds. 
Concrete, 3 cu. yds. requiring, 

18 sacks cement 
11-3 cu. yds. sand 
2 2-3 cu. yds. gravel 

Lumber for forms 
114 ft. B.M. 1-inch pine or fir sheathing. 
60 lin. ft . 2x4 inch pine or fir. 
24 lin. ft . lx4 inch pine or fir. 
13 lin. ft . 2x12 inch cypress plank for baffles. 

Total 188 feet, B. M. 
Iron 

11-2 pounds 10d wire nails 
Sewer Pipe 

150 ft. 4 inch vitrified clay 
Drain Tile 

300 ft. 4 inch 
Labor, placing forms and concreting 

4-0 hours 

1 
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Plant No. II 
Excavation, figuring two feet of earth over cover, 12 cu. yds. 
Concrete, 4 1-2 cu. yds. requiring, 

27 sacks cement 
2 cu. yds. sand 
4 cu. yds. gravel 

Lumber for forms 
210 ft. B.M. 1-inch pine or fir sheathing. 
110 lin. ft. 2x4 pine or fir. 

54 lin. ft. l x4 S-4-S pine or fir . 
13 lin. ft. 2x12 cypress plank for baffles. 

'I'otal, 328 feet B .M. 
Iron 

2 pounds 10d wire nails. 
Sewer pipe 

150 ft . 4-inch vitrified clay (may be more or less depending on 
location of tank and distribution field from the house). 

Drain tile 
300 ft. 4-inch (may be more or less depending on soil conditions). 

l Automatic sewer siphon 3-inch. 
Labor, placing forms and concreting 

50 hours. 
In all bills of material and labor it has been assumed that th e soil in 

which the excavation for the plant is to be made will be firm enough 
to dig the pit true to dimensions, and thus serve for outside forms. 
Where the excavation is in sandy or loose soil which will not stand 
straight so that it may be used for outside forms the amount of form 
lumber necessary will be more tl:an double that shown above, and the 
total excavation may be from two to seven times the amount given. 

OPERATION SUGGESTIONS 

Occasional attention will be necessary to insure the successful opera
tion of any plant. No offensive odor should be perceptible with proper 
operation of the treatment plant, hence any unusual or excess foulness 
should be investigated. No chemicals should be used in the septic tank 
as they will inhibit or destroy the bacterial action which is rssential 
to the satisfactory operation of the tank. If scum forms to any con
siderable depth it should be r emoved and buried. 'fhe well--ripened 
sludge in the bottom of the tank should be pumped out yearly. If 
allowed to accumulate beyond the storing capacity of the tank, a great 
deal of solid material will be carried over into the distribution system 
which will rapidly become clogged. It will be necessary in such a 
case to dig up, clean and relay the tile, preferably in new trenches 
midway between the former lines. A plant properly constructed and 
with the distribution system laid in fairly porous soil should, with 
reasonable attention, operate satisfactorily for many years. 
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THE COLLEGE 

The Iowa State College of Agriculture and Me
chanic Arts conducts work in five major lines: 

AGRICULTURE 

ENGINEERING 

HOME ECONOMICS 

INDUSTRIAL SCIENCE 

VETERINARY MEDICINE 

The Graduate College conducts advanced research 
and gives instruction in all these five lines. 

Four-year, five-year, and six-year collegiate 
courses are offered in different divisions of the Col
lege. Non-collegiate courses are offered in agricul
ture, home economics, and trades and industries. 
Summer Sessions include graduate, collegiate and 
non-collegiate ,~ork. Short courses are offered in 
the winter. 

Extension courses are conducted at various points 
throughout the state. 

Research work is conducted in the Agricultural 
and Engineering Experiment Stations and in the 
Veterinary Research Laboratory. 

Special announcements of t he different branches 
of the work are supplied, free of charge, on applica
tion. 

Address, The Registrar, 

IOWA STATE COLLEGE, 
Ames, Iowa. 
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