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PREFACE " = -~ . * =
Septic tank systems have been use& and generally -

; recognized QVer the years as acteptable means for disﬁosing

‘_ ;Of[ '

-water—carried'domestic.wastes.. In earliersyears, these

. 3
- <. b

_systqnia:ere principally used on farms and in rural areas~

“of 16 nsity residential development.. Usage.iwcreased

)

r-Efter the Second World War and about a milli?n*households .

t.»

’are reported to be using sepnic tank systems in Canada today.

. -

-\Over the yearsw_most concerns about septie systems have dealt"

e

*;4with questions of public health.“ Recently, however,-serious

questions have béen raised regarding the effects of nutrient-.'

rich septic system effluents on . water quality. In areas with

et
- P,

extensive shore’ -development as in Ontario, there is a

‘mounting concern about the significance of nutrient contri— .

-

;.butions from these sources with regard to lake eutrophication.
., . ST T e . )

L It is generally recognized that nitrogen and phosPhorns are

the key eLements which contxol aquatic plant growth. Several

-

Ay -

.scudiES Suggest that when ammpnia plus nitrate nitrogen i&a.L :g

equal to or greater than 0 3 mg/l-N and orthophosphate levels

-,exceed O 01 mg/l P then a lake ia 1ike1y to have excessi

crops of f%gae and other aquatic plants. | y~r-'

This study was éndertaken ‘to- evaluate how far a

;septic tile system ia adequate as a treatment system for . h‘,

the reduction of ‘many of the constituents of the septic taﬁk

-« *

effluent, especially the nutrients.» A field investigation >




“*unsaturated depth of the soil on - the efficiency of ‘th

fseptic tile were determined to the extent possible

-
*

was conducted with the primary objective of determining the

eff!‘ééncy of the SePtiC tile system. -"Efficiency" denotes

*the_reduction achieved between the. point at which the septic

' tank;effluent‘was distributed to the tile and-the various

]

:;-deptbs.in the soil atjwbich,soil water samples were collected.i.

‘"gThe-environmental.effects of’air and soil temperatures and

eb o

'l‘his field study was co’ducted in a rural .house-. .

7hold in Quebec, about 15 miles north of Ottawg _ﬁest tile '

N

126 feet long was’ installed and a portion of the septic tank

.w -

“effluent entering the regular system was diverted to. the

-

. test system.. Zero-tension lysimeters were installed at

b///)2‘0"' 3! 6"'and 4 6" depths to collﬁ’t percolates. Ghemical

"water adjoining the test tile were analyzed along wit‘

and. bacterioiogical quality of the percolates and th ‘ground-:.

the . .

composition of raw sewage and septic tank effluent. This'
imvestigation was. conducted over a period of 15 months from

December, l972'to Harch 197&.‘ An investigation—was earried;

out to’ monitor horizontay travel of pollutants from the end

of the: ;:}{és tile. Chemical and bacteriological quality of-

.. the groundwater beIOW'four pointﬂ in the existing tile field

syatem was also studied during the summer of 1943.{ Certain

N .- e

';studies were also nade to examine any possibIt clogging

_'that might have occurred in the tile trench. &oil studies

','were also done to get additional data on the tranSport of :

certain chemical constituents through the soil.'
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-f This study generally. indicated that the'soil had - v

: the ability to remove a h h'percentage of B&D -CQD, TOC, ' -
3e s iron and indicator organisms present in the septic M
:tank effluent | Removal’ of phosphates wa;Lgenerally 1ower,
'dbeing-in'the 25—50! renge,n Relatively high leYels of nitrate ﬂé
3nitrogen were found in the percolate and the adjoining ground-: :

- water.- The efficiency of the septic- le was found to. be L

..._,A_

.
-

influenced by duration of loading and by seasonal variations'

.-.-.. - [l

' The depth to groundwater table was found to be the most g.

important environ ental-factor Generally,.periods of higher

. air and soil tempera ures showed better removal efficiencies. f.

S
-_The pollutant concentr ions in the groundwater were found to

-

. be quite high near the tilf and these declined significantly

. .
- .

farther downslope__ from .the end Jof the tile._ Ammonia

nitrogen appeared to be oxidized in. the initial ten feet
' . R 8

from the end of the tile to nitrate nitrogen and reduction B
. f

_‘in nitrate nitrogen beyond this point was by dilution onry

These studies showed tha on some occasions the .

concentrations.of phosphates and nitrate nitrogen in the
'adjoining grdund wqger and balow the existing system were

the_ ange of 10 mg;l and 1.5 mg/l‘respectively, far ex—
ceeding?the critical. concentrations og such nutrients requiredx

r

_to accelerate the eutrophication process. -These conditions

have special significance to lake shores where travel dis-
*tances may be short between septic tile fieIds and local
: groundwater discharge points.. On lake shores where septic




. - -

ténk'effluenp‘is free to ﬁefcolatg;into.grpundwafer which .-

-
'

. dischargeb ‘to the lake, significhnt_additioﬁs_of nilitrogen

_ in the form“of nitrate may be made: to the lake and- sub-

N

,staﬁ;ial émounxé.éf;ph§3phbroué in the form of phosphate

‘+may ‘be added ‘to it, especially in soils with a high water’
ﬁabie?or.in'éoilé}vith'a‘;OW‘aisorptive-c&pacity for N
‘phosphates. R ST T C e
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’ 1 l Histor cal PerSpective

CHAPTER 1 ~

INTRODUCTION L

‘t--' o

Historically, man has assumed that the land waﬁer

“'and air around him would absorb his waste products. He has

viewed the land around him as a- receptacle of infinite'

‘capacity. The technique of land disposal of domestic waste-

) waters is hardly new.. In- 1559, Bunslav, Prussia disposed

.of its sewage.through 1and application and this operation
.egntinued for bver 300 years (19) . In 1857 Britain s Royal

'ICommission onISewage Disposal concluded that the right way

LY

"to'dispose'of town sewage was to apply it continuously to

land and . that it was - only by such application that the"ﬁ

'pollution of rivers could benavoided (36) _ Long time users

: of land disposal include some large municipalities such as

Berlin (Germany), Paris (France) and Melbourne (Australia)
Apart from a number of municipalities using land

treatment for their sewage, a large number of rural and

~suburban households, not connected to sanitary sewer systems,, .

© use individual septic tank-soil absorption systems for their

sewage disposal The first reported used of . the household

septic tank was. in France about 100 years ago, where John

Louis Mouras built his'"Automatic Scavenger“ utilizing ‘d

Numerals in parenthesis refer to corresponding items in
the List qf References.
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~ o

' cesspool for effluent disposal Septic tanks were introe
hfjduced in the United States in 1884 with the design of a
two—chamber tank utilizing an automatic siphon for inter-f
. rmitteut effluent disposal. Thg-convenience of-wsterborneuf
-;‘waste disposal in rursl households and the difficulty of_';j‘

i providing adequate sewerage systems for the 1arge popula-

.-tions migrating to urban areas from rural centfes led to

L

4
S

"Jwidespread use of sPetic tank systems in North America. .f.f -
It is now. estimated that about 50 million Americans use {::,.
septic tank’ systems forx household sewage disposal 4? f‘. N
According to the 1971 census report (49), out of 6 030 805 ...
households da Canada, l 022 265 households use septic fank
systems for sewage diSposal.‘ On an average of 3. 5 persons

: per housebold about 3. 6 pillion Canadihns use septic tankn

: systems for sewage,disposal.

. 1;27 Sentic Tank-Soil Absorption Systems

Septic.tank systems are today essentially the‘same
in- design and construction as they wer; forty vears ago.
.The method provides for the collection of waterborne house—,:
;-hold wastes in a buried vault whete scum, grease and settle-
o
. able solids are removed from the liquid by gravity separation.;
_The retained solids are digested :y bacterial sction and
partially liquefied The effluent passes into the soil.

The effluent from a septic tank contains solids,

7'many plant fertilizing nutrients, partdcularly nitrogen and

S . . » . h\.

. e Ty
€31 4 AT A e
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.phOSphorous compounds, many microorganisms including patho—.

‘genic types as vell as viruses.f Disposal without further
. r B

".treatment‘uould constitute a serious health and pollution
?ihazard Thus, in the'usual septic tank system; dn important
flrole in.the treatment of the wastewater is . assigned to the
. 3soil through which the effluent percolates Failure of a
lgsoil absorption system may cause bacterial contamination of

'ground and surfacd waters, objectionable odors, and pollution‘

-

‘f:of recreational waters. The effectiveness of the soil as a

. X 5

”‘treatment systen may vary considerably with a number of

changing environmental factors such as- soil and air tempera—“‘

tures, amqunt of oxygen present and other factors.- With

?fontinued application of the effluent the ability of the -
-'soil to treat it may decline. /Fven with a. sofl absorption‘ﬂ
_system operating well it would appear that groundwater con-‘
tamination is inevitable because the soil is not equally
'effective for the removal of all constituents of the percolate..
Therefore it becomes necessary to evaluate how far a septic

tile system is adequate as .a treatment system for the. reduction

-of nany of . the - constituents of the septic tank effluen-t:>

"especially the nutrients, as their release into a hody of

,water may significantly contribute to enrichment and sub-

sequent eutrophication. A Tecent Ontario study (83) has‘
i&entified considerable lake pollution from the poox operating
conditions and improper loca o s of waste disposal facilities

‘(which are mostly septic tank systems) of lakeshore cottages..'.



. -

Nassau County, Long Island New Yorh provides a largeéscale,
_dramatic demonstration that septic tanks can pollute ground—

'.water‘ Here, the daily discharge of 600 million 1itres of

fwastes into septic tanks and cesspools has caused increases-ﬁ

‘-in nitrate in- individual and municipal wells above the present

"53 S. Public Health Service drinking water limit of 10 mg

s

;nitrate nitrogen per litre (108) The dissolved solids loads‘

\in the streams in the Boston area which receive septic tank

. effluent through percolation to groundwater reservoirs were

'f:'found to increase by an amount that can be predicted from

-the housing density (81) Thus, land disposal as ap’ effective

fmeans of water. resources management will have to be viewed
. a

,vith consideration of possible pollution of ground -and’ sur—.
ffacepvaters;

‘1f3L.Canadian Practices'in.Using-Sentic Tank Sysrems-

A report (123) based on a survey of provincial
h-health agencies and a review ‘of published regulations in -
_ Canada on septic tank design and installation criteria,.

.showed that regulations governing their design and construc-

tion vary somewhat across the’ countﬂy however, some reqnire-

‘-ments such as .tank size- and details, daily design flows and

absorption trench sizes are fairly uniform throughout. Local o

factors will undoubtedly influence the values to be used for

o design particularly in a system which uses . the soil for

treatment. The survey shows that at least one province'

- . B ’ - : - LI
* . ’ B ’ - . L)
. J “ . . ’ . to . .. . . .
. ; - _ . . . C .
4 . .ot . "
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(Saskatchewan)-does notrrecommend‘abSorption fields andnthat

- some municipalities.formeriy using-then_have'changed:to' :

lagoon systems. - S o S g A

16 Ob‘tective of thi's Stuﬁ_y_ | L f._“_ e
| ’}Thereyisl- 1ack of information on the\reductionl |
‘of pollutants of septi' tank effluent by soil filtration, ,e\,;

partis:i:rly in the form of field studies. This is the

'motivati n for this research project.c A field investigation

1of this type would impose certain limitations, for example,-{il‘.‘

)

"the various environmental factors like temperature and }'
'ﬂgroundwater level cannnt be controlled in the study to
‘examine the specific effects, there is an absence of flexi-
.fbility in modifying the set—up and there is the availability
Vtof essentially a single soil type.‘ Eowever, it has the-
:important advantage over a laboratory set-up‘in that the
-system efficiency can be studied under the actual conditions
which are- quite difficult to simulate in a laboratory set-up.
The primary objective of this investigation is to
determine the - efficiency of the septic tile system. This

'will be. evaluated with respect to. the following paraneters'

' .reduction in total suspended solids (TSS), biochemical oxygen "
-demand 5 day 20 c (BOD), chemical oxygen demand (COD), . ‘
.total organic carbon (TOC), total phosphates (PO -P),

-.ammonia nitrogen (NHa-N) and nitrification. "Efficiency“

3 will be taken to mean the reduction achieved between the :

-

T
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samples were collected

'system *will be determ;ned in 80 far as possible.

point at whlch the septic tank effluent was distributed

. the tile and the various depths at which the. soil water

\
L

The environmental effects of soﬁl temperature

\
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. CHAPTER 2

S LITERATURE REVIEW .-

‘j¢2w1 récope of'the keview

e v . ’ » . o a

' There is a large amount of published material oni‘

-the design and. operation of septic tank systems. It is
-eproposed to. restrict the scope of the review to literature ;

‘pertinent to the present investigation inclnding such &

macerial for purposes of comparison and for the basic under-

~standing of the processr The material is discussed in de- P

-

]_tail under the following subtitles.' 'x' - ' -A-i ‘ “.f;‘5

jll)f;Water use. and wastewater flows in individual
| _:households,A} |
2; 'Thd‘%eptic'tsnk sfsten;, U
'3)fo01ogging of soils, | :
. 4) 'Inflnence of enviroumental factors on the per—,'r
. lformances of septic tank syétems,‘and_
51t Sewsge treatment through soil with special reference

’to sepeic tank effluent treatment.

2.2 -ﬁatechse sgd'Wastewater ?lowsAin Individual Households

~‘2 2 1 General

In view - of the importance of water quantities

~4in the’ planning of water and waste treatment facilities,

‘many design estimates for the daily per capita water ude are

LR R
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.

contained in the literature 'These-estimates intlude leakage

CIERY

;lfas well as miscellaneous non—household uses. -ReLativelf few

reports have been published on actual water usage in indivi—
‘dual, households and the distribution of water, .among the
.ot . - Y

-'fﬁrious ‘uses. It is well recognized that per capita water

uuse varies widely with ‘the standard of living, the climate,-'

personal habits and’ the number of persons per dwelling unit.dl

‘In the review which follows gallons refers to U. S.’gallons,:“”.

- ' T +

: unless nbted‘otherwise. R L ‘ Sl

~

2.2.2 Water Use"and Wastewater Flows :' l

' Sernas (106) and Prescott (92) furnished data

~

on mean water consumption rates in individual households.

Subsequently the Ontario Department of Health (105) revised!

the design flows for the design of, septic tank systems._ The‘ o

basis of, their design ag’ recommended in their publioation
is 60 gallons (Imperial) per capita per day (gpcd) for
‘residences with automatic washing machine but no garbage .
grinder, they recommend a figure of 72 gpcd (Imperial) for
-"dwellings with garbage grinder as well. Searcy and Furman

(104) reported on thefdaily and hourly peaka of water’ con— :

| sumption for institutions. Hubbell (50) suggested Chat the’
1residentia1 wastewatea flow is 41 5 to 83 gpcd. Fair and'
Geyer (33) suggested a range of 15 70 gpcd for domestic

'water consumption.

. The U. Ss. Department of Eealch Education and

b
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3 Helfare Hanual No. 526 (76) presented a table showing 50'
- gped for rooming houses, 75 gped for single family dwellings

and lSO gped for luxury residences -and estates.‘ Pond (90)

presented data on per capita water use for one. family houses..
The water use ranged from 30. 5 o 49 4 gped ia 1937 ‘for 4, 899.

| 'homes. In a study of 18 homes (125), the average daily water .

~
-~ . -

" use per person varied from 20 ‘to 70 gallons and averaged &&

"gallons. Public Health Service studies (117) to develop‘

design eriteria for soil absorption systems, revealed that“
rthe average daily water use was - 56 gallons per person.ﬁ The’J
Public Health Service study ‘also cited the results of an..
'_extensive water use study in Bethlehem,_Pennsylvania vhicn
showed ‘the’ average use to be &8 gped. Talstudy at Johns-'
Hopkins University.also indicated an average per person usef
of 56 gpd- (62) _'Both the study at Johns Hopkins and the ?
study by the Public Eealth Serviee indicated that water use
‘was inversely proportional to the number of persons per‘
dwelling unit.: Campbell and Smith (22) reported mean water'
consumption of 153 4. Imperial gallons per day for a family
of four.._The mean use of water for toilet flushing was.
'60 72 of the total intake. Laak (56) has stated that . 3
average sewage flow at his house was 155 gpd (Imperial) or
29 gpcd (Imperial) The daily flow from a single family

dwelling adopted in the design of septic tank .systems in

TCanadian provinces vaties between’ 35 and 75 imperial gallons

.
TP e
AT e es
- LA
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'per capita (Table 1). A figure in the range of 40 gpcd

~(Imperia1) appears to. be common LA recent investigation

i+ -
AN

i Ontario revealed average figures {over 10 months) frod:”

‘719 8 to bl 9 gped (Imperial) irom 7. households, which are 7~; ..

"connected to,a septic tank (25) o L
The water delivered to the’ households is divided K

.among vafﬂous uses.. A few of the published estimates of f”'

water' use are, furnished 1n Tables ®, 3 and & After moni—f‘

toring the wastewater flows from eighteen homes in Louisville,;
"R

Ky., U S. A for 4 months,_Carcich et al. (23) adopted an

average figwre of 60 gpcd sewage flow in the design estimates

e

for pressure sewer systems.

-
-

-2.2.3 Pollucion Load ~ ‘.(-’

__.—-—‘-——"‘

, The design pollution load of 0. 15 to 0.22 lbs of

. -BOD per capita per day adopted for residential and communLty

ewage treatment plants, with a sewage flow, of about 100 gpcd

is,not realistic for an individual sewage disposal system.f*

1

'The average camposition of domestic municipal sewage contains‘ZI
'_100 500 mgll of total suspended,solids (4 30, 33) and 100—:

360 mg/l of BOD (12 '73). Individual households in Ontario--
have shown an-average of 255 mg/l of total suspended solids
’and 300 mg/l of BOD (12) A recent exhaustive study on.
three homes (125) showed average total suspended solids be-

.tween 250-450 mg/l and average BOD between 325~ -475 mg/1.

Zanoni and Rutkowski 6133) report per capita loadings'of




TABLE 1.

- 11 -

'Sépt'ic ,Tank"Sys'tems in Canada -
" Design Daily Flows

- .". Province

.

X “Family . Family. School - ‘per bed

' Particulars -

Pesign Daily Flow-Tuperial Gallons/cap/day -

Single Multiple - Day - Hospital g ' -

aberes
_British Colmnbia
Manitoba. ‘

New Bnmswick
Newfomdland‘ '

: Nova Scotia .

Northwest Territories T e o

Ontario )

\

Prince Edward Island -

| Quebec

‘Saskatchewan

s . - - . 1w - 100

" 40 . i 16 - 3s

e ool 000 350
ST ' . o L -

66 ... 12 10- . 3
T Ty e

s . 60 30 200 soa;'

E ' P
VI ) : |
Dept. of National . P :
Health and Welfare, " R
‘Canada 2 35 o
Manual o.f,'-SepticiTa.nk.- ; o '
‘Practice (USPES R x
No. 526) \*\\75b 20 2500 soP
a. S
per room - .
by 5. galloms -
) U




+ 'TABLE 2

f.
. ;gxg of Use c
. Totlet Flush , kel
_ Bathing
'Y Ritchen
; 'Di‘i_nk‘iﬁg
. Laundry |
' Cleaning.
'* Sprinkling
o Autdwaﬁﬁipg.~,

: I‘ﬁscellan'eou‘s" '

~ TABLE 3.
: Waste .

Total flow (gallons)
| Kitchen wastes :

'roilet wastes '

: Showers, wash basins, etc. '

.'I:mmdry wastes

. Days of veek'

- Monday

I'Iuesdaj

Wedneaday
'_Th:uréday' o
Friday ( .
Saturday
Sunday

“:Hq_g;ehold Water Uses (43)

Percentage . - '

T s
A

.h. 6 ‘ h
st
. &
. iy
3
T i
-

Estimted D:Lst:ribution of Sewage (76)

: VQJ.me of waste, gpced -

" 40 . S0
710
20

" 20.
0. 0

75
10
25
25
.15

&

0 G 6o 8|

Toilet Flushing (Family of Eour)(zz). R

Water used. for tollet flush:‘.ng

r4 of t:otal daily intake

4.7

66.9 .

47.0

6L.5 . .
6.9
68.5. ¢
74.4 -

100
s
-30.,
35 .
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domestic’ uastewater, as below, bssed-on a survey of 270

dwellings with a population of l 207 - in Hilwtukee,'WiSconsin} L.

”Bon {S-day, 20 C)(lb/day/cap) " 0.10

j”;[f:con (1b/day/;ap),,~'i;§:,g e0.20 0 T B
o ss (1b/day/cap) ;_gg. © 008
Wastewater flow (gpcd) ‘t"', .'587

FIt would appear that ‘the design BOD of 0. 15 to‘}
0 22 %bs per eapita per day is too high for the design of
individual household sewage disposal systems. Laak (56)

has suggested an average figure of 0 06 1bs per day per-~

 ‘capita of gop. df..

_z.sdrhé segtic Tcﬁkds#stenf S
| -‘\_ 2 3.1 Septic Tanks A | Coe L

| A septic tank’provides a‘primary stage of sepnge
purificftion and is intended to overflow. The main purpose
.;%;,to remove.suspenq§d{matter andlthe separated material is
retained as sludge apd. ScCum, until it ¢an be pumped out. 7
Its use is restricted to individual hOuses or groups of -
_isolhied dwellings and its use in large municipal sewage ;
works! is obsolete." The effluent from the septic tank contains
much disaolved and colloidal organic matter and requires

further treatment by aerobic biological processes befﬁqf‘ :

- discharge to-a water course.

r -

. A septic tank performs these main functions._

i.- removes a good portion of the settleable and floatable

4

. matter_by.aludge.and'scum




ahd Weibel Bendixen and Coulter (128), for the United States

. Illinoisi'

can occur.n Studies by Weibel Bendixen and Coulter (128)

the tank They developed;the following equation for -

~'g.f'effects reduction in settled and floating organic matter.

.through anaerobic digestion, and e

"

*f{l'iai acts as storage for the remaining solids till removed. e

-

There have been-several investigations on the _ .

‘~‘design o£ septic tanks-} The best known studies were carried

, 'f}out by Weibel Strauf and Thoman (127). Bendixen et al (8 o

pn

-~

L3

"?ublic Health Service. Series of studies have also been made |
- at’ the University of Toronto by Prescott (92), McGill (71)

A._and Sernas I106) Baumann and Babbitt (6) investigated the ;_‘-

_ performance of six small septic tanks ‘at the University of,

P e

=, - eToo r-

g j2t3.2. Capacities of Sentic Tanks - o 00

. -' ?

ro . *

I Th‘\total capacity ‘of a septic tank is. arrived

- -

‘at by making an allowance for storage of sludge and scum

. actording to the interval betweed succeiii;jljesludgings of
' L
the tank and an- allowance of liquid space- 1o which settle-

nt of solid matter ﬁrom sewage flowing through the- tank

showed that the annual rate of accumulatiou of sludge and

scum was not affected by water consumption. According to

them, three factors which may inﬁluence accumulation of

sludge and scum, are time, persons and 1iquid capacity of .. H/
1

f“estimating submerged ad/imulation when time in. service,}ilg'

".g. ) e _- ‘ Lo
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number of persons and 1iquid capacity of tank are known:

-"_7,. " L : ) Y - 3

‘and. ¢ =

"Ihe

inumber of persons using

- . ' . - .
.. N RN MRS - o~

4 (t) + 2.2 (p) + 4. 0 (c) 20 N .* . --.(2-3,?3.)

‘accumulstion in cubic feeti

period of service in years e

i LT R .

capacity in gallons/lOO

_Eormula 18 applisible for a certain range' C

indicated in the report. There sre several publications

'which indicate the sizes,icapscities and details of septic

: A tanks, for individual households, etc. The "Hanual of

B Septic ‘Tank. Practice ‘tssyed by the u:s. Public nqaith

Service (76) is generally followed in U. .S. A. Septic tank

) capacities hased ou’ the number of bedrooms, as recommended

by various pro

ke . seen that

vinces in Canada are shown in Table 5.‘ It_may

-~

some provinces stipulate a minimum capacity oi

&00 gallons (imp ), while some indicate 500 gallons (imp )

This is evidently due to the differences in daily. sewage

flow adopted by them.

©2.3.3 Anaerobic Process

o

Anaerobic digestion of organic sludge'is the B

process that occurs in a septic tank.- HcKinney (73) suggested

that the majority of microbial activity inaa septic tank and

¢

cesspool occurs in the intermediate liquid zone apd not in.

. the settled sludge and flosting scum, in contrast to en_‘

‘anaerobic-digester. ‘These differences make the sludge n“‘-

*
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. digestion in a septic tank incomplete and the rate of diges—

jtion low. Two basic processes, liquefaction and gasification,

are involved in anaerobic digestion of organic solids.‘ The : °

general theory of anaerobic sludge digestion is discussed -
in detail by McKinney (73) and Eckenfelder and o' Connor*(30)
-According to Laak (56) the food supply, method of mixing,..;” e

.quality of water supply, pH and volatile acids content, all

‘of which are uncontrolled in septic tanks, affect the process.
’ . . . . Y

b
“2.3.40 Treatment in. Segtic Tank

.«

.
The following table lists a, few treatment para— .

: meters for the experimental septic tank used in studies at -
‘the University of California (68) and the general performance'

of the same.

Septic- Tank

gggggstgi‘ i o ‘:;RaﬁfSewagg,  Effluent -g_ggégggl
'son* ,.;j,'fy < 156' | . ,‘ 75 B . 50
969. S 31§, "': S ‘160 48.4
Css - 185 L se s i
v°1;t11§“s°1ias . 265 b f ”tj‘ iso_"‘ - 39.¢8

' Hultiple compartment septic tanks remove ﬁOD and
: Sé better.than ‘a single cbmpartment tank. HcGill (71)

Ldeveloped the'following equations for the effluent BOD and
) effluent Ss - from two compartment tanks ith a &8 hour

detention:,
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| | BOD_, = 4.10 BODio'sss- N T @y

) s e o, 45 5§ 0.713 . & T gy

- o e 1 TS S _ . )
where ‘ L e'-reffluent;:‘f_ ‘]~ J . - P . T“‘__a'a(
cand R S influent, - )

'Coliforns including E. Coli‘are ot removed enough

in septic tanks according'to:Prescott (92) Weibel Bendixeu

and Coulter;(IZS)-studied the‘effects'of detergents, ground

.

garbage and. zeolite softener salts on the performance of

septic tanks. \J L

_2.325 ‘Sepric Tank Effluent Disposal‘ _‘.' ' ; .i
N Septic tank effluent is still a highly polluting
1iquid which req%&re# further treatment before it can be |
‘ safely disposed of . The effluent from a septic ‘tank is '.
,usually treated in soil absorption systems 1ike tile fields
(absorption trenches), seepage beds, seepage. pits ot through
‘sandfilter trenches, subsurface sand filters or above. ground_
§ilters;' Effluent’ tréatment in trickling filters or in
' i 1 lagoons.is also practised.' Details of these arrangements aré
K found in "Hanual of Septic Tank Practice (765, Wﬁd'Honogranhl
."Excreta Disposal for Rural Areas (124) and elsewhere (96
97,:98).. ' The investigations proposed in the project-are
'restricted to absorptionftile fields: |

2.3.6 Absorption Tile Field

Details of absorption tile field design practised

A . hd



-'19 a'

by various provinces in Canada are shown in Table 6 The

minimum width of trfnch is uSually ld inches aLd the maxi—
. mum is either 24 or 36 inches Tnere is usually a'gravel_
£111 of. 6 to 3 inches depth below the. ;_m:;na -'_a-in_iiiiim'ua
of 2 inches fill ahove the tile.f The minimumlcorer‘isa
usually 18 inches The minimum pipe size is usually 4
Altinches, though some adopt 3- 1/2 inches._ The maximum length
‘:of lateral is 100 feet- SOme stipulate minimum lengch of
trench in an installation at 150 to 180 feet
Table 7 show3'the"absorption ‘area or.rengtn:of

trench recommended for various percolation rates..-The
recommendations are in various units,lmaking direct com—'
parisons difficult. In many provinces, a soil with a per—.d

-'colation rate greater than 60- is judged not suitable, though

- in some ‘a soil with-a rate greater than 30 is not

, .‘.
o]
.recommended.. '

X It is interesting to ‘note: that absorption tile
fields are no longer recommended in Saskatchewan for two.
: reasons:- 1) The soil in most areas is clay and the trenches
”would require considerable enlargement and filling with
'gravel and 2) where there is 1ight gravel or light sandy
soil there is invariably an underground water supply and-
this type of: disposal‘is not recommended for such areas.i
‘ Freezing of thenfielda in celd weather has also created a:

problem, The practice at present is to provide aeptic tanka

and pump-out chamberspfor the diaposal.of aewage_from
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private buildings not connected. to a municipal sewage workst.'

_2.4 Clqgging of Soils

2 4 1 General ; l‘ f | ;!'j ‘i ;.'fi;”:.<».;.} ﬂf'

) Clogging of a soil is a. physical phenomenqn
increase in. physicsl resistance to flow resulting from changed‘
tfriction‘or viscosity coefficients or reduction in size and
rvolume of pore spaces (45) The factors contributing to soil__

' clogging are usually cIassified as physical 'chemical aqd -

’biological (66, 68). .

