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FREFACE

The Plant Efficiency Survey of the Sioux Falls Sewage Treatment
Plant was conducted jointly by Lowell A. Yost, Instructor in Civil Engineer-
ing at South Dakota State College, and ir. W. W. Towne, Director of the
Sanitary ingineering Division, South Dakota State Board of Health, during
the summer of 1931, July 1 to October 1. Part I of this thesis is a modi~
fication of the Plant Efficiency Survey Report presented to the City of
gioux Falls, December 18, 1931, by the Division of Sanitary ingineering,
South Dakota State Board of Health.

Part II, "Experimental Flant Results at the Sioux Falls Sewage
Treatment Flant™ was obtained by operating an Activated Sludge Experimental
Unit and a Chemical Precipitation ixperimental Unit from April 1, 1932 umtil
December 5, 1932. The Experimental Plant was operated by the writers,
assisted by the regular employees at the Treatment FPlant. Joseph B.
Estabrook, Treasurer of the Pillsbury ingineering Company, iinnespolis,
Minnesota, and lir. R. . Bragstad, City ingineer of Sioux Falls, South
Dakota, supervised the operation of the Experimental Units.

The writers wish to express their appreciation to Frofessor
Harold S. Carter of the Civil Engineering Dcpﬁrtmont, South Dakota state
College, for his many helpful suggestions; to Joseph B. Estabrook, R. E.
annt;d, and W. W. Towne, whose recommendations made the experimental
work possible; and to Mr. Fe J. Conner, Superintendent of the Sewage Treat-
ment Flant, and his assistants for the very valuable help and infofmtion
furnished by them, Fred C. Nelson, Sanitary ingineer with the Dorr Company,
Chicago, Illinois, made valuable suggestions at numerous times during the
experimental period. |
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I. INTRODUCTION

"Sioux Falls, the largest city in South Dakota is situated on
& bend in the Sioux River. The flow of this river ranges from a recorded
minimum flow of 9 to a maximum flood flow of 500 cu. ft. per second. As
originally designed and built the sewage system emptied inmto the river at
three main outlets. In 1910 the City had a population of approximately
14000 people, and during the next decade its population practically doubled.
During this period of growth there was added to the industries of the City
a large meat packing plant which has been steadily growing and has exercised
a marked influence upon the liquid wastes of the City, uatil at the present
time when the waste from this source alone is approximately 50 percent in
volume cf the total amount of waste produced by the rest of the City.

For several years the volume of flow in the Sioux River had been
insufficient to provide adequate dilutiom for the ever 1ncuadné amount of
liquid wastes discharged into it. As a rnulf, the river was offensive
both to sight and smell for miles below the citj, with an absence of fish
life, causing much just complaint from the riparian owners down stream.

This was the condition which the City faced in the summer of 1925, when the
first definite steps were taken to deal with this problem.” )

In August 1927, the first units of a Sewage Treatment rFlant were
placed in operation. This plant is known as the separate sludge digoction
type with trickling filters and consists of the following umits: Coarse
bar screen, Dorr Detritor, measuring weir and flow gage, 2 Jo& Clarifiers
or sedimentation tanks, 3 hc#ted sludge digestion tanks, 2 sludge pumps,

dosing tanks, filter bed and sludge drying bed. The Treatment Flant was

{1) From a paper by R. C. Bragstad



designed to handle not only domestic sewage from the City, but also pack=-
ing house waste from Johm lorrell and Company after pretreatment, consiste~
ing of fine screening and a 30 d.iutu detention period in a Dorr Clarifier.

For several months previous to the spring of 1931 the filter
efficiency was apparently decreasing, as evidenced by the darkening color
of the plant effluent. The low flow conditiom of the Sioux River at this
time resulted in nusiance conditions downstream below the treatment plant.

' Because of the above facts, Mr. R. E. Bragstad, City ingineer of

Sioux Falls, requested the State Board of Health to conduct a plant
efficiency survey of the disposal plant to determine the quality of
effluent being discharged therefrom, and the efficiency of the various
units of the Treatment Plant. This survey, conducted jointly by the City
and the South Dakota State Board of Health, was completed about December
: 1, 1931, The report of the survey is given under Part I of this paper.

Following the report of the Flant ifficiency sSurvey of the
gioux Falls Treatment Flant, submitted to the City of Sicux Falls, Deec.
10, 1931, the City Commission employed the Fillsbury Zngimeering Company,
Consulting Zngineers, uimnpoul)lnnmntl. to review the data and find-
ings of the Flant ifficiency Survey.

Their recommendations congsurred with the above report in addition :
to the followings

le Mechanically cleaning the filter beds of their accumulated
filth by forking over, or moving the rock and washing it with a high pres-
sure hose stream.

2. The use of chemical coagulants to increase the reduction of

suspended solids going over onto the filters, the kind and quantity of
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coagulant to be determined by experimental tests.

3. Bither a new gset of filter beds, equal and similar in every
way to the present filters be built or some other method of treatment de-
vised to perform their funetion. Since a new set of filter beds would
cost in excess of $300,000, they recommended that an experimental plant
be operated for a time at a cost of about $300C to develop, if possible,

a process which would cbviate the necessity for additional filter area.

Following the report of the rillsbury Engineering Company, the
City Commigsion authorized the construction and operation of an e xperimental
plant. The experimental plant was designed by ure. J. Be Istabrook of the
FPillsbury ingineering Company, Mr. R. BE. Bragstad, City ::ngj.noer, and Mre
Fred G. Nelson, sanitary tngineer with the Dorr Company, and built under
the direction of Mr. Bragstad.

The Zxperimental Plant consisted of two units, an activated
‘llldg. plant consisting of an aeration tank, clarifier, air blowing and
sludge raturn equipment and e chemical precipitation plant consisting of
a shemical feed, mixing basin, and clarifier.

The chemical precipitation uxﬁt was started iy 4, 1932, while
the activated sludge unit was started iay 20, 1932. Both units were
opornt'od almost continuously until December 5, 1932.

The Ixperimental Flant was operated by the writers and supervised
by re Je¢ Be Cstabrook and ¥r. ®. £. Bragsted. Fred G. Nelsom, Sanitary
Engineer with the Dorr Company and W. ¥. Towne, Director of the Sanitary
ingineering Division, State Board of Health, gave very valuable help at
numerous times during the experimental period., Biochemical Oxygen Demand
and “sugpended solids® tests wers run on the influent and effluent of both

experimental units to check their daily operation. Data were also collected
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on the operation of the main treatment plant, sc that data eould be
correlated with the ixperimental Flant results.
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II. A PLANT EFFICIENCY SURVEY
OF THE
SIOUX FALLS SEWAGE TREATMENT PLANT (PART I)

A, DESCRIPTION OF THS SIOUX FALLS SEWAGE TREATMENT PLANT
AND THS ]
PRE<TREATMENT %ORKS AT JOHN MORRELL & CO.

The pre-trsatment works at the packing plant consist of a Dorr
revolving fine screen and a Dorr clarifier equipped with grease skimming
mechanisms The clarifier has a theoretieal detention period of approxie-
mately thirty minutes, at an average flow of 2 M.GeDs

The City treatment plant consists of two overflow gates for by-
~ passing storm water directly to the river, three units of grit chnboﬂ}
two Dorr clarifiers, two Dorr sludge pumps, filter beds, sludge beds amd
a gas collection and sludge heating systems The grit chambers each have
a capacity of 6 M.GeDe The Dorr clarifiers are each 70 fi. square with a
depth of 10 fts 3 in, at the outer wall. These twc tanks, operating im
parallel, are designed to provide a two and one-half hour retention perioed
for an average flow of 8 M.G.De

The Dorr digestors are each eighty~five feet in dlameter by
twenty-five feet deep and are equipped with gas collection facilities and
hot water coils for circulating hot water to obtain more favorable tem-
peratures for proper bacterial action. Rach tank has an effective sludge
capacity of 13;,000 cubic feet. The Dorr sludge pumps each have a capac-
ity of 75 GePeile

'rﬁo trickling filter is 4.1 acres in area, 9 feet deep and is

provided with Rawn underdrains. The sludge beds are underdraimed sand beds
1, Replaced by a Dorr Detritor in May 1932
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covering an area of 1.1 acres. The gas collection and sludge heating system
congists of gas collection domes and water circulating coils in the digestors,
Bryant gas boiler with thermostatic control, water circulating pumy, record=-
ing thermometer, a flametrap Comnersville rotary meter, and two No. 60-A

displacement gas meters, for measuring the ges burned.



o n e
. B, TESTS CONDUCTED DURING THE EFFICIENCY SURVEY

1, Purpose of sewage Treatment
Before deseribing the nature of the tests conducted during the

survey it might be well to describe the composition of domestic sewage
and industrial wastes in general, and what is to be accdnplismd by pass-
ing them through a treatment plant.

Domestic and industrial wastes are composed for the most part
of water which serves as the vehicle by which the impurities are carried
troi their source to the place of disposal. The impurities consist of
various forms of organic material in suspension and in solution, which imn
the natural course of evenis pass through a process of decomposition where-
by they are changed into more stable and inoffensive organic and inorganic
substances. :

This final result in nature, is accomplished by supplying oxygen
t'a the organic substances which, by a slow process of oxidation and bio=
logieal and bacterial action,changes the original material inte Mfouin
subgtances which are non-oxygen consuming. As long as there is oxygen in
contact with the organic material putrefaction will not oeccur, but vhn
there is not sufficient oxygem present putrefaction starts, resulting in
nuigance conditions.

when these wastes are discharged into a stream, the oxygen is
supplied by the dissolved oxygen within the water. A given quntity of
water at a given temperature can dissolve only & given quantity of oxygen.
Thus it is evident that the quantity of organic material which can be dis-
charged into a stream without cauiing nussance conditions is dependent upon



th stream flow and the amount of oxygen dissdved in the water.

The purpose of scwage treatment is to provide a means whereby
the organic material will pass through this oxidation, and bactoml‘ and
biological process, within a few hours, which, in nature, might take many
days. In but very few treatment works is the purification complete, however,
the organic material should be removed to such a degree that the remaining
impurities can be satisfactorily disposed of within the stieam receiving
the treated waste.

2, Steps in the Treatment Frocess

This treatment process is accomplished by the r_ononx steps at
the Sioux Falls Sewage Treatment Flant.

The raw sewage passes through two primary elariticﬁ where the
velocity of flow is reduced to such an extent that a large portion of the
suspended solids settle to the bottom. The solids or fresh sluige, as they
are called, are then pumped to one of three digestion tanks where the sludge
passes through a stage of bacterial action known as the digestion period.
This bacteriul action breaks down the volatile solids into gasses and ligquids,
and changes the unstable organic material into more stable organic and in-
organic substances, after which the remaining solids are drawn onto the
sludge beds and dewatered sufficiently to handle.

The liquid passing through the primary clarifiers still carries
some suspendad solids, and colloidal and dissolved organic material which
does not settle out. This is dischurged uponm the trickling filters and as
it passes down through the rocks, which are covered with a gelatinous mass
of oxidizing bacteria, as well as larger organisms, it‘ is comsumed and

oxidized by them, resulting im a by-product of stable orgamie and inorgamic
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substances., The degree of purification accomplished by the filter, however,
is dependent upon the quantity of liquid flowing through the filter at any

given time and the amount of organic substance in the liquid.

3. Bio-Chemical Oxygen Demand Tests And Other Analyses
It is evident from the above discussion that a measure of the

efficiency of a sewage treatment plant, or any of the lindividual steps of
the treatment process, can be determined by obtaining the amount of organie
material removed by the treatment processe This ean be determined indirectly
by what is known as the biochemical oxygen demand test, which measures the
amount of oxygen required to oxidize a given quantity of sesmge. This test
has becomec the most common measuring stick in determining the requirsments
and efficiencies of sewage treatment processes. A detailed doecr'iptlcm of
the Bio-Chemical Oxygen Demand Test is given in ﬁﬂ 11 of this thesise.

Other analyses consisted of (1) solids determinations which are
tests showing reduction in suspended solids content of the sewage as it
passes through the Treatment Flant, and (2) nitrogen determinmations on the
filter influent end effluent which show, to a certain degree, the extent
to which the filter changes the unstable forms of nitrogen, such as
albuminoid, emmonia, and nitrite nitrogen to the stable form of nitrate
nitrogen

Samples of fresh and digested sludge were also analyzed for
their volatile and fixed solids content in order to determine the condition
of the digested sludge. Dissolved oxygen and biochemical oxygen demand
tests were run on the Sioux River at various points above and below the City.
These tests show the ability of the stream to oxidize organic material, and
the condition of the stream after receiving the effluent from the sewage

treatment plant and other sources of pollution within the City of Sioux Falls..

1.
8

RIIT RAATA OTATE CALIENE [ 1BRARY
S‘niﬁli D/‘nl@!A OIAIL ng,‘n:;u L:;.a;p‘};-._s
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The Bio-Chemigal Oxygen Demand Tests and the Solids determinations
eonducted during the survey were made according to “Standard vethods For

The Examination of water and Sewage”, sixth edition, published by the

American Fublic Healih Association, New York, Ne Y.
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C. OPERATING COMDITIONS OF THE STOUX FALLS SEWAGE TREATMENT PLANT

At the beginning of this survey, July 1, 1931, the sewage treated
at the treatment plant consisted of the industrial waste from the packing
plant of John liorrell and Company, and the domestic sewage flow from the
City of Sioux Falls.

