










































































































































































































































































































































































.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 -
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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

Air Tempe::::>h' B o ~ﬂ;‘-¢l--,' SO ,‘j-'s“»--~ S
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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

¥

. . . . o
X T v . c . !
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. e, i - ) .
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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.

i 9
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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-

O fAWwAa
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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. :

2 F AV
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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
©.0.00 -

.. 0.08
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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"

T A
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IS TIPS T8 R



- 128 -

N

em o

6
|

- & .‘

N \

N ) '

1O :
"..' . ) :; i <.
. f\. ‘. . . \g .E
0. . e
&’ 60~ ot 7

1 : S s

N "a i :
~ AR T R
T id =
iy -
50. T
oo A
. 53
z S

—
o -
[l
3 L

.

o0 TSS..
- o8 B0D

Percent Reductipn of Parameter
>
()
|
R

+

4—4 ¢0D

o .
BLE R

- 0—0 T0C

200'”1 ‘:4 1 ”*_‘, T:l- ~-~‘ 
Bt B 2 . - 3. L 4 5
Depth from Ground 1n Feet of theinltrate

Flg. 21, Effect of Depth of Soil on TS5 BOD, Ty
S , COD and TOC Reduction ' R




1100

f Paraméterh;(27r§j73)‘ '. -

- Percent Reduction o

EES
Q

-

o
O' ) ...
T

g

20L

o—t Ng3~- N

CF—O°EhoS§hétes'" -

. v .
, N
.
E 2 . . 4
S .
. -
PR
T
--—
-
. A
- ‘.
- o
M Y
.
-
~

."
.
= R

-

LV

1 . 1

' 2 3 4 5°. .
Denth from Ground 1n.Feet of Flltrate

Flg. 2%, Effect of Depth -of. 3011 ‘on

-

' P04-P

3—H 2nd Fe Reduetlon

EEPTAWA

B LI IR TR T
YT AN O F A

AT YA



1.0

»

NoyN, mg/l (27:9-73)
e
N

9

.

- 130 -

r -2 - .3 —3 '.u

Depth from Ground in- Feet of Flltrate

Flg. 23 Effect of 3011 Depth on N;trlflcatlon@

-
-
v
-
e et
. *
-* -
C . !
- . . “
-‘»“ .
-, . .
.{""i' .
o . .,-5

I AVEA

V1Y Cai

Perdiv i

Y1 1A o

P LIRS N W Y

fr:

ER A

[N



- 131 -

“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
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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

!

~

EA RN TR
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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,

\,.\

.u’;:l

VYo,

Py
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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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" Colifqrme MF Count per 100 ml
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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'

~
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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
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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

CVY Y Hde For (3t v ST

[P PR A
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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

. o
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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

P N
F LA
I,

0.0~

o170

.00

L 0.0

5.6x107

7,60

520

©.1000

. 280

.. 4?-_O‘l". |

1.50

130.0

=)

20
3x10
3x10%

[
8x10°

. 150

4.0

70,10

' 6.6x10

. 5.6x10°

: 4- 7'x10

8.7

© 320

670

" 1650
o

32.0

) 3-0 )
'gso -
‘ 1.6x10

2.5x10

4x10

75,0 .

©0.19

- 1?1 3

© 150

600 -

200

15

! | b -_‘llr
1.5

- 120...

‘ -...1‘.2_'0.'_.“.‘_. .

YRV T
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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

S

x ;A‘J .



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 &
C Time in Hours
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
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‘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
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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.
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© groundwaters.

|
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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
.
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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
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4.
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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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L Q -
o8 .
EREE - SO - »
) - . v T g .
o L
- I - i . )
ey H
T % L -
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




: ‘Oo 6.— . ".'

. Absorbince -at 450 mit . .

.0
[0

A

L0V1

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

\6‘

e e .
! B i.;/.
4'.’ :

an

0.2

b'.l'

| Y L l- b

T

S

Calibration*Curve for Nitrate Nitrogeng, =

‘w7 N in 50'ml Sample

‘-

20 . 40 60,

RS R
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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

7¢ -

>

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%



'Date

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

waNALRWN

L}
-9

11

12
13

14

1]
‘16

17 T

18
19
20

- 21

22
23
24
25

26%

27
28
29
30
31

:1972f 1973-'1273 1973;i£3;§/~ 1973 1974

Y
c
et

PPy

R

rARLOO®

b
R
VoRT-RV-

L

R ) )
. -

R T ol ol ol vt el =
OHRNRBWWNRNPDR NN OQ

\O D0 LN N D DD

-

|

VY- NP RV RV R-}V.}
| o
o

R o R R

00 00 00 \O D D WV W
r
n

=
‘.""q

. . e
CoOOOOHHPRPFPW.

ﬂjacxc::p{o:yg;OH-

CO0000OO000O0O0

13
14
14

=%

-

.14
A3

T T,
HHOOOOO

14
14

rt

H
" e
s

15
16

(R

18
1R
18

is

e

e -

1 16 18
tr 18 17

tr. . 20 19

tr 20 19"
tr 19 . 19

tr 18 - 1¢

0 14 17

Q.. ,11 - 13
.0 10- 13-
tr - 10 13
10 - .10

16
13 . .

16
15
16

7

A

() ST
_ OO WV O DWOWD,

c12

14 -
14
A 5
13 ot
h
r.lﬁ‘ b b
e, 12
16 10

15, 10
" 15 14
120 1.
-13° - 10
13- . 10

13 .11

12 - 11 -

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).

"No‘rn

© mgll-

BOD3'ff" Rank of .. % Equal to oxr

Sample less than

€ —

“'0.00
0.00
Q.02 .
0.04 =
. 0.08°
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e Table F5. Nictrate Nitrogen in Septic Tank Effluent
: ‘ (for probability chart) : :
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Table F6. Chlorides in Septic Tank Effluent
(for probability chart)

et o R
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. SLUDGE AND SCUM MEASUREMENTS




317

¢ .,“ ) o
. . . - . 2,
R . | PR
2t - €5 w9 N\H s N.N\wﬁ r-9 . 9. TV o .
T

113

g~ €S LT .- R a_.__ - 2l1-9 N\H 07 N\H : . £L-60-8T
g13 CT IR 74 2 ¢JT. zjt-L-  TL-- L :

¢g z/T-¢5 w1 1T €3 T € T EL-90-To
¢ sy err-g . Yr-r 1 i1 6 z/t-9 - T .

¢g 09 - zI | t/t=9 - T/T=§ .. 6 T/1-6T N\H € . T zL0T-0¢

.

wo3zog . doyL:TE3IOL vvmnwaa=m ucwuwmﬁmuvwzaﬂn wo33og ~dog - Joquan . S

‘ . mucn
- : , _ i ; a
23pnTs . - ] T unas . - juswiasdmo)y -0
.4 A. . .. . . . e

=
)

Auu:uﬂﬁ ug Haus x:qu~uo mou.scuw uoccumﬂav

.m.,.munoamuﬁawuz uuv=ﬂm v:n Eaum .Hu oﬁnaﬁ
e " o . . . L ¥