2 4 2 Phxsical Factors in Soil Clogg ng
f“- There are several ways ia which clogging mav
‘ “result rom predominantly physical phenomena,.according to
. HcGauhey\and Winneberger (68) They ‘are: . ‘;‘it- }
| .-ll fczmpaction of soil by superimposed loads. |
:ZﬂI‘Smearing of soil surfaces by excavating eqcipment.
3;"Higration of fines by vibration of dry soil during
‘:preparation of site area. '
4. :Higration of fines;due to'rainfall beating against‘
surface. g | B |
. 5. Wasndown‘of fines.perched on;iarger parthles.
.Coulter et 31;'(16) and. Bendixen et all k?lin field‘oﬁserva-~
tiong of constrnction"of septic.tank percolation'svstemgv. |
.report mang.instances;ofﬂconnaction of scil during constrncfi

| tion. 'Smearing-of the sidewalllsnrface‘by-worn rotary blade-
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A

: :type buckets is also a common .cause of physical clogging
"An important physical factor in soill clogging which has

:.implications in the operatf -of aerobic soil systems is

the retention of. soil moisture by capillarity (66) Experia

l-aments by Klein and Hcsauhey (53), Bendixen et al (lO)Land“.'
' Winueberger et al. (130 lSl) show that for each'soil of
grain size small enough to nake surface tension and capillary
rmajor forces, there is a minimum length of soil column
'”fnecessary to. produce draining of the soil when application
:is stoppedr This factor represents the minimum distance be—-
: ;tween‘the soil surface aud underlying water table.. Though R
" this- is 2 physical phenomenon,lit leads to biological
e .

clogging under anaerobic conditions.

T

| 2 4 3 Chemical Factors in Clo gg g of Soils .

' " 0f the factors that might be classed as.“Chemical"“
ion exchange is by far the most important. Its best kndwn
-action is the deflocculation of soils, resulting in decreased
‘permeability when sodium represents a high percentage of. the'
cationic content‘of the water. Fifty percent Ka is the
lgenerallf'acceptedlcritical noint beyondrwbich deflocculation
becomes_progressively'greater (66).’nfireman (35) found that :
'soils high in oréanic matter.have’higner permeabilities than
’normal_soils.yhen'irrigated witnlwaters of.lowésodium per-

e

'centagel'and.vicelueraa;witﬁ waters'_f high-sodiumjpercentagcs.

- - “ ’ - . ' ' - ' . - > .v )
. . X . : _ ) N
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'm?.éiéi-Biological and Organic Clogging of Soil

f%ﬂ
- Clogging of soil by biological agents and their
.activities is by £ar the most important cause of loss of '

N\, .,
L%

infiltrative capacitx. Allison s (2) work identified micro-c

RS

: bial action as the cause of decreased permeability under : ;‘
,.prolonged submergence and sealing up. HcCalla (64) felt

that there are two ways hy which microorganisms may reduce -
' water movement through the soil under prolonged submergencel-

"l) The microorganisms may produce gases or highly hydrated

organic materials such as slimes that might interfere with

T -water‘movement. 2) Microorganisms may reduce water perco- .

lation by decomposing or changing the structure of stahilizing
agents, resulting in structure deterioration. Thomas et al
- (118) investigated the site and nature of soil pore clogging
”under sewage spreading using laboratory and field lysimeters.
Their-studies showed three phases in the infilfration rate
’ loss: phase I, a slow reduction under'aerobic conditions;v
phase II, ‘a rapid reduction under anaerobic.conditions; gThel 2
‘primary site of clogging was found to be the 0~ to 1 cm |
depth of‘soil. They found that though sulfide was ‘an
indicator of anaerobic conditions it was not a primary cause‘
of clogging. Clogging under anaerobic conditions evidenced _
\in many field inatallations, obviously resulted from two e
principal factora, the biological slimes, including residues

- of incompletely degraded organic matter and’ particulate matter

which had penetrated the soil surface._ Anaerohic conditions,

. N .
, e Lo .. . - e -
o B ‘ ' L '
- P L .- _ ‘ " .,
e . N -~ . " . -
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incidentally, were the natural outcome of continuoUs applica-

-

- tion of~35fluent to . the system.‘ Winneberger et al. (129)

: observed that the black layer at the surface was: precipita- '
: ted by anaerobic degradation of sulfates and penetrated-- >
; downward a short distance into the\soil t The organic mat ‘is
"confined to a thinner layer at the surfece,“i, 0 5 to l cm,.;".

- in contrast with the 5 to lO cm penetretion of ferrous sulfide..'

When the system was allowed to drain,.ferroushsulfide clogging

was quickly overcome by the oxidation of sulfide to sulfate

~

in the presence of atmospheric oxygen.
f Studies of the mechanism.of biological clogging

of the surface zone of sand . during prolonged percolation of'_;‘

X vater containing high levels of organic matter were made at

the Weisman Institute in Israel. Mitchell -and Nevo (79)

dfound thar polysaccharide-producing microorganiams pre-

dqminated in tne clogged layers of sand.' A positivL'cor—

relation was- observed between - accumulation id the profile‘ofj}-‘

polysaccharides and clogging of columns of sand in permea-‘

meters. Further studies by Nevo and. Hitchell (82) showed

correlations between clogging of sand beda by microbial

polysaccharides and decline in. measured potential in the

sand which inhibits the degradation of the polysaccharide

Sudden changes in. permeability of the sand when the water_

temperature changee during infiltration can ‘also be predicted..

If the temperature were below 20 c, the rate of clogging

. ‘should‘occur between.zo -30°C "and at 37 c little or no_

... | . ..'.‘ | .' | . '. . .A -.."'huﬂA
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'."clogging should be detected Studies by Laak (57) showed
that the clogging .Z2one was in the’ upper 0- 2" (5 mm) of the
.soil Surface and that the clogging material consiSted of
-'“about 90 Qercent bacteria cells Iron and sulfate analyzed

from clogged sand was not sufficient to indicete that -

' errrous sulfide was the major canse of clogging. _dt

f .

72c4 5 Effect of Loading on Soil Clogg__g
| Continuous inundation of an infiltrative surface,n.:
creating anaerobic conditions, will result in soil clogging.
i__Both duration of continuous application and the organic and
other content oﬂ the - applied liquid are factors involved.
;Little useful information concerning the optimum cycle of\
loading and: resting for trench or other subsurface systems-
".-can be. obtaine’wfrom septic tank percolation field experience;
.as such systems operate with virtually no control of the_
1oading pattern.- The random intermittency of loading that l
results,from housenold nastewater discharges appears to be-.
.a factor:in the”Surnival of those. systems that neve'not
failed. Huch more data on loading and clogging are drawn
.efrom surface infiltration ponding systems than septic tanl
- systems. 'Winneberger et‘al. (130 131) Tound the resting to.
.be beneficial in restpriég the infiltrative capacity of
. snbsurface trenches “and eeepage beds used in septic tank

installations.. They report that partial recovery of the a

inftial infiltrative capacity of a soil does not: require'

-
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drying, but that draining is necessary to.reestablish the

required aeroolc sysﬁem\_ DeVries {Zgﬁffouad;that‘theﬂkdew

S - e ST R
. physical _co’ndi,*f gand’ f‘llters did not deteriorate as a = | |
'ie'iresult'df‘dai-yh ication of primary :feAcﬁeAE plant . '_-lj7 e

oW -

efffueut for 2'hours, for 2&0 days, with filters drained
:during the rest period of 22 hours. But this application L
-‘:at a temperature of 4° = 3° C resulted in f;ilure in 10 days

J-because of pore clogging ‘ The clogged pores were ou thef.
s i

‘Qsoil surface«and the failed filters recovered’iu 8, ays atr

"room temperature; n{:l X . 2“ : -.; g.“dV‘. -'.';,".§\7
; It has been shown (128) that reduced couceutration{ .
:.iof total susgended solids resulted in 1esslsoi1 clogging and-f'r
'-‘that increased substrate concentration with constant total
.suspeuded solids (Tss)” increa}éﬁ soil clogging.- In another
study (129),‘it was shown that anaerobic pretre;tment, did

not sufficiently change the cloggihg rates of soil Fhen the
sum,conceutrations_of‘TSSﬁand QOD'in'the loadlreuainedjabout-d
the same2 Laak,(S?) fsﬁhd ‘that ;oil‘coluuas'loaded'éitﬁ'.
Seétdc tauk-effluent and extended. aeration plaut effluent
Aclogged at differeut ratesqg Stidies at the University of
e_Callfornia (675 Showituat.lu the design of-percolation flelds,:
;tﬁe-bottou area is of licttle or no practical talue,inrlong

term infiltration because it soon,becomes.clogged.and ponding -
results. Narrow trenches in‘which a 1arge percentage of side

wall area is wetted by a given volume of applied effiuent

are found.to be far. more satiafactory than wide bottom'- " .

‘Q\__

¥

'

- -‘1
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_'tren.chesJ;f the same depth.. Recent studies by Popkin and

‘Bendixen (91) have shown that continued hydraulic acceptance

as measu;ed by the rate of wetting new surface area in.a.

progressive ponding situation is influenced directly by the

'T-ffrequency of applying waste, the volume of whste applied.

‘and the quality of waste applied The rate of" development
"-of wetted absorption area is decreased by reducing the fre- -

'-quency of application and by a conbination*of the two nethods.

f-Their studies suggest that a vastly improved design and

operation of soil absorption system can be obtained withouc 5-'“

affecting ground water quality through use of once a—week

-_dosing alone or combined with the use of improved pretreat-f
‘ L. .- ' v
ment.‘ The- following mathematical formulation deveioped by

X

gThomas et al. (116) describes the capacity of soil for

‘ receiving E'astes before becoming clogged. -‘ N .
. .—... l . - ‘ . . ' ? . pr “ . ' , . » l' ] : - ] “. .
e L o > _ o . - - : .
L L == | . . (?-f)
o . S
‘. . . ." . ' -
where - . fp = the "equivalent" population load.‘ p is the

number of persoms in the household; and £
“is a;factor*reflecting theﬁtype of pretreat-V'
‘ment of sewage. and the presence or absence

of food waste ‘grinders ot automatic waahing

machines.‘ , . - ‘ : ' .

. T ;‘the useful life (in yeara) of the aystemi‘-

A = the. effective area (i@Eﬁquare feet) of thes * .

- . .

B S, : m
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soil liquid interface in the absorption -

i . . . -

’ system.! .
;and‘; “'_.;ebjundtharealp;oad-capacjtycof thefSoii;

2,5flInf&uence of Environmenﬁﬂigctorslon the Performancé of

"Septic Tank Systens‘

2435, l General o f‘:

.Many environnental factors influence-the operation

"and perfornancejof.septiCHtank‘systems. The factors that are Q.

considered here are: temperature, snow cover and depth to‘;

~ ground water.

. .

- 2.5.2° Temperature ‘
T V. % ‘ C : CR s

~ The biological and chemical reduction of organic

matnrial proceed very slowly under low temperatures. Organic'

,\‘ . . L]

materials exposed ‘on the surface of the ground or-placed

. ‘within the $nallow top layers of seasonally thawed. ground

decompose s@gwl Slow decomposition of organic matter. tends
to maintain. a greater supply of food for- many forms of ‘1ife
and it is presumed that this may account for the reported
abundance of iife (3) Under 1ow temperature conditions, ‘
biological processes appear to offer the modt‘promise, althougn

biologfcal reactions are’ influenced by temperature.ﬁ It would

e, - . RS

however appear that aerobic processes in general may be more

efficient than anaerobic processes since heat appears to 'p'

affect the latter much more than the former.l 1f the sotl is

»

L 4



.--‘..li. . ‘ -\-_- ‘-‘ ' . . _3\0 -_
" permanently frozen as in certain cold areas, then it has a f

marked effebt .on the infiitrstion and dissipation of liquid

”wastes Drainage is severely affected and is mostly horizon—

tal rather than vertical (3) Small waste dispossl systems '

\..

', ”such as septic tanks and subsurface tile fields or sand

filters,.as ordinarily constructed for use in temperate'r'

Fd

3climates, are reported to be impractical in the continwous

1)

permafrost or on-ice (3} Septic tanks axe used in cold

‘.

regions to serve 25 to 100 persons ‘or more, these are usually

iienclosed in the heated buildings._ Alter (3) recommends that'

A Y

'septic tanks for cold regions should be approximately twice :

.'as large as is necessary where sewage temperatures are 55

o

7to 60 F.

Laboratory studies performed Ain Cincinnati by the
b

United States Public Health Service using a two-day detention
"time and temperatures of 40 -50 F (4 10 C) gave 31-41 per-

r
-

eent removal of toﬁal solids, .68~ 89 percent of suspended

"‘solids and 70-77 percent of BOD (127). Similar tests per-

formed at Washington State University using a de;ention time
0f 4.5 days ‘and temperatures of 33 F 40° F and. 59 F 60 6 c,

4‘4 C, and 15 C) showed remoVals of 31 percent of the total

'-jsolids, 83 86 percent of the suspended solids, and 49—~ 52

percent of BdD {(&7).

e In the field studies cond&cted by the Hanitoba

Department of Health (1), it was ohserved that under severe

winter conditions, temperatures in the septio taak remained

e



atuor‘about-SOQF‘ in the siphon chamber around 40° F and in N

the tile of the disposal field about 32 F in a satisfactory

'finstallatiom’ under a snow cover of 5 to 22 inches. ~Laak -‘.fq

e iﬂ(56) mentions that Professor Graham s observations in 1921
T '.'revealed that septic tank\temperatures varied between ?
'f22 .C in the first chamber and 2 to - 14 G in the second
-chamber, while €helair temperatures varied between -20 C
.and 6°¢. Hickey and Duncan (46) measured the nemperatures
"inside 20 septic tank systems in Anchorage and Fairbanks in-
-‘Alaska and their results and analyses reveal the following

'interestdng facts.

L
a

,l) The av!rage temperatures of the septic tank
‘contents during the coldest months ranged betweeh 52 ‘d

"54%F (11. 1° and 12.2°C). for Anchorage and 43 and 50 F -(8‘.9'°

and 10 C) for Fairbanks, while the average nearby ground SR

o4

;’/)//_‘ temperatures remained below 35°F (l 7°¢C) for several months

' L“\\in both-areas. o . A\\. = o
. , : ] - ) - . =’.

, 2) " Im Anchorage,-the concrete tanks apparenfly.
- - . . : . . f

K A provided better insulation than the steel tanks, as they
| ‘d,were 10 5 F. (5 8° C) warmer inside than outside, as’ opposed
to a- temperature differential of 3 5° E (2 0 C) in, the st\%
Jtanks, no such differential was observed ‘at- Fairbanks.j.-\
' 3) In Anchorage, the liquid temperature 4xm' the }T'

-

_seepage pits ranged from 4 to-16 F (2 2 ‘to 9° C) colder _-'- )
;than in the septic tanks, with an average difference of 8 °F
o (4. 4 C),.w’ile ﬁn Fairbanks, the seepage pit temperatures Lo

s

. -
'



‘ltanks, with an'ﬁgerage difference of 6 F (3. 3 )

ranged from 2 ,to 9 F (l l to S C) colder than the septic

¥

4) Zhe studies generally indicated that’ septic L

LTI

1

'“f:tank-soil absorption systems perform satisfactorily in the

climates of Fairbanks and Anchorage, Alaska,'and that the;
L_large amount of heat provided to the septic tank by the waste-

‘_water from tH% residence (due to.donestic hot water system)

"vaay be a significant factor in maintaining the disposal

system at an operable temperature. Field studies on the per—

'-formance of septic tanks at certain remote air- force instal- a

'”1ations in Alaska (11&), revealed that ia unheated tanks

.

the temperature ranged from 2 C to 27 C for the inflnent and

“from 2 ko 29 °¢ for the effluent vith the average temperatures

of 17 °c for both the inflnent and effluent. The BOD removals

R averaged only 14 percent in’ the unheated tanks, while the .

\ Wy

'total suspended solids were reduced 38 percent. Schwartz | -

and Bendixen‘(lOB) confirmed the earlier observations of

;Robeck:et al. (100) on’ the ‘need to avoid starting at or

under 40 F (4 C) Schwartz and Bendixen noted that the

’

. early days of operation are critical for the rate of bio-

L

B logical development that the extended longevities for 6he
'nnits started in summer ran through the following winter'

'without any. difficukty.' They atressed-that the . start up

-

period is critical and cold weather operation per se "is mnot

-necessarily res:\icnive on the performance of a aoil systens.,‘g

"Their studies indicate that hydranlic longevity of aystema

, .

. - R . . L .
. . . - . . L
. ', Y . VI -
. ‘. . ' . W




_started in summer was better by a factor of abouR'B than.'

Ay

”that of systems atarted in winter. | oo "", ~

Brink (16) stated that low temperatures haveono ;

effect on ultimate results of filtration because soil ad—

sorption increases with decrease in temperature. Studies by

"

ﬁLaak (56) showed that a decrease of mean liquid temperature
"-from 23 C to 8. 5 C caused by 8 temperature of -17 C on the
tOp of the soil columns did not affect the clogging rate for.

.'-each system as to be of significance and that it did not‘_

significantly affect the BCOD removal and susPended solidS‘

Ky

'_removal on three different soils.' )
Thus it may be seen that-temperature of‘air,:lidmidﬁ
and soil are important environmental factors that have to be
-taken into account in the operation of the septic tank—soil
absorption'systems._ Smith (107) observed a general seasonal‘
":Vwave effect. of soil temperature' in California, he found‘
that the soil is' warmer than the atmosphere throughout the.
_.tyear. Hickey .and Duncan (46) observed this for mo;t ‘of the
._year.- Smith (107) also found that-temperature changes with .

¢ .o

_depth, with the magnitude af variations decreasing with

-

depth. This seta 4in motien heat: movement upwérd and down-

ward, depending on the season (air temperature).

LT ,.

‘2,533 uSnou €over. -

* A‘cover of snow on the soil during winter acts a

an efficient ihsulator to rapid and extensive tempe:::;;
, . . L ‘-_ (S ) oL ‘ . : ) '

. .\'\‘. R .



' changes ; Baver (7) reports that all eiperimental data on

'Jthe effect of snow .cover on. soil,temperature and the pene—-

~-tration of frqst show relatively shallow freezing under

"rsnow unless the air temperature sinks very low for long .
'periods.l In the Hanitoba field studies (l), it was found

"chat the snow -cover varied between 5% o 22"; with the o

“ftemperature differential between air and ‘soll. (2 5‘ depth)

varying between '6° to 61 F.

2.5.4 Depth 'to Ground Water“

Greater unsaturated depth of soil increases the‘

‘adsorptive capacity of the soil systém by helping contact

* _of. the greater mass of soil material with the. infiltrating Coe

water.. The reaeration capacity of the active biological
'tone‘at the soil surface in influenced by unsaturated deptht
Studies by Schwartz and Bendixen (103) showed that a minimum
critical depth of unsaturated zone exists, somewhere betweenf
'.Z‘feet'and 4.feetf they suggest ‘an optimum depth of at.least
ElS feet. - Hydraulic longevity is reported ‘to be restricted

- in- shallower systems, as - limited reaeration permits more °
rapid accunulation of soil-pore clogging mat:;;:}F“' Thedr

study indicated that adequate draining of the unsaturated

* - zohne 'and of the biologically active zone at the surface is"

-

-necessary to ensure.an optimal retention‘time for biological
. . . »"'. . .' . ’ }
treatment and to avoid restricting reaeration of the active:
: - . ! . .‘ ! f - ! . ‘ BN . '
_zone: *



--_permeability, ground water 1evel depth to rock or sand dand-

-

‘2.5 Sewage Treatment Through Soil With Special Reference

'to Septic Tank Effluent Treatment

. 2.6.1. General':

. ' Septic tank—soil absorption systems have an
expected life ‘of 15 to 20 years if installed properly at an
' acceptahle location and if- the user follows a few simple :_
rules. According to the U. S. Department of Agriculture (109)
the factors that affect soil absorption fields are: .Soil E

',;-

gravel, slope of the ground surface, nearness to a stream ot
body of water, and changes in the soil type.. These characteri- :

stics are determined by field observations -and the sodl’ per—

.meability or rate of water movement through the soil is
measured by percolation tests at the site. It is recommended
that the ground-surface slope not exceed'lo percent the depth

to rock or sand not less than 4 feet from the bottom of the

. tile distribution lines ‘and’ the distance to a surface water

: - .
course be a'minimum of 50 feet.‘ . ?' ’

' The features of the hydrologic cycle ‘that™Nare of
particular interest with resPect to the disposal of aste-

o

‘water on.land.are.infiltration, percolation {(both saturatedtf_.

"and unsaturated flows, evapotranspiration and runoff. 'lhese )

-

‘fundamentaliconcepts are discussed below briefly.




2.6.2 1Infilleration,

A
)

. ‘The term infiltration is uted{to'describe the
. . - . . ] - ; _/ ] L

- eatry phase of the'movement'of ater:into seil and the terme

percolation is used with referen e to all movement of water"

,that'occurs below the ground surface but above the water'f

»

Qtable;‘hThe primary factors which affect infiltration are, thef”;

'character and porosity of the soil .the mpisture content,‘the_.

degree of compaction of the soil surface and’ the presence ‘and
the " type of vegetation._ The”characterjof a-soil includes its':
porosity; the.pcre-Sires and‘the-pore—size-distrihutionﬁ Be-

yond the ahove'factors, constituents in the wastewater -

. (organic and inorganic) have an effect on infiltration, ‘as -

»

viscosity is’ dependent[on temperature. Greater infiltration

occurs during the warmer periods of the year than during the

‘cooler periods.-

McGauhey and Krone (69) have reported the variation

of {infiltration rates during long periods of continuous water

~

'.applicationland three'distinct,phases of infiltration are

. discuésedrl In-the first phase, the infiltration rate de~'.

creases with time and this decrease is attributed to the

progressive slaking or wetting of the soil - The second phase'
shows an increase in the infiltration ra%F, due to the A_
absorpfion of entrapped air by the wafﬁr‘ which has the effect.
of increasing the porosity of the soil. In the third phase

the infiltration rate decreases as a result of the eventual

.'clogging of the soil through microbial activity and the ‘

L4

. 4 . [ ' -
vt . N . *
. . . . . . . S . . '
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development of anaerobic organisms in the upper few inches

.

'of the soil. This long-term infiltration behaviour is

iy 5

.depicted in Fig..l. Experiments on. the effect of cyclical
loading show that in contrast with the typical time—rate of

. Fig. l} periods of rest and loading will reproduce the upper

.section of phase 3 in =a. pattern as shown in Fig. 2 thus‘
B N N .
pernitting long -time use of an infiltrative surface at T

-t

'acceptable infiltration rates (70) The optimum cycle of

resting and loading must be determined by experiment with

-

the finished installation.' The curve shown in Fig.,z is

typical of the horizontal surface of sPreading ponds, where“
both draining and drying of.the‘spilwmay.occur during resting"
pericd. Im septicctank percdlation-trenches, a much'more

N

complex_situation deuelops, where vertical sidewalls repre—
N . ’ . - W .

sent.the infiltratire surfacez HcGauhef\&ZO) discusses in-.

detail the. theoretical infiltration rate curve pattern.for

the trenchlsidewall in which suo;essive curves are lowerj

in'elevation and steeper in ‘descent (Fig. 3).

'2.§:3' Percolation P

T The mqrement.of uater in the soil beneeth3the
bl < . - . ., ., . . )
.ground surface but above‘the water table is referred to as’

percolation and is distinct from the flow that occurs at
=

~

and beneath the water table, which ia regarded as ground
\..wateruflow;' Percolation may take placelas either saturatéd
'~ " flow Jg ‘umsaturated flow. Saturated flow is governed by
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the same parameters as ground water flow and is described

by the well- known Darcy eduation, ;

S AT fa o s s

where v is the apparent velocity of flow Q is the volune

Lflow rate, A is the cross-sectional area through which flow.

J occurs,_K is the coefficient of permeability‘ and dl is the

-'2hydraulic gradient or the change in head (h) with respect

c to distance (l) Ihe coefficient of permeability is- a function

[y
-

. of the soil type and also is a . function of the fluid. f.'ﬁ
/’
Separating the properties of the percolating fluid from the
'properties of the.permeable medium ‘leads to the definition'”
. N S T
of the specific ox intrinsic permeability of a material.' ‘
- o u -,. . T -
- . . k = K = _ : o L2.6
T | Yoo e -.'( )

nl b B .
where andly'are the values. of viScosity/and specific Veight“
of . the fluid for°wh{ch K'isfapplicable. ‘The valuelof "

- . ' ]

" has been found experimentally to remain constant for a given ’ -

-

soil for different liquids or gases. p

.In the case of septic tank effluent application

' into the soif’through tile fields, the percolatiJh would be q
generally a case of unsaturated flow with ground water level\

at least 4 to 5’ ‘below the tile level. Percolation. that

_occurs as unsaturated flow is essentially two-phase flow,{

L)

since both liquid- and gas (usually water and air) occupy the

“porea of_the.soil, Experimental work bas indicated that for

. : . . -
/ ‘ . -
. .
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the one—dimensional'flou case;farnodificationfofltherDarcyt'

- N e

equation may be used with good results (2&) The modifica-l

‘tion cénﬁistslof introdwcing a factor that reduces the

sPeciric‘perneability;_this faetor is a funttion{of.the
E:percentagefot saturation:of the'soil ty'the‘liguid : The "lf"f‘
'Darcy equation written with the specific permeability in;:‘ |

stead of the coeificienx of permeability for saturated flow“f

is ) o . T s S
. . . . - . L m w

ac

Qc .
S

V = I
+ ‘. u
Eoslunsaturatedcflou,'the Darcy_equation‘may be stated as
. g weMo Y dn :
: _ - fi#,. " dl T o k(2f8)

L] .

where M, Varying between. 0 and l Q (i e. between 0; nnd 1002),

depends on percent saturated.. The typical nature of the

.

' "dependence of M on percent saturation may be seen. in Figr; . "“
It can be seen for example that-for these sands, with 502
saturation, M would have a value of less'than 101 or 0 1

Not until the material was over 80% saturated would tﬁe un—_

saturated specific permeability (Hk) reach 50% of the

_saturated value. With percolation (both saturated and un-

u " Bl

.- sd#turated) dependent on . permeability, and permeability

dependent on pore size and soil structure, percolation is
. almost exclusively dependent on soil type. Freeze (37)
developed equations 'for the unsaturated and saturated flows o

-(both ateady and unsteady), keeping the phyaical continuity

T ‘ ~w : " o I." ©
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between the unsaturated flow systems and ground water flow

"systems and presented a. nunerical finite-difference

)

solution for the one- dimensional vertical floy problem.
involving saturated-unsaturated systems. Unsaturhted two- e
phase flow is comprehensively'*meated by Stallman (110)
Brown (17) stated that the flow in- the unsaturated:region._

. \ &
is affected by the following factorS';l'

. l) The rate and manner in which fluid is introduced

4

2} Ihe extent and geometry of the pore spaces in

the material

3) -'l%e magnitud'e" ‘and ditﬁion-o:f"temperature dnd

4)- The fluid proPerties snch ‘as density, viscosity

chenical gradients
. and surface tension* )
Hoopesiand.ﬁarleman*(48)‘developedtnathenatical'equations

for wastewater: discharge and dispersio in porouSAmedia;.
ollutants in re-

Bruch and Street (18) studied mixing of
charge water with the ground water, with a model study set-

up . representing a two- dimensional seepage flow.‘

L

.. . .. -

_ 2.6.4"Efapotransgiration,~ :r g

: Evapotranspiration repgﬁsentsﬂthe'net'comhined
- R

.effect of evaporatiow from soil "and transpiration by plants

.in reducing the water in a soil system.. When compared to

the infiltrative capacity of the soil howevir, evapotrans-

- L3

ﬂpiration-values are generaﬂly guite modest. Evapotranspira-f-

o . ' - [ - . -

oo

- . L .

LA



';tion-isfestinated‘by ueans 6f~lysimeters, soil-noisture

AT

- [‘,5 - - : ' . l.._ 4.'_

-~

.measurements, ground water level variations and the use of

_the basft hydrology continuity equation.f Several equations :g

.\

'exist for calculating evapotranspiration. Among theJe, toei‘

Thornthwaite equation is probably the most uidely used.

. N . . ‘ . . -
Lo f B . . .
. N . . . E B ) ) . e .
- . - . . - - ' .

'3z.§:s Runoff T 'fl . --f .f? it

K S T
e v

Runoff is the residual of precipitation afterjA

interception, infiltration, evapotranspiration and storage

w -

in surface depressions fvf any, have been satisfied. .Itsﬁ

‘ Emagnituﬁe and distribution in time are dependent on these '

factors plus the-physical characteristics of the watershed'

'Pﬁysica; Actions -

L ’ -

-

size, shape, slope,‘roughness, type aqd density of vegeta—l

tion' etc.' Since the septic tank effluent is. to ‘be, applied,_

-2 below ‘the ground and not as an overland runoff this

asPect is not discussed in detail. .. 'o

2.6.6 Physical, Chemicdl and Biological Actioms in
. ] \ E R . .

the Soil S e-f | .. i -

‘througg the soil. The actions are individually analyzed in

the followingi&wagraphs.- '

- .
Preul (93) indicated that the physical action of

o .o
' the soil in removing pollutants is limited to fiitration.‘

»

Not only is filtration import&nt for removing suspended

lh '.

These help ‘to- -Temove the pollutants as they travell

~7
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: /_..../ o : .

partioles from\wastewater, bnt it is also the mechanism that

retains microorganisms and facilitate\\biological treatment

-, of dissolved and suspended organic matter.- Even though the

Y

discuss in detail the various mechanisms involved in the

-pores small enpugh to filter contaminants do not

removal of suspended particles from water flowing through

'f-soilsnfsreasily‘observed “the processes involved are difficult

to-descrihe except in'simple-cases_ HcGanhey and Krone,(69l

]

filtration process l The ‘cases are- 1) straining at the soil

--surface, 2y bridging and 3) straining and sedimentation.