Before entering the City sewer system the packing plant waste
received pretreatment consisting of fine screening and clarification. The
glarifier has a theoretical detention period of 30 minutes. It is equipped
with greass skimming mechanism. Considerable grease is retained in this
tank and recovered.

| At this time and for seversl months previous the sludge settling
in the Morrell clarifier was pumped back into the clarifier effluent and
© garried to the city treatment worke. Under these conditions the elarifier
served only es a grease skimmer, with the disadvantage of adding aged
solids to the waste to be treated at the e¢ity plant. Very often the solids
thus returned were in e state of partiel decomposition or even bordered
‘on septic.

In the efficient sedimentation of sewage solids it is imperative

that the solids settle and be removed from the sedimentation chamber be-
fore se tic-action takes place. Otherwise the evolution of g.s will earry
particles of solids to the surface of the tank and these will sscape through
the tank outlet. Also solids in which septic actionm or gas formetion has
started are buo:roé up by the gas and do not settle.

After clarification the packing house waste containing the sludge
was pumped to the city treatment plaant,snd thers mixed with domestic sewage

before entering the city clarifiers. From here the mixed waste passes
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through the two primery clarifiers, operating in parallel, and the effluent
is dosed intermitiently onto the trickling filter.

The sludge settling in the clarifiers was pumped into one of the
thres heated digestion tanks.

The plant operated under the same conditions throughout the
survey with the foliov.lvg anpt:l.ou. After August 10, 1931, the packing
house sludge from Vorrell's clarifier wes not pumped back into the effluent,
and at verious times one of the filter sections was rested from twenty-four

to forty-eight hours to try to eliminate ponding om the filters.
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D. FPHYJICAL FINDINGS

Notes wers made regularly on the physical conditions of the
plant and its surroundingsj particularly when unusual conditions were
noted. TFollowing is a compilation of those data.

At the beginning of the survey there was noted on the surface
of the liquid in the digestors a considerable amount of seum which h@
the appearance of paumch and would not settle, nor would it digest.

The scum creates such a load on the stirring mechanisms in the
digesters, that it was impossible to keep them operatings

This condition existed until after August 10 when the scum was re-
moved, Its removal so bettered the situation that by the close of the survey
the quantity of scum within the digesters was negligible and the 'ov-rlud
was reduced to a minimum.

mm July 1, the filter effluent was quite highly colored and there
was a slight ponding of liquid on the filters.

pDifferent sections of the filter bed ware rested as above mentioned
';th very little apparent benefit.

Ponding increased gradually and bscame quite general toward the
close of the surves At the time of a visit to the plant in early November,
after the close of the murvey, ponding was very general over the entire
filter bed, at which time chlorination was recommended as a possible remedy.

The sffluent from the clarifiers at the begimning of the survey
appeared to contain considerable light brown flocculent material.

The above condition was believed to have been remedied slightly
after August 10, when the packing plant waste no longer contained the

sludge from the ¥orrell clarifier.
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There also seemed to be a dight diminution in the odor intensity
after the above date.
The Sioux River was very low throughout this period and had the

appearance of being quite heavily polluted.
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E. DATA AND THEIR INTERFRETATION

1. Rate of Sewage Flow
Tables 1 and 2 show the rate of flow of the packing plant waste

and the eity sewage respectively, for a representative week. The average,
mwnmm.mmtmxumnmmnugm From
these tables it will be seen that the average flow from the packing plant
is spproximatoly 2.5 YeGeDe and the city 3 “.GeDey making an approximmte
total of 5.5 “GeDs of combined packing plant waste and domestic sewsge
passing through the treatment plant.

Table 3 shows the kill at the packing ylant for those days om
which samples were collected for biocchemieal oxygen demand analyses.

Bio= cal n_Domand

The results of the BeOsDe amalyses are shown in table 4. There
soems to be very little correlation between the packing plamt kill and the
BeOsDe strongth of that waste, which may be partly explained by the fact
that other metivities, which mmy influence the character of the waste, are
earried on independently of the kill.

These results may also be expressed in pounds of oxygen por day
reguired to oxidisze the organic material present im a given gquantity of
waste. In table 4 we find given the B.lsD. results for the various units
of the sewage treatzent plamt and for the waste from lorrell's clarifier.
The average B.0.Ds for the packing plant as listed under station nusber 1
is 1007. The average daily flow of paeking pl-nt sewage taiem for a
typical week from Table 1 is 2,409,263 gallons. The oxygem required per
day may them be obtained as follows:

2,409,263 x 8+33 x 1007 = 20,200 lbs.
1,000,000



gdmilarly wo find for domestic sewage in table 4 under siation2 an average
BeOeDe of 356, An average -daily flow from table 2 is found te be 2,939,609
gallons. Oxygon required is; z,s:srot x asas X 356 z 5,700 lbs./days
in the above computations the value 8.33, which is ordinarily the weight of
a galion of pure water, is taken as the weight of s gallen of sewage. Sueh
an approximation is mccurate enough for ordinary computations whers the
exporimental eorror generally exceeds the limits of spproximations
Continuing our computations for total Oxygen Demands of the wastes
through the various units of the treatment plant, we find under station 4,
table hui average Be.l.De of 491 for clarifier effluents The flow through the
eclarifier would be the sum of the domestic and punng bouse wastes or
5,348,672 gallons. The Cxygen demand then isj
5,348,872 x 0&33 X 491 = 21,850 lbs./day.
For the filter :tﬂ:o-t. station 5, table 4, we find an average
BeOsDe of 120 The flow is of course the same as through the clarifiers.
The total oxygen demand would bej
5,348,872 x 0433 x 120 = 5,344 1bs./day
.L_W
#ith resject to packing plant wastes an interesting comparison of
its strength with that of domestic sewage can be made on the basis of popu-
lation comtributing to domestic sewage flow. Gioux Falls has a population
(at the present time) of about 33,400, Aan aving- oxygen demand for domestie
sewage we found to be £,700 lbs. The packing house waste had a demend of
20,200 1bs. of oxygen or an squivalent pojulation, as compared with domestie
sswags, of; 20,200 x 33,400 z 77,600
The s:g:gtm‘rmmt Flant thus has a coatrxhutorx population of
76,600 plus 33,400 or 111,000
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fho requirements aud accomplishments of the treatment plant can
be briefly sumarized as follows:

le Oxygon required to oxidisze the combined raw domestic and pack=
ing house waste, 28,900 lbs, per day.

2« Oxygen required to oxidize clarifier effluent, 21,850 lbs.
por daye

- 3¢ Oxygen required to oxidize filter offluent, 5,344 lbse per

daye Thie figurs also represents the amount of oxygen which must be
supplied by the Sioux miver im order to avert nuisance conditions.

4. The total equivalent population contributing to the sewage
treatment plant is approximetely 111,000. ‘.(1931)

‘ S, The total efficiency of t}s trestucnt plemt ie (28,900 -

59344) + 28,900 = 0.815 or 81.5%. The average efficiency of 13 similiar
plants was 83.87. (Bulletin 23, Illinois Water Survey,

3. 5olids Deteraimations
In table 5 is given the solids determinations of the wstes

analyzed. It is significant to note that there is but = slight reduction
in Ml total end volstile solids after treatment. It is apparent, how-
every that the vclatile solids in the filter effluent do not have as high
& BeOsDde por givea quantity as those found in the raw sewage.

The removal of suspended solide corresponds very closely to the
BeDeDe redugtions. The clarifiers remove 36,2 pereent of the total sus~
ponded solids and the filter 48.8 per cent, making = total reduction of 85
por cent, The reduction imn suspended solids eccomplighed Ly tank trestment
1s not as great as it should be, considering the length of the retention
poriod within the tank. Tank treatment should accomplish about 50 per cent
rdution, however, as stated elsewhere, the packing house waste apparently
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TABLE 1

MORRELL'S PACKING PLANT DAILY SEWAGE

FLOW FOR A TYPICAL WEEK.

July 20, to 26.

Flow in gallons per minute for hourly periods
HOUR July 20 | July 21 | July 22 | July 23 July 24 | July 25 July 26
Mon Tues., ed. Thurs. ri. t,

7: 00AMJf 1134 'I%%F %‘0% 2%56 65 G%B‘

8:00A. M| 2170 3151 2825 2280 2720 2596 675

9:00A. M, 2500 3035 2825 2596 2935 2825 740
10: 004 M. 2600 3151 2720 2720 3035 2935 600
11:004.M. 2715 3035 2280 2935 2696 2500 740
12 Noon 2400 2596 2280 2063 2596 2400 675

1:00P.M. 2166 2500 2720 2500 3035 3035 740

2:00P. M, 2820 3260 2935 2935 2935 2825 740

3:00P.M.] - 2400 2596 2500 28256 2165 2280 675

4:00P M 1970 2063 1685 2400 1685 1870. 675

5:00P. 1. 1870 1780 1400 1579 1579 1490 - 675

6:00P. M., 15680 1685 1300 1490 1400 1215 600

7:00P. M. 1400 1400 1215 1300 1300 1134 523

8:00P M. 1400 1490 1215 1134 1300 1134 523

9: 00P. M .| 1300 1400 1215 12156 1134 1134 600
10: OOP.M1 1300 1300 1215 1215 1060 1060 600
11:00P.M.| 1215 1300 1134 1215 900 975 523
12 Midni 1215 1215 1134 1134 900 975 523

1:00A.M 1134 1300 1060 1060 900 975 523

2:00A.M 1134 1215 1060 1060 820 975 523

3:004.M 1215 1300 1134 1134 820 1060 523

4:00A.M 1215 1300 1134 1134 900 975 523

5:004.M 1134 1215 1134 1060 1060 975 675

6: 00A.M. 1215 1300 1579 1060 1400 820 900
Total Tildw

G.li.ng. 3247630 | 2776320 | 2531852 | 2491920 2487312 2419632 | 910080

Ave. o ;

GoPuMs 2255 1928 1758 1730 1727 1680 32
Max. flm‘

GeP.M, 3151 3542 3260 3260 3260 303 1132
Min. ﬁo1 ' Wi 2

G P.M. 1055 1134 1060 1060 820 820 523

Average daily flow for the week 2,409,263 gal.
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TABLE 2

DAILY DOMESTIC SEWAGE FLOW FOR A TYPICAL WEEK,

July 20, to 26, 1931

Flow in gallons per minute for hourly perieds

$ July 20 3 July 21 s July 22 s July 23 s July 24 3 July 28 sJuly 26
___Hour g§ _ lion, Tuess Wed o Thurs Frie Sat, Sune
7300 A.M, ¢ 1863 [ 1710 1068 ¢ 1159 1 1282 1863 s 1710
8300 A.M, & 2765 ] 2200 1710 1815 1710 2765 1 2095
9300 A M, ¢ 3184 t n2641 1978 2095 2200 1 3184 ¢ 2520
10300 A.M, ¢t 2968 ] 2765 3 2520 3 1868 2331 1 3184 ¢ 2641
11300 A M, ¢ 3484 ] 3361 s 2520 2520 3 2765 3361 1 2968
12:00 Neon ; 3184 s 2886 @ 2331 2095 2520 3184 : 2641
1:00 P,M, ¢ 2765 H 2641 3 2095 1978 2331 1 2968 s 2765
2100 P,M, ¢ 2765 s 2641 s 2331 ¢ 1863 3 2520 2968 1 2641
3:00 P,M, ¢ 2765 ] 2641 2095 2095 2641 2886 1 2641
4300 P, M, ¢ 2765 s 2520 2200 1978 2765 2765 s 2520
5:00 P.M, ¢ 2641 s 2331 1710 1863 3 2641 3 2765 1 2520
6300 P, M, ¢ 2520 2200 3 1710 1710 25230 2641 1 2331
77400 P,M, s 2331 ] 1978 1615 1615 2200 2641 1 2331
8:00 P,M, ¢ 2200 ] 2095 1615 : 1710 2095 2886 ¢ 2200
9300 P, M, s 2095 g 1710 : 1417 ¢ 1710 s 1978 ¢ 2641 s 2200
10300 P, M, ¢ 2200 ¢ 1615 s 1282 3 1863 : 1863 ¢ 2331 1 2331
11:00 P .M, ¢ 2095 s 1615 1282 1710 1863 2200 g 2331
12:00 M, Nite 2765 ] 1417 1068 s 1527 1978 3 2095 ¢ 2520
1:00 A.M. ¢ 2520 3 1282 3 987 1159 2095 1978 ¢ 2200
2300 AM, ¢ 2200 ¢ 1068 897 3 MOOT : I8 : 1710 1425
3100 A .M, ¢ 1978 ) 987 1 809 897 1863 ¢ 1710 1 1527
4300 A M, ¢+ 1710 ) 897 3 809 897 ¢« 1710 ¢ 1537 ¢ 1527
5100 A M, ¢ 1527 s 809 718 3 897 1710 1527 s 1527
6300 A,M, 8 1527 3 809 809 1068 1527 1527 & 1710
Total ffo' : : : : 3 B [}
@al.Per Da .§529008 ‘2808000 '8199960 '2327040 ‘2920752 .3558418 .3234096
Ave, Flow ] ] ] [} [ s
Gel.Por Ming 2450 : 1950 . 1527 : 1616 i 2028 : 2471 : 2245
Maxe Flow 3 [l [} ’ ] ] ]
ggl.Per Mines 3184 " 3361 i 2520 . 2520 . 2765 : 3361 : 2968
Min, n"': isgr S, e ' ..ma ]l em Y assx ¥ oagg o 10%