Ihere are also cases with cohesive particles. Sakthivadivel
and Irmay (101) have reviewed the filtration theories
extensively and the filter equation that has been presented
for removal within the filter matrix. |

- _"Since the soil grain size is usually much larger
than the molecular size of the ions related to pollution,.u

-

filtering may. not be effective (88) Eowever,‘entrapped

-' particles cause a filtering effect in excess of that provided

by the soil.. Soils with fine clay particles which ovides *
rg : -

.low the. .

Lo -

»~ﬁpercolation of water. Con;grsely,'soils .that allow accept-' .

-able soil percolation“rates,for absorption syatems_are.not

too effective at filtering.out pollutants.
. : - L

L

ChemicaI Actions

‘Chemical actions in the soil which are effective in

'the‘renoval ofﬁpollutants_are-adsorption and ion exchange.v'

-

‘.
¥
v



' Adsorption of 2 liquid on a solid phase is defineﬁ by
-_;Glasstone (40} as the concentration in the form of a film
of molecules of a dissolved substance upon the surface of a
solid. - The surface of the liquid is in a state of strain
'-fand that" of the solid has similarly a. residual fleld of
-force- there will be, consequently, ~a tendency for the free
‘energy of aay surface to decrease and it is this tendency
< 5h§t is ultimately responsible for the phenomenon of ad-'
‘ ‘_?sorptiOn.f In ion'exchange, the cations and anions pass be-;
. ,tween the liquid and solid phase.n Adsorption is dependent
, upqn the available surface area of the soils. Smaller soil.
c’partigles have larger surface areas per gram of soil and
“consequently can adsorb certain nitrogen compounds and ABS-
.contaninants.to‘a greater‘degree,_ The solls arerlimited;
‘howeuer;~by'percolation rates orstheianount of”contaninantj
'bearing water to which they ‘can’ be subjected Zhe-ratelof

L4

adsorption according ‘to Joyce and Sukemik (52) is a linear
function of the square of the concentration, i. e.,.thé
greater the fraction of the solute adsorbed per unit of

'time the more dilute the solution; which implies ‘that the

,process favours the removal of trace quantities.p Hajek?(42)'

has illustrated the methods that soil scientists have emplOyed

'successfully to predict the assimilative capacity of the soil

for chemically contaminated wastewater. He has also charac--

. terized those chemical interactions which are likely to be

inportant ‘under the above circumstances.

:

T
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Biological Actions " l...k

o Host of the soil bacteria and . therefore the hio-_.
.logical action is in the upper Ze%th‘EE the soil in the
',Lzone of higher oxygen content | There are three principsl
['methods for reaeration of(hoil. a) dissolved ‘alr carried n; ;
‘ into the soil by the percolating water,.b).the hydrodynamic.

flow of air resulting from the piston—like" movement of a .

".slug of water through the soil and c) diffusion of air, into

' .the soil body when there is no standing ;0T ponded water on

'the ground surface. _Strictly speaking; the biochemical soil
. ’ S A
system is not concerned with air in general bnt rather with

-

the exchange of oxygen and carbon dioxid the two principal
'lgases involved in\aerobic stabilization ' The diffusion of
uoxygen through the Soil system is diSCussed in detail by
‘Pincince and HcKee (87) and by McHichael and- HcKee (74) ‘1l;
The oxygen content of the soil gases decreases with increased

-depth below the soil surface and the carbon diqxide content

f

‘usually increases. Under wet conditions, a silt loam soil
was reported by Preul (78) to be anaerobic at a depth of 6

'feet with gas containing 15. 52 CO2 and 0.21 g, - 'For the o

same. soil at 2 feet depth the gas had an oxygen content of ' . <;

" 11.6% and 'a 002 content of 2. 41 ' In-the case of septiC'tank

'effluent applied athpbout 2. below ground leVel soiI re-“

ae on,c; -oceur only by the process of molecular dif-_

fusion of oxygen from the atmosphere}through the soil as

the septic tank effluent will have practically no dissolved
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‘oxygen. The oxygen content of the soil near a soil absorp—‘

rttion system is adequa

“

’ to Sustain the presence of nitrifying - *

and Nitrobacter and Preul (93) found

N abactetia, Nitrosomon

Tk

that they are so effective that within a few feet. from the

.soil,absorption trench,‘the nitrogengwas nearly“all-in the
form of nitrate., IR S
S B S L N .'f"'~‘

v

'1 '1.6.7 Water Quality,Changes +n Soil Svstem

i
Typical septic tank effluent characteristics are
-‘presented in Table 8. - These ihdicate the composition of
the liquid overflowing the tank and entering the soil absorp—'
' tion field. Van Kleck (120) reported that the average‘total
.suspended solids (TSS) entering an individual seﬂ@ic tank
system is about’ 150 mg/l About 50 60 percent of the TSS -
are removed-in the septic tank itself as seen from the average
figures in‘Table §.. A 1arge fraction (75—852} of susnended
.'551id§ is volatiler Influent Boﬁ'to'septic tanks usually‘;'“
ranges from about 150 325 mg/l (86 o)., Typically,-very-f.f

lictle BOD reduction occurs in the septip tank because of_its R

&

anaerobic nature and short detention time., Reductions in
7BOD of 25 501 are characteristic (&6) Table 8 indicates{
average effluent BOD concentrations of 90 130 mg/l. Other
.features of . the tank effluents are zero dissolved oxygen,
high inorganic ion content and high coliform counts Signi-
| ficant quantities of nitrogen and phosphordus compounds are .’

. also released from septic tanks. Quality changes that occur'




Téblg‘S, Aferage Composition of Sgptig.Tank Effluent

PR

 Bae SRS o Preul - . Robeck et al Pblkoﬁéki,&_Bbylé -
| FaTameter . ' (1965) (1964) - . ..  (1970)

o Totél'Sugp, Solids,’ k0T . '46.;ﬁ- R LN
well T IR

. Vol. Susp. Soldds, /G . . —' . 36 60

‘BOD,, mg/l . "‘- 130 .. 90 - o 102 - -

" Dissolved Oxyged, mg/l-_. 0 . ‘:L-_f.f-' o .'.T f_

pH - ° . - 0 7.0-7.5 . 7.5-8.10 [
Alkal{aity, mg/1 . - 30 400 . . . ="

Organic Niffogeq, mgll' 10, T 504 - N 16.2

| NO,-N, mg/1’ ﬂ"o.oos.-‘," 0.008 - L0685

No,-N, mg/l . 0.5 - R

CNHCN, mg/l S 22 R 1.0 |
Phosghates*, mg/1” - 20 o :+%. . | ‘; - —_— ? o,
K, mg/l S 1e15s T — .. ’3 -

‘ﬁ:, ng/l 100 0 - -

Sulphates, mg/l, <T‘ 150 - - L -
Chlorideé, hg[ll ; . 70 R .' h . 43.0

' Coliform Bacteria/ — . smilldon . 93 million’
100 ml B

. % - -

h - | . — - - —
. A-S P . . . . . .

.\"
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‘ excreta, pass easily through the septic ‘tanks and into the,

shown in Tables 9aand 9b ! The distance of travel dePen 8

'
\

during the passage of the wastewater through the soil with

’ respect to. specific pollutants (chemical and. microbiological)

L ”are discussed below. e R S

e

Bacteria'and Viruses”

Bacteria and other microorganisns present in

b

’soil aronnd the - absorption field. These microorganisms are'~

'hot capable of migration, but are carried along by the liquid

flowing through the soil (20, 113)— In a new soil absorption

bed, the transport of microorganisms through the unclogged

.soil may be rapid and quite far.. ‘Restriction’of-transport

Ta new systems is due prinhrily to the straining action of

the soil, ‘and possibly to adsorption of bacteria on the soil\~*h

e , .
particles (16). As the soil becomes clogged with the sewage L

solids over a period of use, the transport of sewage micro- }
organisms becomes more restricted (21) " The survival ‘period
for these organisms in nature‘and the distance to which they

can be transported in soil based on the work of.many‘in4_
t

vestigators, as summarized by Patterson et al. (85),.are 7
.
B

upon the porosity of the soil and the rate of ground water

flow. Malin and Snellgrove (75) reported that, in cle§

.coliform bacteria were not found below’z feet of soil. 'In‘:

more permeable'soils, coli&,’uﬂﬁacteria were observed at'

' greater depths. . . . .

-

- o s : . s
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',It is agreed that there 1is a gradual die.off'of
' bacteria with time. Table 9b shows that fecal organisms may

. survive forequite 1ong periods in the septic tank and the

- soil during which time, they may be transported by ground

,_water movement over. relatively 1ong distances . As the -
fbacterial concentration in septic tank effluent is quite
‘gbigh large quantities of fecal organisms are carried each
Lday into the soil absorption field. The data presented by
McHichael and McKee (7&) showed that the percolates at the‘

two test basins under investigation contain sizeable con—

.

.centrations of coliform organisms, an almost complete absence

of fecal coliforms and measurable but low concentrations of
. : il . ' ) c.‘ ) - )
.fecal streptococci; o L S ' Lo .

Viruses

+

More than 100 kinds of viruses are known to be

excreted by man and approximately 70 of these have been found
- \ fh

in sewage. Those that appear to be transmitted throegh waste-
!

et
)

waters are the enteroviruses poliomyeletis, coxsackie and
;infectious hepatitis.‘ There are a limited number of studies-
of the movement of viruses through granular media. Field
teats were conducted by Herrell et al. (77) at the Santee .

. Water Reclamation Project near San Diego, California,‘for the

'purpoae of evaluating ‘the treatment uaed to upgrade municipall

,_aewage for recreation purposes The treatment inoluded an

activated sludge plant followed by ‘an oxidation pond with a .




I f
retention time of 20 to, 30 days The effluent-of the oxida—

tion pond was discharged intoe percolation basins and allowed

~

. to travel 1, 500 feet through sand aj? grauel, overlaying a

FA)

lchlorinated before the water 'was. used for recreaticnalulakes:ﬁ_
Mass immunizations against polio were being made at the time -

' and there were high concentrations of polio viruses in the

sewage.. Viruses could be found in the effluent of the

activated sludge_unit but none were found in the effluent

. -

of the oxidation pond 'In order to test the efficacy of the
percolation beds, g high concentrjgnon of: poliomyeletiS‘
viruses was’ added directly to’ one of the percolation ponds.n

The average velocity,of water flow through the aquifer was

, estimated to be* 100 feet per day. Samples were collected

iy,
from observation wells located 200 feet and 400 feet down

’

‘flow from the bed and from the dtich for a two—monttheriod.

-

'No ¢iruses were . found Eliassen et al. (32) develOped tracer

'and analytical techniqnes for bacterial viruses and studied

+ -

their movement through five soils under saturated flow eJP

. ?
<ditions. The removal of virus from percolating water was

found to. be- due to sorption on’ the soil particles. Soils-

having a higher clay content sorbed virus more rapidly than

2
those with less clay. Prolonged application of high concen=-

tration}of viruses to even clayey soils will eventually re-

: sult in a breakthrough of organism. Thpre is very 1ittle

-
R, -

“clay strstum, to a. collection ditch. The'ditch water was'-.;“

B

information on virus removal during unsaturated flow. Filmer:

.. . . . . . . B .
. - . . .. L . -
, . o Dot : .
. f - . . - - L, .
. . . . . - . . . . \
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and Coree (34) investigated the rémoval of virus: size albumin

;\particles th{pugh partially saturated soil They found that

T soils wifh a higher clay content provided bet_gr removal and

that. decreasing the degree of water saturation of the soil :

L

"increased the retention capacity. Studies by Laak (56)

.showed that soil c°1umns of medium sand garden soil and

sandy loam transferred recoverable polio virus -3 until\the
4

_initial fluorescein sodium ‘dose. was diluted to about 1 10

"

,for each type of - soil. Virus titres were diminished mainly-;‘

“tbecause of dilution._ His studieszlso showed that polio

:virus 3 was recovered fron sample cores in the sadﬁ columns

L4 ' - F- ‘

:Fafter the infectivity of virus "in the column effluents was -

undetectable._ Studies at Whittier Narrbws (74) indicated the

-sample (82 PFU/BOO ml) and %n the‘ ;tivated sludge effluent

(202 PFU/SOO ml), nq,enteric viruses were detected in 800 ml'

." of the sample of water that had percolated through two feet

-
a

of soil.‘ b) The results of virological assay . on- samples [\f

from the test basin (z ft and 4 ft) shoveszy viruses in one

A
. litre, during August 1964 and Febf—March lQQﬁ ) After
1.,- T
adding\virus (lollPFU) Sabin Type III Poliovirus vaccine, to:

- ’
191 1 cubic meters of efflubnt none of the samples from the

s few days (3 days) showed any entero-viruses f*iths dilutions

VAT . - . X -
] PR . +

LtgPred. ST L N

.

. v?
-

.'following Esfults: (a) Though viruses (Polio pe IIT and -
'type I) were identified and .enume ed i he’ :tttl%dxsewagec .

n_Z,:A,'G, and 8 ft pans after an intetval §§h;;w houqs to.a’ e -

,

/

*«
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. nlSpecific Chemical Contaminants ~ . e e o
o | o e e
‘Nitrogen: T I »
'fxp"Ji?* | L Nitrogen compounds contribute to the problem of

excessive growths in lakes and streams that may be fed by
f ’ H .‘-'
ground waterr in addition one form - nitrate nitrogen'- has

‘a public health significance, as it is th&‘cause of the

disease "Methemoglobinemia in infants., {pe two' main factorsf'

*as
N rl

' affecting the movement of nitrogen compounds i soil are

ﬂ; adsorption-ion exchange phenomenon exhibited by the soils.
’ and 2) the action of : the nitrifying and denitrifying bacteria
~ Most soils ﬁ} nature possess a net negative charge which means
B o .
at they &ave the capacity g ) attract and ‘ng¥d catio%f ougw
L - ‘| N '@ . N Y-

- ~of solutioh The magnitude of- this capacity depém on many

-

va?iables including. soil type, pH ca;ion type and concen-.;.'

AT : . :
tra;ion, anions ptesent, ions previously adsorbed etc. As
- 1 "
iﬂd%%ated earlier, most of the nitrogen in septic tank

\\ -~
-

efquents is’ in the ammonia form At hoiﬂfl effluent pH . Hﬁ_
;‘l-
(less than 8 5) most of this is in the. form of the ammonium_‘

A

ion,.NH4 The combination of " the negative cherge on‘the soil
7 Y I .
vparticle and the positive'charge gn the ammonium ion lead.ig';

Can- efficient nitrogen fixing mechahism chever the"nfiri-:

»
[

fying ba teria of most importance are Nitrosomonas and
Nitrobac§¥r; In a simplifﬂed form, microhﬁal nitrification

'ptboeeds &a_follows: i

f:' -FNHI.+'5IZ o NitroSomonas k85'+ ZH + H 0 j; - ch_g)"
Lo P ' - . . R L “ C

P . A HE N . . . . .
Lo ' . : . v -




. . . e o A R .?‘,...;' _
; . v NO ; + 1/2 0 Nitrobacter _NOE. _ T ;'-“(2.101'

4

;ﬂThé:nitrate ion has a‘negative charge and therefore is not-
adsorbed to any appre\iable extent by the soil 'However it
_tis very soluble in the percolating vaapr and is therefo&&.
5.carried down toithe ground water table where . it is free to
_“move ‘with the ground water flgw. Under anaerobic-conditions
some bacteria.can utilize nitrates, alongrvith organic carbon

‘dompounds as a source of energy. The end products of the

reaction are molecular nit gen, nitric oride and nitrous‘

"oxide.' Under’ the optimum conditions considerable quantities ;

1

of'nitrate may be removed from the - peifolating water through'

.gthis process. :

\"_ .}‘ Preul (93) conducted a two year laboratory and field
stu:> concerned primarily with the travel of bhe various forms

' 7,of nitrogen in the’ ground water flow in the vicinity of sewage"

ponds and sept&c tank-soil absorption systems Ammonia was.

found to be the predominant form of nitrogen in septic tenk

; effluent wherein the values averaged 60 mg/l. The ammonia'
‘{W@S rapidly converted to nitrate nitrogen and an average',

l%yel 0 ot mg/l was found at 100 feet from the source, when
- the backgrouﬂd level of ammonia N‘was 0.5 mg/l. Nitrate

nitrogen which was found to be essentially zero with eptic‘

. tank effluent was as bigh as 40 mg/l in the ground whater at
20 feet fromsthe absorption system it was normally
than 10 mg/l at 100 feet from the source of pollution.ﬁ The

o . : | ?
.nitrate nitrogen background level was 0 -1 mg/l ‘ Preul ard .

.h-.

m\
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o Schroepfer (9&) “in. a l ratory study-with SOil columns S
. ."

demonstrated that agggniun ion is strongly adsorbed by soil._;

. Nitrate ion, on the other haﬂé. was not readily adsorbed to
X N
“*‘ the soil at normal pH values Preul (93) found that bio— o

logicnl oxidation was the dominant mechanism occurring in '
~.\soil to reduce ammonia concentration and the oxidation:
occurred near the itile field.‘ Studies by Polkowski and

Boyle (88) indicated that the averagé ammonia nitrogen con—.

- centration in the septic tank effluent was - 14 0 mg/l and the
E v T . -

nitrate nitrogen was" 13 mg/l At a well located 15 feet -

- \ *

* downstream from thejtile f'eld oncentrations had e

xeversed in relative magnitude with the ammonia nitrogen‘
.|

dropping to an average of l 34 ggfl and’theuaverage nitrate

_ nitrogen concentration increasing to 7 0 ng!l.'.Figure‘S
.L. ‘-

deprcts a curve of average nitrate nitrogen concentrations

versus distance from- soil absorption Systems based on the

values reported by Preul (93) and olkowski and Boyle (88)

*‘Though the soils were. different a,d the ground water flow is,

-

unknown, it is inter sting to observe that the reduction of

nitrate nitrogen conc'

-
.

tration in the ground water appears
nearly the same. T is may support the- view that nitrate'

nitrogen is not adsorbed effectively_by the soil and that-
>

dilution by the groand water is the major cause of thé ',f

redqstion of concentration. In a Hinnesota study (89),

] Polta reported that a aignificant concentration of nitrate
2 o .
Ct nitrogen was deteeted in .the shallow ground water at a.

r . e e,
B ' e es T

. . “
.- . . + .l-. a . .. .
» . S o _ - »
Lo . . . » i " ' C ' Y PR~ ’
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;-tdistance of 1&0 feet downstream of,ﬁhe SEGPBSE Pit. Aﬁ‘g'
~idistance of 70 feet downstream,'the NO -N concentration was ’
Jspproximately 10 mg/l._ The concentration close to seepage f

pitlvas,ahoqtf30 mg/l. In the Pennsylvania study (8&), ‘ ';‘.'
"Eeritekiet,al'found that the reduction of nitrate nitrogen

concentration.rangedffrom 68 to 82 percent in the upper 12
“inches of the Soil profile |
. PhoSphates ‘

Hany soils are capable of fixing large quantities‘y;u'
"of phosphorous making . it net'. available to plants as. a nutrient.‘
The mechanism of phOSphorous fixation is quite complicated. |
h'The processes include l) adsozption, ) replacement reactions,
'possibly in;olvfng changes in the mineral crystalline structure,
and. 3) precipitation reactions through which ‘the " soluble . 'ﬁb

phosphates react with fron,.aluminium or calcium to form

insoluble compounds. -The most important mechanism.is

L I

:adsorption by soil colloids. Thp phosphorOus fixation ﬁapa- =
;city of soils have been reported to be as high as. 8000 1b

(: \Placre to a depth of 6 inches. ® The surface solls gemgrally'

. ave the greatest fixing capacity; the :apacity of the sub- b“ .

nrface soils is also high.. Land having a high phosphorous

.fixation capacigy-, 'thc:ﬁh not good for plant cultivation,(_’
.is ideally suited for astewater soil abgorption systems in-

.jﬁzpiew of its capacity to remove soluble phosphates from the
k-3
percolating water a‘& prevent contamination of ground wvaters

thus avsiding water pollution. ‘

o.’* B
et . . : ' | -
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Polkowski and Boyle (88) in a study of septic ta:t““—’)._
”'absorption field drainage, found orthophosphate to be reduced
o from 5 15" mg/l in the septio tank effluent to 0 04 mgll in a
f'shallow well located only 15 feet downstream of the . absorp-

‘htion field.- These results agreed with the findings of- a

study conducted at Penn State University, (86) in which

'\ ST - '\.

sewage effluent was applied to soilﬁhy spraying _ Phosphates_‘
were found to be 992 removed in the top 12 inches of soil~ |
'ln the study by Preul (93),‘phosphates in the septit tank
i,effluent were found to he significantly removed upon entering
: ‘the soil and at. 100 feet froml:he source of*pollution, the v
level-of,PO4 dropped from 20 mg/l in*the'septic tank effluent
'to less than 1.0 mg/l : Similar results were reported in
anofher study (95) by Preul when he studied ground water
'contamination due to infiltrqe on from waste stabilization
‘;ponds Results of several ‘£ield experiments citedlby Stan- o
fojé:and Pierre (112) shou no‘more than slight downward |
. movement of phosphorous follow/ng surface applications of .
phosphate.' Furthermore, a. review of the results of lysimetry-
‘_experiments by different workers over a period of 250 years
cited by Bailey (5) show t t only trace amounte of phospho-'
. rous had ever beén found i}ithe percolate Mack (72) fodnd
that the %‘Punt of water- soluble phosphorous leached:from_a
soil system increased with ‘increase in temperature., S 'i//
e

It ‘i generally estimated that less than 20% of

the phos horous applied is utilized by the crop and the




Ve

sfremainder stays in. the soil. The~removal efficiency for j
- some Tof the waste constituents,_like phosphates, applied to
. ﬂ'
& 1and disposal site does have - finite 1imit due to inherent

‘site capacity This time period strongly dependent on con—

'fcentration applied‘and soil type, might be many decades, but .

- a finite limit does exist These constraints WOuld primarily -;. ‘

-

.apply to. those compounds which depend on adsorption as a key

‘. o B . . "; s ‘
removal mechanism s .

Surfactants o R co | D l.. .‘ f.

o ' . _‘ Synthetic detergentslat one time were considered-k.
‘to be serious soil’ and watetr contaminants. Klein and HcGauhey
.(‘5&)'repor'$ in a study on septic tank removal of alkyl
benzene sulfonate (ABS) thag only 10%Z of the ABS entering the
septic‘system‘was removed in the_tapk itself and this removal

- was due. solely to adsorption. Suess (115) measured the ad-
'sorption of ABS on 10 different soil types by batch technique
‘in laboratory tubes. The'ABS concentration were: determined
by the methylene blue test and a radioactiv sotdg:fgai\_ of

k&eerved as a'tracer. ‘The adsorption.per gram of soil was found-
to increase with decreasing grain size, but the iutensity of

i

the ABS adsorption increased with increasing grain size. “No'

'soil was, found to be. completely covered by a monomolecular
hlayer and the percentage of coverage was proportional to the
grain size.‘ ABS adsorption was found tg be atfec ed;bx,

mineralog‘l c-omposition"of- the goil -and adsorptioﬁ was

-
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'N.higher in’ limestone than in- sandstone Since the inttoduction
- “of biodegradable detergents such as linear alkylated sulfonate

, -
';,(LAS) in 1965 consideratioa of ABS data is appropriate only

-

in So far as it indicates the extreme distances that nonde-

Co gradable contaminants

to be in. ground water
Vtamination (95) The

and sulfate esters of

,:5 & .

can travel through soil._ ABS was shown"

up ‘to- 200 ft from the source of con—,
biodegradable detergents such'as LAS o

tallow and coconut oils were found by

-Klein and McGauhey (SA) to be removed in septic tanks to

dable under

the extﬁzt of 9- 152 and 61 63% respective

not deg
septic tank, only 0.6-
biodegradatlon. In.¢
ported for the sulfat
absorption field is m
the sulfated oil comp
the soil. Polkowski

'-daticn in reporting 1

. (e.g. detergents) in

Chloride

| Of the comm
| field efflueﬂts, nicr
‘Chloride was frequent
water flow. Dappert

- more than 12500 feet.

-,

the normal anaerobic to‘ditions of a.
2 52 of LAS removed\w s attr&buted to

ontrast 40-43% biodegra At ion was re-

-

7

aintained aerobic, breakdown of LAS and
ounds in a complete way uould OCCur in-
and Boyle (88) confirm the rapid degra-

ow methylene blue active substances

an - absorptio 1eld grodnd.water_plume.
g . - .

[ 4
on chemicdl constituents in absorption

ogen and chloride are the most mobile.'
ly used earlier as a tracer of ground
(28) reported ‘chlorides to have travelled

Hiller (78) repoLted that chloride from

y Because LAS is j.-
._"-"

ed natural oils; Prcvided that the soil e

r

- /’{
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an oil field brine travelled l 300 fe t in one instance

ZPolkowski and Boyle (88} found cbloriﬂe contamination easily :

: detectaole_ZSO feetidpnn stream.from a septic tank absorption

A

Otler Chemical.Characteriéticsf.f'_
.|‘1‘."‘ ' ‘. .

' Easily—degraded organic c0mpounds in the waste are

_indicated by - BOD - CoD_ and TOC. For a particular waste, a-
correlation ¢an be establishea tetween tbe threi! Both COD
'and T0C include organic fractions that cannot be easily de-'v

'_graded by aerobic organisms . The microbial life in the soil
.system is the major)responsible mechanismqfor removal of
Bob; cob, and T0C. Initial uptake of organic matter might'.‘;,
;be'through adsorption and/or filtration but the metabolic
;processes of the organisms provide the final pathway. Signi-‘l
_ficant removals of BOD and COD (80 901) have been reported
when septic tank effluent is allowed to percolate through
aand columes (11 -9?). Thoﬁas and Bendixen (119). have'_-":
reported that soil microorganisms digested about .80 percent‘
of organic carbon from septic tank effluents and: that large
- variations in temperature, the loading rate and duration of

dosing, had no effect on the percentage of organic carbon

degraded.
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CHAPTER 3

','ExPERIMENTAL,sériur'ANn STUDIES . ' -°

'3fli'Experinenta1 §et Yp and Instrumentationb

3. l 1 Etgerimental Site. ‘-‘ BN f“:"‘ - b jﬁ\YJ

f | ‘The experimental 'site:is located in Cantiey;‘

_Hunicipality of Touraine, Gatineau.gﬁgrty, Province'Bf 'U': 'n
Quebec, about. 15 miles north oAbOttawa. The site is.‘ ;
1ocated ina valley within the Gatineau Hills.‘ The test.

; site is situated between ‘two small streams which cut’ throuéh

the valle% The'site s about 30 feet higher in. elevation

than the streams and 1ocated about 200 feet south of one N

-~
E

of them and about 400 feet noerth of the other. The soil
nap (59) of the region shows that the ‘soil ‘in. this area
‘is a mixture of Piedmont (sandy loam texture) %nd Pontiac-
(silt 1oam to silty clay loam texture) soila and that the;‘-'
terrain is undulating lanc with steeply sloping banks,.
stone and outcrop- free.‘

A subsurface tile field syaxem was already in
operation at this site since June, 1970, treating the 5; ‘ 7
' effluent from a septic tank of l 250 gallons (imperial)

: capacity, receiving raw sewage from an individual houaehold..
1t has 10 .laterals, . each 56 . feet long..\Fiveuofnthese'r“ "

laterals were in usge until June, 1973, when all_the 1atera}s_

' were,brought into uée, Figune 6 shows the map of the srte -,
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with the ewistipg'tile field It was decided to make & ..
2 . e
’site evsluation before installing an enpqrimental ‘tile gield '

-at this site The resulns of the site evaluation are dis-

cussed in the fpllowing paragraph. - L L LF I
3.1.2 Site'#E#aluation e e \V‘

A test pit °5 feet oeep was dug near the prOposed

'.experimental tile field and soil samples from each foot

,oepth were collected and gxain size analyses by mechanical

[N

and hydrometer methods were carried out as recommended by ‘ .
’ \ LI ’ . . ’ . ‘ *
%oﬁles (15) Grain size distribution curves for the five -

-sanples taken at various depths are shown in” Figs. A-1 to

b}

A- 5 in Appendix A page 2&0. A visual examination of the

.samples indicated that the soil is sandy clay for the

”initial depth of 2 feet, followed by clay with less sand -

-..

E : ‘-T'-'-s . .
at depths of 2 to. fee; D10 and D60 sizes and the

' uniformly coefficient (—Iﬁ) of the five samples are- given

in Table 10. The moisture content of the soil samples BRI - |

LN

.collected,at:various depths of Ol(sunface),, .OJ l.O; 350).”

%sS, 4.0 and 4.5 feet were deternined'on g-day in Octoberg'

-
-

‘199@: in-the field by the calcium carbide gas pressure-

method descriﬁed by Blystone et.al (13) Résults are shown '

£y .
- 4in Table 1t and in Fig.-?. The moisture content was found

L to “be between 20 'and 30 ‘percent at depths of 2 .to 5 feet. ... .4
: . - ' -~
Four test hd‘g? were dug at - the places shown in
.JFia&ho,.and percolation tests vere condncted ‘as recommended

. T .
v ) oot . T

.
r_J
L)
.
[}
A '
-
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Mbi§tpfe-Content‘of Soil at Various Depths

bl

o . _ Sy . Dater 25.10.72 . .. -
T : I B Moisture Content o
- - Depth.in ieét; g T — ' =
ST e . . ‘. ~Percent of wet wt-

Table 11.

,
: -

(")

-

“Pérqent'of dry:wt-;~'

ol 0.0

1.0

3.0

2606 -

324

D8
;21:2 l:-";

. 18.0
fzo;z._.

214

36,4
48.0. )

22.8 .

27,00
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L2520

35,0
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;-in the "Ma nual of Septic Tank Practice E?é}.' The percola-

hticn test details are given in Appendin A (Table Al, page 240) .

.ﬁThe percolation rate (time in minutes for water to dr0p l inch)
f‘h‘was calculated by tbe usual method and by the method of Lndwig

‘lfand Ludwig (63) ‘and details are furnished in. Appendix A

(Table A2 and Figs. A6 to A9 page 2&0) ) The percolation

'_test results are furnished in Table JZ. Test holes-l.andVZ

1ie om. both ends of the experimental tile fielo, with_soils

howing relatively differing percolation rates.

Information obtained on the gronnd water level at

fthe site indicated that the water level fluctuated between'

S

:3near ground level conoition during spring snowmelt period

"~to 8, depth of 8 to 10' during ‘late summer and early fall .

“fperiods. Ground water level observations made at the: sitefk
. ]

l_the site ‘are. discussed 1ater in this chapter and the data, d-
;are furnished in Chapter 4.‘ Some observations of ground

" water level in borehoIes“at ‘the site indicated tentatively\

that the. movement of ground yater was from north to south.l
Further measurements of ground water elevations and also of

the perneability-of the soll were carried ont subsequent to

ﬂthe initial site evaluation. GrOund water 1eve1 elevations

were taken at varioua 1ocations on May 16 1974 and the

'elevations are shown in Table 13. The locations are shown i

in Fig. 6 (page 67 ).' It may be seen that the groundwater

movemist'was in a northeast to southnest direction, as
tndicated in Fig. 6. - v

-

: ' b .
as,ﬁégt of informaticn on the environnental conditions at” '7 '

o
P
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 Table 12. Percolation Test Results

~1,ATest'Hole :

No

Percolatioh_Ratg*

" By usual
method

By the method of
Ludwig & Ludwilg

 Allowable. Rate

_of Sewage Applicatioﬂ;

- gpd per;sq.foct

u‘f‘nfi

...

a1z . 12
a5 s
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140
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. 1,30
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A Time<in~minutes for water to drop 1 fhgh.:
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Table 13. Groundwater Elevations- at Various Points

at the Site (16-5-74)

. Location:

Coee

-

Ground 'f

‘_‘j1e§e1“

~

Depth to water -

--level ‘from ground Groundwater

———r—————————— _ Elevation
inches . -~ - feet =~ a

E-

N 10

11

srss o
'_“97§8§‘ |
\36;86 - |
'97;36:.9“ '

- 97,46

96,18
96.55

Q&;Qﬁi‘y.,.h

95.08
 84.80

- 81.04

o

C7s 16 94.72

e o . Low _ :
9.0 - . 0,75 - 95.80
C0.0 T . 0.000  94.44
1Bs 7 112 9396
D80 - ,“1'-0.67 © 84,13

12,00 . 1.00 . 80.04

K - -
. — P
- - - N

Cas.0 0 208 9.8

a7 o . Las 9590

 §¢§‘ . - ; - -:
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'Bowles (15) The results are. given in Table/hh | Theu -
?horizoutal permeability 1is found to- be 60 times greater
~ than the vertical permeability. Though the horizontal ; S .§{

;permeability could be expected to be greater in saudy clay

.vertical samples penetrated a layer between 2 feet

. 2-feet 6 inches while the horizontal samples were ta

These calculations for permeability are shown in Fig. A- 10.

'i&u For permeabilit5 tests, twO*inch diameter undais-

?

‘turbed samples were ‘taken vertically from the bottom of a

atwo feet deep teqc pit as . well as. horizontally into the

i

TQﬁsides of the pit using five inch long tpﬁﬂﬁg"gpthe perme-f
‘]_ability tests were done using the sample tubes as@permea—‘
?Jmeters, with a constant head of water. Iwo vertical and '

'two horizontal samples were collected and tested for perme— -

1

'n.ability. Calculations were done on the liues indicated by

I S .

PRI QPR P
P Sy BN

soils, the greater margin may be/dfe to the fact that the.'

. ‘the. two feet layer-'the soil characteristics differ somewhat

:beyoud the 2 feet depth.

A bailing test was also conducted by diggiug a

test pit 2 feet square and 2. feet deep. The water 1evel

. was lowered by bailiug aud the rate at which it rose was

measured Calculations for permeability were made on the

-lines suggested by Healy and Laak (44) based on conventional

SR
well theory._ The radius of drawdown was assumed equel ta

‘ten times the effective radius of the test pit. The approxi-

mate depth to impermeable strata iu this case wa8.90 feet.
ol

’ . , - . . . . .
A . . .
. . . . . . .



\T\P:.h G ?
e

.-?76--‘

iable 14, Permeability pf Soil SgMpies Takeﬁ

at 2' 0" Depth

X o n g
- S . -

‘ Arithﬁetic_meén-'

Sgyple desgniptiog‘. Permeghility . permeability -

'“fﬁvetti;él'sample‘l;_:jl.iuxLOfﬁ qmlgec

N ST T U SR I S SR K
-_Vﬂ.,mPVertibal;sample 2 3.4%x10“5'cm/sec_ 1.8 le.Slgg!sec-
gfvSiﬁ'xlO&S

S

‘ifﬁlmihm

.”f”ﬁqpizdﬁtal,sample‘1;51.35x;0-3"cﬁ13g65j

Y
3
X

- Hbrizontal”éampie‘z. A;Oxfbf4‘cﬁ/séq f_ff;.lﬁx10f3"£ﬁlséc2f-[-

:_#f'Z.leo-i'ft}ﬁiﬁ‘;‘

/




-

' chamber was equivalent to 71 imperial gallons. The horizontal

SN TN

v

'(Appendix A, page 240)L ‘The calculated'value of'pe eability

was 2.6 x10 -3 ft/min which is comparable to the trical

permeability obtained through 1aboratory experiments

'._‘kspi.3- Field Experimental Installation

The septic tank effluent discharged at the top of"d‘

X3 vertical ‘one foot diameter concrete sump, with an outlet

"pipe'at-the‘bottom 2‘ below which is connected to. the existing

tile field system. It was decided to divert a portioﬂ\of

the septic tank effluent at this’ small sump for. experimental

h purposes. A 90 bend was fitted to the effluent pipe at: its

entry point into TRe vertical sump, a slit one inch wide and

Al

&de at mid depth in the middle length

three inches long was®

of the bend so that the- flow not diverted for experimental

L purposes fell into the sump to discharge into the existing

ystem.. A horizontal pipe was fitted to the other end of the .

bend and this pipe discharged into the farther compartment

of a two-c ompartment collecting tank. Figwre 8 shows a .’

o sketch of the arrangement Each cOmpartment had internal

=

dimensions of 46 3/4 inches wide and-35 inches long with a
depth of 33 inches. Only the. farther compartment was used

for collecting the effluent ip this’ study.' Higher loadings

‘could be adopted by removing the partition between tﬁe com-

" partments thereby making use -of the capacity of both the

compartments. One- foot depth .of. effluent in this collecting

Foet e o

P
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entry pipe. to” this collecting chamber was fitted‘uith a

flap valve‘that was operated by a vertical sliding mechanismL‘;,,
. The method of operation was to close the flap valve after a
‘particular depth af effluent was collected in the collecting-
;tank s¢ thet the remainder of the flow passed on to the
.-existing system through the slit in_tbe bend located in the_lhl

. .

'gvertical sump. The outlet from the tank was fitted with a
11valve.for eontrclling the flow into the experimental tile

h Tfie};d | Figure 9 shows e photograph of the collecting tankf -
-;and the control valve. & tight- jointed & inch; pipeline 80 t
_hfeet long conveyed the‘effluent from the collecting tank to

the beginning of the test tile which was about 25 feet away

“from the neareet existing laterel. The experimental tile o

.h_ was 4 inch diameter, 26 feet long and open jointed wigi’-w

'perforations The installation followed closely the
»sPecifications laid down in the “Manual of Septic Tank L : b
' Practice - (76). The details of the test tile aPrangement .

.are-ahoun in-Fig. 10. The salient levels of the varipus

pipe arrangements are given below-.-2> N i |
Invertllevel of septic tank outlet —‘97 92
lInrert leyel-offoutleo.from collecting tank - 95.43?
Ineert level of the tile (uorth end) - 94 88 :
Invert level of ‘the tile (south end) - 94.80
ﬂqrouno leuel (north end)‘—'97741

L Ground:level‘(southpend) : 96.54;

There .was a drop of O.GO‘ieet in the 80 foot length of tight

¢ T .- - R . v . .\
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et

- was coveredlon thentop by boards and an'opening with a

S

jointed pipe, sufficient fer the flow conditions contemplated.

The test tile had .a.drop of 0.08 feet or about 1 inch.in'a

. e ' . o : : .
distance™f 26 feet following the usual prattice cof allowing

'4sinchea”per 100 feet;' The ground 1evel at the site 'sloped.
0 87 feet over 26 feet. The ihvert 1evel of the tile at- the

s northern end 'was 2 53 feet below ground devel and the 1nvert

.-

1eve1 of the test tile at the Southern end was 1 7& feet

below ground level' The test tile was at an - average depth

of 2.13. feet or 26 inches below the ground level o‘_wl" fx

The test tile trench was 2 feet wide and graded

, ravel (1/2":to 2 1/2" size) was spread for a depth of 6

Y

ihches below the tile and for a depth of two inches above

id‘ ks " t

\the top of the tile.- The top oﬂ‘the stone layer was covered

with untreated building paper and the trench backfilled with

earth. Figure il shows a photograph of the test tile trench

' with the tile placed on gravel during construction.'

" A parailpl observation trench 30 feet long, 2'feet"

wide’ and 6 to 8 feet deep was constructed 2 6“ from the test

-tile trench., Shoring and strutting of the trench were donb
to prevent 1ts collapse especially at periods of high ground-—,

“watet level dnring'spring snowmelt.,,%&e observation trench.

-

removable cover was left at the southern end for getting in-"

side the trench for collecting percolates from lysimeters

and for collecting,grOundwater samples. The observation

' trench was required An connection with- the installation of




[~ Pig. 11. .-Test Tile om -Gravel Bed Dufing_
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-_‘.
'lysimetérs and for collecting the percolate obteined throng&

i‘-the lysimeters. The original idea was. to install twelve

"fzero tension lysimeters, three each at depths of 2 feet

'”7f‘to insrall all these due to’ bigh groundwater level and $0 it

fywas¢deCided to instell seven zero tension lysimeters nt o

'nA_feettu&-feet* nd 8 feet in order to collect the percolateq.~ U . '

'Hooever, sfter constructing the trench. it became difficult

:'depths of 2' 0" 3tn andﬂh'ﬁ" only'as shown in~Table“15.

fChoice of'the‘Lisimeter;'Its'Preperstion'andilnstallation

.-

[
s . B
[IERY S AV W S Vs B

O

Lvsimeters are usually used for field collections_u R
of SOii water but all lysimeters are reported to*have certain

limitations (55) : A lysimeter, which combines ‘the ndvantages'_
v . : . -

of" several types of 1ysimeters, was developed and described

by Jordan (51) This«lysimeter is essentially of the Eber—

Ll
‘mayer type. The basic lysimeter is a 2x12 inch stainless

steel'trough.j Sinple troughs fail to-collect a‘portion of

the water since water tends to clin. to the surface of the : P
g :

installation tunnel rather than drip from the top, unless

-

the edges of a lysimeter trough are in firm contact with

the soil:for the entire perimeter of the trough, wnter will,'

"+ tend to-rum out through spaces between lysimeter and soil..

™~

s

- To overcome this. nroblem, a fibreglass screen Iined withu

-glasswool is suspended inside the trough and 5011 is tamped'

L

on top of tﬁe screen until the soil is even with the. top ofr

bl‘

LN



Lysimeter

Table 15. Location Details of Lysimeters

85

Number

.Distance from
northern end
of ‘'trench, in

v feet -

.

Dépth from

ground level -
“dn feet

- Penetration
into side

wall in

-inches:

2.0

"18.0

8.0
6.0

9.0

16.0

s 110

.é;Q'_
s
2.0 - |
3.5 |
2‘.-0 

. 3.5

19

T

oo~ .
22 -
30
20

- 26
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. “the zero tension lysimeter.'

the trough. Thus, this lysimeter is designed to eliminate
,the surface tension chat occurs when watey movrng through
-the 'soil meets an interface at the screen. This lysimeter

'is therefore called a “Zero Tension 1ysimeter.g Zero—

Tension lysimeters manufactured by New Jersey Stientific

'oSupply Co. Incorporated were used in the investigation to”

';collect the percolates seeping frou the test tile._ A photo-

" ‘graph- of the zero- tension lysimeter and supporting vedges '

is-shown in Fig.-lz.: Figure 13 €hows a perspective view of

~

Lysimeters were positioned in tunnels dug laterally

from the observation trench.- ‘The tunnels<&§Eended from the'

same observation trench and these were. located in such a vay-

ra—

that they were at 1east lS“‘apart horizontally and were not.
. i

directly above each other. To insure complete drainage of

the trodgh\\the top. of the tunnel was sloped slightly down— R

ward towards the pit as- shown in Fig 14.
The screening inside the 1ysimeter was lined. with
' @
a blanket of glasswool approximately 1[8" to 1116" thick.

The glasswool prevented the soil" from falling through the

'screen and also improved the wetting characteristics ‘of the

~screen. .The glasswool was trimmed neatly along ‘the edges

(on top of the glasswool) wasg filled with soil removed from -

-
.the-tunnel. The soil_was_tamped down_so that it was even
N .., A .. o i . PN *

"_of the lysimeter. The cradle like Space inside the lysimeter
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Eié;JIS.' Pe}sbeééive View of the Zero~-
_Tension Lysimeter

L

B ; )
!

EN L ™

N R R VT
B RN

.
FEEY IV B PR I N PO |

o we Y . re [
N R R
- RS

P



- g9 -~

Trench: . .
o : Tunnel 0 T .
‘ ?ig.‘.._ 14. Cross Section of Trench and Turnel
. - i}
"
._-*-‘-- .‘.;‘ N
¥ ¢ - .
\-.‘ . - ’
z
Lysineter
'l 5
Fig. 15. Bracing of Lysizeter
5 - e ’ . #

P IR R, Y

Y

L2 XY ARy

Stee

FRY I R RPN DA}

Vol e e
ROFPF -2 442} ¥

[ R VRN

P



.with'theﬂtop of the lysimeter: The wedge was adjusted LY
Kwthat it was the right height to support the trough firmly
7<iagainst the top of the tunnel Ihen tie: wedge was ‘1aid in

ithe folded position 50 that it can swing upward and towards
‘llthe entrance: of the tunnel (Fig,‘ls) ‘To complete the

' installation qhe wedge was . gripped as shown by reaching.into;"
u-.the tunnel with one arm. The collection,tube was held with f'

kthe other hand so. as. to bﬁ}ance the lysimeter ‘on top of the
wedge.' The swinginglportion of the wedge ‘was gradually .
;jpulled outward until the lysimeter was wedged firmly againstl;
the roof of the tunnel This insured firm contact between

f__the soil in the trough ‘and. the roof of the tunnel._ Lack of

"firm contact wOuld result in malfunction of lysimeters while

excessive upward force could cause.the screen
lysimeter to break away-from.the trough. Ouce the lysimeter
was firmly wedged in place, a check was made for holes between
. the lysimeter wall and the . soil above by passing a finger
'arOund the upper edge of the 1ysimeter. The holes, if any,h
were filled by tamping in small lumps of soil lhe tunnel

was refilled by packing in the soil which vas previously
re;oved. A lysimeter installation usually took abOut _one.,
'hour. The collection tubes led to.sample bottles kept either
at the bottom of the trench or hung from braces._ Seven |
lilysimeters.were placed in position as deecribed above at
'depths and dietances ‘indicated in Table 15 (page 85)

Figure 16 is ‘a photograph showing collection tubes from

the lysimeters in the observation trench.
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3.2 Details of Experimental Studies

.The various studies carried out during 1972, 1973

and 19?& are broa&f§ classified under the following sir
- .

A

categories
’ l;?~Drinking water quality, water use, raw sewege
Tand septic tank effluent characteristics end
-ifwscum and sludge accumulation in the septicht;nk.i
.;iic ;Lysimeter studies. S .
j3;_.Groundweter quality investigetions
h %sc_Collectiou of data on environmental conditions.

"

. ﬁ. _Studies conducted in reletion to. possible =
-clogging of‘the experimental tile. Y
s :f‘.l . 6.‘ Other soil studies.

These are discussed in detail in the succeeding paragraphs..

3.2.1 Water'and Westewater Quality'snd‘Quantity and-

Septic Tank Effluent Quality and Sludge and

‘Scum Accumulations in the Sentic Tank . _"- L

ab

2 ‘tube well sunk to a depth of about 90 feet. Analyses of

f‘f\\\\. .6ample water collected during two occasions vere carried out:

1

'to determine the following characteristics.‘
pH total solids, total suspended solids (TSS),

olids (VSS), fixed suspended

v°latile suspended
solids,.total o nic carbon (TOC), totel_phosphates

.(POA—P))'ammonia 'itrogen‘(NH3-N), nitrste nitrogen

JE Y SR
Ve e el e e s

"The household draws its drinking water supply from ;ff
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(NOB-Nj, total soluble iron, hardness as CaCQ3,
chlorides, total coliform, fecal coliform, fecal

"strEptococci 'and Pseudomonas aerug;nosa

“The analytical procedures for these parameters of interest'.
.are discussed in the latter part of this chapter
Water used by the household during Decemben, 1972

B

LdJanuary, February, March and December, 19?3 ‘was measured ,:'
“jusing a- Neptune water meter.i During this period lthe.number
:~of toilet flushings,each day was counted and recorded to |
estimate the quantity used for toilet flushing. Diurnal
"fluetuations in water.use were also recorded for three
‘different days. o
" Raw sewagg:samples were usually collected from.
‘]the vertical'pipehln the basement of the household leeding Iu
_to}the'septic‘tank.\.COmposite samples were collected only

; on two, occasions,'as manual collection and compositing in_ e

_'the basement of the house could be possibly hazardous if ic

'were to be done regularly.‘ Hence, only grab samples of rawf
sewaée were collected around 10 00 a.m. on eleven occasions
during the period of investigation. The compbsite samples

bas ‘well as the grab samples were analyzed for the following

.paramebers: | ‘ | - |

| pa;‘rss, vss,.tbn; coD, TOC 904—2 NE3 -N, N03 -N,

'total ‘soluble lron, chloridea,,total coliform, fecal

coliform, fecal streptococci nd-Pseudomonas aeruginosa.'

The analytical procedures for these parameters are discuased
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S~
D,
4% the latter part of this- chapter Four grab samgles of
raw seuage at different periods of the day were collected
f_ on one day, for'analysis to‘determine'the diurnal fluctna—
'-tions in the chemical characteristics of rav sewage.

Grab samples of the septic tank effluent were

-'collccted ‘around 10 00 a. m.'on twenty different days during

.the period of investigation, the samples vere collected from .

&

the pipe at the collecting tank after allowing the effluent‘

- Ato flow for some-time. The samples were analyzed for the

:following parameters. '

4.

anafs,¢u03-n, total soluble iron, chlorides; totalw

ccliformi'fecal colifotm, fecal streptococci and_i

oH, TSS, vs_s fJixed ss, - BOD, coD, TOC, total Po,-2, . %

f?Sendomonas'aeruginosa;i j;:u ':j._ ‘ :h-; 'f,- .
?Sludge and scnm aCCumnlatdons in botthhekcom?-T:
partments‘of'the.Septlc tank'were-carried ont.on‘three
‘different occasions . (30-10- 72 l—oe733and 18e§e73).tHThe'
 scum and sludge-measuring devices were similar to those'
T N .

described in the "Hannal of Septic Tank Practice (16)

Scum was measured with a stick to which a Weighted flap was'
ahinged. The stick was forced through the mat the hingedb,
Iflap fell into a horizontal position and the stick was -

raised until resistance from'the bottom of the scum was

_felt. Heasurements were made from the top of the tank wall

for the top 6f the scum, bottom of the scum and the liquid

leyel, to determine.the.floating, suhmerged and the total .
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scum. & long stick qupped with rough white towelling ,
lowered to the bottom of the tank was used to get the depth

. ﬁof sludge and liquid depth of the tank The sludge line _

“;-;could be distinguished by sludge particles clinging to the

‘ towelling :All'measurementS‘were again taken from the top ﬁ
'~of the tank wall. ' |

Ca

. p3.2}2 Lvsimeter Studies.»‘

The installation of the experimental tile and of -

Jthe lysimeters was completed in Novenber, 1972. The percola—T

‘tion‘test resnlts for the test holes l 3nd 2 (Table 12 :tff
| page ’{%; Fig.: page 67) nearlthe experimental tile, L
",revealeg‘that the. ellowable rates of" sewage application were
1.40 u. S. gpdlsq ft. and 0. 70 U. S. gpd/sq ft. respectively

e T

_for the soils at test ho}es 1l and 2. It was decided to

adopt an average rate of l (Imperial) gpd/sq ft., Ihis‘worked

‘ out to a. 1oading of 52 gallons (Imp ) per day for the

experimental tile bed 2 feet wide ‘and 26 feet long-

+  The septic tank effluent required for loading the =

tile was collected in the collecting tank by opening the f
flap valve at the mouth of the inlet pipe. Heasurement of
'the depth indicated, the amount of effluent collected since

-

one—foot depth of the effluent in the collecting tank was’

equivalent to 71 gallons (Imperial) An intermittent system

of loading was adopted because it was found to be ‘more .

beneficial by earlier investigators.- The collected effluent'

B e
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.each day was discharged to the sfstem in 2 to 3 hours br
_adjus:ing the valve. This type of intermittent operation o
was continued from the start in December, 1977 to late June,

3_1913 Then it was’ found convenient to modify the inter-"

-
'mittent loading pattern loading the required amount in 2

-
-._‘

day over a period of 2 to '3 hours, resting it for two days:'f.p"gf~n‘ﬁj

and loading it again. This pattern‘gas generally followed . C-,

- |.

with certain exceptions.. A complete record of loading

L operation is furnished An Table B- 1 Appendix B. The mean

a1

. loadings of the experimental tile every month from December,“‘

-

1972 to,March 1974 are shown in Table 16. It may be seen o
. s e <
that the mean loading rate was between 45 and 65 gallons per

Y PRI

- r . ot T :
(T AYva .

e
IV CAWA (Rd 230000

' day for most of . the months with thenexception of Harch 1973,

‘June, 1973 February, 197& and March 1974. In the case of
. .6 -

Harch 1973 and Harch 1974 “the loading was very low as it

BRI T I N e N Y|

<

was discontinued for a: greater part of the’ month due to high
groundvater level. Eigher loadings witnessed in June, 1973
and FehruaryJ 1974 were due to accidental greater diversions.

S It was, rather difficult to. maintain the correct loading rate‘

-

precisely due to manpower limitations essentially as the e =
system was: manually,operated. The mean loading rate over,
the entife period of inveatigation worked out to 53.7 gpd..’ -

As described earlier, seven zero-tension lysimeters
S -
were installed, three at 2' Iy’ depth three at 3'6" depth

3

" and one at 4'6" depth: The loading of the tile started in

'8

_middlehof.December,‘l972u, Percolates from lysimeters 3-




.4:; fable'ls. Mean Moﬁthly Lpading“of thé-Experimental.Tile

- 97 -

~ Month ”3.'

. toading

Imp. galldns

per day :

Remarks

{'December 1972 :
”'lfJanuary 1973 :
|  ggbruary 1973
| fu%ichfigvsf,
"Aﬁfil 1973 ;
";jnay 197&
- Jme 19@&*
‘I-.'~Ju1y 1973
' Augusc 1973 "f~
: Septeﬂber~1973
October 1933 '

:.’Noveﬁber 1973

,December 1973 :.

V‘January 1974
February 1974_;

‘Haréﬁ i97¢"

— -

‘_‘37;5
HSOilt
62,4
y'léss.f
| ﬁo,&”
5002
- 90.3.

63.2

79.5

10.0

_ No lcading till 11 4 73

'No loading from 12 3 73

.' Mo loading from 10.9.73 to 19.9.73

&

. LI Y
.ﬁ‘f".’_'\'

No loading ftom 6.1.74 to 10.1.74.

ﬁb loading from 6.3.74 .

No ‘loading from 16.8.73 to 23.8.73 -

e
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(&'6".éi\;?) and 7 (36" depth) were'collected-ln early

'fJanuary, 973 - The groundwater level in the observation :
‘l‘trench in the months of January (latter part) to May. 1973
was quite high,'with mean values between 15 and 26 inches

":from ground level This made collection of any percolate'

.“usample vlrtually impossible due to the height of water in

. the observation trench. Also pe:colate samples had noi
}.‘meaning during these months,'as most often the groundwater
t;level was. eitherrvery crose to the tile or above it.- When
E the groundvater level receded in the month of June;A1973 .
and_tnereafter, attempts were made to collect the percolates”
fton theflysineters. There were.no-percolatec in the'sample :

“bottles during June, July and’ August 1973. 'Petcolates.were-

'

icollected twice in September, 1973 once in October, ﬁovemberr

and Decemher;_1973 and again in'Jennery end_Februaty, 1974.

The collection‘detailé are shown in Table 17. It may be‘sceq.;

+
-

_ that no'sample-was collected from lyeineters 1 andﬂ&'(ilp"

depth) during the entire period of—investigation.' Only one

1sample was collected ftom lysimeter 2 (3 6" depth) and four
.lsamples wvere collected from lysimeters‘q,‘S and 6? wnllej
.three:samples were collected from 1ysimeter-lu,r1n all, 16

" samples were collected. " The collection pattern appeared to

be quite erratic,'though it was not unexpected. The‘per-

colates from the lysimeters were analyzed for the following

-ﬂparameters: : oL,

T [

_“pH, TSS, VSS, fixed suspended solids, BOD, COD, TOC,

thr ey
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Table 17. GCollection Details of Lysimeter Percolates

s

. Date’of A Lysimeter Numbers .

" Collection” .

.3'

&

s

4173

=173 0 x e :
27- 9-73 x <. .
11-20-73 x, x
© 29-11-73 ‘x
18-12-73 . .
. N . ' . . . - -t K a ’J
D30~ 1~74 S e e
Tows 27 ”\; B . <
l";'x f-iﬁdiéapgé collection. . .
) - 5. >
H__‘_’-\-;ﬂ""‘:— . N
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A the latter part of" this chapter‘

total P04~P,.NH3~N, NO,-N, total soluble iron and
chlorides.-
\ -

Bacteriological examination of the samples vere,

f.sot carried ‘outy as it was. felt that it, would not be possible

- to leave a sterile collecting tube each time.' Also the long,

B time taken for accumulation of each sanple would leave

collecting tubes with bacterial growths, vitiating results

by sudden flushings. Procedures for analysis are discussed

PR

_3.?.3 Groundwater Quality Investigations

: the observation trench son after completion of the instal—-

lation, it was possible/éo collect only a few samples of

pé&bu&etes in the early stages.- it was decided to analyze'

-the groundwater samples in the trench periodically from the

‘start of loading of the experimental tile in order to deter-

. \

' mine the fate of the pollutants under adverse groundvater

conditions. Groundwater in the trench was also analyzed be-'

fore the start of loading of the tile to find the background .

concentrations. The groundwater samples were collected and

'analyzed continuously for nearly every week from the start
’of loading in December, 1972 till the end of. July, 1973 for

'a period of 9 months until the groundwater level dropped

.below the trench bott&g—}evel (65" below ground) The.

i

samples were- again collected and analyzed once every month

Due to the rapid rise in the groundwater level in.
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from Decenmber, l§73 through Marcﬁ,.lBYA afterlthe level rose
.:_in.Decemoer,:l973,_ These groundwster semples yereAanalyzedl
for.tneselpsrsmeters: _‘

”rss - VSS; fixed ss 'noD ‘con rrqc,,:ocel PoA-P

ffNHB -N, NO,-N, total solublp iron, chlorides, total

Tl *coliform, fecsl coliform, fecal streptococci and

“dPseudomonas serug nosa.

s

An investigation was, cartied out to examine the‘

3horizontal travel of 30D, COD, ToC, NE,-N, N0, _N, total

3 "3

* -

Q-P total soluble iron, chlorides and bacterial indicator'

forganisms down slope from the end of the test tile in the

ﬁgeneral direction of the groundwater flow. This wss done
‘l.in Hay and June,‘l9?3 after about 6- months of loading the'e
-septic tile to allow enough time lag for pollutants to rescnt
the sampling point 50 feet a+ay. Grounawater samples were

_collected on these two occasions at distances 10, 290, -305 40

and 50 feet from the end of the septic tile in addition to .

the sample from the trench,

Groundwatér samples at four locations by:tﬁe_side:
of three.lsterals 62 3 and 5) of the existing tile- field--
system (Fig.~o, page 67 ) were collected during the summer
of 1973 for chemical and bacteriological analyses.’ Ih?_
existing system had . been in Operation for three years, when
these samples were collected. The parameters analyzed arer

.

those slresdy indicated.
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"3.2.4% Collection of Data on - Environmental Conditions
The environmental factors considered in this

study were air and soil temperatures, SnOW ‘cover. ‘and - un-

saturated depth of soil

._ Ait t mperature measurements at the site between

‘l December, 1972 and Hay, 1973 were made using a. direct re—
cording hygrothermograph. The air temperatures during summer
went beyond 70 F and the equipment was not able to record
temperatures beyond 70 F.‘ Hence temperature data was’ obtaimed .
" from the Weather Office, Ottawa for the period of the study

from Juue,‘1973 to March 1974. It was observed by a com-

.

r

.parison to earlier figures that the difference is_not

cpnsiderable. )t , - ‘ T R - - .