Gal,Per Min

Average daily flow for the week: 2,939, 609 gale.
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TABLE 3

ON DAYS OF B.0O.D. ANALYSES

Date Hogs .} _Catbtle
7-10 3050 401
7-15 2546 300
7-17 3053 303
7-19 None None
7-24 2584 352
7-31 2546 301
8-3 2303 301
8-4 2270 302
8-6 2818 300
8w9 None None
8-14 2793 325
8~19 2463 410
8-21 2911 409
8-26 2547 450
8-27 None None
8-31 2852 349
9-26 2840 350

.Sheep Veal Total
14 7 3422
86 8 2940

1580 18 3624
None None None
100 24 3060
126 9 2981
56 1 2661
47 14 2633
63 16 3197
None None None
122 22 3262
72 37 2972
207 10 3537
65 23 3075
None None None
25 6 3232
78 13 3281
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TABLIE 4

BIOCHEMICAL OXYGEN DEMAND RESULTS

Note: Station 1 -~ Morrell's Packing Plant Waste

Station 2 - Domestic Sewage

Station 3 - Clarifier Influent

Station 4 - Clarifier Effluent

Station 5 - Filter Effluent
66

B.0.D. of waste at
4. Station _____ |Plant
Bff. Remarks

Datel 1 l2l3laels | ¢
7-10 1380 61 Grab Sample
7-15 |1105}261]654(629 | 120 8l1.6 24 hr. composite
7=17 748 1284559 |295| 101 81.91 24 hr. composite
7-19 | 710|208|548(360| 132] 75.9| 24 hr. composite (Sunday)
7-24 11280 34016905301 200 71.0 24 hr. composite
731 881 |361|738 1486 | 112| 84.8 Grab Sample ~ 2 P.M.
8-3 640 [536 |884 |590 | 170} 80.7 12 hr. composite 7 A.M. to 6 P.M.
8-4  11284[5151184597 | 133} 88.9 | 12 hr. composite 7 A.M. to 6 P.M.
8-6 1243 1403 | 981 580 100f 90,8 6 hr. composite 10 A.M. to 6 P,M.
8-9 89711711372 24 36| 90.3 12 hr, composite 7 P,M. to 6 A.M. (Sunday)
8-10 +alte frong Mo#rell‘s dfd not pontaine sludge from Clarifier after this
8-14 |1162 394 1698 1385 | 56| 92.0 8 hr. composite 10 A.M. to ga;?fz.
8-~19 713 1360 |596 437 | 58} 90,6 6 hr. composite 10 A.M. to 3 P.M.
8-21 733 |338 1558 ;36"3 73| 86.9 8 hr. composite 10 A.M. to 5 P.M.
8-26 11359 [341 |744 |772 | 193] 74.1 10 hr. composite 8:30 A.M. to 5 P.M.
8-27 [1116 |po1 |650 [540 | 116] 82.2 | 24 hr. composite
8-31 1562 W75 795 [502 P28 | 83.9 10 hr. composite 8 A.M. to 5 Py,
9-26 675 pB62 {590 26 198 | 66.5 9 hr. composite 9130 A.M. to 6:30 P..
Average 1007 B56 |743 {491 P.Z’O J 83.8 J




contained large amounts of very light flocculent material in suspension
which would not settle even in an fmhoft cone, This assumption is further
substantiated by Imhoff cone tests on the tank influent and effluent. The
average reduction in settileable soclids by this test, with a two hour settl-
ing period, was approximately 95 per cent, showing high efficiensy in the
iodinntnuu of solids whick would settle readily. :

4. sewage 'itrification Accomplished by the Trickling Filter

Table 6 shows the nitrification accomplished by filtration.
Since it was impossible to run these tests at the treatment plant, these ‘
analyses were made by u¥r. Guy Ge. Frary, State Chemist at Vermillion. It
was impossible for Mr, Frary to do this work at the start of the survey,
but the tests were commenced as soon as poniblc and were continued for
some time after the other analytical work was completed.

(One purpose of imgo filtration is to change the unstable forms
of nitrogen to the more stable forms. Albuminoid, ammonia and nitrite
nitrogen are very unstable, changing very rapidly teo the stable form of
nitrate nitrogen in the presence of sufficient oxygen. l

Inasmuch as a trickling filter is an oxidizing device some know-
ledge of its efficiency can be obtained by determining to what extent
the sewage is nitrified as it passes through the filter.

It will be noted that the first three samples ghow a marked re~
duction in total nitrogen in the fluent over the tank effluent. Alsc the
nitrate nitrogen was increased considerably by filtration.

The remaining tests, however, do not show this condition to be
as marked, indicating that the oxidizing ecapacity of the filter has been
reduced.



Date
7-15
7-19
8-3

8-21
8-27

Average

A 18
7-19
8-3

8-21
8-27

Average

Total
5170
3676
6230

4532
4881

1420
1107
1740
1240
1308

1363

«2Te

TABLE 5

SOLIDS DETERNINATIONS

Results in P.P.M.

MORRELL PACKING PLANT WASTE

Volatile Fixed
4750 420
3068 608
5450 780
3286 814
3908 624
4232 649

DOMESTIC SEWAGE

850
582
1114
618
656

768

570
525
626
623
632
595

Dissolved

3594
3162

4564

3966
3230
3701

920

902

1110
940
934

961

Suspended
1576
314
1676
834
1302
"1140

205
630
300
374
406
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TABLE 5 CONTINEED
SOLIDS DETERMINATIONS

Results in P.P.M.

Mixed Waste and Sewage

Date Total Volatile Fixed Dissolved Suspended

*7-10 5420 4740 680 4630 790
7-15 3300 2546 754 2540 760
7-19 2002 1422 580 1756 246
8-3 3874 2626 1248
8-21 3314 2828 486 2686 628
8-27 2890 2276 614 2294 596

Average 3072 25636 487 2380 696

Gity Clarifier Effluent

*7-10 3210 2590 650 3050 190
7-15 2730 2434 296 : 2056 674
7-19 1940 1422 518 1589 351
8-3 3053 2438 614 2114 438
8~21 2904 2332 584
8-27 2594 2148 446 2288 305

Average 2644 2155 592 2137 442

Filter Effluent

7-19 11868

8-3 2626 2400 226

8-21 2580 2148 432 2468 112

8-27 2304 1846 458 2180 124
Average 2603 1997 445 2349 154

Note: * = Grab sample, not used in averages.
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As mentioned elsewhere in this report the filters began ponding
about September l. The ponding seals the gsurface of the filter, provent-
ing asration of the bed botween doses,vhich is necessary to ths growth of
oxidizing bacteria. This explanation sces the only logieal conclusion to
draw relative to the decreased efficisney of the filter after Soptember 15.
The officiency decrease is also apparent in table 4, when on September 26
the efficiency for that series of tests was 66+5 percent, tho lowest re-
cordeds During the survey different sections of the filter bed were rested
for periods of from 24 to 48 hours to see what effect it would have on the
ponding. There sesmed to be a slight decrease in the ponding immediastely
after the filter was again put in operation, but within a day or two the

condition apparently was as bad as ever.

51lud 8

Table 7 gives the results of sludge analyses. It is significant
to note that during digestion there is mmm volatile matter reduc~
tion. 7The digested sludge analyzed had m passed through ee long a diges-
tion period as is customary, due to a dreakdown in one digester, anmd operat-
ing difficulties in the other tanks, necessitating sludge withdrawals be-
fore the usuwal time of digestion. lowever, this sludge was in good condi-
tion and showed that very good digestiom took place im the tanke.
. Another important item to observe is the result of the test on
the seum im the digester. The scum had been in the tank for several weeks
and it will be noted that there is ne reduction in volatile mmtter compara=
tive to that slown by the sludge, showing that this material, which has the
regorblance of paunch from the packing plant, will not digest within reason~
able time limit and should mot be included in the sewage.



Date
7=8
8-25

7-8

7-11

7-11
8-27

7-22

7-8

Total
116000

99500

37000

125000

144000
130200

114000

199000

=3

TABLE 7

SLUDGE ANALYSES
SOLIDS DETERMINATIONS O DRY BASIS

' South Clarifier, Fresh Sludge

Solids in P.P.M. Per cent Percentage basis

Volatile Fixed Moisture Volatile Fixed
82000 33200 88.4 71.4 28.6
H59900 39600 90,0 60.2 39.8

Morrell Clarifier, Fresh Sludge
96.3
107000 18000 87.5 85.6 14.4

Digester No. 1, Digested Sludge
63800 80200 86.6 44.6 . 5.4
62100 68100 86.9 47,7 52.3

Digester No. 2, Digested Sludge
55200 58800 88.6 48,0 52.0

Scum on Digester No. 3

144000 55000 80.1 72.2 27.8

Note: The average pH of the sludge in the digesters

during the survey period was 7.5

The average pH of fresh sludge from the clarifiers
was 6.8
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£s _Strean Follution © tudy of the Sieoux River

‘Table 8 shows the dissolved oxygen content of the Sioux iiver
at the stations noted, as well ae the oxygen deuand of the organie m
within the water at those points.

The computed averages from table & are plotited on figure 1 of
this reports

From these data it will be sesn that the BeO.De oxcseds the D.0Os
of the stream oven before the effluent from the disposal plant enters the
stream, This can be explained by the faet that the waste from the stoek
yards was digcharged untreated into the stream above station 2, which de-
pleted the oxygen to such an extent that nmuisance conditions prevailed.

During this survey construction was started which, when completed.
would provide a comnection whereby the waste from the stock yards and the
Serum Company would puss through the city treatment plant, after yre~treatment
consisting of fine screening.

Two sets of samples were analysed to determine the biochemical
oxygen demand of these vastes, the average results being given below.

Stock Yards BeleDe =~ 202
Serum Company BeOeDe - 313

It will be seen that these wastes are nmot as uinntntod as the
city sewage and as the above samples were grab samples eollected during the
middle of the day it is to be expected that the average B.0eDs over a period
of 24 hours would be less.
» After the sewage treatment plant offluent enters the stream the
nkisance condition grows steadily worse for a considerable distance dowa

strean and at no place covered by this survey, below station 1, is there a
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positive oxygen balang®. In other words the oxygen required is greater
than the oxygen available at all stations below station l. By tho time the
polluted strean reaches the srandon Bridge, we find that sufficient oxyzes
has been absorbed to support fish 1life and prohibit general niaisance con-
ditions. In fact on two days the dissolved oxygen countent is above the
saturation point for those temperatures. This my be attributed to the
predominance of green algse in the lower stretches of the stream which supply
exygen to the water. The B.0.Ds is also reduced considerably here, but the
demand is still considerably greater than the supply, and the dissolved
oxygen content would be depleted here alsc if it were not tor the algae
ani stream reaeration taking place.

then the opportunity for stream remeration and algae propaga=
tion is reduced by ice formation, conditions may be expected to beecoms
worsds

Ts stfm Flow P;ooor& of the Sioux River

stream flow records (Table 10) which were kept during the latter
part of the survey showed the average flow io be 3.29 second feet and only
a very few times did the flow exceed that value. These incressed flows wem
due to loecal showers and contimued for only a day or two. iy assuning an
average streas flow of 3 second feet or 1,944,000 gal. por day we find that
the average flow entering the stream from the treatment works was more than
two and one half times the stream flow.

| sssuming that the average dissolved oxygen content at station 1

represents the amount of oxygen available for oxidizing {he ireatment plant
effluent and with a stream flow of '8 second feed, thers would be available
116 pounis of oxygen por day in the stream for this purpose. (n that basis
it is evident that the B.C.0e of the filter effluent would have to be re-
duced far below the present fisure
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2 TABLE 8

DISSOLVED OXYGEN
and
BIOCHEMICAL OXYGEN DEMAND
Results on the Sioux River

Sasat : F—~ e BgSULES A0 PoPoMs - ; —_—
Vel Station 1 Station 2 Station3 Station 4
o °l »p.0.] B.0.D.
7=21 k2 347 1049 36.5 32 45.7 | 29 11.3 | 329

722 40 4.5 10.2

7-23 41 7.8 9.6 244 29 el

0
1.5 3042 26 o I v
0 1946 32 0

0

81 3L 8.1 745 0 40.0 27 32.8 27 4.l

8-10 25 5.5 5.8

k_ te Im Q De0o B'QSE' ' :I:m go M. : B'SZ'DS # M M. 4 E oOoD.; -. :!:m g
40 :
29
24 1.7 11.1 24 0.7 19.1 21 2.6
30

8-23 32 ' 5elt o} 22.0 29 0 14.7 27 L &b

Average 5.9 73 0.6 26.6 0.1 28.6 6.1

Station 1 - McClellan St. Bridge
Station 2 -~ Disposal Plant Foot Bridge
Station 3 - McKee Bridge, 2 miles below disposal plant outlet
Station 4 - Brandon Bridge, 9 miles below disposal plant outlet
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Tests for determining the reduction in B.0.D. accomplished by
settling the filter effluent for certain periods were carried on with the
resulis as shown in Table 9.

BIOCHEMICAL OXYGEN I[EMAND REDUCTION
TESTS ON FINAL SETTLING AFTER FILTRATION.

TABLE 9

i3

:. B.0.D. :
s

s Filter s s s 8

s B£1) . 30 Min. # 45 Min. : 1 Hour .

: 128 : 85 : 78 : :

s 132 ] H 72 s

3 3 ] 3 $s

3
Other tests which were rum on this experiment depleted all of

the available oxygen in the five day period, therefore, the B.0.D. could
not be determined. The experiment was carried on by collecting a sample
of filter effluent in an Imhoff cone. B.0.D. tests were made before and
after settling for the prescribed time.