‘Soil Temperaturel:‘ IR ) ..r‘ - _u;ll “..: ‘%
Temperature probes were installed at thelfollowing

locations. 1) inside the. test tile, 2) in the soillat.z'ﬁﬁ

;ﬂeptﬁ,-3) in ‘the soil at 3Te" depth 4) in the soil‘at 416N

'.depthg 5) in the septic\tank midway below the liquid level ; o

..S)Jin the soil at a depth of 2%6" close to. the septic tank

and 7) in the collecting tank.' Thermistor probes 2 3 and

4 were embedded in the soil close to the septic ‘tile. ; ' ‘ T

Temperature.measurements at these,seven locations,wereamade

'manually'using a Yellow-Springs.Telethermometer. . Temperature

L NERIEN S TETE Y
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-readings were taken around 10 00 a.m. daily for a period
sbetween middle of - December, 1972 and February, 19?3 to
iexamine the effect of lower atmospheric temperatures on the..
Jsoii.temperatures. sThereafter temperature readingS'uere‘-‘

“taken:once.a week or sometimes evenoionger_intervals, £ill

Januaky, 1976.c - oo &
R T NS T
. l ' - i R

- Snow~Cover R ‘i :,;; LT e “f;- T

Some observations on the depth of _snow- on ground

at the site during the winter period did not materially differ o

.from the data on this issued by the Weather Office, Ottawa.- .

fIt was decided therefore to use the daily data collected by

" “'the Weather Office, Ottawa for this purpose During the

‘period of study, there Was no - snow on the ground from Hay,

1973 to October, 1973.‘

Unsaturated Depth of Soil

Heasurements wvere made on the depth te groundwater

‘level in the. observation trench from the ground at time7 of"

.sample collection which was weekly, except during December,

1973 to Harch, i974 whenuthere were ;eqer-observations.

3.2.S;.Studies Relatimglto Possible_Ciogging of the

'Experimental Tile

- An attempt was made to investigate the extent of

'cloggin hat might have occurred below the ‘tile trench. ‘Thef

¥
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test tile trench. was eiposed for a length of .two feet and

the soil below the gravel was examined Tube samples froh
‘athis soil were collected and permeability tests were carried

":out.r Samples were also collected from this site and analyzed

Qf'to the influence of the tile system were collected and

samples at the bottom of the tile trench were also analyzed

v -

:ﬂ},qualitatively-for.polysaccharides.- These.samples at.the

.bottom of the tile trench were also collected and examined

microsoopically for microbial activity Initial infiltration

lrates at this location and ‘the unclogged soil close by were

]

determined by filling with water for a depth of 12" the:'
-~

';exposed 2! length part of the tile bed and a test pit 2'

square respectively.,

. 3.2.6 Other 5011 Studies _ '>I

ﬂ; Soil samples (duplicate) from two locations,'oneA'

"lufor ferrous sulphide. Samples of a soil close by not subject

: ‘ianalyzed for ferrous sulphide for comparison purposes.i.The:;x

'Ifarther from the tile (away from its influence) and the other

12" from the edge of the tile trench were taken from various

‘depths (0 276", .37 6"; 4" 0"):' Theése Samples were analyzed

':for PO P NO -N and chlorides to determine the inflnence of

.

4 3
the eﬂ@luent on the soil and the possible retention of Td

@pollutants in the sqil;

A soil moisture content. study cas'carried out be-’
/ : . . . .

- fore'and afterlloading the test tile to examine'thegseepage_

N
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'pattern ~ Moisture content determinations were made - om soil

' samples taken before loading at various depths of 0" 2'o",

.‘°3 0“. and 3" 3“ from ground level ‘at distances of 0 lS“Iand‘ IR

: 30"'from the edge of the test tile.‘ Similar determinations

wvere, made on samples taken after 3 hours fron loading at a ;:U‘

.'_1ocation quite close to the original locatidn._ This location~‘”‘

1

:1was at a distance of 16 feet from the northern end- ‘the ‘,l
lysimeter 6 (at 2 0" depth) was located on the other‘side of

Jthe test tile at this location. h”-’ "‘-”,‘f\

‘j3 3 Analytical Procednres

B The study involved analytical determinations of the

: concentrations of various parameters with respect to the water'

'.fused for drinking, raw sewage, septic tank effluent, per—é
colates from the lysimeters and groundwater adjacent to. the o

'_tiIe. The parameters determined'were: pH, ISS, VSST fixed <.

_pss,son,-con;_roé total PO;-P, NE,- ¥, OyoN, total soluble

iro=, chlorides,ﬂtotal solids‘(for drinking water'only),‘f

“hardness as CaCO3 (for drinking water only),‘total coliforms,

fecal coliforms, fecal streptococci and Psendomonas aeruginosav

'Generally, methods outlined in "Standard Hethods (111).were
. followed for the chemical and bacteriological analyses. The’
ethods used in the determination of each parameter are

_‘dndicated_below.
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3.3.1 Methods Adopted

pH was determined'electrometrically.using‘a

= digitel pH. meter (Section 221 of "Standerd‘Methods") manu-f

re

‘ factured by Orion Research (Hodel 801) - Total suSpended

a“g aolids were deternined by the glass fiber filter (Reeves

'Angel 4 25 em dia) method (Section 224c of “Standard Methods“)

:The glass fiber filter with the suspended solids was ignited

.
N

iffin a muffle furnace at 600° C for 10 minutes (132) and the

,weight 1oss was reported as volatile suspended solids. _BOQ'f

_\.

Cwas measured using iodometric method with azide modifieationA';

L pfor dissolved oxygen (Sections 218A, 218B and 219 of "Standard

'Methods“) 1 The dichromate reflur method (Section 220 of
_“Standard Methodsf) was adopted.for.cqp. lIOCiwas measured
f.usingBeckmaninodelmSlsy'IOS;AnaIyzer;(BQJ lOZ)(Sectipn l38
of”"Standard.Hethods“).‘.Onlyjfiltrates-of,the_samples‘eere:g;.
analyzed for TOC. The;total phosphate concentration uaéw.

‘fcund by preliminary dcid digestion with sulphuric acid-nitric
————

acid (Section 223C Hethod II of "Standard HEthods") thereby

converting all the phosphates to orthophosphates
the standard procedure for the stannous chlori : method |
.l(Section 223E of "Standard Hethods") for the determination ]
of orthophosphates. A SpectrOphotometer (Bausch and Lamb
',Spectronic 20) with' a 1l cm 1ight path was used in this
estimation at 690 mn Calibration data_and curvés are
furnished in Appendix c, page 26&. Ammonia nitrogen vas
determined by Kjeldahl method (Section 132 of “Standard

| Methods”)., Distillation, followed by nesslerization or tri-
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ration was adopted in the estimation. In the nesselization

.method, a spectrophotometer {Bausch 'and Lamb Spectronic 20)

‘with a l cm light path was used at 450 mu. Calibration data

' fand curve are furnished in Appendir C, page 264. 'The,nitrates
\"‘in the samples vere determined by the zinc reduction method
"(Section 213A of “Standard Hethods") Colour comparison of

"the samples with the standards was made using a- spectrophoto—

meter (Bansch and Lamb Spectronic 20) with a 'l cm light path,

at’ 520 mr;. Total soluble iron (total iron in the filtrate) was'

'Qfox the greater part of the study and by phenanthroline method

‘;n the latter part of the study (Sections 129A and 124A of -

‘"Standard Methods") Calibration data and curve for the esti~.

.imation of total soluble iron by atomic absorption method are

-~‘furnished in Appendix C page 264 Hercuric nitrate-method

.(Section 1123 of "Standard Methods") was used in the estima-~

tion of chlorides. The EDTA titrimetric method (Section 1223
of “Sta?}ard Hethods") was adOpted in the estimation of the .
hardness of.water samples. Standard plete counts at Zé c and
35 C were estimated as per "Standard Hethods“ (Sectioa 406)

Total coliforms! fecal,coliforms and fecalpstreptococci were

ie#aluated-adopting the memﬁrane filter technique de3cribed in
 the "Standard Hethods" (Sections 408A " 408B and &093) The

.imultiple-tube technique/described in the "Standard Hethods"

(Section 4133) ‘was adopted in the estimation of Paeudomonas

.aeruginoaa,‘

<‘estimated by atomic absorption spectrophotometer (Unican SP" 90Aif'

2

.
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3.3.2 Sampling, Transport and Storage

. All the samples.for chemical and bacteriological
‘.analyses were tranSported to. the laboratory within one hour
:lof collection.;iThe bacteriological examination was conducted_

: n‘the same dayv The samples were stored in a refrigerator

‘-_fO C) before analysis. The unstable parameters were analyzed

: ‘within 12 hours, and the entire analyses were completed wfth- L

- in 48 hours of sample collection No specific sample preser—

_vation methods were adopted in the study._,'i

.’_'.

.3'3,3.3 Analxsis of Soil Samples for Certain Ghemical

Parameters

Certain soil Samples were analyzed for ferrous
. | © .

..”sulphide,'nitrate nitrogen, total phosphates and chlorides.'
Preliminary sample preparation steps adopted by Crosby et al -
(27) were used ia’ the study.' 250 grams o£ 'soil were shaken on.

a rotary shaker for 1 hour with 200 ml distﬁdled water. _The:

- ———
Rty

fextract was centri{nged’at a hig

speed for 10 minutes and
.the supernatant liquid was. u :
:The ferrous sulphide was estimated stochiometrically after
: individual estimations of total iron and sulphide in the
sample.. Nitrate nitrogen, total phosphates -and chlorides
.were estimated following procedures mentioned earlier. The
'results are reported for' gram of dry soil, after making
necessary correction for the moisture content.
‘A qualitative test for the presence of polysaccha;
Irides in the scoil beneath the septic tile was conducted by

acid hydrolysia of- the sample and confirmation using

Benedict 8 solution. :
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CHAPTER &

" "RESULTS AND DISCUSSION . -

T4, 1 Efficiency of the Septic Tile L 3'ﬂ$:

. The efficie cy of the septic tile system has been

Yoo
-

,evalueted with re5pect to the following paremeters IISS,_,
;'BGHj COD,\TOG, total phosphates (PO P), NHB-N and nitri-‘
‘fhfication.‘ Reductions achieved in respect of indicator

organisms and seudomonas aeruginosa were evaluated ta, the '; i;t'
':extent feasible k "Efficiency refers to the reductions IS
:achieved between the point at which the septic tank effluent-;
“was distributed to the tile and the various depths at which
'the soil water samples were collected. Results of 1ysimetet_
'istudies and of investigations on. 3roundwater quality adjacent'
to the test- tile and below the existing tile field system |

‘have been exsmined to determine the efficiency of the septic

'tile as a treatment process.~ o

4 1 1 Results of Lzsimeter Studies

Chemical characteristics of “the nercolates col-"’
'lected from the seven lysimeters installed (16 samples in,'
all) are shown in Table 18.J Three lysimeters were at 2° 0"
depth, three were at 3'6" depth and ‘one was at 4 6" Twe
lysimeters at 20" depth did not collect any percolate.

during the entire investigation.‘
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LJwith soil depth and time. Figures 17 to 20 also depict the

. gstart of loading in reSpect to’ the reduction of various

S 0 - 111 -

':'Variation of Parameter Redudtion with Depth and Time

An analysis was nade to determine'the variation.

qin the efficiency For various parameters at the three depths

Iy

;noted above, with time. The mean values of the parameters

.Hrelating to the srptic tank efflueng}gs calculated (Tables

”5f19 and 20) were taken for the analysis. Tables 2i‘to-29n ;

P

” Jvariations in efficiency for the parameters with time. han L
'! analfsis of the results presented in Tables 21 to 29 and
Figs. 17 to 20, show' that generally the efficiency of- the'f "pﬂﬁ;'

. septic tile reached low levels at the end of 40 weeks from

soluble iron - for depths of . 3'6" and 4" 6" . Results for 2’0“

f'depth were available only beyond 40’3\::jfj : The efficiencies

’ .

J‘.

~ . -
S

<

'show the variatibn in efficiencies for various parameters.'

-

parameters 1SS, :BOD cop, oc, ?oa—r NH3 -N, and total ';- L s

TUERIEAE P2 Y O9F

OT I AV

-

at the dept%s of 37 6“ -and k 6" incfeas after about 40 veeks

and renained relatively higher for another 21 weeks ’ up to

- .

' which period \he study was made. Assuming mhat the system

would have gotten fairly stabilized at“this stage, after 40

weeks of operation, an examination of the efficiencies for'. e

'this period (40 to 61 veeks) revealed that the efficiencies. '.‘ ~

in: reSpect of TSS BOD, cop, TOC "and total soluble iron and_

3 nitrification were relatively higher for the 3'6" depth as

compared to 2'0“ depth. However, in respect of NE;- -N, and i

'total phosphatea, the reductions at. 2 or depth appeared to

a . . . . -
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‘Table 22.

- 115 - ) L

Variation of pH with Soil Depth and Time

RN

. Weeks ftom'.pﬂ‘cf'theﬁ' - pR of the'ff]"ﬁﬂéoffthé¢ 

, start of
. “loading

‘percolate - . -percolate- ', percolate’ .
at 2'0" depth  uat 376" depth -at 416" depth ..

2.5
3.5,

- 39.0

40.5 7.1 E 7.0 | 7.1
42.5 6.9 6.9
_;ﬁéfﬂ , .Ggé ‘
‘Sé,b. 6.9
:§é:o. 6.7 T 6.6
;61:6;  6.7 g
1 f -
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Table 28;:Varia:16n of Nitracéé witﬁ‘Soii”Depch-aﬁd'Timé'_-

-

"Nitfdte'in';'*‘Nitrgté in;f '_ T
the percolate the percolate the percolate .-
at 2'0" depth at 3'6" depth  at 4'6" depth

‘Weeks from  Nittate in. ..’
start of:
© loading

7') C.mgfl

S mgll

ca

39.0

0.5

- 52;5
C49.0 -

5250

58.0

- .61.0

I

0.22 .

"1.20

0.18 .
"p;dk‘qlﬁ
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“be greater than at 3° 6" depth ' Results for 4'6" depth be—

”'yond 42. S‘weeks of operation of the tile were: not available
t-However, when results for a. particular day in September, 1973.

\:iwere analyzed it was found that on this occasion the re-

ductions achieVed (Figs. 21-to 23)”in‘re5pect of ‘'TSS, ‘BOD

‘COB; totaI phosphates, NH3-N and total solubleqiron showed

a generally declining trend with depth while in the case off

TOC and nitrates alone, there was as - increase at: 3‘6” depth

"declining again at 476" depth. These observations were madel

'at the end ef 40 S weeks from the start just after the period'

-

when efficiencies touched the louest mark It is probable

' that the system had not achieved stability by that time due"

to an abnormal environnentalAcondition ereated by a very

St

'high water table. "; E I » . ‘,‘_f

Xt may be of interest to examine in detail the

specific efficiencies for the various parameters at dtfferent'

,/ﬂand 3'6" deprhS‘beyond 40 weeks. The'reduction% for’ 3 6"

3 The reductions for the 4 6" depth were significantly 1ower.
. BOD -COD and. TOC reductions during this period were usually
in the 75- 902 range, with xeductions at 3 6" depth generally

%t‘ greater than those at 2' 0" depth NHB-N reductions showed

an upward trend (85- 902) aéﬁ%&out 50 wveeks, declining there-

-after to rether low levels (15 352) for both the depths of

0"‘and 3'6?. With increase tn ammonia reduction there

27 - e

TSS reductions were in the 40 2902 range for ‘the 2'0"
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“had been cotrEsponding increases in nitrification during.this

period ,showing clearly the adsorption of ammonia by the soil

and biological nitrification occurring together In the case

o of total phosphates, the trend was not-very clear iReductions ®

"i at 2! 0" depth were rather erratic and reductions at 3 6"-r'

depth and at &' 6“ depth were only in the 25-502 range,-

leaving a sizeable amount of total phosphates, sometimes as -

high as 11 mg/l in the percolate,:at various depths., Nitri—f'7f

‘. fication trends witnessed in this study revealed that nitratef‘

levels of the percolate at 3 6" depth could ‘be as high as’

{ e

l 50 mg/l though at 4‘6" depth they were much lower probablyr

v
due to denitrification occurring because of lack of oxygen

'.supply at that depth.

_Data examined '§0O far’ still left unanswered two

. o+
. .

important duestions.
. - 't'”l) ‘Why were there relatively very high reductions
(80*902) of the various parameters near the start of the
operation (2 5 3.5 weeks from the start) at 3 6" and Lrgn
depths? |

2) VWhy were the,reductionsmachieuedygxxfj0"'depth'

on many occasions higher than. those ohtained at debths.of'

3 6" and 4'6", contrary'to normal expeetationsz

-These high reductions witnessed near the start . .

. of operation may be due to the dilution of the percolate

‘due to rather heavy rain that fell on the area during the
last day of December 1972 and some rainfall thereafter

-
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along with some snownmelt water due to above freezing temperaf

_onures during the latter part of the days in 1ate December and

L;early January, Since the groundwater was also fluctuating

up and down durfhg this time, some dilution by groundwater
l'L f- .
in addition to.percolating rain—water was.also possible.|

.- .

As regards reductions at.2'0™ depth percolates"

Awere collected at 2 0" depth from only one lysimeter as the“

-

'other two kept at' 27 0“ depth did not collect any percolate

"during.the_entire,investigation. This lysimeter No. a,;wés- .

?1aced at.a.distance-of 16} from the northern end and it "

penetrated 26" into the common wall from the observation

trench“ 4" from the side of tile trench. The top of . the tile

Lat. this location was 1 71 feet from ground level and the

st ‘.-"

bottom 2.04 feet from ground level. “The bottom of the trench
.was 2.54 from ground 1evel. At the usual loading rate and
‘hassuming poor infiltration due to clogging,,the depth of the
effluent may be expected to reach 6.5 inches in the tile

' trench the top of the water level could be 2. 0 feet- fr%p
ground the same level as the'lysimeter. .It wo e rathér%
r.improbable for all the’ efflnent to reach this lysime‘ T, as;
,it invol?ed horizontal travel only., -Though it was 4§'a§ajf
'from the side of theftrench ‘there was possibility of onlffi'
- a fraction of the effluent reaching the lysimeter, that too,ﬂ
. due to the fact that the horizontal permeability ‘at this

"K

'depth was significaqtly higher than vertical permeability.

"' Thus: a strong possibility existed for the soil néjgr sample

‘._"-. f/\yl‘,)\
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obtained through.the_lysimeter to be made‘up.of a.greater
pamount of infiltered rain- water. and a lesser -amount of the
hfiltered effluent 7 |
l In this connection ‘the flow pattern from a tile
trenth to, an eristing groundwater systen was considered
-The pattern of flow assumed by Healy and Laak (ﬁ&) is shown
'.nin Fig. 26-'-In the-case of dry soils Healy-and Laak (&5)
: have further stated that the flow. results primarily from.
Tcapillarity in-all cases except sand and gravel ~while
l;examining the flow pattern from a percolation hole.l If fIOW“

~\‘
'results from. capillarity, a saturation front may be expected

e, -
.to nove away from the hole in a form that comld be represented '_

o by a. cylinder and a hemiSphere. With the lysimeter only 4
.from the side wall of the. tile trench the saturation front:-
'would probably reach the lysimeter without difficulty, howfl
:.ever this depends upon the fact that the effluent in the

'trench would have to be at least- 6" deep. .If it were not
so0, the'lysimeter would not. catch‘the'filtered effluent" L
seeping through the Soil either by capillary action or by
| gravity flow;: éituations wherein that depth of effluent

in the trench was not obtained existed many times as, the
loading rate nas sonetines smaller due to‘other factors.

The results of an investigation of the moisture .

fcontent in the soil before and after loading the test tile

‘(3 hours later) which was condncted at the site 16°' from

‘the northern end opposite lysimeter 6 at various depths
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of 270", 3 0“ and 3! 3" (close to the trench 15" and 30" from

the trench side wall) are shown in Fig. 25.'.A1though‘the=”

results about the seepage pattern are not conclusive the . ‘j“.

"points‘at 36"*and-39"‘depth‘showed inéreases in~noisture 1

.content while the points at 24" depth showed decreases in

moisture content or in one case only a small increase. 'The

.:elapsed‘tine was probably ‘not adequate for-increases*in"‘

'noisture content comparable to those resulting fron operation

fto be reflected._ Judging from the fact that the percolate

‘from the lysimeter at 2‘0“ depth did contain pollutant

ﬂlparameters like BOD .COD NB -N in concentrations higher

.

.than that we could expect from only rainwater infiltered
"'percolate, it ‘was reasonable to assume that sone effluent

AN L
had reached the lysimeter 6 but possibly got more diduted by'H- '

proportion, being closer to the top, than the ones below.
It was also possible that the uptake by plants, which would,
also reduce concentrations of pollutants, may be more sign11
ficant at 2 0" depth than at lower depths ! No.detailed
investigation vas however carried out on the evapotrans—

piration aSpects of pollutant removal from soils.

It was found that ‘the high reductions of COP, BOD

QTOC and ammonia nitrogen to some extent observed in the

present study are. in agreement with the, earlier findingsl-
reported in the’ literature (11, 99, 119) " The nain exception

would appear to be in the reduction of total phosphateS' in

__the present study the reductions were usually 'in the 25- 502
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range'other than on two occasions when the‘values exceeded-
75%, compared to very high reductions (992) reported in the

"'literature (84) for shallow depths of a few feet

Sy

e
- TR

_ Variation of Efficienoy with Unsaturated Depth ';J,f_ o

An examination of Fig. 26 showing the mean un-
- saturated depth of soil during the various months as well,as

‘sfFigs 17 to 20 (p 123 26§¢showing efficiencies with time,_?

' 'revealed that.efficiencies uere-greater in respect of various.

'paraneters during the summer and early fall extending from

-

-~August to November, when the unsaturated depth of soil was
more-than 65 inches.' When the unsaturated depth decreased

- ‘in~the-uinter"period- there was a tendency for the efficiency
- - - Il .
to decrease to some extent 4in- respect of BOD and TSS hut

fmore in’ the case of ammonia nitrogen.' Nitrate nitrogen

levels also showed a declining trend during the wi ter months.'

LThese findings generally agree with the observations made by -

Schwartz and Bendixen (103)-under3laboratorg‘conditions.

-

. Variafion of Efficiency with Sodl Temperature

An attempt was made‘to determine tHe influeneerof

soil température on the efficiency in respect -of warious
-A..

parameters.. ‘The mean monthly soil temperatures for the oA
varioua depths are ahown in Table 30.° Soil‘temperatures

‘which were depth dependent were plotted against reduction of

various parametera (Figs. 27 to 32) ignoring ‘the effect of

.
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Table 30. Mean Soil ~Tgu;perétures at Various Depf;hs
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Reference

to Figsl Z? to 32 shows t'at there is a wide scatter to l
o R e
decipher any trend. Phys cal adsorption increases with

“decrease in temperature 16 126) and . this was observed .'ﬂ -

-especially in the case of phosphates by Maok (72) e It is

however observed that normal temperature variations generally

‘_have only minor effects on adsorption process in water and

,wastewater treatment (126) It is also necessary to keep

. in mind that this analysis had ignored the effects of dura-f"‘

tion of loading, unsaturated depth of soil and other effects
':of depth like oxygen penetration.: The aspect otﬁpollutant
removal by . plant uptake was also ignored in the analysis.
However when soil temperatnres at various depths were'
independently taken into ;ccount for‘each depth along with

air temperatures (Fig. 33), it can- be concluded that during

the period between July to October when the soil and air

temperatures were relatively higher, thefefficiencies showed

. .

'an,increasing‘trend for‘most of the parameters.
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Table 32 and Figs 36 to. 38. Samples were not taken for fourj

- 148 -

4.1;2 Results oﬂﬁFroundwater Qualitv Investigations.

The variations in chemical characteristics of .the
groundwater adjoining the test tile with time for the entire
period of 65 5 weeks covering the investigation are given in' 
Tahle 31 and Figs 34 and BS-‘ Mean monthly chemical |

A ™

characteristics of the adjoining groundwater are shown ir R

'mouths of August Septemter, Octoher and November of 1973 as .

o the groundwater receded frOm the: bottom of the obaervation -

'trench frOm which samples were collected. Variations in:

'bacteriological characteristics of the adjoining groundwater

N Temporal Variations of Ad1acent Groundwater Quality .

"with t;me for the period February to Jul§“1973 are . shown 4n

Table 33 and Figs. 39 and 40. Ty
‘-" . . N v "-‘\. i

An analysis of the. variations with time of the

various parametersrfo: the groundwater adjacent to the test

tile revealed'the-following'features. Thouéh the-groundwater

tended to move to the alkaline range in the early weeks of

7
loading, it subsequently move& back to slightly acidic 1 velS‘

1

just below pH 7 0 for most of the period except for occasional
values equel to or slightly higher than pH 7. 0. It would_

:r oo
appear that the influence of the septic tile on the adjacent

Qgroundwater pH was not perceptible. 'TSS, BOD CdD and TOC

generally .exhibited a rié‘ﬂ.g:end, except for the period

when loadings. were discontinued, i.e., from 12th to: 16th veek
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from the-start and from 63rd. to 65.5thlweek when the study'

. ended.. Though TSS and TOG values were smaller at the 52nd

week than they were at the 31st week BOD and CQD values .were
;.nearly the same It would however be reasoﬁable to assume
- that these parameters would have declined in summer and early

'fall and then increased in values when the water level rose
N4 L ' ‘p ] .
‘Afback to the bottom ‘of the trench In the case of ammoniar

'nitrogen, there was an unusual peak at the end of the 6th [

s

_'week but it levelled off to- a more gradual declining trend

'till the let week rising again beyond this. NHB-N values
-

'were much lower in the later period of the study NitraCes '

'generally dropped in the earlier periods of. operation, showingf,

;a significant increase during the period when there was no
-loading and for a couple of weeks thereafter., Phosphates
increased with time till the‘}\:h week but thereafter
.decLined in value till the 25th week, mostly due to absence-”
-of %:;ding from 12th to 16th week. Phosphate level was‘"
'significantly very high at Sén/ﬁweek when sampling vas, - _ *

resumed indicating the possibility that the adsorbed phos—

'phate might have been brought back into solution by’ ‘the rising

o groundwater.-" Iron exhibite} though not a. distinctly rising

a.. .

trend including some very low values during the early weeks

- Chlorides aFve remained rather steady apart for an unusual

peak on the l?th week after 1oading ..

In the case of bacteriological characteristics,

) o

observed from ?133. 39 and 40, % 157 -58, ‘that the . >

A

Far At

i

i § 7 dw s
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total microorganisms as erhihited by Sré -coliform fecal
.coliforms and fecal streptococci counts signdficantly drop@ed‘
;when loading was discontinued and these values started to
o rise,,increasing significantly as time passed by.: However,

' no. such trend was noticeable in the Pseudomonas aeruginosa

-1evels.‘ On a general analysis it may be concluded that bothl'
'the important chemical and bacteriological parameters increased
.with time’ when loading was continued indicating that the
removal efficiencies may tend to decline with, duration of’
"*loadingu' It may be however necessary to examine many of these‘ﬁ
results, keeping in view the environmental factors that in-‘
fluenced t‘~.performance of the system l
o | During December - 1972 and early January 1973 “when

soil depth availahle for pollutant travel varied between 15"

‘and ", the pollutant‘increase‘with time-was not_so high_iuq
the early 3 to 4 weeks.f In'Fe%ruary and afterwards,lthe un-.

.saturated soil available for travil to groundwater became

negligiblé making dilution the only factorfi?at E?uad\ESi?ce .

-L.the pollutant concentration in groundwater. Dilution was .

\maximum at the time of snowmelt and during the months of

March and April coupled with the fact there was. discontinuance
. of loading, the groundwater showed a treud to return to its

earlier levels prior to loadingu' It maynbe realistic to’ assume
that the pollutant concentrations would have declined in

.summer and early fall when greater soil‘ depth w-aJ available

for pollu it travel. It may. be observed that phosphate'-
& ' - - " :
. 9

. Oy b v i
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‘concentration waS'quite high compared to the earlier period,
pwhen the groundwater was sampled on its rising trend in-

‘dicating the possibility of adsorbed phosphates in the soil

‘being brought back to . solution by rising groundwater Thus

- »

1t may be concluded that the 1evel of the water table was an.

“aimportant factor for stabilization of the effluent and also

"4‘ . . Lo "~

":‘for minimizing groundwater pollution N ‘-ﬂk.

Groundwater Quality below xhe Existing Tile Field

An examination of the chemical and bacteriological
' characJLristics of the groundwater below the eristing system
: (Tables 34 and 35), in comparisin with Background¢levers of

“‘fthe groundwater in the area showed that thouéh the pollutant

« ) -

-concentrations in‘the groundwater'were much lower~than-that‘

in thb septic tank effluent (either due to passage through

soil or. dilution or both), the concentrations were.quite.highzi

- Ce

compared to background 1evels, especially coD, TOC,'phosphates'

“,ammonia‘and chlorides in some cases. -Phosphate levels as

high as 21 6 mg/l were observed' H —N levelsiin the 50-75

mg/l range ‘were observed under fone lateral chlorides have
'registered an increase o£ 20-30 mg/l from’ background levels

‘under two- laterals The systen had been in operation ror 3
‘_years when the sampling was carried out. These results showed
that though soil removed a good proportion of pollutants from

the septic tank effluent, the concentrations in the ground-

nwater obseryed under the three laterals, significantly varied

e

!

~
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, ) ] ' - .'-
hecause of'the variations in the depth to groundwater table
(Table 36) and also probably due to non- uniform loadings -t

. ;_\_‘

dictated by the hydraulics of the system in place.-

-

: Horizontal Travel of Pollutants

R

BOD COD TOC NH3-N and chloride levels inrgrOund-

:water downstream from the end of rhe ‘test tile shown in‘

~ Table 37 and Figs 41 and 42, exhibited a declining trend S

r

'Nitrates,-however, showed an increase in the first ten feet

'declining thereafter. During this first ten feet ammonia

nitrogen dropped down from an average value of about &0 mg/l

to 1 0 mg/l while the average nitrate nitrogeﬂ'value registered

an increase from 0 01 mg/l to 0. 45 mg/l.‘ Apparently, the
nammonia nitrogen was quickly oxidized in the aerobic soil

zone and converted to nitrate nitrogen Since ammonia is

-

'readily adsorbed by the soil, theaphenomena of adsorption'and7”

biological oxidation by nitrifying bacteria are interrelated

This was also observed by Preul (93), who found that bio-

'lpgical oxidation was the dominant mechanism occurring in~the _

|

soil to. reducéd ammonia concentration and that the oxidation

‘away from the -tile fieldtare'reported bj'Polkowski and Boyle

occurred near the tile field. Similar trends in the decline

“. of concentration of nitrates and chlorides, in the groundwater

L]

(88) (FPig. 5,'page'16 Y. No significant trend was however

ioticeable in“the downstream concentrations of phosphates orT

total soluble iron.- In the case bfifndicator organisma,

\,.\
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Table 36. Groundwater Level Below the
. T Existing Septic Tile Systemn
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coliforms, fecal coliforms and fecal streptococci exhibited
a declining trend'withldistance away from the septic tile
(Table 38 and Figs. 43 to 46). The-groundwater samples were

taken after about 6 months of operation of the septic file.

‘The presence of fecal coliforms and fecal streptococci ac -

considerable levels at the point s50° away was strong evidence

- ' that the pollutants from the septic tank effluent had moved

§

this distance._ Thus it was observed that the concentration

. of pollutants vas highest near the tile and reduced signi-

I. ' \ .

: _'ficantly with samples taken farther down slope from the end..

-

f the tile.‘ However, in ‘the case of nitrate nitrogen, there

_3 was a. sharp increase in the initial ten feet presumably due

.‘"-‘

.:Tto aerobic oxidation of ammonia present and heyond this," -

'dilution reduced the levels at distances farthEr dognstream

7from the end of the septic tile."

R
-

" Phosphates, &itrates and Chlorides in' Soil Samples-ﬂ

o"

A reference to Table 39 indicates that the soil o

‘samples taken at.various depghs 0 to 4'0” near the tile,“had

P NO.-N and chlorides com—

‘slightly greater amounts of P04 3

-pared to samples taken away. from the tile.. The study also-
indicated that phosphate 1evels in the sample near-the tffh

-increased at 2'6" depth and later decreased at 3 6" and 4’0"

'depths, due to contribution of phosphates from the.effluent

‘and later adsorption by the soil respectively. Similar trend

" was notited in the nitrate levels, the increase being due to

&
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Fig. 44.

-

“Pecal Coliforms MF Count/ 100 ml
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"t

luent and the decrea

L]

oxlidation of ammonia in the ef e pre-

sumably due to denitrification in an anaerobic environment.

T

Ihe chlorides registered an increase at 2'0" depth and re-

. T :
mained slightly higher than at 2'6", at the other two depths.
. N ‘

This soilcanalyeis indicated that'while chlorides and nitrates

'.were more mobile, a good proportion of phosphates could be

lost through adsorption while the effluent eeeped through the .

'fsoil..

e, ~
im0

-;_4.1.3. Investigation on the Clqgging_pf the Experimental

‘Tile

On exposing the tile trench aftef aboutdls months -

e

of operation,‘it was fcund that the gravel had a slimy coating
and the slimy layer extended about 4 to s inches below the

' trench'bottom. The permeability of this material at the

-8

‘interface was found to be 3. 35x10 ‘cm/sec, the average of two

values 2 OxlO -8 cm/sec and 4~7x10 8

N

less. than the or{zinal permeability of the eoil }indiceting.
that thehlong term infiltration ‘Tate would oe‘much smaller
than the initial infiltration rate: Initial infiltration
rates at the tile trench’at 2“0" depth and‘at-the unclogged'
g soil nearby were found to be 0. 042 gpm and 0. 050 gpm res-
pectively over the initiel thirty minutes, the difference
was not considered appreciable enough to- come to any con—‘

clusion on the clogging of the trench. The relatively higher‘

yalue]obteined in the trench was probably due to increased

cm/sec, abgat three orders

BT SEY;

OF (AN T OL T AV 7



flow through the gravel portion of the sides compared to soil
sides in the pit dug for comparison.

- ‘ ) . . . )
*The microscopic' ¢xamination of the slimy layer of

'soil showed large number of bacterial organisms. Evidently

~there was an abundance of microbilal activity. Standard Plate.

.Counts (20 C for AB hours) made on this sample and’ on another,;
soil sample at 2 0" depth away from the tile were found to beiﬁ'
2‘alx10 and. 4x107 per gram weight of diy scil respectively.g-

These‘rEsults did not show any significant difference in totalh .

b

: 'number “of - organisms This may be due to the fact that the;
*fbacterial popuﬂations'at both‘the sites ma} he different;

'"reacting differently to the same nutrient medium.

ll The . difference in ferrous sulphide in the soil"

‘ beneath the tile and ia the soil close by (Table 40) was also:

' "
' not’ significant.. Probably the System had not reached such an

e

.anaerobic environment for an . excessiVe ferrous sulphide build-‘

up’ leading to clogging of he trench. .The slimy soil sample
however answered the qualitative test for polysaccharides,_
| indicating the greater possibility of microbial clogging.

In the present study, the groundwater ‘table rose'
;above the trench bottom during the snowmelt period and de-

clined‘thereafter.- Laboratory experiments by Laak (58) have

-

shoén'that there could be parcial'recovery in ‘respect of per-

meability by backwasﬁ@%g operations It-is not certain.how
'far the rising groundwater could disturb the mat and improve

“the permeability at the interface.

o : o h
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Table 40, Amount of Ferrous Sulﬁhide Present in Soil

Amount of 'FeS present

Depth mg/gnm dry wt

"Location : from
' ground

Ssmple 1  Sample 2 '~ Average

‘Away. from.tile . 2'0". . 1.5 1.8 . . 1.65

Below tile - 20" 2.3 - 3.0 2.65
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§.2 Analvsis of Environmental Factors

The important environmental fattors considered
“were Eémperature, unsaturated depth of soil (depth to ground-

water) and snow cover. -

ﬁ.2.l_“TemperaCure and Snow Cover o f'.' A

Air temperature around 10: 00 a.m. everyday for the

-.perioa December, 1972, to Mazch, 1974, are showufiﬂ‘Table'Dl

4in Appendix D (page 276) .Meen'uouthly air'temperatures‘forf

R the above period are. shown in Table" 41 and in Fig 33 (page

days during the investigation at soil depths of 2 6"; 3 6"-'

aud_&,6?,-inqide-rhevseptic tank, in the_soil by the side of

the septic tdnk and inside the “tile' are furnished in Table-D2~
. Lo . . Y . . . Lo . ) .

~ in Appendix D-(pége?Z?T}.; Mean mopthij‘temperatures are‘-

" shown im Table 41 and Fig. 33 (page 156). rhé'dgily depth of

enow.o&-:oe:groundfrorirhe period becember;:Isz; to April
. 1573,‘and frouiuorember; 1973 fro Merch3:1§74,.are furnished
cim fable:DB;-Apoeodir D, (page 280) There‘wao_uoxéoow on
.tuefgrguhd from_M£y3 1973 to October, 1973;' Heen moutﬁ;y'

-
K 4 . [

snow on‘the ground for the vqrious_months during the period

of-investigetion-are eﬁown‘in Table.éz,and Fig. 26'(page 119).

.Heasurements taken for the depth to groundwater level from
'ground on various days during the investigation are shown in

Table D4, Appendix D, page 281. . The mean monthly values may

‘be found in- Table 42 and in Fig. 26 (page 119). An analysis

'32156) Soil temperatures taken around 10 00 a.m. on various;;

-
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of these envirommental factors reveals several interesting

facts.
The average temperature of the septic t2nk centents
during- the period of: investigation was 64 0° F, while the -
S laverage soil temperature at 2‘6" depth quite close to ‘the out-7‘~:

side wall of the septie tank was-S? 9 E with an average dif—.
ferential of 6. 1 F and a range of 0. 7 F 122 8 F{ “Even during

. colder months, when aif temperatures were, below freezing point,

=N

the septic tank liquid temperatures were around 60 F while‘.W

}the ‘soil temperatures in. the area at a depth of 2'6" were

around 37 F during these colder months. The household has

'{a pressure water system and domestic hot water. There is-ﬂ”/h S

'doubt that large amounts of relatively warm water contributed-

-

,_to the septic tank contents being kept at temperatures well

fabove that of, the surrounding ground.s

The mean air temperatures taken around 10: 00 a.m.

‘.during December, 1972 January, February and December, 1973

and the first three months of 1974 remained below £reezing 5

point.. Even during these months, the temperature of the

ﬂsewage inside the tile was significantly higher,'close to-

38°F, due to the use of hot water discharged from the house-.
hold.
Ihe soil temperatures showed an increasing trend

‘with dep;h for- the 1ast month of 1972 and the first three

”.months of 19T3 - the winter period - when there was a mean.

.

snow cover varying from 9. 6 to 4 9 inches, which acted as

e
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an insulator. The soil temperatures during April to August,

1973 showed an increased value at the higher level of soil

LAY

*

than at the bottom, reflecting the fact that\the top soils’

~got heated first and it took time for the. heat energy to - °
ltrarel:dDWnr_ This pattern was reversed for the months of

Septemher, 19?3 to January, 197& ‘with higher temperatures )

-

-_'at the lower depths, as: the air temperatures began to drop

down in the fall and winter months._ The awerage soil }h-

p:temperature at 2 6" depth where the effluent was usually

discharged from the septic tile, was found to’ be 45 8 F for

) “:the period of investigation‘ these soil temperatures were_\

around 37 F during the dinter period when the air temperatures

k]

were helow freezing point. This would indicate that winter

-

'operation did not pose any special problem,_as soil tempera—

o tures close to the tile and below were much higher than that

of" prevailing air temperatures, in view of the soil mass -and

the insulating snow cover on the ground. In addition, thef'
,temperature of the effluent in the tile was ‘quite above the'

freezing point, . due to the hot water discharged to the system.

4.2.2 Depth to Groundwater

The most important environmental factor that

-

affected the groundwater quality was. the depth to groundwater

z'or the unsaturated depth of soil. ‘In fact, this limited the

J

depth of soil mantle available for the pollutant discharged

_by_the tile before it met the water tabler‘_ghe-chances of.

IR Y Y,

£
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greater percentage of the pollutants being absorbed or
adsorbed by the soil would deLﬂd on the depth available ~
for their travel. The tile at the southern end, where the
groundwater lewel measurementh were made, was at.a depth of
"QZlbiucheebfron'ground level. from'Tabie 42, page 131, it

?may be . .seemn that the depths of soil available ﬁor pollutant

‘;travel in December 1972 and early January varied hetween 15 f

inches and 9 incheS‘ there was 3 inches available by late

‘ﬂJanuary.: During Harch the groundwater 1evel was nearly atm'vt

-

.1 the same level. ‘as the tile, while during Harch April and T

\"

some part of Hay, the groundwater was above the tile level.‘

.The groundwater reached as close as 5" below ground during

L]

“ﬂ\snowmelt period in April. Durins the 1atter part of June

rand thereafter till February, 197& the groundwater level

-
[

. 'was below the tile, however, the average depth available

" for pollutant travel increased to 10" in June, and to 19“

'by July, while during August*to November, the depth was

rl

greater than 44 inches. The depth availahle fon pollutant
travel before reaching groundwater varied between 13"- nd.
.23“ .in the last month of 1973 and in the first two, months
?.f.Jeneary; 19,74-." S

hd -

»

4i2.3-~2ffect of Environmental Factors on-the;Efficiency )

of the Septic Tile

It .may be observed from the discuesion of the

reaults preaented in the earlier part of thie chapter (pages'

~

(‘:l"l- r ;\'JU ;‘
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137 and 146) that the efficiency of the septic tile in

respect of reduction of various parameters shoued'an'in—
creasing trend when soil and air temperatures were relatively
h&@her and that efficiency was higher during the summer and_
1.earlyjiall;when\unsaturatedjdepth was 'also greater.

e - S flff‘l ‘ ST L

b 3 Water Use Pattern, Raw Sewase and Septic Tenk Effluent L

———

Characteristicsﬁ:nd‘Efficiencv of the Septic Tank

" ‘ ) “ ot ~ll..- “ -I- ., .\.l .

4 3 1 Water Use Pattern

The residence concerned is located in’ an extensive-'

"‘valleyiarea in Cantley, Gatineau County, Quebec and had been
“x; - ' —=- .._,____

ﬂn occupation since June 28 1970._ A single family of 12

:_members - 2. adults _and 10 children.formed the household.
'There are 6 bedrooms, 3 bathrooms, '3 toilets, 2 tubs and 2
showers’ (one in use) ‘ The family uses a food grinder, washer,

. dryer (not connected to waste system) and 2 dishwasher.h,The

.

household obtains its drinking water from a tube well sunk
'to a depth‘of 90 feet.. The domestic wastewaters are treated
in ‘a septic tank system*’-age septic tank is of l 250 imperial
gallons capacity, with two compartments, with an overall
length Ofl 9rg". and a width of 478", walls 2-1/2" thick The .
compartments are of sizes 5 8"-x 41 3" x 6 2“ (1iquid depth)
and 3T4M x. 4 3" x - 3 9" (liquid depth) respectively. 'The

‘ L )
capacities of the cOmpartments are 148 cft and 52 cft res-

pectively._ The effluent from the septic tank is disposed of

I
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throu;h a tile field system, consisting of i&tlaterals, each
56 feet 1ong, as mentioned in Chapter 3. fhe widths of‘
tile trenches -are 2'0" ‘and gravel of 1" to 3™ size has been
used for a depth of ll inches, with 2" above the tile and 6"
-below the tile. .The tile pipe 15 of kA diameter.‘ The c emical
and bacteriological characteristics of. the well water su?}lf,k
‘otested on two occasions are shown in Table 43, It meets‘

. drinking water quality.criteria) the iron and-chlorides are

L vexy lew. . SR SO S

PR | The daily rntahe of‘water and the water used for'

_flushing, expressed as 2 percentage, for the period December _:_:'J

'il,-igvz to April 1, 1973 and ‘for the period November 29

'i

1973 to ianuary 6 1974 for a totaI period of 141 days,,"e‘t:l‘.iFur

ii‘showﬁ in Table El of Appendix E (page 283) However a complete;
‘record of daily total water use. and water used for flushing

for. every d=y of the week was available only for ten weeks._ _

:The data for these ten. weeks alpne were used in the analysis.*i;;"y'

- The total daily water .use for each day of the week for ten . |

rweeks is shown in Table 44 The mean daily iatake varied

'.betueen 192 and 3427 imp gallons, on a weekly basis and the o”

mean daily water ‘use by day varied between 257 and 307 imp.,
'gallons. The overall mean was 271 9 imp. gallons per day,'

'L‘working out to 22 7 gpcd. The daily flow from a aingle

family dwelling adopted in the design of septic tanks in.

various provincea of Canada varies between 35 and 75 imp.-

gallons per day (Table 1; page _11), with a figure.in the

T B A
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Table 43. Characteristics of Well Water Supply

No. -

Sample date .

Chéracteriétics
: 11-04-72

12-03-73;

- 10
1L

12°

13
+ 15

16

18

Q_Volatilo suspendéﬁ solids BT
' -(mgll) L e

SRR e 8.0 .

" Tota® solids (mg/1) - 108.0
‘Total suspended solids'_ S
(mg/1).. L SRR PR

[

Fixed suSpended solids'l,_ s

.73 Dg.20°¢ (mg/l) L ‘i .
cop (mg/l) RS o Lo =
TOC (mg/l) .. ":f :  s
(Total phosphates as P (wg/l) * - 1;b

NE - (mg/l) S a.027

”Nitrate-N (mg/l) : e 'l; 1.25 .

Total soluble Iron (ﬁgfl)? -
; ﬁ#tdnéssAas ééé03 (mg[?) o -153;0 ;
’,Sti7:ides (mg/l) ". ce _1Eb
lColiform MF Count per 100 ml . '<2‘

Fecal coliform MF Count o :
.per 100 ml. ‘ <2

Fecal streptococci MF Count o
per 100 ml . _ o <2

.'Pseudbmona; aseruginosa ‘ -
MPN/100 ml | | <2

0.1
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range_of 40 iwp. gpcd being commoa. A recent Ontario study
(25) revealed average figures (over lO months) varying from
19.8 to Al.? fﬁpé'gpcd from 7 households. On the basis of
.the entiré community, the-water usage was 3l.4 imp. gped.

';'It would appear that the value of 22.7 imp gpcd for water

'-.nsagc.from this household is comparatively a low value,

considering the fact that the. household uses . a food. grinder,
fa washer and a dishwasher It is necessary to examine the

cdmposition of the household to interpret this low figurei

3of per capita daily water consumption.. The residence had

.12 members, consisting of 2 adults and lO children, quite “3q~;

A mypical compared to an average Canadian household with 3 to;.

R

A‘members.‘ Considering the large number of children, a low

- - .j
'average per capita figure would not appear ‘to be inconsistent.

The mean daily water use by day varied between 257
imp- gallons on Hondays and 309 imp gallons on Saturdays.

The difference between these extreme means was found to' be

not-statistically significant (Probability (B) = 0.10). Ihis ;h

would, in effect lead to the conclusion that there was ‘mo
:particular washing day in a week which normally accounted |
for ‘the increased water use. A check with the household |
.confirmed this observation. ""

For the ten-week period studied water used daily
for‘toilet flushing a' a percentage of the total daily water

use, is furnished oT each day in Table 45. For this period

the mean use. 0f water for toilet flushing was found to be

- e
| &% 'lt\vd’n’-,
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22.6% of the total daily intake. The highest mean value
f(%SPIZ) was observed'on Mondays and the lowest (19.4%) on
Eridays; The difference between these means was not

%
statistically siqnificant (P > 0. 1) The mean ueekly values

'”“-varied between 18 oz and 37 oz The difference in weekly

‘_gmeans was. however found to be significant (P-- 0 02) IAn';
*examination of the data indicates that the maximum values by-‘ll
'._day and by week were very much influenced by a single high
'value of 73 SI on one particular day and that the first week
'showed relatively higher percentages on most days of the week._
_An average figure of 22 62 for water use for toilet flushiug
':would appear,to be smaller than the usual figures in the 60-
_“ASZ range reported in the literature (61) Again, this could
.be due to the rather different composition of- this particular

'householdf

a3 17

"~

An examination of the diurnal fluctuatibns in water ’

use observed on three days (Table ‘46 and Fig. 47) indicates

-

that there is an afternoon or a late afternocn peak somed'
- times two peaks;; The peak hourly values were 160- 1802 of the-
average values' higher peak values than those observed are

'however not uncommon in rural individual water supply systems.

S 4.3.2 ' Characteristics of the Raw Sewage
* Composite samples were collected on two occasions -
and grab samples were collected on eleven occasions for

chemical analysis. Seven grab samples were collected for

¥

scrommy
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bacteriological analysis. The chemical characteristics of
the raw sewage for the various samples along with the mean
values-for grab and_composite samples are shown in Table 47.

The'bacteriological-characteristics;of the raw sewage are

P
~

'.‘-shown 13 Table §8. . . .
." The characteristics of the.raw sevage and the
‘“‘septic tank effluent vary with time. ~Many~of the chemital
characteristics of . the raw sewape and the septic tank effluent
,either approximate or oan be transformed o approximate a:
normal" distribution. These can be displayed asba straight
line on arithmetic probability paper (121) * Certain types of
Vdata such as bacterial density are logarithmically normal.;."
bnch a distribution will plot as a straight line on log—
;probability paper (122). - The procedure adopted to plot
observed or experimental data on probability paper was as ’
follows;"' | ‘ |

1) The data was arranked-in order of ascending’
" magnitude. )
- 2) 'A serial number 'm’ waa.aaaigned to each of

the n values 1 "2, 3, +ce+. M.

B

3) "The plotting position of each 'serial value,,
'giving the probability equal to: or less than each value

_was computed. by the ratio ;;I expreased as a- pereentage.

- 4) The points were then plotted on'a probability

3

paper (either arithmetic or logarithmic) A straight line

-

plot indicates that the data have a normal or. a 1og normal

P . . " . . . ) . . " ) .
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distribution depending on the tvpe of probability paper’ on
thich the data are plotted
" In the case of the chemical characteristics of the
.raw sewaée only the data obtalned from grab samples were
treated in.the above manner; as the number-of composite:“

samples was not sufficient for such an analysis.- The avail—

ﬂ'able bacteriological data were: treated in the above manner..
3

"using log probability paper -The data-as arranged for pro— {

’\'bability charts are shown in Tables Fl to’ F3 in Appendix F

_ (p'-290—292)- The probability plots are sh‘own in Figs. F1 to

lFlO Appendix F (p 2&}302) 7 ' The mean values 50% and the 152

land 851 of the time values for each parameter-were taken from.

-

'l:the graph and furnishea in Table 49. Diurnal fluctuations in

:~the chemical characte istics of the rau sewage on December 9

‘l978 are furnished in Table "50. and sbown in Figsa ﬁ8 and 59{
It may be seen from Iable &7 page 195, that the

,mean values of grab samples and of composite sanples did not

~

:differ very muoh in respect.of.TSS VSS,-BOD, and COD while‘

‘ ‘the values in respect ‘of NHB N,~P04 -P andﬂtotal soluble‘iron
differed in a large way. "Since the major contributions of -
nitrogen and phosphates are from urine and clothes washer
respectively (61) .and since these contributions cccur not
‘unifornly through a day, higher values for grab sampleslin

respect of these parametera are possible
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Table 49. Statistical Analyses of Raw Sewage
Characteristics

.. (based on grab samples)

Percent of time equal to or

Characteristics

.~ less than .

15

- values .

85

‘Standard ..
Deviation

PR
78S, e/l
 -Bonf §s/1 _'”
‘__'c:on," mg/1 S
I-‘Toq;j@/1 ~"
0w
NH3-N;.mgf1
'No3 -N, mg/l |
;-Total soluble iron, mg/l
Chlorides, mgll
" Total coliform/100 ul

'Fecai c'olif'omjloo. ml-

| Fecal streptococci/lOO ml

SPC/ml (35 C)
spC/ml (20° c)‘ -

- Pseudomonas aeruginoaa/
_ 100 ml .

6,45

80

382 .

350
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.00
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5.6x107
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520

©.1000
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3x10%

[
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4.0
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Table 50. Diurnal Fluctuations in Chemical
Characteristics of Raw Sewage

(Décember'9,_1973).

No  Chemical Chatac;eristics" o — - —rrreere
: . . . "_.. : ]_ - 2 ‘ 3 4

:.'.‘1,,._:..9?" S 1 s 7.3 55
\ 2 . :‘-'i:ss"(ms/.l-)'. R 352 202 1:1“ 13._24
ﬁsa_‘gﬂvss (ng/1) ‘j' | © 350 ass s 1296

"4 ' Fixed ss (-gfl) ~. ' fiz"ﬂ" 8 ~{’;§ | 28‘7»

5 . BODy at 20°%C (mg/l)

: ?fésb. -f274j .,sga'h 555 -.,;
-fe‘_.,con (mg/l) . ;:j_j; - _lsgéf ‘_568 --20¢Q-j'2ioo;§ff'
7 ;:iroc Ymgr1y ';7°' .;'ésj;:.f7§.,'._zz3. ‘220
8 l‘ATotal Phosphate (PO 5D mg/l ,‘10;q.ﬁ ‘ﬁQo-‘ :17;5.2' 6.0
:9  ._NH3-N (mg/1) ; : _,” 4.0 3.§ ‘.;32.0 L 10.0°
10 No_-N (mg/1) .. -0.00 0.0z b;ﬁd T0.66
11 “Total soluble iron £p3715 ,i 1:20 - 1.22  "1.00° 0.60

12 Chlorides (mg/l) - - . 120 . 34 ~137,: 738

Note: Sample 1 Collected between 7.00 to 9.30

oo Collected between 9.30 to 14.30
Collected between 14.30 to 19.00
Collected between 19.00 to 21.50 .

TwN
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COD ep/l
. }.J -
T

620 |-
5001
4001

300+

ABDD mg/1

'200 R _ s

600 +

8§ mg/l

400 |

0

T.0F

;'éu

6..0 'S i [ . L J .
0 2 4 6 8 lO 12 14 16 18 2 22 &
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F‘J.,-_ 48, Diurnal Pluctuations. in Chenical Characterls'twcs
N © (pd, TSS,.BOD.and GOD) of Raw Sewage on
C - Dec 9, 1973 . o _ ‘
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pH
The pH of the raw sewage (grab samples) varied

' between 6.35 and 9.10, with & mean of 7.55, while the mean

S

pH of composite ssmples'was 6.75. The-pH'oﬁ the raw sewage

3vatied during the day as seen Erom Fig. &B higher values

‘ were.probably due to washing and - clesning operations

. '

L]
[}

'Tss; vss and Fixed §§ S -
The TSS in’ the‘raw semage (grab samples) vatied o
between a‘very low value of 38 mg[l and a high value of 748
mg/l with a mean value of 217 mgll while the &ean TSS value
of composite samples was 2&1 mg/l . Cleaning and washing :
operations during sampling would have contributed to the
rather high TSS . values observed on. some occasions. The TSS
values’ observed are consistent with those reportid in the
literature. _ The VSS in raw sewage.averaged 186 mg/l based
‘on grab samples and 200 mg/l on composite samples. The mean
. VSS values were respectively 86 51 and. 837 of the TSS values.:
These observations are in line with the resnlts of the éarlier

investigations that -a large fraction of suspended solids

(75 852) in raw sewage is volatile.

BOD, COD..and TOC

The BOD of the raw sewage based on grab ssmples
.vaﬁﬁed between 244 mg/l and ‘1312 mg/l with a. mean of 561

mg/l, while the mean value of the composite samples vas 415

P N T PR Y )
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3or§anic-conpounds.which_are'partially

;mgjl.f The COD. of the'raw sewage based on grab samples ’
fluctuated between 310 mg/l and 2880 mg/l, with a meén value -
.of 1224 mg/1, ?hereas tne mean value ofathe‘composite sanples
was-llsﬁlmg?l.. The TOC bf.;ﬁe rau sewage based on grab

lsamples was found to be in’ the 90 1040 mg/l with a mean

1

value of 295 mg/l, while the average TOC value based on ‘com—"
";i;posite samples was only 145 ngll In.the case of thevabove
'-three parameters, only in the case of TOC ‘there appeared to’

;be ‘a2 significant difference in the nean values derived from:

T

grab and composite samples. It is also necessary to bear in

-mind that the samples’ for BOD and con aaalyses were direct :

-

..samples, while filtered samples were used for IOC analysis.

The BOD and COD of the - raw sewage can h! correlated

with TOC however;'it may be necessary to appreciate these

..

. limitations (31) , o '_ B o .',: - :,"'a"

'i) A portion of ‘the €OD may be due to- the di-

ﬁchromate oxidation of ferrous iron, nitrogen, sulphites,

-

‘ ‘sulphides and other oxygen consuming inorganics while the

TOC analysis does not include oxidation.of thege compoundst

'ii)f'Ihe BOD and COD tests do.p include many

T

totally resistent..'

-.to biochemical or dichromate oxidation..‘However,'all of

the organic carbon in these compounds is recovered in the

TOC analysis, and

iii) The BOD test is susceptible to variables'

~which include seed acclimation, dilution, temperature; pH




and toxic substances. The COD and TOC tests are generally

independent'of these variables. Theoretically, the stoichio-
;metric COD/TOC ratio would approiimate the molecular ratio of
oxygen to carbon_(32112=) 2.66. The calculated relationship

between BOD and TOC ds:

e 7T --7(12;;0,9)<0,7?> =185

-_uhere l) the ultimate BOD will exert approximately 902 of

.-the theoretical oxygen demand and 2) the BOD is 7% of the

5
Zultimate ‘BOD of the domestic waste. : ‘ ,;- o o .' I

o In the present study, the COD/TOC ratio was found
'“to be 4.15 and, BOD/TOC ratio was found to be 1.90, in the:
‘case of grab samples. In the case of composite samples,‘tteff
fcon/moc and BOD/TOC ratios were 8. e and 2 85 respectively.
| The fact that filtered*samples were use& in TOC analysis
iwould influencelthese ratios significantly, as quite a sub-‘;
'stanﬂ/al percentage of organic matter (above aoz) mgi be
removed as suspended matter. This obviously accounted for
tHe lov values of TOC and the quite high values for the "
CdD/lOC ratio.- It may be of ianterest to note that the
‘average per capita daily BOD contribution -from the household‘
-in-this study was 0.09 1bs, compared[to 0. 17 1bs usually o

_ N
adopted -in the desigg-af community systemsu




Total Phosphates

The total phosphates (?Oé—P) in the raw sewage

varied between 2.5 mg/l and 45.0 mg/l, with a mean value of

15.7 mg/l in’ respect of grabdb samples in the case of com-

-,kposite samples, the mean was 4. 5 mg/l - The higher values

'r:‘observed for grab samples may be due to sampling .done at the_

time-Qf'ﬁlotheS washing operationst_‘ Lo

Ammonia Nitrogen and Nitrate Nitrogen'

Ihe ammonia nitrogen in raw sewage was found to -

\vary between 3 3 mg/l and 226 6 mg/l with an average value

of 61.0 mgll for the grab samples, the mean value for com-\‘y

\ .