It must be remembered that the settling of seolids in the above
tests took place under quiescent conditioms which would not exist in a
final clarifisr. However, a final clarifier, having a theoretical settl-
ing period of any of the above time elements, would no doubt give results
similiar to the above, but in all probability, the theoretical retemtion
period would have to be increased over any one time element above to pro-
duce the same B.0.D. reduction.

Additional tests should be run on this experiment to substantiate
t_h above results. .li”lnr, results similiar to these but possibly with

lower B.0.D. reducticns are what may be expected if further tests are made.
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TABLE 10

AVERAGE DAILY FLO¥ OF THE SIOUX RIVER

At SIOUX FALLS, SOUTH DAKOTA
August 29 to September 25, 1931

* Relative ' Average ' Discharge * Discharge *' Discharge
Date * Temper- ‘Daily Head * in ’ in ' in

* ature * in feet * ft. /sec. Q. ' Gal./min.* M. G. De

3 i A 2 A
Auge 29 * eool * 0,070 * 1,28 * 577 * 0.830
BT " 0,058 ' 0,980 v 441 v 0.635
31 ' warm v 0.100 v 3,108 NS e
Septe 1 ¢ * 70,018 v 1,438 " 646 * 0,930
M 7 LR 0,088 ' 1,624 S,  PERELANS
T e v 0,090 ' 1,869 PR ¥
RN 55 S " 0,100 ' 2,195 989 v 1.43%
LR . ST 0,075 v 1,435 T -V e
I L v 0,075 ' 1,435 v 646 ' 0.930
R ol v 0,075 ° _ 1.435 v 646 0,930
LIRS T O 70,100 ¥ 2,195 989 v 1.423
ey 0,100 ' 2,195 989 v 1,422
S N 0,018 ' 1.438 v 646 ' 0,930
LB © S SN v O v 1.495 " 646 * 0,930
L b R 0,080 °*  0.772 TS T e
JRE ¢ RN v 0,019 °* 0,178 v 80 ' 0.115
* 14 ' cool Vo 0.085 ' 0.2 FUUUREE T
FRg T T 0,088 ' U728 I | S sl v
" 16 ' warm T 0,075 ' . 1.435 " 646 '  0.930
W . . 000 7 2098 BRSNS el 0
" 18 ' cool D~ R ) v 989 ' 1.483
" 190 ' warm v 0,300 ° . T 5,180 ' 74450
M s S N R F L. T e
" 21 ' cool Vo v LIt v 989 ¢ :
LG e " 0.100 ' 2,195 T 989 v 1,422
) 33 ] o ] 6.516 . ii.% [] 5 535 E] ¥
I WA " 0.533 7 27.00 12,050 7 17,
) 25 ¢ n T w12 ] . 0 1,‘3! T e

L] L ] L .
AVERAGE y - Bl . DB Ak
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F. SUMMARY AND CONCLUSIONS

The important findings brought to light in tSic survey may be
summarized as follows:
(1) The tmtmnt'plant is treating approximately equal Volumes
©  of packing house waste and city sewags, the total flow averaging 5,349,000
gallons per days
(2) The packing plant has an equivalent population of 76,000,

£ Sl ab

based on the 5.0.De of the city sewage and the population of Sioux Falls.

ad

The total population contributing to the treatuent plant, including the

2

packing house equivalent, is 110,000.
N @ (3) The clarifiers are not over loaded in capacity, but due to
the character of the sewage, the removal of suspended solids is not as
great as is desired.

(4) The result of carrying over of suspended solids onto the

filter has led to ponding on the filter, resulting in decreased efficiency.

g e

(5) The filter is being dosed at the rate of 1.3 willion gallons
per acre per day, which is a low rate on a gallon basis, but the linuid

being diiohargod onto the filter is 1.38 times as strong as the raw domestic

At *Rosl F1-=1

&

sewage.

2
&

(6) The filter is considerably over loaded under the present ops rat-

ing conditions, and cannot be expected to deliver a desirable effluent un-

boskeh=d

less more efficient sedimentation is obtained.
(7) Sedimentation of the filter effluent will accomplish some add-
itional purification, but it is believed that the reductions in B.C.D. on
a plant size scale will not be a s great as the experimental work shows.
(8) Better nitrification and B.0«De reductions can be obtained

by eliminating pondinge.
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(2) The stomaeh paunch from the packing plant interferes with
the proper operation of the digestion tanks and it will not digest within
|  reasonable longth of time.

(10) The flow in the Sioux River is the lowest recorded.

(11) The raw sewege from the stock yards and the Serum Company
caugsed nuigsance conditions above the sewage treatment plant outlet and
depleted the oxygen content of the water below that required to sustain
fish 1ife.

(12) The stream, after receiving the plant effluent, is in worse
condition than before, but begins to better it'ulr before reaching Brandon.
then the stream freezes over conditions will probably become worse farther
down stream.

(13) The presemt grit chambers retain large amounts of organie
material which, when discharged into the stream with the grit, form sludge
banks in the stream resulting in septie action and a very unmsightly con-
ditione |

(14) The resting of the filters for periods of 24 to 48 hours did

not seem to eliminate ponding for any great period of time.
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G. RECOMMINDATIONS

The writers wish to submit the following recommendeations:

(1) The main treatment plant, and especially the filter unmit,
is receiving a much greater load of organic material than it is capable
of treating to the required degree of purification. More efficient
sedimentation of the packinz house waste must be accomplished or addi-
tional filter area provided.

0f the two suggestions offered it is recommended that experimental
studies be made to determine the most egonomical means of reducing the
strength of the packing house waste by more efficient sedimentation of the
orgamie material.

'(z) Final settling of the {ilter effluent will better the -uality
of the liquid discharged inte the sioux River as well as remove a large
amount of the solids which cause very unsightly conditions down atnﬁ,

especially during low £3sw stream flows. For these reasons we recommend

" thet the city inmstall final elarificatiome

(3) The organic material settling in the grit chamber and gain-
in- access to the stream when these chambers are cleaned should be elimine
ated, It is rccom;ondot; that the c¢ity install a mechanically oporated
detritor which will remove only the heavier lmorganic substances.

(4) We are of the opinion that the efficiency of the triekling
filter can be increased by eliminating ponding. We would recommend
chlorination of the filters to accomplish thise It is known that chlorine
will also, to a small extent, reduce the tiochemical oxygen demand of sewage
which would mean a better filter efflusnt. 1In addition chlorination has

been proved an effective odor control for which the chlorination apparatus
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could be used when necesSSAlY e

(5) Auother possible method of lessening the filter lead would
be Actlivated Sludge Treatuent of the clarifier effluent, the effluent
from this treatusat to be disghargod in the filterse The activated sludge
type ol treatment has beem successfully used in other places where the
trickling {ilter was overloaded.

(6) it is recommended that the sluige pumps be operated free
quently for short intervals, pumping only as long as is necessary to re-
move accumulated fresh sludge. This will tend to reduce the guantity of
return supernatant ligquid from the digestors which is advisable as the
solids in this liquid do mot settle readily.

(7) At no time in the future should the sludge from the Morpell

Clarifier be discharged into the waste flowing to the city treatment plamt.
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11X, BXPERIMINTAL FLANTS RESULTS (PART II)

A, DETAILED DESCRIFTION OF THZ EXFERIMENTAL UNITS

1. Activated sludge Unmit

In the treatment of sewage by the activated sludge process the
sewage enters an aeration tank after it has received preliminary treat-
ment consisting of coarse uru;ing and grit removal. As it enters the
aeration tank it is mixed with 20 to 30f of its volumeof activated
sludge, The sewage passes through the aseration tenk im from two to twenty
hours, depending upon the strength of the sewage and the method of asra-
tion. while in the tank, air is blown through the sewage or it is
mechanically agitated or boths The efflusnt from the meration tank
passes to a sedimentation tank to permit sedimentation or seitling of
the activated sludge. The supermatant liquid from the sedimentation
tank may be treated further but usually passes to a poimt of final dis-
posals. A portion of the sludge removed from the sedimentation tank is
returned to the influent of the ameration tank to seed the incoming sewage
with the aerobie bacteria that oxidu_ot it as it passes through the asra-
tion tank. The remainder of the sludge is usually disposed of by burning
or by digestion in sludge digestion tanks. The activated sludge proper
consists of a spongy mixture of aerobic bacteria and suspended organie
solids including those of a colloidal nmature, To keep the sludge active
air must be supplied continuously to‘ the mixture of sewage and sludge.

3ince the first full siz e Activated Sludge Unit was installed
in ¥ilwaukee in 1915 the activated sludge process has established itself

as a standard sewage treatment method.
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The Sioux Falls Activated Sludge 'nit consisted of an aeration
tank, sedimentation tank or clarifier, air blowing and sludge return equip~
ment. Figure 2 is a photograph of the activated sludge unit in operation.
The aeration tank was 5 ft. wide, 6 feet deep and 20 feet long. Drop
pipes carried air from the main air header pipe to porous tubes resting
on the bottom of the areation tanke The 5 ft. x 5 ft. x 6 ft. deep
clarifier was located at the effluent end of the aeration tank. It was
équipped with sludge removal equipment similar to a large Derr Clarifier.
Air was furnished by means of a blower drivem by an electric motor. The
return sludge was pumped from the bottom of the clarifier to the influent
end of the aeration tank by means of a cenmtrifugal ppmp. A shed attached
to the side of the meration tank housed the air blowing equipment,sludge
return equipment, and an air meter that measured the amount of air delivered
to the aeration tank.

7ith a sewage flow of 5 gallons per minute plus a 25 per cent
sludge return the aeration tank provided an aeration period of 12 hours

while the theoretical sedimentation period in the clarifier was 3 hours.
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2, Chemical Precipitation Experimental Unit

The chemical precipitation unit consisted of an orifice box,
mixing basin, and sedimontation tank. The orfice box was calibrated to
deliver a 5 gallon per iimto sewage flow to the mixing basin where the
Ferric Chloride solution was introduced from a 5 gallon carboy setting
above the mixing tank. The mixing tank was 20 inches wide, 18 inches deep,
and 5 feet long, and provided a mixing period of 20 minutes, It was
equipped with a chain driven paddle to thoroughly mix the chemical with ;
the sewage. The sedimentation tank or clarifier was an exact dupliecate
of the activated sludge clarifier. The sludge removal equipment of both
clarifiers was driven by the same shaft.

Referring to figure 2, the chemical Frecipitation Unit is located

to the right of the Activated Sludge Unit
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B, CONTROL TESTS CONDUCTED DURING THE EXPERIMENTAL PERIOD

1, sio~Chemical Oxygen Demand Tests
Since the purpose of sewage treatment processes is the removal

or stabilization of the organic matter present in the sewage, the efficiency
of = sewage treatment plant,or any of the individual steps of the treat-
ment process, can be determined by the amount of organic material removed
by the treatment process. This can be determined indirectly by what is
known as the bio~chemieal oxygen demand test. The bio~-chemical oxygenm
demand of sewage is the oxygen in parts per milliom by weight required teo
oxidize or stabilize its organic matter by aerobiec bacterial actiom. Thus
the bio-chemical oxygen demand wvalue of a sewage is a measure of its
organi¢ strength. The B.(.D. test has become a standard measuring stieck
in do‘omiaing the resuirements and efficiencies of sewage treatment pro-
cesses. Detailed instructions for the performance of bio=chemical oxygen
demand tests have been drawn up by the American Fublie Health Association
and the United States rublic Health Services

The Rideal-stewart modification of the winkler Method as given in
part I and part II of "Detailed Instructions for the Performance of the
Dissolved Oxygen and Biochemical (Oxygen Demand Tests” by tmery J. Theriault,
Chemiet, U. S. Publie Health Service, was followed in all B.0.D. analysis
performed at the Sioux Falls Sewage ixperimental Flant. Znough BeOsDs
tests were made to check the daily operation of the Experimental Units.
sufficient data was collected on the operation of the Main Treatment Plant
to correlate that data with experimental plut’ results.

Samples for B.0«D. analysis were collected every hour for 8 hours
during the day and composited. At the end of the sample period a repre-
sentative sample was tikon from the composit§ diluted with dilution water

in the proper proportions and incubated for 5 days at a temperature of
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20 degrees centigrade. By determining the amount of oxygen remaining in
the dilution water at the end of the 5 day period and multiplying that
value by the proper dilution faector the 3io-Chemical Oxygen Demand of the
composite sample was obtained.

Table No. 11 of part 2 is & record of the daily BsOsDe« reductions
through every umit of the main treatment plant and experimental plants.

The por/;ent reduction in the organic strength or the B.0OsD. value
of a sewage as it passes through a treatment unit is obtained by multiply-
ing the difference in the influent and effluent B.0O.D. values of the sewage
by 100 and dividing by the influent value. By this procedure the efficiency
of a particular treatment unit imn reducing the organic strength of a

sowage may be found,

2. Suspended Solids Determinations
Suspended solids in sewage or industrial wastes are the visible

solid sparticles in the sewage as contrasted to the dissolved material which
is not vigible, Under the influence of mﬁty a large portion of these
solid particles will settle out when the sewage is subjected to quiescent
conditionss The remaining suspended solids that have a specific gravity
value very close to unity do not settle readily, but tend to remainm in
colloidal suspensions

The purpose of a sedimentation or settling tank in the ‘tria'.tmnt
of a sengo is to allow the heavier suspended solids to settle out by fo-
dueing the velocity of the sewage passing through the tank to a small value.
The efficiency of a sedimentation unit in reducing the suspended solids im
sewage may be found in fhé following mamner: “Suspended solids®™ values of

representative samples of the influent and effluent are determined by
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gravimetric chemical analysis. The difference in the influent and
offluent values gives the reduction thtough the unit. By multiplying this
differemce by 100 and dividing by the influent value the per cemt reductiom
of suspended solids through the unit is obtained,

Table No, 12, "Suspemded Solids in parts per million for warious
units of the Sioux Falls Sewage Treatment and Experimental Flant® gives
the daily “Suspended Soldds® reductioms threugh sach umit of the Main Flanmt
and Experimental Plant for the emtire experimemtal peried,

The deterhination of Suspended Solids by the "Gooech Crucible
Method™ as given on page 26 of Standard lietheds for the examination of
Water and Sewage®, 6th Editiom (Publighed by the American Public Health
Association) was followed at the Sioux Falls Experimental Plamt,

_3. Other Cemtrel Tests.

Cther tests conducted during the experimemtal peried imeluded
the hydrogen ion §mm1- or pH test to determine the acidity or
alkalinity of a sewsge or sludge, the dissclved oxygem test to determine
the smount of dissolved oxygem in & treatment effluent and the Imhoff
cone "gettleable solide* test.

mhcmnlwmdtanhtth'
the Activated Sludge Unmit by catehing a sample of the aeration tank
offluent in a gradusted cylinder and observing the actiom, celor appear-
ance, and time of settling of the sludge.
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C. OPERATION OF THE MAIN PLANT

DURING THE EXPERIMINTAL PSRICD

1, Averages Computed from Daily Records

During the operation of the Zxperimental Units enough BeO«De

and "Suspended Solids" data were collected on the operatiom of the imin
Treatment FPlant 8o the writers could correlate that data with the ex-
perimental plant A!'Ol\lltl. Colunns 1 to 8 inclusive of Table No. 11

- (Bio~Chemical Oxygen Demand Tests) and Tabje No. 12 (Suspended Solids
Determinations) deal with daily tests of the various units of the main
plant., Table No. 13 consists of computed average “B.0sD.". and "Sus=
pended Solids® values taken from Tables 11 and 12 for various periods
during the operation of the experimental plant. Data for charts 1 to 7

inclusive have been taken directly from Table 13

2, Bio-Chemical oxygen Demand Reductions
Chart No. 1 shows the Bio~Chemical Oxygen reductioms of raw

mixed -”np (mixed packing house and domestie) through the present phnt.
The raw mixed sewage enters the clarifiers with a B.0.Ds strength of 791
parts per million. The clarifiers reduce the strength 32.97 to 531 P.P.M.
which is the sewage strength as it is dosed onm the sprinkling filters.

The 77.5{ reduction through the filters further reduces the B.0.Ds strength
of the final effluent to 132 P.P.M. gonsidering the maim plant as one unit,
the 83.37 plant efficiency compares favorably with the efficiencies of
other plants of this type. The average efficiency of 13 similar plants
taken from bulletin 23 of the Illincis Water Survey was 83.8%e
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TABLE 13
2.0.D. AND FPRNDED S0LIV3 REDUCTIONS THROUGH THE MAIN TREATM

Averagss computed from Tables 11 and 14
riod Biochemical Oxygen
Deman suspended Soli
1t ma nt Influsnt ate
nit iug=
\ve. | Ave. y Ave. Ave .,
Inf.| Eff. | Reduct. inf. D5 $ 4
Raw
Mixed Nay 25 731 132 83.3 LY P 1423 72.8
tal SeWaAgo to
;_":dpt.lg
lant
Separate
ylumng |3edimentation
1.2.3 Sept. 26
o f Pack. House to 630 196 71.6 587 114 8046
ables wasue thru Dace 5
1 and 12 3« Clarifian
Jomsatic
thru N, Clan
Raw kay 40
raT Mixed to 791 531 32.9 522 232 S
Jewage wptel9
larifisrgpb—=
Pack. House]Sept.l4
Waste to 1168 7€ 34.3 798 3635 %03
Dec. 5
¥y
blas
11 and 12 Raw Sept.l9
Domesgtic to 259 219 523 48C 11°¢ 7€ .C
' Dec.
Normal June 16
i va:o_ | Clarifier to 236 132 T5.% 232 143 Bok
FACKAINZ prfluent Septe. 16
Separatse
Sedimentation
] Sept 6
Pack.House to 609 1%6 679 332 114 50.9
thru 3.Clard Dece.>
Dome at ic
thiru N.Clard




However, due to the effect of the packing house waste the

¢ strength of the filter effluent is still too high, gpproaching

: of average raw demestic sewasge. The relatively small amount
water available in the Sioux River, in which the filter

A; h discharged, is depleted of dissolved oxygen and nuisance con~
exist for several niles below the Treatment Flant during low flow

of the rivor (page 32)s During the summer of 1931 the sewage

3« “gsuspended Solids" Reductions
The average "Suspended Solids® reduction of the raw mixed

 for the same period as above is shown on Chart Noe« 2. The 55.37
of "suspended Solids" through the clarifiers indicates that the
: “-11 of the original " Suspended Solids" present in the raw

od sewage 18 dosed onto the filter beds. This results in a gradual
0’ the filters with n-pcnﬁd solids. The gradual clogging

itad the machanical cleaning of the entire filter bed during the
of 1932 at a cost of $10,000, One of the main objectives of the
ﬁli work was to find, if possible, some economical method of re-
ng the load of suspended solids going over omto the filters.

4, s.amto sedimentation Resulta

In the normal operation of the Sioux Falls treatment plant the
sewage from the city -nd the waste from the packing house are
d in the influent channel leading to the two clarifiers. Thus the

through the clarifiers consists of approximately equal volumes of




SIOUX FALLS SEWAGE TREATMENT PLANT

Summer 1932

Ave. B.0.D. Reduction of Mixed Sewage
Through the Fresent Main Plant.

‘Overall Plant Efficiency: 83.3%

Raw Mixed
791 P.P.M.
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Clar. Eff1.

31 P.P.M.

32.3%
Reduct.

Filter Effl.

132 P.P.M.

/Py TERMINEE 1P

75.4%
Reduct.

“Y,
4 %

SIOUX FALLS SEWAG:Z TREATMENT PLANT

Summer 1934

Average "Suspended Solids" Reduction of Mixed Domestic

Sewage and Packing House Waste Througn

the Present Main Plant

Overall Plant Bfficiency: 72.8,

Ray Mixed
922 P.P.M.

Z#

2

2 P.P.Me

5557
Reduct.

clar. Bffl.

Fi}tar BLffle.

142 F.P.i.
b PR 2

38.8%
Reduct.
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CHART
NO. 1
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NO. 2




domestic sewage ani packing house waste. By placing a wood dia-
wall in the influent chamnel, the packing house waste was kept
from the domestic sewage and diverted through the south clarifier,
th, domestic sewage flowed through the north clarifier. Separate
or split flow studies of each type of waste could them be

Chart No. 3 shows the plain sedimentation of domestic sewage
with the plain sedimentation of the packing housse waste., The
reduction of domestic sewage by sedimentation was 52.37; the sus~
endod solids reduction 76.0% Tho B.0.Ds reduction of the packing house
344373 the reduction in the suspended solids 54.37%. It must be
ll mind in this comparison that the packing house waste receives

: ry treatment at the packing plant consisting of fine screening,

| q-m of sedimentation and grease removal befors it enters the city

1
plant.

Using the above figures, an interesting comparison of the BeOsDe
and "suspended solids" content of the two wastes can be made.
+ Nos 4 eompares the two wastes before sedimentation in the clarifiers.

4

packing house waste with a B.0.D. strength of 1168 FeP.M. is 1168 #

s

R 1 :
" 2.54 times stronger than the domestic sewage while the suspended

content is 798 # 480 or 1.66 times greater than the domestic sewage.
Noe 5 indicates their relative strengths after sedimentation, thus

1 w a comparison of the two wastes as they are dosed onto the filters.
BeOeDe strenmgth of the settled packing house wasto compared to settled
¢ is now the ratio of 768 to 219 or 3.5 times stronger than the

mu.d domestic sewage. The suspended solids content of the settled

1 The term, racking House taste, as used im this thesis refors only
to the a;r»ud, gettled waste from the John Morrell & Go., as
received at the Sioux Falls Sewage Treatment Flant.
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SIOUX FALLS SEWAGE TREATMENT PLANT

Fall 1932

Separate Sedimentation Results

Plain Sedimentation . Plain Sedimentation
of Domestic Sewage. of Pack. House Viaste
Reductions ; Reductions
B.0.D. Suap. SOIid' Be0eDe S“'po Solids
34.3%

52.3% ’ Reduct. :

Reduct : 54.3%
76.0% Reduct.
R‘ducto

N
W

N\

7

SIOUX FALLS SEWAGE TREATMENT PLANT
Fall 1932

Comparison of Domestic Sewage and Packing House Waste

Ay ‘B.0.D."

@
.

Pack. House
1168 P.P.M.

RN,

iy

Domestic
459 P.P.M.

N

i 4
\\ R

3
N

A\

CHART
NO. 3

CHART
NO. 4
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packing house waste is now 365 F.P.i. compared to 115 F.P.i. of the
bic sowage, or 365 divided by 115 or 3,17 timss greater. Thus,
. Toughly, two-thirds of the B.0.D. strongth and three-fourths of the suse
ydd solids load going over omto the filters are dus to the packing
house waste. |
Another significant discovery was the fact that a better B.O.De
\ #nd *suspended solide® reduction took place with separste sedimentation
of each waste as compared with the sedimemtation of the mixed packing
house waste and domestic sewage which was the mormal procedure.
Referring to Chart No. 1, the B.0« D. roeduction through the
;‘ elarifier with mixed sedimentation was 32.9%. with separate sedimenta=
tion Chart Nos. 3 indicates that the packing house waste was reduced
: 34,37 while the domestic sewage roduction was 52.37%. Assuming equal
amounts of each waste, which is approximately correct, the average re=-
- duction of both wastes would be the sum of 34.37 and 52,37 divided by 2,
- or 43.3%, This comparison is indicated graphically om Chart No. 6.
: chart No. 2 shows a 55.5{ "suspended solids * reduction of
- mized domestic sewage and packing house waste through the clarifiers.
Chart No. 3 indicates that with separate sedimentation of each type of
waste the Domestic sewage was reduced 76.0f while the packing house
waste® reduction was 54.37%. The average reduction of both wastes would
" then be 76407 plus 54.37% divided by 2 or 65.17% as shown on chm 7. This
reprosents an increase in the “susponded solids® reduction of 65,1 =

55.3 or 9.8{ due to keeping the two wastes separate through the ¢larifiers.

5« Decrsase in filter due to @

Chart No. 6 indicates that with mixed sedimentatiom the normal

BeOuDe filter load is 531 P.F.M. Undsr separate sedimentation this load



SIOUX FALLS ACTIVATED SLUDGE EXPERIMENTAL PLANT
Fall 1932
Comparison of Domestic Sewage and Packing
House Waste After 3 Hours Sedimentation

Ave. "“B.0.D." Ave. "Susp. 30lids"”
Pacsx. House Pack. House
768 F.P.M. 365 P.P.M.
CHART
NO. 5

Ve

Domestic
Domestic 115 P.P.M.
219 P.Po“o / /,r, ,.'/I o
AP / VA

l/

—

ol IR ;;ﬁé>
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SIOUX FALLS SEWAGE TREATMENT PLANT
i Fall 1932

Sedimentation of Domestic Sewage Mixed with an Equal
Volume of Packing House Waste Compared with the
Separate Sedimentation of Each

Ave. B.0.D. Reduction _

3eparate Sedimentation

Mixed Sedjim entation
791 P.P.M. 791 P.P.M.

) s | ) |sas| | #5
2.

\\

/; 48 Popom
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7 2 7
A
Normal 7 v /
 Filter /] 7 ///
’ Load ; //// A ;Filtor?
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to0 448 P, P.¥. Ths represents s reduction in the normal B.0«Ds

v load of (531 - 448) divided by 531 or 15.6Z The normal filter
N *suspended Solids" as shown on Chart No. 7 is 232 P.P.i. Separate
i ion reduces this load to 182 F.F«M represcuting a percentage
of 232 ~ 182 divided by 232 or 21.57.

Thus, by an expenditure of some $20 in labor and mterial tvr
.m wall the B.C.D. and "Suspended Solids" filter loads wera
15,6% and 21.57 respsctively.



SIOUX FALLS SEWAGE TREATMENT PLANT

Fall 1932
Sedimentation of Domestic Sewage Mixed with an Equal
Volume of Packing House Waste Compared with the

Separute Sedimentation of Each.

Mixed Sedimentation

w
&

4 P.P.M, 232 P.P.M

NN

55.5%
Reduct.

,!lormu.lj

jFiltor,

Suspended Solids Reduction

Separate Sedimentatio

532 P.P.M 183 P.P.M.
- 65.14
Reduct

3I0UX FALLS ACTIVATEZD SLUDGE EXPERIMENTAL PLANT
Summer 1932

Air: 4 cu. ft.

Treatment of Settled Mixed Sewage
per gal. Detention Periods 12 hrsa.