-pposite samples was 38 4 mg/l. The higher mean - value for the B

' _grab samples was probably due to sampling at the time of use
of the washroom.- The mean concentration of nitrate nitrogen:
in raw sewage samples was found to be Q. 12 mg/l based on grab

-

. samples; Since the sewage collected for analysis was fresh,

nitrates may be present in ra sewage “at concentrations

reported.

Total Soluble Iron .

-*

The average concentration of total soluble diron’'in

,-the raw sewage was .found to be 1.80 mg/l based on grab
;‘ samples and‘ﬂ 68 mg/l based‘ on composite samples.‘ Thoughl
1rom was present‘in the water supply, the concentration of
total_solnble iron was lonw%0120 mg/l).:.Most of tbe iron

found in raw sewage was contributed from the household.

I

-



-'_that the tatio of fecal coliforms to fecal streptococci was

_cats and dogs qr wastewatets polluted with the same. In‘tﬁe’

~LChlorides

The mean contriburtion of chlorides in ‘the raw
sewage was found to be 124.3 mg/l, based on grab samples.
The chlorides in the water supply were below S‘mgfl.”‘The

chloride pick up was essentially from the household.

<

. Total Coliforms,‘F/;al Coliforms and Fecal Streptococci N

The total coliforms in raw sewage varied between_r L

W

- 1100 and 22 X 106 per 100 ml with a geometric mean of

-1 168 000 per 100 ml Fecel coliforms ranged between 600

‘and;ﬁ:x 106 per 100 ml with a geometric mean-of 3&:150 pet

',100'@1't Fecal streptococci were in the range of 360 to'

600 000 per 100 ml, with a geometric mean of 22 160 per 100

nlf; It was fonnd by Geldreich and his associatbs (38 3')}

o
. h

.

,greater than & in human feces and domestic wastes,‘whereas.

s

the ratio was less than 0.7 in’ the feces of ﬁarm animals,-”

present study, ‘mean fecal coliform counts were found to be-

aboat 3z of the mean total coliforms.: It was also observed
that the ratio of mean values of fecal coliforms to mean’
velues of fecal streptococci was 1. 56 much 1ess than the
value reported by Geldreich for domestic wastes, but higher‘
than the ones for farm animal feces and wastes The ‘ratios

.reported by Geldreich for domestic wastes, however rela:ed teo

domestic sewage from comnunity systems rather. than from




individual households. The smaller ratio observed in
this study could be due to greater grab samplings at times
when flow contained lesser fecal matter compared to cther

bousehold waste matter.

- .:!'.
Pseudomonas aerﬁg mosga

.

_ Other than an ertreme value of. Sl 000 per 100 ml
‘iﬁPN); the rest were below 400 per 100 ml. The mean (geo;
;metric) was. - 160 per 100 ml.t The values would appear ‘to ‘be
cquite small compared to values reported in the literature
'ffor domestic wastes (41) o l? ' ‘_? | ";;‘F.,.}

5

e

‘4i3:3- Characteristics of the Septic Tank Effluent

The chemical and bacteriological characteristics'

b

~of the samples cf the septic tankeeffluent anal;zed on
'I. .

"-virious occasions during ‘the period of the investigation :

'are furnished in- Tables 19 and 20, pages 1312- 113 The

- data analysis.for probability charts was carried out in the o

'same manner as-for raw sewage. The data as arranged for

\\:robability charts are "shown-.in Tables 'F4 to F7, Appendix F

+303-306 Thevprohability plots are shown in Figures Fll to

F1d, Appencix F, p- 307—315 . The mean values (soz), 152 and

85 of the time values for each parameter as.taken from the
graphs are furnished in Table 51.

| An analyais of the characteristics of the septic

.tanh effluent as found in the Tables mentioned earlier,

reveals the following salient features.

. emey w

”
T
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Table 51. Statistical Analyses ofméeptic Tank
©  Effluent Characteristies ;

. Percent of time equal to ot ,
| o . ,: . ‘. ) -_']_esg than- - ' . Standard _
. Characteristies .. .0 .15 . 50 7 (85 Deviation - ° 7
N 4 (‘l“.l S - values < e s

C 4

. I : L e85 690 .“‘7.1‘5‘ . Q-.'_é,:'-
Tss, mg/1 g0 o165 2s0. -y
sop, me/t . 10 - 280 o 85
cob,wg/l - o 3997' TS0l -soo."-"__.,;.:;_as';'
™6, wg/t T s aa 105 L3 |
. 1';0_6:-1’, mg/l T 65 185 4.0 35 L e
NON, e/l R ‘”"r_o‘.;o_. o2 U Ges w2z L
Total soi:blé fron, ‘.ingfl_ " 0.0 ',"z'.zs--,f:."."4.75‘ Ca2 T
Chlorides, mg/l N 35 s _',-"‘57, ‘15 "
‘ § 14530 "
i.lep.s_. ':i.ﬁlxiols. R
5 5.ax10°

L7a0®  © .

. Total coliforms/100 ml  -3.7x1b7 * 2.3x10
o L . R -
' 'Fecal coliforms/100.ml =~ - Ix10
1.1x10
o X 0 ’ < 4 15
sec/ml (3% o osx10t . 3x10°
5.

. Fecal-streptococci/100 ml ' 2.2x10

seC/mli(20%) ° . 4.2x107 8.2x10 1.6x10°

Pseudomonas IR ;‘ L . o - , )
aeruginosa/100 mi -~ - 7 - <2 " 28 - 520
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The pH.of the aentic tank effluent was between

e
Ao

' 6'53 and 7. &5 with an average Qf 6. 90- 'ItJnas.obserred‘that

nézkof the time, the. pH was equal to ot less than 7.0, com~.

,pared to.30% of the time for raw aewage samples. Tne'd'”

el .

L
':effluent samples were in the alkaline range for lesser

;occurring in the tank had evidently nfonght the  mean pH

1SS, vss and Fixdd s

- numbe‘r'-of times‘ 'I‘he @fluent samples also varied over ‘a -

~
-

Smaller range of pH than the raw sewage samples.- The de—‘
tentinn available in the septic tank and anaerobic digestionf
P

nearer 7 0.

\'d The TSS in the septic tank effluent varied between-

68 mgll and 624 mg/l with a mean value of- 176 mg/l. ;:he »

VSS varied between 4Q mg/l,and 540 ng/l, ,with a mean value

‘of‘137 mg/l. ‘The mean VSS was 17z-of,:he-rss, lesauthan the

percentage observed infthe case of raw sewage. On some'

' higher than that of the ravw sewage°_this may be due. to

occasions, it was observed that . the TSS of qhe*“ffluent was

hydraulic scouring and/or sludge gasification forcing re-

: entrainment of appreciable quan;ities bf sedimented material

Jin the effluent atream (60).

BOD, COD and TOC

P

h. The BOD of thedaeptic tank efflnedt{varied betﬁeen,

*




T~

140 mg/1 and 6hh ng/l,‘with.a mean of 280 hg/lt The COD
'varied'between 240 mg/l and 2026 mg/1, with‘a mean value of

568 mg/l. Thé TOC of the effluent waa found to be in the
24~190 ng[i, with & mean value of 73 mg/l ZThe'ratio of .BOD

‘to COD eaa”fbund to be 0~49'.the COD/TOC and BOD/TOC ratios |
h.were 7. 8 and 3 8 respectively The use ef: filtered samples .j.
in the TOC analysis was reflected in the higher ratios |

observed for COD/TGC and BOD/TOC. RN _':_ = e

~

_iotai{Phosphates‘(BO ~-P) -
E The total phosphates in-the effiuent‘were in the

6. 25 30 0 mg/l range, with a{mean value of 11:6 mg/l Ihel
© mean. effluent phosphate level was "found Lo’ be lower thanf
that of raw sewage, uhongh on some occssions,.the effluent'

AN

) concentration was‘fonnd to be.higherﬂ . ‘if"

-

' Ammonia'Nitrogen and Nitrate Nitrogen
' L The ammpnia nitrogen in the effluent was found to :
vary between 76. 6 mg/l and 110.0 mg/l, with 2 .mean value of
96 9 mg/1. " The" mean concentration of nitrate nitrogen in
' the effluent was found to be 0. 026 mg/l. ‘There was anj I
'\increase in ammonia nitrogen and a- deerease 1in nitrate | Y

nitrogen,'compared to raw sewage, due to aZaerobic reactions

taking-place-in the,aeptic tank.'

-




Total Soluble Iron

[N

The average concentration of total soluble iron

L in :heﬂseptic tank efflgenp Was.foond to be 2.63_mg/1, higherA '

- 1

“than the amount fouod in* the raw sewage. The reasen for this

“is not clear§ RN S

Chlorides ~ o e
The mean concentration of the chlori&es in - rhe
‘septic tank effluent was found to. be 53 mg/l.; The effluentr="-“ -jg

"chlorideglevel.was.lese chan tha: of‘.aw sewage.‘* ~¢"

-

f“‘Total Coliforms, Fecal Coliforms and Fecal Streptococci..‘J

The total coliforms in the eeoticftank effluent‘
'varied between 240, 000 and 2& x 106 .per. 100 ml .with a geo—Lp
'metric mean of - 2 278,000 per 100 ml. Fecal coliforms ranged
c;between 4100 and 5. 2 x 106 per 100 ml with a geomet?&c mean
‘of 176 400 per 100 ml. Fecal streptococci levels ‘were in
.the range of 1& 000 to. 740 000 per 100 ml with a geometric
mean of 110 800 per 100 ml. In the present study, the m#%@
‘ fecal coliforms counts were found ro beﬁgbout 8% of the m;hu
' total coliforms. . It was also observed that the ratio of- F
mean values of fecal. coliforms to mean values of fecal strep—

oococci was 1 59, close to the value observed in :he case of

raw sewagex




Pseudomnonas aeruginosa

The values ranged over a wide margin from less than-

0.2 MPN/100 ml to 16,000 MPN/100 ml,’with a geometric mean of

30 per lOijlf The effluent Pseudomonas aeruginosa level was.

found " to be less than”tbatfof:raw sewage.

B

‘Q '1;3.& Efficiency of the Septic Tank

| | | For an assessment of the overall efficiency of the.
septic tank system, it was necessary to‘determine the‘
\efficiency of the septic tank., The efficiency oﬁ the septic
"tank process was evaluated with respect to the followingf
parametersl Removal of TSS removal of BOD ‘OD; and TOC
and removal (if any) of microorganisms like coliforms, fecal
’;coliforms and fecal streptocodti.f Data obtained from chemical
-‘and bacteriological analyses of the raw sewage and of the
‘septic tank effluent were used to determine the removal
Iefficiencies.- Efficiencies of removal using 152 50% (mean)
'and 852 probabilities of occurrence were determined and are
.presented in Table 52.

| It may be seen from the Table, that TSS were re—'

moved to an extent of about 202 whereas BOD and CoD removal
.were.in the 502 range. TOC removal was found to be fairly “;
high. There was a wide margin of difference between mean .
values of composite and grab samples of.raw sewage in respect
of TOC- the efficiency of removal will be about 50% if the

mean vslue of composite samples were taken for calculation.

4




Table 52. Efficiency of Septic.Tank

. . - -

. ' Efficiency of Removal (percentage)
. Percent of time equal- '

“to ‘or less than _j-'-“Tss: B0ﬁ_!CODp'TOC”'SPC n,-PsendoﬁQﬁaé‘-"‘

. 359C  aeruginosa

B S F ¢ ‘,53'f-i¢'.-so Ds2 v e
i 50 (mean value)"” L 18 ‘46’*,§§ 75 "ﬁG,-'* - ﬁl;,‘

85 - 22 48 sz .78 32 .87




~
|
-2
H
i~
1

Thre efficiencies observed were_in_agreement with reported
vaiues, except for TS5S, in which case, the efficiency
,éhtained”in the present study was found to be much smaller
7than reported values (35 601) Results showed a removal of
'about 462 in .the total number of organisms on a gross esti~
}_tmatg based on Standard Plate Count at 35 C. However.such a
Lsndefinite trend was not noticeable when the results.of |
'Standard—;late Count at 20 C were analyzed.-~ln reSpect‘of;
‘coliforms, fecal coliforms and fecal streptococci‘ the
'effluent values were ‘more often greater than the rav. seuage.
fvalues 1eading ‘to the conclusion that there was hardly any.‘

': removal of indicat%F,nidrborganisms through ‘the septic tank"“

'-process. Fai:ly high removals (greater than 801) of

oo
-

'Pseudomonas aermg__osa were observed through treatment in

.'the septic tank. :
. 4.3.5 Slu ge and Scum Accumnlations in ‘the Septic Tank

The measurements taken to obtain the depth of
sludge and scun in both the compartments of'the septic tank Y
‘on three occasions arerfurnished 1n Table-Gl Appendix G,.‘ |
ipage-317. The total sludge and scum accumulations in the-
”septic tank on the three occasions are presented in Table 53.’}
The total sludge and scum accumulations were 70 5 cft, 104 2
cft and 115 5. cft at the end of 2 years & months, 2 years

.11 months and 3 years 3 months resPectively from the starting

. of the septic tank. The accumulation observed at the end of
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2 vears- % months was close to the value obtained by the

USPHS formula (Equation é.l,-page 15 ), but the values for
the ooher-pErio&s were found to be quite on the highlsidel
_ The reason for a rather high sludge accumulation, an incroase
of about 802 during the 7. month period is not cloar | The:.'g

- scum accumulations had also: registered considerably high

-gindyeasgs through the_period;o




CHAPTER 5

/—- '
SUMMARY AND CONCLUSIONS

5.1 'Summarﬁ'and'Conclusions:{l ;3i o ..:‘ o ,'. B
A field investigation was carried out with the
‘primary objective of determining the efficiency of : sentic
-etile system receiving domestic wastes from a rural household
- 'under seasonally varying environmental conditions. A test-
i_tile 26 feet 1ong was installed and a portion of tne septic
;tank effluent entering the regular system was diverted to
the test tile K Zero tension lysimeters were installed at
2! 0“ 3! 6" and 46" depths to, collect percolates. Cbemical
and bacteriological quality of the percolateﬁ‘and the ground—_r
_;water adjoining the test tile were analyzed aloLg wifh the
composition of raw sewage and septic tank effluent. This
investigation covered‘a.period~of 15 months_from December,
'1972 to Harch 1974. An in#estigation‘was conduCted no*
monitor horizontal travel of pollutants from the end of the
septic tile. Chemical and bacteriological quality of the
.groundwater below the existing tile field system was also
lstudied'during the summer of 1973, Environmental parameters ..
considered in the study vere’ air and soil temperatures, ‘snow
cover and unsaturated depth of the sail.

The following conclus ons can be drawn from this

"study involving:the use of one ptic tile system.

-



1. a) The soil had the ability to reduce high
percentage (75-902)lof lSS, BOD, COD and TOC present in the
septic tank effluent. B o

b)‘ Reduction of phosphates obtained in the
Tpresent study were usually dn the 25 501 range, much lower
than those reported in the literature L This has special

{“significance to 1ake shores where travel distances may be’

.\.

short and substantial amounts of phosphorous may be added'
”1to‘the'lake7; ‘ i

Lc) High ammonia reductions {80~ 902) are'u
'Aobserved- with increase in ammonia reduction, correspondingl
increase in nitrification had been observed both in the

.Zpercolate and. in the adjoining groundwater. Ihis may

'-lead to nitrate build-up in the groundwater and lakes nearby

causing possible health hazards and accelerating eutropbication.
4) There was significant removal of indicator
organisms —-coliforms, fecal coliforms and fecal streptococci‘
through the soil system compared to. numbers present in the
ilseptic tank effluent.
C 2. The efficiency of the septic tile was affected
,by‘tne duration of'the loading. The efficiency .0f the. septic
. tile showed a decline till the end of 40 weeks from start of
loading in respect of reduction of various parameters 7SS,
'BOD, coOD, TOC, P04—P,'NH3-N.and‘total soluble.iron, though
it showed improvement-thereafter, due to other'faetors.

.3. The efficiency of the,septic tile was influenced

- o |
" e ' ' ‘l..h&




"by seasonal variations. There were greater.efficiencies.
(80-90%) for varions‘parameters during the summer andiearlfi
el . :
fall extending fron August tqQ November, when the unsaturated
depth of soil was greater.. These effieienties tended to
.decrease to about 70 752 in respeot of BOD and TSS toha
greater extent (20 351) in the case of" NHB—N during'the
twinter period when the water levels started to rise. K trate
. nitrogen levels also showed a declining trend duriné the'

winter months.‘ - RS

4o Generally, periods of higher air and soil f';-_ T

'tenperatures;witnessed3in summer, showed hetter‘effieiencies L.

?t.in:the 7§-3517range fon nost offthe parameters;:"
| .5. The concentrations of pollutants in the gronnd—-

water indicated by.BOD COD TOC NH3—N and chlorides were
higher near-the tile and reduced'significantlylfarther do?n-‘
slope from the tile end.- | |
; .T 6_ In the case of nitrate nitrogen, there vas a,
,..sharp.increase in the initial ten feet fron the tile end

’presumably due to biological oxidation of ammonia present
and-be;ond thisnpoint dilution reduced the levels‘at‘distances"
farther downstream from.the end- of the septic tile. |

| 7. Winter operation did not pose any- 3pecial pro-
"_hlems in'the case,of the septic .tile system, as soil tempera-' 'tﬁ
.enres'ciose to the tile and below were much hiéher than’that
of prevailing air temperatnree'inlview'of the.insulating—snow

" cover on the gronnd..‘In addition, the: temperature of the o

IR



effluent 1in the tile was quite above the freezing point_due
to hot water discharged to the system -

8., There was a reduction in nermeability of the_
soil just below the trench made'up of slimy mat 1ayer;
'.Microbial organisms were abundant in this layer Trom the
.study doneJ'it would appear that ferrous sulphide clogging
was not indicated lthough microbial clogging indicated hy
..the presence of polysaccharides, may occur.f It was however
g.not possihle to conclude on the extent of any clogging’for
the period of time of the study ._?;h‘f.'” N i”hfi”?f}.%'

9. al The average water consumption ih the
L Do
household was 22 7 imp.'gpcd- the nean use of watet for toilet
'lflushing wa's found to he 22 6% of the’ total daily intake
: ZThese low valu%s may be due to the large.numher of children
-in the. household. |
b) The average ner capita daily BOD contribu—;
htion ftom the household was: 0. 09 lbs, compared’ Lo 0 17 lbs'
usually adopted in the design of communioy systems. _ |
. | dj The septic tank removed about 202 of TSS
and about 50Z of BOD and COD.: Ihere was hardly any removal.;
of indicator organisms likercoliforms,ercelhcoliforus.and

' fecal streptococci through thé'aeptic tanki_ However, fairly

high removals (greater than 803) of Pseudomonas aeruginosa

' 'werecobserved through'treatment in ‘the septic tank.




o

© groundwaters.

|
28]
[ R
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5.2 Suggestions for Further Research

It would be necessary to direct further'research

-on the use mound" type (14) of septic tile system for
' a situation ad tered in this study, of a flucfuating water

E table close to the rile and sometimes rising above the tile.

Ihough failure of the system as such did not. occur in the

present case, rhe efficiency of removal especially of micro—

v organisms would be significantly poor, necessitating the use, _

',of modified systems when the. depth of soil*available below

the tile up to the water table i% less than 4§ feet«~

I: would be necessary also to study more extensively

"about phosphate adsorption.and possible release when water

table fluctuates. _Further researeh is indicated in the area
of clogging of the tile bed keeping in view the need to_.'

develop designs based on a loug term acceptjnce rates because'

. of the reduced permeability of the clogging mat at the inter-

[

.face. Research on. the travel of viruses and ‘other pathog uic'..-

bacteria through the. soil system would be desirable, as ny

isolated hospitals in many parts of the world use septlc tank

. gsystems for.their waste disposal..‘Further,research would be
. Ko - : T .

' necessary ro_develop_soil systens ﬁherein denitrification

| . ~
' E

could be induced, to avaid excessive'nirrage buildup‘in

¢

-,

vt
.

k-i.‘..?’:% _“‘
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Table Al. Percolation Test Detailé

Date of Test: September 28, 1971

Test Hole No. 1 . . Test Holé‘No. 2

Time Lapse .=  Drop im Level . Time Lapsé - Drop in‘Léve;
. . omin® . . ‘inches " min “inches

30 IR B R > SR V2 LI
290 . 2-5/8 - 29 3]s
228 721720 L 300 - . 5/8"
29 . o2=l/2 0 28 T )2
3 T Tzerz2 T
' Stopped . - ... . ., Stopped
S 4 s e Stopped

Test ‘Hole No. 3 . . Test Hole NJ-‘A

Time Lapse A‘Drop_in‘Level' ‘Timé”LaPSé bep in Level.
“ain ~  inpches - min. - inches

36 00 2i3/8 31 2-7/8
.L;;v‘ 29 - ©2-1/16 0 ¢ 238 . v2-9/16°
S~ e30.. C 1-15/16 31 - " 2-5/8

21 Ct1-7/8 0, .28 7 2-5/16
" 34 0 2-3/16 30 2-7/16

30 | c2-1/16 . 31 . ;ﬂlli T

33 R 2-14 30 2-9/16

‘

30 - 2. 29 2-9/16 " .




. Tablp A2. Calculations for Percolation Rate

Test Hole No. 1 i

AD. CaT ‘ R-%% ' LT T/R
inches " min 1 . . min

3 L. 30 7 0 - 10.0 - .15 - 1,50 e
© 2-5/8 ) 29 - 11,0 . 44 4.00 o
2-1/2 - 28 T11.20 7 6.2 Ty
« 2=1/2 29 0116 - o101 - 8,70 - T
c2=1/20- T o317 12,4 T 132, . 10.65 °©

4

Test Hole No. 2 - : ‘ . T

9/16 - - 31 - 55.1. . 15.5 0.28 -
3/8 . 29 77.3 L% ag.s L 0.5 . 1
5/8 . 30" - . 48.0° . 745 - 1.55

/2. 28 7 's6.0 . 102.5 1.83

i'f--.»

‘Test Holé No. 3 -~ = - .. e

c2<3/8 . o3&, 143 0 170 . 1.18. ..
L 2-1/16 - 29, 1.1 = - - 46 . .3.20 7

" 1~-15/16 - - 30 . 15.5.0 -« - 76 . 4.90

1-7/8 : 27 . . 1440 . 0 103 7.15
' 2-3/16 .- 34 7 0 15.5 .+ 13777 . 8:83
2-1/16 .30 0 14.5° - 167 © '11.51.
2-1/4 - . 33 R TN 200 13.60
W2, 300 15,0 230 15.32

Test Hole No. 4 -, : %7 "_, 

2~7/8 e S1. / -10.8 - 15.5" : 1.44
2-9/16 , 29 "4 11.3 " 44.5 , 3.94
2-5/8. - " 31 i1.8 75.5 6.40
2-5/16 © 28 /. 12,1 . - -103.5 - . 8.55
2-7/16 - 30 12.3 _ 133.5 . 10.85
2-1/2 . 317 12.4 . 164.5 - . 13.25

"2-9/I6 . . ..30 | S 11.9 .. 194.5 © 16.30

2-9/16 29 .- 1r.3 ., 223.5 20.00
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‘Table Bl. Record of Loading Operaﬁion

Drop in Eftluent oL
o Level in’ .- Loading A . ..
Date. Collecting Tank Imp. gallons ' , . Remarks
' in inches . per day - . - _\ 3

L0t 17-12-72 9.13 . . ,,54.0..
VL 18=12-72 ~7.25 0 . 43.0_ .
19-12-72. - 14.00 . . . 83,5 .. .m0
120-12-72 16,00 . - 95,0 . e 07 .
21-12-72 ¢ 9.13°. o T 54,0, ) s : o
22-12-72 . 9.62 , 57.0-
123-12-72. - 12.62 . '\ 75.0,
26-12-72  7.00 . . 4l.5 B
25-12-72 5.25. 31,00 e e
26-12-72 ' -9.75 - 57.5 Lo !
27-12-72° " I1.75 -~ ' 69.5 .. T
28-12-72 " - -5.87 3.8 . e
29712-72 . 9:50 . . 56.0 - - .. B
30412-72 8.75 T51.7 ¢ ‘
.31-Q12-72 | 10.75 © - 63.5. _ : L
01-N-73 - . 8.38 o [ag -5 4 o S
02-01IN73 . 7.75 . 45,7 e T
03-01-73 9.25 i 54.7° - . .. |
04-01-73 . 8:75 T 51.7 : _ L I
05-01-73 . 14.25 - 84.0 . L . o C
06-01-73 - , - ' No loading
07-01-73 12.50 . 74,0 . SRR
08-01-73 4.00 C23.7 2, -
Qg;%k‘73 . 6.63 . 39.2 o
Me=01-73 7.50 ... 44.5 S .
11-01-73, 6.25 - .. . 37.0 ..
12-01-73 8.25 _ 49.0
13-01-73 . 10.0 © 7 '59.2 , S N
14-01-73 12.25 - 72.5 - Nl .
15-01-73 - | 11.25 o 66. 7r’_‘- Continuous loading till 16-10
16-01-73 e e
17-01-73 8.25 S 49.0h“ T
18-01-73 14.00 : 83.5 ' ‘ ;j'f e
19-01-73 . -11.25, 66.7. .. T Lo
20-01-73 . '12.25 - 72.5 *-Continuous till '15~15
21-01-73 - ©o- - - '
1 22-01-73 13.00 - - 77.0 . ,
'23-01-73 10.00 ' 59.2 - . ' N -
24-01-73 . .7 - .= . - No loading
25-01-73 -~ . 9.75 - 57.5 SR

v

.t

<
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Table Bl - continued

i
2
(%]
wn

1

!

- e
Drop .in Effluent -
Level in. Loading ) .
Date Collecting Tank Imp. gallons Remarks :
' in inches ' per day. i ' ,
26-01-73 .. . 12.63 - 5.0 .80 . \
27-01-73 ° © 10.50 . 62.2 L
28-01-73 - 10.62 63.0 S '
©.29-01-73 : - L - No loading - .
30-01-73 . 26.63 ./ ~157.0° . L . o
31-01-73 - - . =7 7 No loading - . S
~01-02-73 12.38 73.5 S T
02-02-73 . 15.00 '8%9.0 L
03-02~73 8.75" 51.7 <
04-02-73 12.75 - 75.5 A
05-02-73 . 6.00 35.4 R
, 06=02-73 11.7s. 69.5 S
'07-02-73 12.00 _ S 71.0 .
08~02-73 20.50 Co121.0 L L
09-02-73 . "g.50 © . 56.0 ; 7
10-02-73 , = - No loading R
11-02-73 10.25 60.5 - DT AR
12-02-73 '10.50" . 62.2 S P
13-02-73 11.25 66.7 - . ’
14-02-73 = 15.25 90.5 ) -fb o
15-02-73 7.00 41.5 o
16-02-73. 10.87 64.2." i A
17-02-73 '9.50 '56..0 AR A
18-02-73 15.50. 92.0 : — . R
19-02-73 _ - - . No leading . - < . v
20-02-73 13.50 "80.0 : '
21-02-73 12.00- 71.0 . *
22-02-73 6.13 36.3 , .. S
23-02-73 11.25 66.7 .
24-02-73 7.50 44-.5 v
25-02-73 10.50 62.2 . ’
26-02-73 16.38 9% 0 SR
27-02-73 8.25 49 -0
28-02-73 10.75 . 63.5
01-03-73 13.00 _ 77.0 )
02-03-73- 13.25 * 78.5 : , | “
03-03-73 ‘ - S - Loading coantinuous "
04-03-73 - ‘ - Loading -continuous till 19-30°
05-03-73 6.25 . 37.0 ' L
06-6:3~73 20.25 » 120.0




,_\\Jr\.‘\ . i & . - . : -

Table Bl - continued -

Drop in Effluent
: - Level in . . . Loading- . ) .
‘Date”  Collecting Tank Imp..gallouns . Remarks
.7 in incRes . _..pér day : '

i

=

S .07-03-73 27050 0 . 40103:5 -
T .08-03- 10,250 .. - L0 60.5°
;,;Dsﬁha-vs' , 7.00 . 415 o

7T 10-03-73 = - "~ No loading

S 11-03-73 .50 ¢ . 86.0 - L oo~ b T
o t12=03-73 0 - T = . ".No loading from 13c3-73 to ' -
.o 12-04-73 0 120500 0 VTR0 © 11-4=73 .o CRRE

13-04~-73 " 18.2% - - 108.5 T

S .14-04-73 - 22,50 133.0.