Test Periods 73 days

B.0.D. Reduction

Influent

Ef fluent

570 P.P.MN. 53 P.P.N.

\\\&\\\\\\\\\\\\%

90.7%
R.ducto
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CHART
NO. 7
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D. POSSIBILITIES OF SUPFLAMINTING THE TRSATMENT OF THE

PRESENT MAIN FLANT
In planning the methods of procedure in operating the Experimentsl
'at the Sioux Falls Sewage Treatmwent Flant with the limited amount of
money that was available the two main objectives that had to be
in supplementing the treatment of the present main plant were
ont! 1y kept in mind. The two objectives were as followss (1) To reduce
‘Ba0.Ds strength of the final effluent discharged into the Sioux River
j order to correst mu/Sance conditions and to protect the riperian owners
(2) To appreciably reduce the load of suspended solids dig-
o> on to the filter beds in order to prevent their periodic clogging
B Ao ssesseity of expemsive mechanisal cleaning.
Two types of treatment suggest themselvess (1) Aetivated uiﬂp.
homioal precipitation. The several possibilities are as followss
1. Pass all or a part of the clarifier effluenmt through an activated
plant before it is dosed onto the filters.
‘8. Chemical precipitation of the raw mixed sewage or of the
r offluent to secure better sedimentation of suspended solids in the

s thus reducing the load of suspended solids going on ‘o the fil~-

3. Treatment of the present filter effluemt by the aqtiveted sludge

befare discharging it into the river.

4. Keeping the packing house waste and domegtic sewage flows
through the clarifiers, treating the packing house wagte only, with
to secure better precipitation of the packing house waste.

S. Combinations of the above possibilities.



‘must be available. Early in this investigation kr. R. E. Bragstad
attention to the fact that emough excess sewage gas from the di-
was available to at least operate a 100 K.W. generator. Further
n revealed that the present amount of excess gas would produce
tely 335 H.P. With the increased amount of sludge that would be
with an activated sludge plant, enmough gas should be produced

all the power necessary in the operation of an activated sludge

For an activated sludge process to be economically feasible, cheap
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E. RESULTS OF THE ACTIVATZD SLUDGE BXPERIMEINTAL UNIT

l. Operating Periods
The Activated Sludge Experimental Unit (Fig. 2) was started lMay 4,

and operated with settled mixed sewage as iniluent until June 15.

was used as Activated Sludge influent. From July 12 until Aug. 3
der effluent was agu:' used & ianfluent.

At this time the dimensions of the Aeration Tank were changed
S ft. wide, 5 ft. deep and 20 ft. long to 5 ft. wide, 10 ft. deep

. ft. long. It was thought that the air would be more effective if
introduced 10 ft. below tie surfuce of the sewage instead of 5 ft.

‘i-‘l.. large activated sludge plant installations have a sewage depth
n 10 to 15 f't. over the porous plaies, the operating conditions of
_ ital unit with the deepened tank would be more comparable to
size unit. However, no marked difference in operation or results
] rved aifter deepening the Aeration Tank.

The Activated Sludge Unit with the altered aeraiion iank was

A placed in operation Aug. 15 and operated until Aug. 25 with settled
sewage (clarifier ef luent) as influent. From Aug. 26 until Oct. 17
" vated Sludge Unit was operated with trickling filter effluent as
to tank influent. After Oct. 17 the plant was operated somewhai

ttantly as a Pre-aeration Unit until Dec. 5, 1934.

2. Averages Corputed from Daily Records
In Table No. 11 column 9 gives the daily B.0.D. value of the
\8tivated Sludge influent, columns .0 and 11 the duily effluent value
feeds of 3 to 4 cu. ft. per gallon and § cu. ft. per gallom re-

ively, while column 12 gives the daily percentage B.0.De reduction

i
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the activated sludge unit. Likewise in Table No. 12 the dgily
Solids" influent value is listed in column 9, the dd.ly effluent
in columsn 10 and 11, and the daily percent reduction in column 12.
Noe 14 consists of aversges computed from Tables 11 and 12 for the
test periods. |

Charts No's, 8 and 9 are based upon data taken from Table No. 14.

Treatment of Settled Mixed sewage with Activated Sludge.
Chart No. 8 shows the results obtained by troating clerifier
luent (settled mixed sewage) with Activated Sludge. Using 3 to 4 cubie
of air per gallon of sewage with a 12 hour detention period the B.0. De
valus of the influent was reduced 90.7f while the "Suspended Solids® value
Mu“ 47.27. Inexperience on the part of the plant operators and some
nical difficulties during the early part of the experimental peried
s for the low "Suspended solids" reduction of 47.2%. This high
uspended solids" content of the final effluent was dus largely to the
that rising sludge in the clarifior pussed over the clarifier weir with
#th a 12 hour detention period air supplied at less than 3 cubie
} per gallon produced an under-amerated sludge that was difficf;.lt to
in the clarifier while over 4 cubic feet of air per gallom produced
- slightly better results and would not oo feasible in a large gize plant
‘ of the large supply of sir necessary.(fige 80)
The amount of sludge return was veried with the density of the

+ It averaged approximately 257

4. Trestment of Triekling Filter ©ffluent with tctivated Sludges

The results of treating the sprinkling filter effluent with



TABLE 14
BeOuDe AND SUSPENDED SOLIDS REDUCTIONS THROUGH THE ACTIVATED
SLUDGL UNIT FOR THE VARIOUS T2ST FERIODS
SIOUX FALLS SESAGL T TUENT | LANT
el9iie
Averages Computed from Tables 1)l and 12
“eriod RBiochamical Oxygen
ir reed Influent Datea Demand Suspended Solids
and Inelua=-
”fld“ ive Ave, \Ve . 4 Ve, LV, o
1o Inf. j.".fro P" ft-. :hf. ;f‘f. T%E*d{zct.
\ir May 26
3 to 4 Clarifier to
ft./gals June 10 ) : '
12 hrs. 2f Cluent ) ; 570 53 90,7 263 139 47.2
1 "T‘Lvn J‘lly 1"
A~ iV Vil t(,
Ige 23
une 18
Aiir J tt 1€
3 to 4 chemi cal e
4 /'°l - Y L] 20 - E
«lTe/BRLel plant 1f - S 381 48 87.4 1735 96 G
2 hrae fluent o
stention June 27
to
July 7
ir 14 Aug. 29
Fl er - [ (o .
cu. fteo ’;”1 t to 149 3l 79.3 93 36 1.8
1 BIiluen Oct. 21
—
| ir b
‘ o fte | Packing Oct. 22 ’ .
L House to 1191 246 792 1139 168 85.2
8o mete Nove 5
L
Motes The amount of return gludge wes varied mccording to oy

density of the sludge but averaged ap;

roximately 25%e
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Activated Sludge are indicated on Chart No. 9 with s detention period of
6 hrs. and air supplied at the rate of three-fourths of a cubic foot pr.
gallon of sewage the average B.0.D. reduction was 79.3%. The “Suspended
 Solids" reduction of 6l.37 was improved during the latter part of the ex-
perimental period by placing a shallow baffle in fromt of the effluent
weir of the Activated sSludge clarifiere. It was also found thet if the
effluent from the activater sludge clarifier was passed through a second
clarifier nearly complete removal of the suspended solids resulted. This
discovery was gratifying because the primeciple could be easily applied to
a full sized plant by using two clarifiers connected in series.

7ith a 6 hour detention period eir supplied in any amount less
‘than three~fourths of a cubic foot per gallon produced an under-asrated
sludge. The amount of sludge returned to seed the incoming sewage averaged
257 but was varied with the density of the sludge.

- %ntig R."Tklo
The successful operation of an activated sludge unit requires a

reasonable amount of eperating experience with that particular type of
troatment process. This experience was lacking on th. part of the writers
during the early part of the experimental period. sewage {low, the amount
of air supplied, and the percent of sludge returned to seed the incoming
sowage are all variables that require adjustment relative to the chonging
econditions of the plant, which are judged by the appearance of the influent
and effluent, color, appearance and density of the return gludge and the
sludge in the clarifier. Catching = sample of the sewage in a graduated
eylinder as it leaves the seration tank and observing the action and

appearance of the activated sludge as it settles provides veluable comtrol

information.



SIOUX FALLS ACTIVATED SLUUGR BEXPARIMENTAL PLANT
Summer 1932
TREATMENT OF SPRINKLING FILTRER BFFLUSNT
Airs 3/4 cu. ft. per gal. Uetention Period: 6 hrs.
Test Period: 44 duys

Ave. B,0.D. Reduction Ave. "Susp. Solids" Reduct.
Influent Effluent Influent Bffluent
149 P.P.M. 31 PP.M, 93 P.P.M. 36 P.P.M,

79.3%

61.3%
Reduct. 1 3/

Reduct.,

N\

N\

T

3I0UX FALLS CHEMICAL PPT. EXPERIMENTAL PLANT
Summer 1932

Chemical Precipitation of Packing rouse Waste
Compared with Plain Sedimentation

Chemical Feedt Ferric Chloride

Ave. B.0.D., Reductions

Plain Chemical Precipition
Sedimentation Amount of Ferric Chloride
35 P.P.M. 50 P.P.M. 75 P.P.M.
34.3%
Reduct. 44.17% 48.6%
51.9% Reduct. Reduct.
Reduct.

N\

N\
N\

N
N\

CHART
NO. 9

CHART
NO.10
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F. RESULTS OF THE CHEMICAL PRECINITATION EXPERIMTNTAL |

UNIT.

1. Choice of Coagulant

Chemical precijyitation of sewage ecnaiot: in adding to the

age nch chemicals as will, by reaction with sach other and with the
\ mte of the sewage, produce a flocculant preci itate and thus

, sedimentation. The advantage of this process over plain sedimenta=
h a more rapid and thorough removal of the suspenied matter. Its

it zos include the accumulation of a large amount of sludge, the
ssity for skilled attendance and the expense for chemicals. The process
in extensive use as the conditbons under which the advantages out-
ﬁo disedvantages are unusual. The greatest field for usefulness

_, 8 to be in the treatment of industrial wastes.

‘ ' The most commonly used chemicals are a combination of lime and

oppera » lime alone and mlum alome. Lately rerric Chloride has been

B

a limited extent. Laboratory tests indicated that among the few
it would be economieslly feasible to use at Sioux Falls, Ferric

o

de was the most logical. It is a po-omx coagulant and its cost

favorable to lime.

In the operation of the Chemical rrecipitation Unit Ferric
Joride was used sxclusively with ome exceptione A mixture of 25 PeP.if.

Kok
I

,._r!'tc Chloride and 5 r.r.u, of Sodium Aluminate was tried but gave onmly

i i1y better results than the 25 IP.ie of rerriec Chloride used alome.

b mall ineremse in vsuspended Solids® reduction together with the high

— arative gost of the Sodium Aluminate did not werrant its uses

The Ferrie Chloride used at the gxperimental rlent was & Byrupy
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solution of Ferric Chloride and water containing 507 available Ferrie
~ Chloride, 1335 grams of the solutionwas mixed in 5 gallons of water and

. applied with grevity feed equipment from e 5 gallon carboy om a platform

ed at 30 minute intervels and corrected when necessary. 411 chemical
rates are given as available Ferric Chloride in parts per million by

dghts In Fige 2, page 44, the Che:ical Precipitaticn Unit may be seen
Just to th: right of the Activated sludge Unit.

S

2 rat Periods

The Chemical Frecipitation was started 'lay 4, 1932 with settled
: sewage as influent and a chemical feed of 35 r.r,u, of Ferric Chloride.
Jlly 15 the influent was changed to Raw Mixed Sewage (approximately ‘
volumes of Raw Domestic and Packing House waste) with a chemical feed
‘ F.P.M. On May 23 the chemical feed was reduced to 25 F.i' .M. The
m operated at that rate until “ay 31 when the chemical feed was increased
L’ P.P.M. From June 8 until June 30 tho. Chemical feed rate was kept at
r.r.l.
e The Chemical Precipitation lant was operated as a control un:lt

1

3 1 to July 8. Raw Mixed Sewage was passed th-ough the unit but no
e,

was added to the mixing tank, that is, the unit ws operating as
: sodimentation tank or clarifier. The difference in the B.0.D. and
| sended Solids® reductions obtained without the use of the chemical and
l l“ndmm with the use of the chemicel gave the increased redutiion

by the use of the Ferric Chloride.
the chewiecsl ' lant was not operated from July 7 until aug. 18

during that period the Chenical Pwbeipitation tnit clerifierwas



a part of the ‘eration Tower equipment.

The last period of cperation of the Chemical Freeipitation Unit
i -k .Ang. 18 until Oct. 1+ The influent was racking House vaste as

' ﬂ at the Treatment Plent and the Chemicel feed wae 25 .r. . of

- Chloride with the exception of a control period frog Sept. 13 to
e 16 when no chemiczl was added. The purpose of the control test
to determine the B.0.D. and “suspended Solids" reductions of Packing

Vaste without treating it with chemical.

« DAILY B.0.D, AND “SUSPENDED SOLINS™ REDUCTIONS.
The daily B.0.De and "Suspended solids" reductions of the various

of waste are given in Tables 11 and 12 respectively. Table 15 con-
ists of the computed averages for the various test periocds, taken from Tables
11 and 12. Data for Charts No. 10, 11, 12, 13, and 14 were taken direetly

pm Table 15.