15-04-73- 18.75 . 7 .110.5

L 16-04-73 12.63 75.0 -

s 17-04-73 . 1l.87 S 70.8 ~ -

18-04-73 - - e ‘No loading

19-04-73 37.12. N
20-04-73 . - 15.00 - 89.0 - . - T ooy
©21-04-73 . "8.50 5002 oo A .
22-0%-73 10.25 ' 60.5 - - = |

23-04-73  22:50 .~ 133.0
24-04-73  © 13.38 - - . 79.5

25.04-73 . 12.25 - 7 5i
26-064—73 - ‘ii .
27-064=73 . 14.00 . 83.5

28-04~73. 8.25 © o 49.0°
.+ 29-04-73 17.38 .103.0

30-04-73 - , - : No loading o e
01-05-73 24.00 o ] .14%{5 e L I e T
02-05-73 13.75 : .. 815 - ' ' T

03-05-73 - _ -
04-05-73 15.25 ’AJ 90.5

*No lbaaing'

No loading

05-05-73 12.13 ©72.0 wo

06-05-73 . 16.00 - ';ss.o L _
07-05-73  17.75 135.0 ,
08205-73 - :

- - - ‘ No'ldaqing ' ,
09-05-73, 3.50 20.6 - | R

10-05-73 #9-62 57.0 . SR 'J/’{

11-05-73 27.00 160.0 L ; o ;
12-05-73% 10.38 61.5 _ : : o

g 13-05-73’ 14.50 | 86.0 ¥ -

14-05-73 - oL , No loading from 14-5-73 to-

: A _ . 24-5-73 S

_-'A . r . .‘ ] »

o




-Table_Bl - continued

Drop in Effluent. - . .
- Level in - Loading _ _ - : 7
Date Collecting Tank Imp. gallons .. Remarks
- in inches ‘ per day a !

25-05-73. . 28.75 - - 170,
26-05-73 . ST :
27-05-73. ¢ 15.75 " | - 193,
"28-05-73 ., =
29-05-73. " 26.00-- < - -.153.
30-05-73 - e T

- 31-05-73.. - . 28.50 ° - ' -168.
Q1-06-73 14.00.. .~ .. 883.
03-06-73 ~° 29.50 - - 175.
04-06-73 - 21.00 .- 124.
05-06-73 . 13.50 . -  80.

- 06~06-73 " " - o

© 07-06-73  2%9.00 - . 171,

' 08-06~73 - 17.75 - .. ' 105,

©10-06-~73 ‘\\é}.sq 80.
,11-06-73 W -

"12-06-73 30,00 - 178.
13-06-73 29.75 .. - ‘w75.
. 14-06-73 . 23.00 . = 136.

" 15-06-73. 29.00 - " 171.
16-06-73 - .
.17-06-73  30.00 S .. 178,
18-06-73 - - 17.00 .- . . 100.
19-06-73 29.00 ' 171,

" 20-06-73 - - 30.007 ‘ 178.
21-06-73 " 16.00° . 95,
22-06-73 " :

 ~§§ lqé&ing"

<N§ lbading_

wiolo

" No Ioadiqg'- - ' 2

No loading ,;'fJ. :“J

”No-loa&@ng'_ -, 3

~ . - . .

" No loading

: a\':)r—és;ghﬂ'

1) OO0 VULMO I WV OVWOo | OOWLI.OO O | Wwu

- ' No loading . )
23-66-73 . "26.00 . 153. . ) “
R4-06-73" . e ‘No loading
25-06-73 " 30.00.--.- 178.0 - A
- . 26-06-73 . . - =T No lgading
27-06~73 - . VNo loading. - ]

28-06-73 29.50 +.7175.
29-06-73 - . ot
30-06-73 . - ~ - . ' .= . No loading
01-07-73 30.00 . 178.0 R :
02-07<73 - ' - No -loading -
103-07-73 - | - Notloading.'{,
04-07-73 - . 30.00 S178.0 7 . - .

o

No. loading -

o




. 23-07-73"

Table Bl - conéinued

L N

- Drop in Effluent .
| L _L7evel in Lpading : - . } .
- Date. | .Collecting Tank ‘Imp. galloens . Remarkélg

in inches. | per day. Y
$05-07-73 . 0 - " .. = .No loading. . ' .
- 06-07-73. ‘ - . ¢ = .- No loading
. 07-07-73 - '30.00 .. . 178.0 - " "
- 08-07-73- e SO No loading '
09-07-73 . " T = .= " .No. léading -
10~07-73 . 30.00. © . - 178.0. S
- 11-07-73 RN L = No loading -
. 12-07-73 . - . - o - No loading .~
13-07-73 . 3000, . 178.0 e i
‘14~07-73 = R No loading a

- 15-07-73. S ,Nolﬁoadipg'
16-07-73 /. 30.00 . 178000 L. IS C g
17-07-23/ . . - B No Toading . . -
18-07-73" - - o ‘= .7 No loading . T
19-07-73 . 30.00 e 178,08 0 0N
20-07-73 . - T © = 7.7 No loading . .
. 21=07-73 . o o= = .. No loading -~ = -
.22-07-73 30.00° - . . 178.0 - O T Lo
R ‘ = No loading
24-07-73 - = = L - No loading
. 25<07-73 .. 30.00 ' 178.0 0 G Lo -
- 26-07-73 - T = -+ No loading
227=-07-73 .. " No loading
. 28-07-73 30.00 S :
- 29-07-73 . ‘ -

30-07-73 o=
31-07-73 .. 30.00
01-08-73 S -
'02-08-73 O
03-08-73 30.00° , _ _
04-08-73 - . - - No loading-
.05-08~73 - - i - No loading
T06-08-73° ° 30.00 . © 0 178.0 R
07-08~-73. =~ - © = No loading
08-08-73 -~ - © = No loading

09-08-73. 30.00 - ... 178.0 S
10-08-73 L= "= 'No loading
11-08-73 = - - _No loading
12-08-73 30.00 . .178.0 . ,
13-08-73 -~ C - - - - No. loading

Nd;loadipg“' .
"Ng‘loading
‘Nclloéding

No loading




Table Bl - continued

Drop i{n Effluent
Level in

- . Collecting Tank
in inches

Loading _
- Imp. gallons
- per day

- Date .

vy

Remarks

14~08~73 . . - C
15-08-73 ©.30.00 - . b
16-08-73 . < - -
24-08-73 30.00 .17
T+ 25-08<73 0 L - oo o -
, 26-08-73" L e N ST -
- 27-08-73 . '30.00 ©17870.°
.28-08-73 . et -
29-08-73 - - B
130-08-73 . o . .
31-08-73° .. - - TNoiloadfngg L
01-09=73 - 2%.25 | 1?3 o. o A
f 02-09-73 . = . © . No loading T,
.03-09-73" - 29.25: 1730 o e B
04- 09- 73 =t T e -. . No loading .- ‘ -
. 05-09-73" .29 25;' - : -r73 o S
06-09-73 = . X . S Ne
. 07-09-73 . 29 25. . | 173 0 ‘ |
.'08~09-73 . | SRR  No
. 09-09-73 _29.25 _ ‘ .173 o '
'§10-09-73 '
20-09-73
1 21-09-73 .0
- 22-09-73 25.50 151.¢° o .
.23+09-73. 1 29.25 - 173.0 |
24-09-73 (- . - No
28-09-73 - . 15.25 ° 90.5" .
- 29-09-73  *.15.75 . 93.5
. 30-09-73 - 18.75 -111.0.
01-10-73 20.50 121.0 -

02-10-73 , . =
03-10-73 - -
04-10~-73 - 20.25 ' 120.0 . .
05-10-73 . - o - No
. 06-10-73 720,25 . 120.0 :

07-10-73 - s Fo

- No loading
178.0 e T
' ~ No lecading
© 0 23-8-73
"Ne loading

'”}'ﬁbzloading‘

from 16-8-73 to

_Ne 1oading _
fNo'loading -

30.00 - 178.0

.ioadihg‘
tadtng

- . No lbading, fiap dpor’Brbken
. 21.00 111 19-9-73

. -124;0
. 22.00

130.0

loading :t1ll 27-9-73

No loé&ing_-
No loading,

o

loading.

loading SN SN

08-10-73

09-10-73

10-10-73

11-10-73

18.25

10.75

.11.25

1108.0

64.0

670

No

loading.




Table Bl - continued ~
Drop in Effluent
Level in . Loading
Date Collecting Tank Imp. gallons . Remarks
) in inches '~ . per day '
12-10-73 - ' C - No loading
- 13-10-73 0 - 18.75 - _ . 11i.0 .
. 14-10-73 24.00 142.0
"7 15-10-73. ‘12.28° o - 72.8 e
. 16-10-73 . R Te= No' loading.
17<10-73 . 13.50. - . 80.0. ' : -
18-10-73 e ™
"19-10-73 - _17.25 .. 102.0
20-10-73 . . 11.25 66,7
121-10-73  ° 12:25 12.8 A
22-10-73 10.25 - . - 60.7
23-10~73 17.25 ; .. 102.0 . Lo :
. 24-10-73 - e = No. loading ..
©25-10-73. L= P . No loading
126~10-73 19.25 +114.0 ' R
. 27-10-73; . 12,00 . = 71.0
. 28-10-73 ‘14.50 - - :86.0
29-10-73 . 15.50 . - ™ 92.0 T
.1'30-10-73 -, . - o -= "< ' No léading
31-10-73." .. '15.00 -89.0 . .
01-11-73 L~ - . No loading _
02-11-73". o= = No' leading - . -° . . . |
03-11-73 - -10.25 - 60.5 S L - .
04-11-73 24.75-. S147.0 : e |
05-11~73 - - . No_ loading - R
. 06-11-73 '18.50 109.5 L L :
07-11-73 L - - No loading 'jk\” '
.08-11-73" . 21.25 126.0 et
" 09-11-73 = = ~ No loading .~
10-11-73 . 23.50 . 13%.0 A SR
o 11-11-73 - ' - No_;oadiné/ _
12-11-73 25.00 . 148.0 o o
13-11-73 - - : - No loading
14-11-73 - 15.50 - . - 92.0 o
15-11-73 12.00° . '71.0
'16-11-73 10.50 - 62.2 . IR
17-11-73" = - - No’loading
18-11-73 22.50 133.5 - R
19-11-73 - - " No loading . .
20~11-73 - - - No loading




T

AT

4.

4
Table Bl - continued . : .
Drop in Effluent \ . o ’
Level in ~Loading . '
Date . Collecting. Tank Imp. Gallons Remarks
' . in inches ‘per day
21-11-73 24:.00 142.0 . —_
"22-11-73 - R ‘No. loading
23-11=73 - 28.75 170.0 oo
24-11-73 -, C - No loading .
25-11-73 9.25 54.7 R
- 26-11-73 ‘ - IR - No -loading '
27-11-73 18.50-. . ..109.5 . C
28-11-73 ©  10.25 . 6035
- 29-11-73 . 10.50 62.2
-30- 11-73 S 9-25. _ ‘ 54,7 ‘ .
01~12-73 11 00. -~ 65.5 ~
02-12-73 710 25~ ! 60.5- e T
03-12-73 - . - " No loiding °
- 04=-12-73 -17.75 C -'105.0 S e
. 05=-12-73 - =+ ""No loadin€ =~
. 06-12-73 21 25 '126.0 R TR
C07-12-73 . - - ""No loadiug
‘08-12-73" ., 10 50 C62.2 S
.. '09-12-73 .~ 11. 75 - 69.5
10-12- 73, . 15.25 90.5
11-12-73 . ‘ - = No_loading L
. +12-12-73 ‘22,0 130.0 :
'13-12-73 RS - - No loading-'
14-12-73 . 21.0- '.124 0
.15-12-73 12.0 71.0
- 16-12-73 11.0 - 65.5 : ]
17-12-73 - ‘ - No loading
18- 12-73 .. 28.0 165.0 . T
19-12-73 - L - .No loading
$20-12-73 26.0 154.0 I
21-12-73 - o= No loading
. 22-12-73 . 12.0 '771.0 .
©-23-12-73 . 10.0 59.2
24-12-73 9.0 53.2 I
25-12-73 - - - No loading
26~12-73 18.0 106.5 '
.27-12-73 17.0 100, 5 : . C
28~12-73 R - No loading '
29-12-73 - 11.0 - - 65.5 - & , L
'30-12-73  12.0 . - 71.0 Lo
N © . )
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Table 31 - continued

Drop - imn Effluent T - :
+*Level in . " loading . 7
Date . Collecting-Fank- Imp. ;gallons ...~ Remarks
: "&in inches ., per ‘day?. ' .
o 3l-12-73 0 15, - 89. o
01-01-74 . 10.0 - - s9:2". ]

1 02-01-74 12 0 " Coerthoe e T T e : \kC
03-01-74 e R DU - No-loading - ' o,

T 04-01-74 11,0 . 65.5 e mo T -

. 05-01-74 % 13.0. - FLTTN0 e T )

v 06-01-74, -, o~ oo e ;Noquédihgf. L L
L, 07-01274 0 0 L TS A N - loading' S

-08-01~74 = e e NomYeaddnge Lo e T

7 08-01-74 - 7 = T 'T-Tf; ‘ '*»jf-' No laading = "¢ T T L o

"10~ 0L—7&% . CoTet e [”l‘ No - loading, PR S LR

11501-74 < . 18.0 T w0 106 5. k- SRS SR

12-01=74 = Lo e e e R N loadins r-‘,~a?':i e

13-01-74° - 16.50 . " 97-5-‘- AR N SRR

L 26-01874 7100257 T T s re0as T L R

e

o

. W .e LT e
15-01-74. e - ‘No loading e
16 01 74 N o .el- ' - D . ‘- e NU’ 10‘8ding . \ s . E
17-01-74 T, . 10.0.. " v 8942 _ _ Co e e e
18-01~74 ™. v =T - ; No.loadingn«--- LT o
' 19-01- T&'-?,,\s.o‘, e 47220 L L .
- 20 01-74" N "10.0 . 59.2 .. . . ST
212012747 oo Dm0 - " < No doading - - -,
-22-01-74 e 4= - T 0 s=. . .-No loading . _ -iIvce
23-01-746.  © 12.0.- . 7100 o T et
24-01-74" 9.6 . . s7.0 0 . x
25-01-74  10.9 .0 .. - 64.2.- |
©'26-01-74 - .12.6 . - .- 75.0:
27-01-74 22,9 . 135.5 7 7 '
28-01-74 -, 1l&.4 ' . 4 86.0 . ST »
229-Q1+74 . o T LA No loagdng = . .
- "30-01-%&  25.8 .-158.0- 7 e Cos .
- ~31-01-74  _ . - e - " No' loading :
. 01-02-74 T 14.47 0 t. " © 86.0 L .
02-02-74 ‘ - Ty . - No Ioading - .
03-02-24 . 10.8 d?’ 64.0° - . . ™ -
04-02-74 26.4 " .155.0
05-02-74 30.0. . - 178.0. ; s L :
v06-02-74 T .= ‘.« - - No loading Y
07-02-74° . 30.0 \.178.0 . o
08-02~ 74 - ' ' -

No loading




?able Bl - cqﬁcludeu

~. Drop in Effluent - _ ; o *
. + Level in Loading : T .
Date: . Colleccing Tank Imp. gallons .. . Remarks
M in inches < per day ///” ' ‘

) ’ s ‘ . L
09-02-74 ~  30.0 - .. - 178.0 L | a8
S . 10m02-74 - - T- T - ~ No léading ~: .. 7 .o oAl
' 11502#75\. . 30.0 g_;' .. 178. ﬁ;_ BRI N s
- "12-02:74. O T No . ldading . T
' '13-02-74 . 30.0 = ;73 v - oo
‘ 14- 02 ‘IJ R e e T .' - No‘ loading‘ ."."_ - e . Do
©15-02-74 . 30.0 - . . 178.0': e S
16~02-74 . - . - No. loading . - : o

! 17-02-74 - 30,00 ot 178G o o oom T
. 18-02-74 - -, 7 -, ¢ ..="" . No loading = T . .- ;rﬁ_t“

19-02-74  °© 30.0 T . T 178. o S st
0 20-02-74 v = T ~ No loadimg~ = i .7
121-02-74 . 30.0° . 178. o~ DI
22-02-74 - . .= L o  No:1cgd1ﬁg5_ S,
., 23-02-74.  30.0 © 1 178 0 - R R
w3t 24=02-74 - 0 =" "¢ . =." ""No loadimg . = ..
ST . 25-02-74 0 b - T ._' - . "No loadimg _ .
. . 26-02-74 . . - 1l4.4 ... '86.0. ' e e T Lo
o 27-02-74 L =, . .~-= 7 No loadimg: . . T . T
28-02-74 9.6 .- 57.0 . .7 o=l ~ S
- 01-03-74 . 8.4 . - 49.5 . . AR
. 02-03-74 15.%6 .o ez.0 L T k :
v /@3—03—7& T 24.0 . e 142 o.,'_ A SRR R
: 04-03-74 .. - : -+ No 1oading e " ¢ :
" 05-03=74" = "19.2 CoL Li14.0 - S IR
2 06-03-74 T e . - . anding stopped becaGEE"F/-

' ST . of high groundwater' ~ .‘}.
X A level ' ) TN

R
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Table Cl1. Cafibration for Phosphate

ml of.phosphépe : . ug PO, " Absorbance at
.standard solution : .. 680 mp
in 50 ml .

| .-‘0 . o.028
als i o  "f_ ;5‘: - St lis00 -
- 2.0 . " l. : 1ode SR :f_1,456

36 . aso T " 2.000 N
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- I - i . )
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T ¥ 9 1 -
0 50 - 100 150

i Pd4‘in 50 ml sémple,.

i :
,Fig;rul. Calibration.@urve for Phosphates
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Table C2. Calibration for NH ;~N

ml in 50 ml -conc. "(LIg.-N) | Absorbance at
: . o . o 450 mu

0 - ff o RS 0.015
ows s 30.032‘15,-
‘1-ilq :~‘- _; .:-'. ;.;.10.< £ ‘.‘7”': - @;béo'

-A.~,l'5  o .len . f:.1§'£ .‘ll}_ f ; .0.652
s ‘;']'-f:;r_3:¢<; ' R S " o.088
L s s0 . > . o.140

g6 w00 - 0.270
2000 L 20000 . 0.550

C30.0 0 300 . 0.750
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. Absorbince -at 450 mit . .
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o Lo g sy Ll

¢ S0~ 100 _ Ba.., : 200 = 2

s .. "wg N in 50. ol Sample

50

" Fig. C2.. Calibz‘afﬁ_ion Curve for Ammonia,




¥ Table C3. Calibration for Nitrate Nitrogen

. Amount of thfogen S o Absprbance‘
.. --in 50 ml:Sample (ug N) R at 520 mu

s e J0.065
ae e T 0.065
L ose : L ..0.260

- . N . . . ’ ‘- + r}
. . . .
- '. Co ) - ) »
- ) _ .

. 0, ” L, o : .

! I ' ‘ ’ . -

e W . i . ) : .

-.‘".' . . o l. . " . . . .
e . . . . i v

- o - . v - ) -ﬂ_,..-"‘
o oL . . o T
- - ) . .—‘/-—’ . . . . \ .
. . ;’;ff"”' : cLL
. : el .. ’
' .-‘\'ﬂ ' .
"‘_,/"'7—) =
.- --"‘,r"‘ . .
R ;
. L
e . -




' Absorbance at 520 m u
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Calibration*Curve for Nitrate Nitrogeng, =

‘w7 N in 50'ml Sample
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Table C4. Calibration for Iron using
- Atomic Absorption Spectro-’
photometer ‘

-Conc. of

. . -
Iron wmg/l - Absorbance

0.5. . 0.005

] 10 .o e.olo
2.0 .. T . .- .. 0.021
30 .. e biosol o
4.0 i e 0.040 N
Coswof .7 . 0.050
: 6.0 . s 0.060
. o L F | i
3
. - r
oy
- .
; [ .
: i |
. |
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Table

Cs5. Calibration
Spectronic

Stock Soln

= 200

ML of Iron Solnm
in 50 ml

Amount of'Iron
‘in 50 ml (ug Fe)

AbSOrbancé.at
510 mu

“t...

-
02
0.6

0
40

80

120,

200

 300

0,04
Co.72
0.405
0. 60 .
076,
0.85

1.25 -

Al . .
- ! . - " .
. N . .
- " . ) .
N o
. . ' .

‘I ) a o - 4

. N .
- Lo y . B
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Table D2., Tempefatﬁre'Reéord
-(ﬁaken'afdund lO:OO‘a.m.)

I Thermiétor;(?rdbea)rReadings OF_-
- RIS 4 5. 6 7 e

- 16 12- 72  39.0 _38.0 - 40.0. 42.0. 61.0 ° 49. o T
18-12-72  -38.0 37.7 - 39.2  41.0 - 60.5 53.5:
. 22-12-72 - °39.0  38.0 © 41.0 42.0 - 61.0 ~ 50. 0 . 52.0
. 25-12-72 . 36.8 36.0 °38.5 40.0  60:0 . 49.0 48.5 . 5.
. 26=12-72 " 37. 5 37,5 41.0  42.0. . 62.0,. "50.5 49.0

o g7-12-720 37.2 36.2. 38.5 ' 40.0° 60.5 - 49.8  5l. 0

.. 28<12-72 . 38.8 ° 36.0  38. 5.. 40.0 =»60.5 49.8 51. a
... 29-12-72 .738.0 -. 36.2 .39.1 '60.6. 60.2° '49:8 7 50.1
30-12-72 37.8 - 35.8 38.7 40.0° 59.5. '48.3 - 50.1 -

fa;';31f12—7z-._38~01 3920 41.0 - 42.0 59.0  50.0  54.0

.701-01-73 ' '38.0 = 36.0 ' 38. s 40.7 59.5. 48.0° 47.2
02-01-73 ©37.4 -36.2 38.0 . 40.2 59,5 48.2  48.5
03-01-73 '36.8 35.8 - 38.2  39.8- 60.8.  48.8 49.3

© 0401-73  37.2  37.5 - '38.5 ;,ﬁluB '60.8;  49.2 48.5 T
05-01-73 * 39.0 36.0 38.2 . 40.0 :"60.2 - 49.0  48.2

~D6-01-73 37.0 - 35.8  38.2 '.39.8 60.2. 49.0 48.8°
07-01-73: 37.0 © 35.8_ .38.2. 39.8 . 60.8 49.8 . 50.6
08-01-73 37.2 '36.0-. 38.2° .39.8  61.5 .49.8 ' 51.5
- 09-01-73 '39.0  36.0 .38.2 39.8 61.0° .49.5 47.8
T 11-01-73. 37.2 . 36.2 38.6 39.8 60.0. 49.3  47.2

13-01-73 - : 37.0 36.2 .38.2 39.8  61.2 - 49.5 £7.2 .
. 14-01-73  38.0 35.8 38.0 39.8 .60.8. 49.8 49.2
S . 17-01-73 49.2 35.8 . 38.0 ~ 39.8 61.8 - 50.0.. 57.0
.- 18-01-73 37.5 36.0 38.0. 39.5 61.8° 50.0 50.5

19-01-73 .37.8 '35.5 s 37.8 . 39.0° 63.0 . 50.7 T 52:5
. 20-01-73 - 38.0_\.§g.p 38.0 40.0 ~ 62:8 50.2  48.2
21-01-73. 42.2 ~ %5.8  38.2 . 39.4 5.2 .50.2  57.0 7
22-01-73. 38.0 ' 36.0 ,38 2 39.4 64.0 -50.4 48.8
23-01-73 * 38.0 = 37.0 39.0 40.5° 63.2 51.5 45.8
. 25-01-73 38.0 35&8 38 2  39.0 61.2 - 49.8 48,0
1. Inside tile. L o L :
2..4dn soil at 2'6" depth
3. soil &t.'3'6" depth.,
4. In soill at 4'6" depth..
5. Inside septic tank :
6. In soil at-2'6" depth ou:side septic tank._
7. Inside collecting chamber. . .

N
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Table D2 - continued

. S

: o Thermistor (Probes) Readings °F
" Date :

1- 2 3 & s 6 .7

e

. o . . L g ‘ . '
26-01-73° 38.0 35.8 38.0° 39.2 CBYLSS L 49.60 0 50.2
_ -27-01-73 .38:0° - 36.0 38.0 39.2 0.4 . 49.5 50.0
©0.28-01-73 ;3809 . 36.0° 38.2 - 39.2 -:.59.2 49,0 ..48.6
" 30-01<73: 37.0 .35.8  38.0. 39.07 59.8 ~49.2 . 45.0
©31-01-73. - 40.2  35.8. . 380 ~39.0 60,27 49.4 . 46.8

.- Qr-02-73" '37.2 . 36.0 °38.0 .:.38.0 6D.2- _49.2. .43.0
©02-02-73_.37.8 . =" =l -, 60.8  49.8% . 44.2
~ 04 - -39.0  35.8 -38.2 39.0 61,0 49.0" 46.8°

39,2 - 36.0° -38.0 © 39.2 61.8 49.8 46.8

39.0° °36.0 ..38.0 . 39.5. .~ 61.0-:50.0."748.4

38.2° . 36.0 ' 38.0. 39.0°
17-02~ -39.5 - 36.0 -.38.2  39.0

26-02-73 :38.0 36.0 38.0. 39.0f

05-03-73  &4L.4 - 35.4 ° 37.8 396"

. 12-03-73 " '

61.5 . 49.6 . 45,0 -
61.0 49.% 50.2
58,8 48[2  50.0 . -
© B2.2° .49.0. .53.8. -
63.2 ¥49.5 '50.3 '

.39.0 '+ 36.0 - 38.0 39,

19-03-73 .- 36.2 .36.2 . 37.0 38.0.  62.0F 442 46.0 .
26-03-73 41.0.. 40.0 41.8  42.7  6L{8  50.2 442
02-04-73  41.8 41.0  41.0 4L.0 ' 63.0 52.0 43.0
06-04-73  41.0- . 43.0 43.0 43.0 - 59,3 " A9.5 . . =
09-04-73 . 41.8. 43.8° 43.5 - 44.0. 62.0 51.0° 46.2

 19-04-73  48.5 '40.8 39.0 .38.8 63.5 57.0  53.2

. '23%04-73 47.0 45.0 . 41.0 40.0 . 64.2 - -60.2 - 54.8

' 04-05-73 ~ 47.0 45.0 45.0 ' 43.5 64.0 59.0  56.2
05-06-73  63.0 . 53.4 50.2 48.0 66.6° 63.3 . 66.2-
15-06-73 64.0 . 55.2 ..53.9 . 53.1 :69.5 53;5,. 65.2

 28-06-73 ~ 63.2. - 56.4° 54.8 54.3 69.7 67.9 63.7.
12-07-73 65.1° . 59.3 57.0 56.6- 70.2 68.3 62.4
30-07-73 . 66.2 59.7  58.2° 57.3 71.2 68.9 68.0 .

 10-08-73 5.0 .°60.3  59.7 58.4° 69.8 67.5 '68.7 -

“25-08-73 64.8 61.8 61.0 59.6 68.2 69.2° 65.0

27-09-73 - . 54.8 56.6 .56.8 . 65.2 - 63.0  61.8.

. 08-10-73, ~ 57.8 54.4 55.8 - 55.8 65.0 .63.2 57.2

18-10-73" ° 55.0 52.3 54.2 .54.5 64.8 61.8 - 56.6

27-10-73 53.8 50.2. 52.2 53.0 64.2 61.0 53.2,

. 28-10-73 53.6 . 50.0 52.0 52.8 64.0 60.2-° 52.0
‘ ‘- _ . :
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Table D2 — concluded
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Date

1 .

Thermistor (Probes) Readings °F

2

3 4

5

6

29-10-73
30-10~73
06-11-73
14-11-73

29-11;73.b

30-11-73 .
11-12-73 .
23-12-73
02-01-74 - .
13-01-74: +

54.8.
52.6
55.6 .
- 53:2.
48.6

45.

49,
‘48,

486,

~ 43.6
07 41.6.
3920
39.2. ¢
S39.0...

49.

47.

- 52.0  52.8
'52.2  52.8

50.8 - 51.8

"49.8 - 50.6
47.8  49.0

~

45,0\ 47.2
4377 45.4

41.2 - 43:5
41.2. 43.2

41,0 . 43.0

- 64,0
- 65.2
634
64.0
- 63.8

63.2
1 63.8

62.8

62;0? 
63ls

. 59.0
59.8
57,0

58.4

57.6

57.2

“r57.8 .
57,4
362
- 58.0.

. N ‘ P
52.0 -

53.7
48.8

47.2
YIS

L 46.2
44,6
42.2°
41.0

"
-
-~
Sy "
-

L

1%
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Table D3. Depth of Snow on Groundl
Depth of Snow on Ground in inches . - T
" Dec . Jan -Feb .. Maxr = Apr _va’;'ﬁan Feb °~ Mar

1974 1974
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14

1]
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17 T
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19
20
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24
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26%
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:1972f 1973-'1273 1973;i£3;§/~ 1973 1974
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1 16 18
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tr. . 20 19

tr 20 19"
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tr 18 - 1¢

0 14 17

Q.. ,11 - 13
.0 10- 13-
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13 . .
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A 5
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h
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120 1.
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13- . 10

13 .11
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Mean

9.6

L
o
.
~J

o
N

0.3 7.4 15.4

'12.0 6.8

Lae Ottawa (from Summary Record issued by the Weather Office,
Ottawa) ‘ _ Ce

.

-gno‘snow on ground from May 1973 to October 1973.
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Table F2. Raw Sewage Characteristics -
- (Arranged for Probability-?lot).
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e Table F5. Nictrate Nitrogen in Septic Tank Effluent
: ‘ (for probability chart) : :

N03N Ranking.. .- L % Equal to or
of Sample - less than

*

S  ; o my i L (-——) x 100

0.00
0.00
0.00
.70.00°
(Oooo
-~ 0.00
0.00
0.01
0020
Tg.02
7 0.02
e 0.02
0.04
0.04 -
0.04
. 0.04 , |
0.06" . 85
- 0.08 " 90. .

\o - 0.10 . S S L

N
w1

100
20

ST

e

400
as

ise B

@ 0~ O W L Rk
o
w
[

o~
=

.,55f;
60" . .
65 19 o
75
80 -

r
(R S S o i i ol
W O O~ N WL R
LY
-




- 305 -

Table F6. Chlorides in Septic Tank Effluent
(for probability chart)

et o R
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. SLUDGE AND SCUM MEASUREMENTS
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