Referring to Table 15, the average results obtaimed by treating
mixed sewage (effluent from the Dor Clarifiers) with 35 p?-."f;»_.u. by
of available Ferric Chloride was a 34.1{ reduction in BeOeD. and

| be 35 1bs. of Ferrie Chloride to 1,000,000 1bs. of sewai@s

: Sines the application of this method to the iain Flant would re-
"ln the installation of amother clarifier it was discontinued after a
F test period. Later, it was found thet the same results could be

ned by tresting the Facking House Waste only, with but half the cost

chemical.
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TABLE 15

B.0.D. AND SUSFENDED SOLIDS REDUCTIONS THROUGH THE CHEMICAL

PRECIFITATION UNIT FOR THE VARIOUS

TEST FERIODS

SIOUX FALLS SEWAGE TREATMENT PLANT

-1932«
Averages Computed from Tables 11 and 12
eriod
o s Biochemical Oxygen ¢
CHEMICAL Demand Suspended Solidg
FERD Influent Da‘ieg ; :
In: e Ave. Ave, Ave. | Ave, i
e Eff. |Reduet.| 1Inf. |Eff. [Reduct.
25 I.i‘.u. m' hy 23 z
of Ferrie Mixed to 663 339 48.9 588 145 75.3
Chloride June 30
9°};"““ Packing Aug, 18
13=14=17 | Bouse to 980 | 472 519 | 702 | 169 | 75.9
Waste Oct. 1
28 AR set tled May 4 ~|
= ‘.;‘r“i; uiged to 490 | 323 34,1 | 364 | 171 5340
ol ;  of ‘
Chloride | S®™h&e® e Aain
Columng | Raw May l6- :
13-16-17 M1 xed 1¢ and | 877 | 329 6245 | 588 | 197 63.8
Sewage 20
50 PoF.M. RawW May 31
of Ferrie Mixed to 957 420 5642 599 189 68 .4
Chloride Sewage . June 6
Columng
) Facki Septn f‘
13-15-17 nous:g to 1129 | 633 44,1 | 802 | 186 T6e9
waste - Septe 1
‘ . Packing :
41? }Ft;;':‘f:; House sept.23 | 960 | 494 el | BTR- LIRS A
Chloride 1 e
. Raw uly 1
Dry Feed uixed J tz 772 501 35.1 532 194 6345
No Chemical sewage July 7
Used
Column Raw Septeld 6845
13-15-1; Packing e 919 638 30.6 583 184
House Septe. 16

1Not included in Tables 11 and 12.
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Se Chendcal Ireecipitation of Raw Mixed s& 1£8
The left half of Chart No. 12 indicates ths results obtained

h treating the mixed Domestic Sewage and Packing House vaste with 25

| FuP.U. of Ferric Chloride. The B.0.D. reductionwas 48.9% while the re=
ﬁul« in "Suspended Solids" was 75.37.

The fact that separate sedimentaticn studies showed a 52.3¢
OeDe and a 76,07 "Suspended solids® reduction by plein sedimentation of
'ﬁo Domestic Sewege indicated that the chemicml might be put to better use

;: ~ treating packing house waste only.

[ eoucnl }'ngitation of Facking House ilaste.

Chart No. 10 shows the averag® B.(CeD. reductions of Packing

| 80 Waste with Chemical feed rates of 25, 50, and 75 p,F.li, Ferrie
“,lqudo at 25 JeP.N. gave & 5197 BeOeDs reduction which was better
' W other rate of feed that was tried. This was a considerable im=
nt over the plain sedimeatation reduction of 34.37.

The *suspended Soldis® reduction of Prcking House waste for
® above rates of chemical feed com ared to plain pedimentation is shown
Chart No. 11, Tt is interesting to note that doubling the rate of
JM«I foed to 50 ;.r.!', ineressed the suspended scli's reduction only
"W while tripling the rate to 75 r.F,l, imereased the reduction only from
7549 to 79.8 or 3.9%. This would inilcate that in using a chemicsl feed

" rate above 25 F.F.". the results would not justify the asided cost.

7. Cost Comparisons
thart No. 12 com ares the ghemical precipitation of mixed Domestie

Sewa e and racking Houss waste with the separate tr atnont of each, that is,
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e precipitation of iacking House waste only end plein sedimentation
g £ the Domestic sewages
The data for the left half of Chart ¥o. 12 is obtained dirsetly

Table 15. The data for the fight »1f of Chart No. 12 is obtained ine
in the fouut; manner: according to Table 15 the Belele and
S0lids" reductions obtained by treating packing houss waste
25 FuP.¥. of Ferrie Chloride was 51.974 and 75.97 respectively. Re=
%6 Table 13 it may be noted that plain sedimentation of Domestiec
resulted in e 52437 Be0eD reduction and a 76,07 red ction in
Solidse Sinoe the wolumes of rFacking House 7aste and Domestie
are ayproximately equal the averuge BelesDe reduction 0!‘ lthl total
of the domestic Sewage and Pecking louse ¥Yaste would be the
aver:« of 514971 and 52,31 or 52.1%. sSimiliarly, the averags ‘uspended
S0)id8; reduction of the total volums of Domestie Sovage and racking House
Mmste would be the average of 75.97 and 76,07 or 76.0%

Thus slightly better results a o obtained by treating the
g Fouse vaste only with bui one half the emount of chomical since
Packing House flow is only one half the smount of the total mixed
The suppl; of Ferriec chloride necesesry to treat the 5,000,000
daily flow of the mixoed waste at the rate of 25 I .P.'". would
gost from $30 to $40 per dey =t present checical prices while the
Peaeking Fouse weste flowing st the spproximste rete of 2,500,000 gallons
~ per day could be troated with chonical at the same rate of feed at one
thet expense. In both cases the roduction of the B.7.0. and *Sus=

Selide” Tilter load would be practieally the same.

8. feduction in Filter Load dus to Chemiesl precipitation of

facking House taste.
Chart No. 13 illustr:tes the reduction in the normal filter



SIOUX FALLS CHEMICAL PPT. EXPERIMENTAL PLANT
Summer 1332

Chemical Precipitation of Packing House Waste
Compared with Plain Sedimentation

Chemical Feed: Ferric Chloride
" 8 d '

Plain Chemical Precipitation
Sedimentation Amount of Ferric Chloride
35 P.P.M. S0 P.P. M. 75 P.P. M.
54.3%
Reduct.
75.9%4 T6.9% 79.8%
Reduct. Reduct.

Reduct.

N\
N

SIOUX FALLS CHEMICAL PPT. EXPERIMENTAL PLANT
Summer 1932

Chem. Feeds: 25 P.P.M. of Ferric Chloride

Chem. PPt. of Mixed
Domestic 3ewage and
Packing ‘ouse Waste

shem, PPL. of Pack. House
Wmagte. Fiain Sedimentation
of Domesti: Sewage

Reductions Reductions
B.0.D. Susp. Solids B.0.D. Susp. Solids
48.9% 52.1%
Reduct. i Reduct.
75.3% 76.0%
Reduct. Reduct.

;
.

.

CHART
NO.11

CHART
NO.12
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load of suspended solids by preeipiteting the pucking house waste with
25 Fol.le of Porric Chleride.
The data for ehart No. 13 1s obtained in the following menners
Muwmzmmmrmawascmu 100y

| gellon dnily ahxed sewnge flow the rorml filter losd in younds of supe
ponded solide would be (5,000,000 x 8,33 x 232) § 1,000,000 or 0,650 lbse
per deys

: , According to Table 13 the ‘suspended solide costest of set led
| domestic sewage is 115 r.r.i, The ‘suspended solids’content of packing

~ house waste according to the same table is 798 P.F.¥. Chart Wo. 11 indi=
cates the “"sugpended solide* reductions im packing house waste that may be
expected with various retes of chemical feed. Using the above figures and
. m«mmmwmmmnumnmu
25,500,000 gallons per day, the “sugpended solids” filter loads for the
wvariocus amounts of chemical fead would be as follows:

Perrie

Chloride Coinj utations Filter Load
in PP M
25 (7592 x 798 + 115) 2.5 x 8.38 = 64,390 1bse
50 (7649 x 798 + 115) 2.5 x 8,33 # 6,330 1hae
75 (7948 x 798 + 115) 2.5 x 8.33 = 5,780 1bse

The reduction in t}e noraml filter load of suspendsd solids due
to chemienl precipitation of ths ,acking Lo se waste mey bo expressed om
a pergembags busis. Using 25 AP.Y. the percentage reduction would be
(2650 = €390) ¢ 9650 or 33.8%, Making similar compuiailona, ths raduction




- T4 -

in filter load using 50 P.P.Me of Ferric Chloride would be 35.5{ and by
 using 75 P.P.M. the reduction would be 40.1f%.

% wamngmnu Chemiocal Precipitation Unit.

In the treatment of a sewage with Ferric Chloride an acid sludge
is produced. An acid gludge may camse foaming when intreduced imto digestion
tanks. ;

With as low a chemical feed as 25 P.P.M. of Ferric Chloride
the Chemical Precipitation Umit produced a sludge of pH 6.2 to 6.4. To be
cortain that this sludge would digest properly without lime treatment a
large wooden barrel was rigged up to serve as a digestion tank. At various
interviale during the day sludge was drawn from the clarifier and a portiomn
added to the small digestion tank. pH tests indicated that the acid sludge
changed rapidly to a pH of 7.2 to T.4 and digested properly without
foaming. :

_/The weid sludge was also mixed with mctivated sludge in the
-nqﬂéwummapum qualities of the mixture. The
f'ﬁ"’w:.nnlu-lm.



3I0UX FALLS 33ZWAGEZ TREATMENT PLANT
Fall 193:
Reduction in Filter Load of Suspended Solids
due to Chemical PPt. of Packing House Waste
Plain Chemical Precipitation
Sedimentation Amount of Ferric Chloride
Filter Load
232 P.P.M. 25 P.P.M. S0 P.P.u. 75 P.P.M.
L
Y , CHART
V' / / ’// 33-8}0 NO 13
/’:,/;//'//7'1,4 Reduct. 35.5% 40.1% 3
§szf /] Reduct. Reduct.
SN
é:ff;x; ; Y,
/9650 /] Y,
[ Lbe. 7/ 22
VS V) f
% £ 6230 Y
//  Lbs,
/
o 7
/% //z
SIOUX FALLS SEWAGE TREATMENT PLANT
Fall 1932
Average B.0.D. and Suspended Solids Reductions of
Packing House Waste Through the Pre~Aeration Units
Influerit: Raw Packing House
80 Min. Pre-Aeration 3 Hrs. Pre-Aeration
Airs 1% cu. ft./gal. Airs 1/2 cu. ft./gal.
B.0.D. Sulpo Solids B.0.D. Sulp. Solids
“ CHaRT
3Lof 37.4% . 50.14
Reduct. Reduct « ®
52.5% 61.7%
Reduct. Reduct .
A, ]
% “Z
/41 7 % % & %
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G. PRE-AERATION RESULTS
2. Purpose of Pre-aeration Studies

Pro-aeretion consists in subjecting & sewage to & relatively
soall period of aeretion by either mechanical or diffused air methods
before settling it in & sedimentation tank or clapifier. It differs from
the activated sludge process in that the smount of air supplied is less,
the detention period is shorter and no sludge is returned from the clari-
fier to seed the incoming sewage. Pre-teration of certain types of waste
followed by sedimentation produces & better reduction in suspended solids
then plain sedimentation alome.

Pre-cerction of both the Raw Mixed Sewage and Pocking House Wmste
wag tried on an experimentel senle at the Sioux Falls Sewnge Treatment
Plamt. It was hoped that the reduction in Suspended Solids by pre-seration
methods wuld produce results comparcble to chemical precipitation and ot
& lower cost.

& Fre-oeration of Rev Mixed Sewage

Settled mixed sevage was pre-aerated by flow through en aerction
tower gimilar to water cooling towers used in power plants. The tower
wis of wood construction, ¢ fi. square and 20 ft. high. The interior
was equipped with severel tiers of sloping botrds. The sewtge wog teroted
by pumping it to the top of the aeration tower ond allowing it to flow
down over the tiers of sloping boards in thin sheets. By recirculating
severel times & high degree of seration could be secured. After being
eirculated through the tower, the sevege was allowed to setile in the ex-
perimentel clarifier originnlly o pert of the chemicel precipitotion wmit.

The daily B.0.D. and “Suspended Solids" reductions &re given in
Tobles 11 and 12 respectively. Table 16 contains computed avercges ioken



T

ABLE 18

B.0.D, AND SUSPENDED SOLIDS REDUCTIONS THROUGH THE ARRATION TOWER

~1932=-

SICUX FALLS SEWAGE TREATMENT FLANT

Averages Computed from Tables 11 and 12

reriod Biochemical Oxygen
mba? of Demand Suspended Solids
Times Re= | Influent (
circulated Dates
Inclu=- Ave. | Ave. ) Aves | Ave. 4
sive Inf. Eff. Reduct. Inf, BRi'f o Reduct.
Raw July 14
Seven wixed to 748 426 43,1 | 472 199 58.0
5ewage Auge 3
Raw Augo 9
Fifteen \ixed to 646 303 53.1 490 215 56.2
Sewage Auge 16
TABLE 17
B.OsDe AND SUSFENDED SOLIDS REDUCTIONS THROUGH THE PRE=ALRATICON UNITS
SIOUX FALLS SEWAGE TREATMENT FLANT
~1932-
Averages Computed fyrom Tablee 11 and 123
, reriod Biochemical Oxygen
Detention Demand Suspended GSolids
Period Influent
and Dates
Air Feed Inclu= Ave. | Ave. yA Avee. | Ave.
RATe Inf. | Eff, Reduct.] Inf.| EBff. |Reduct.
_| oet.29
PO Jdn, rro< Raw Fack to |1316 | 908 31.0 | 961 | as6 5245
preration. ing House Nov.26
L cu,ft/gal. o
' ing House to 1450 907 37.4 967 371 61.7
¥ cu.ft/gal Dec. S
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from Tobles 11 and 12, Referring to Teble 16, recirculating the sewnge
7 times gave a B,0,.D, reduction of 587 and & "Suspended Solids" reduction
of 43.1f while recirculating 15 times gove @ B,0.D, end "Suspended Solids®
reduction of 56.27 and 53.1% respectively.

Although the B,0.D, reductions were favorcble, the "Suspended
Solids" reductions were far too low for the Aeration Tower to receive
further consideration,

3. Fre-oeration of Packing House Wagte

The Activeted Sludge Plant was modified to serve as a diffused
adr type of pre-teration unit by enlarging the influent orifice to die-
charge 20 G.P.M. 8nd discomnecting the return sludge equipment. A flow
of 20 G,P.M, provided a theoretical detention period of 3 hours.

Treating Facking House Ungte with air supplied at a rete of one-
helf of & cubic foot per gnllon followed by sedimentation, the aversge
B.0.D, and Suspended Solids Reductioms &g given in Teble 17 were 37.4%
and 61.7{ respectively.

The chemieal precipitation unit wis also modified to pre-sercte
packing house waste by diffused air, By placing porous tubes in the
&uotmmammmwmmmumunm
orifice & pre-seration peried of 30 minutes was provided. Table 17 gives
the average results obtained by pre-aerating packing house waste for 30
minutes with 1 cubie foot of air per gnllon followed by sediment=tion.
The B,0.D. end Suspended Solids reductions were 31.0f and 52.5% respectively.
The results of pre-aerating packing house waste are shown grophically on
Chart No. 14. The data weg taken directly from Table 17.

The low B,0.D, and Suspended Solids reductions obtained by pre-
seration indicated that pre-aerction of the packing house wiste would not
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 produce resulte comparable to the trestment of the packing house waste
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H, APPLICATION OF EXPZIRIMENTAL DATA TO THE MAIN PIANT

4, Actiwted Sludge Plant Placed Between the

Slerifiers and the Trickling Filter
The possible methods of supplementing the treatment of the

present main plant were outlined in Section D, Part II of this paper.
In genersl, these methods served as a gulde during the experimental
period in the operction of the verious trestment umits. With the experi-
mental data analysed, the possibilities ond limitations of the various
treatnent methods as applied to conditions at the Sioux Falls Treatment
Plant may be discussed.

In the treatment of clarifier effluent with Actiwted Sludge it
wms found thet an air supply of 3 to 4 cubic feet per gallon with a de-
tention period of 12 hours wis necessiry. To treat a 6,000,000 gallon
dedly flow with 4 cuble foet of air per gallon would probebly exceed the
pover possibilities of the digestor ges produced at the plamt. In addi~
tion, the ecomomic fensibility of treating the emtire sewnge flow would
be questiontble bectuse of the seration tank oapucity required for a 12
hour detention period. However, it would be feagible to reduce the fil-
ter load by treating half of the clarifier effluent with Actiwvated Sludge.

Chart No. 15 indientes the B,.0,D, results that may be expected
by plaging an Activated Sludge Plant between the clarifiers and Trickling
Filters of the present main plant and tresting half of the clarifier ef-
fluent, With geparete sedimentation of the Domestic Sewage and Packing
_ House Wagte, the B,0,D, reduction through the clarifiers would be 43.37
with a 448 P.P.N. B.0.D, strength of the clarifier effluent. (Ciart No. 6).

Treating half of the clarifier effluent with Activeted Sludge
would reduce thet portiom of the clarifier effluent 90.7¢ te = B.0.D.
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strength of 448 x 9.31 or 42 P.P.M, The B,0.D. strength of the remixed
portions of the filter influent in the dosing tanks would then be the
average of 448 and 42 or 245 P.P.N, This represents & reduction of 45.47
between the clarifiers and the filters.

According to Ghart No. 1 the expected B,0.D. reduction through
the filter would be 75.4f. Thus the B.0.D, etrength of the fimal ef-
fluent 8s it would discharge into the Sioux River would be 245 x 24.6%
or 60 P.P.H. This represents an overall plont efficiency of (791 « 60)
+ 791 or 92.57 as compared to & 83.3% overall plant efficiency of the
present min plant. If additionnl pover was available trentment of a
greater portion of the slarifier effluent would, of course, inecrense the
overall plant efficiency.

Chart No. 16 indicates the prodable “Suspended Solids" reduc~
tione that would de obteined by plaging an Activated Sludge Plant be-
tween the clarifiers sud the filter, treating half of the clarifier ef-
fluent., The data for the cbhove chart is token directly from Chart Numbers
2, 7, and 8 while the computations are made in the same mamer o for
Chart No. 14.

The filter influent suspended solids velue of 1682 P.P.M. com=
pores with & normal filter lood of 232 P.P.M, This represents & redue-
tion in the norml filter lond of (232 = 139) ¢ 232 or 40f by seperate
sedimentation through the clarifiers with actiwted sludge treatment of
ono~half the flow from the Dorr Clarifiers.

& Astivoted Sluige Plant Plaged after the Trickling Filter

Operation of the Activated Sludge Unit indiceted that for the
proper trectament of trickling filter effluent an serction period of 6
bours with § cubic foot of air per gallon wes reguired. (Chart No. 9)
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SIOUX FALLS SEWAGE TREATMENT PLANT
FALL 1952

Activated Sludge Plant Placed Between tne Clarifiers
and the Trickling Filter Treating Half
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Average B.0.D. Reductions
Based on Experimental Plant Results
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SIOUX FALLS SEWAGE TREATMENT PLANT
Fall 193323

Activated Sludge Plant Placed Between tnhe Clarifiers
and the Trickling Filter Treating Half
of tne Clarifier Rfiluent

Ave. Suspended Solids Reductions
Based on Experimental Plant Results
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Since Activated Sludge Treatment of the filter effluent would
not reduce the "Suspended Solids" filter load, some other treatment
method would be used for that purpose. The experimental wrk indicated
that the treatment of the Packing House Waste with 25 P,P,M, of Ferriec
Chloride would reduce the normal filter load 33.8{ (Chert No. 13).

Chart No. 17 indicates the results of supplementing the treat~
ment of the present main plant by treating the Packing House Waste with
25 P.P.M, of Ferric Chloride with an Activated Sludge Plant placed after
the trickling filter treating the entire filter effluent.

The packing house waste and the domestic sewage would be kept
separate through the clarifiers. According to Chart No. 1 the average
B.0.D, strength of the two wastes would be 791 P.P,M. The average B.0.D.
reduction through the clarifiers would be 52.1f% (Chart No. 12). Thus
the B,0,D, strength of the effluent from the clarifiers would be (791 x
47.9%) or 347 P,P.N,

8ince the normel reduction through the filter is 75.4%, the
B.0.D, strength of the filter effluent entering the Activated Sludge
plant would be 347 x 24.6% or 85 P.P.M,

The expected reduction through the Activated Sludge Plant would
be 79.3% (Chert No. 9). Thus the Activeted Sludge Plant effluent would
enter the river with a B,0.D, strength of 18 P.P.M, This represents an
overald plant efficiency of (791 - 18) # 791 or 97.4% on & B.0.D, basis

Chart No. 18 shows the "suspended solids" reductions that would
be obtained with chemical precipitation of the Packing House Waste and

Activated Sludge Treatment following the filters. The data for Chart
No. 18 is taken in order from Chart Numbers 2, 12, 2, and 9 while the
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computations are simllar to Chert No. 17. uunu-mn.uumnu'
plant efficiency on & "Suspended Solide" deeis is 94.37. According to
experimental plant results, two Activated Sludge plent ciarifiers hooked
in series would increnge the overell plant efficiency to some extent.
(page 63).




SIOUX FALLS SEWAGE TREATMENT PLANT

Fall 1932

Activated Sludge Plant Placed After the Trickling Fil-
ters. Chemical Precipitation of Packing House Waste

Based on Experimental Plant Results
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I. SUMMARY AND CONCLUSIONS

The findings and results of the experimental investigntions at
the Sioux Falls Trestment Plant miy be summriszed us follows:
i In remed to the present main plat:

(a) The present Treatment Plant is operating es efficiently
ag other plants of its type. However, the suspended solids in the Pack-
ing Houge Wste load the tricklimg filter cnusing & gradual clogging of
the filter beds. Omly & considercble reduction in the filter locd will
prevent the need for expemsive mechunicel clesning.

(v) In order to prevent nuissnce conditions in the Sioux
River below the Trentment Plant during periods of low river flow, the
B.0.D, strength of the fimml effluent wmust be reduced to ms iow & value
as 20 P.P.l. This can be agcomplished in the most economicel memner by
supplenenting the trentment of the present mein plant with an Activated
Sludge Unit ag discussed later in item III of Sumeary end Conclusions.

(¢) Twothirds of the B.0.D. filter load and three~fourthe
of the "Suspended Solide™ filter lond are due to the Packing House Woste.

(d) The present "Suspended Sclide® filter load mny be re-
duced 15 to 20£ by placing o disphragn vall in the influent chamel letde
ing to the wain plent to keep the Domestic Sewnge flow and Packing House
flow gseparate through the clarifiers. Thus the Pucking House waste would
be diverted through the south clarifier wnile the domestic dewage would
flow through the morth clarifier. However, this decrease in filter load-
ing does not appear sufficient to prevent the gradunl accumulstion of sus~
pended solids in the filter bed.
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{e) The excess digestor gas produced ot the mmin plamt could
be utilized to produce spproximately 335 H.P, This powsr would be awailable
for any supplementary treutment process.

(£) The siudge digestors of the present mmin plant have enough
excess cspacity to digest the sludge from en Activated Sludge Plent.

s Experimental Piant Tindings
(a) In the treatment of elorifier offlucnt by the Activated

Sludge lMethod, am &ir supply of 3 to 4 cubic feet per gnllon with a de-
tontion period of 12 hours is required.

() The Actiwated Sludge Treatment of $rickling filter ef-
fluent requires § cublc feet per gnllon of air with a 6 hour detention
period,

(¢) In the Actiwted Sludge Method of trentnent double clari-
fication of the neration tank effluemnt, i.e., passing the ceration tank
effluent through two clarifiers munscted in series produced better re-
sults then the use of ome clarifier ouly or of two slarifiers in parallel.

{d) Enough excess digestor gas would be available at the
in Plant to treat all of the trickling filter effluent or 3% lemst half
of the clarifier effluent by the Actiwted Sludge Process.

(e) Results cbtnined by pre-sersting Pecking House Weste and
v lixed Sewege before sedimentation were to low to justify the pre-
seration method of supplementery treatment.

(£) Treatment of the Rew itized Sewnge with 25 P.P.Y. of Fer-
ric Chloride defore sedimentstion will reduce the present "Suspended Selids”
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filter load from 30 to 35%. However, the seme results cam be obtained
with one~half the amownt of chemical by treating the Packing House Vaste
only with 25 P.P.M, of Ferriec Chloride followed by sedimentotion in the
south clarifier, and allowing the Domestic Sewage to pass through the
north elarifier without chemical treatment. '

(g) The use of Ferric Chloride in amounts above 25 P.EM,
in the treatnent of Raw Mixed Sewage or Packing lHouse Waste does not justi-
fy the extre cost for chemical.

(h) Treating the effluent from the clarifiers with Ferrie
Chloride produced no better results than treating the Raw lMixed Sewage..
Since the application of thie method to the main plant would require another
wmit of clarifiers, it would not be feasible.

(a) The economic feapibility of treating the entire flow of
clarifier effluent by the Agtivated Sludge Process is questionuble be-
cduse the large amount of power required wuld grectly exceed the power
possibilities of the digestor gos that ¢on be produced at the phlt.(b)ﬂow-
ever, it would be feagsible to pose half of the darifier effiuent through
an Activeted Sludge Plant, The "suspended solids® filter load would'be
reduced 40% while the strength of the filter effluent entering the river
would be reduced about 50%, This would reduce the B.0,D. strength of the
final effluent to Gpproximately 60 P.P.M,
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(¢) The entire trickling filter flow could be passed through
an Activated Sludge Plant before discharging it into the river. Thie
treatment would reduce the B,0.D, strength of the finnl effluent entere
ing the river to epproximately 20 P.P.M., which is sufficiently low to
prevent nuistnge conditions in the Sioux River below the Main Plant.

The above method obviously would not reduce the "suspended
solide” filter lond. This load could be reduced by treating the Pagking
House Wagte with 25 P,P.M, of Ferriec Chloride before sedimentotion in the
south elarifier.

(d) The most ecomomical memmer of preventing nuisance con=
ditions down stream from the disposal plent appears to be & combination
of b and ¢ given above., An Agtivated Sludge Plant could be built in such
& menner that either one~half of the clarifier effluent or the total flow
of trickling filter effluent gould be treated. During normal stream flow
conditions, treatment of one~half of the clarifier effluent would prevent
nuisance conditions downetream.

During low flow conditions the entire trickling filter
effluent could be passed through the Activated Sludge Plant. During the
possage of the filter effluent through the Activeted Sludge Flant the
“suspended solide" filter lond could be reduced by trenting the Packing
House Wnpte with Ferric Chloride.
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