AN EFFICIENCY STUDY OF THE
VIRGINIA POLYTECHNIC INSTITUTE
SEWAGE DISPOSAL PLANT

by
James Edward JTohnson

Thesis submitted to the Graduate Faculty of the
Virginia Polytechnic Institute
in candidacy for the degree of
MASTER OF SCIENCE
in

ASaﬁitary-mnglnaaring A

APPROVED ¢ ' APPROVED ¢
Director of Graduate Studies Head of Department
Tearnr 6T Ehgineering Supervisor or Ha,jor Professor
May 19, 1952

Blacksburg, Virginia



TABLE OF CONTENTS

INTRODUCTION esvecssssscossssscssssnsssncassscanssssnss
REVIEW OF LITERATURE eescevcsssccsovsssvssnvosessssenns
OBJEDT cussvostnnosssstsonsianassbssnbsasnsssssosonence
THE INVESTICATION cevseseusvcsconssssassvsssscevosencs
Tests PMPloyod cecessvossvsovcenssasssssssssosrecs
SemPplING ceevvcsvorssssssssivbsrsssussrosssesanee

Tost Trocodulres sevecivosssnsssassvevessnsrsvssasos
ROBULES sevesovsossnsssesssncosnosasoropssssonesns
?1aw seessssessssettsstrosrecssrenasreastuse
Tomperabure seesesssvecssssssssssoncssosssss

Total Sﬂliﬁﬂ.ﬁﬁd ?alatila 5011d8 sescescsces
 Settleable Solids and Suspended 5011ds seess

Bs0sDs and Relative StabIlILY scesesscsssese

B el ANRIREINY ssusrbinsbbinpsssusarensss

Ammonia MNitrogen, Nitrite litrogen, Hitrate
Hitrogen, Dissolved Oxygen, and Sulfates..

Chlorides ssscesssnssscscscvacrssssssssssnss
Stream and Plant Observabtions .iccecsvevecss
DISCUSSION OF RESULDRS sossenvnssnssssioensassresssnses
Primexyy 3adim¢ntation Effielency seeescsones
Trickling Filter Eff1018n0Y cvesssccsesscses
Secondary Sedimentation Efficlency sesvesess
Overall Flant EfL1cloncy esesessvesccescnces

Gogcms:{ogg R R R R R R R R R R R N

Page

51
52
62
63
63
65
65
66
68



28

Page
S’ @’LWY (A SR R R R R R A R 76
AGK?EQWWBWW% ﬁﬂdl.ty'll:lliUbd.O.QOOUD‘CQVQi;Itnﬂvﬂb‘ibiitbl ?2
Bmilxmmpm ..t“’tirttbrbd‘i.ddtitt.QOQ‘I.‘:O‘OOI”&U0-.’000 ?3

VETA GO OEPO TSP IOEPDEBEEOPIPOOIINLLIRDOEBSIOOIBEGEOIPPOSEOIPOIOIESEOIEOEDS ?6



Pilgure
Figure
Flgure
Figura

Figure

Plgure

Figure

Pigure
Figuve

Pigure
Plgure
Figure
Pleure
Figure
Pigure
Mgure

Figure

10,

11.

12 .

13

15,
16.

17.

LIST OF PIGURES
' Page

Lﬁﬁaﬁianﬁ Gf sﬁmpliﬁg S%ﬁtians 0%]00010"0';‘45 23
Nonthly variation of average SEWAGE PLOVS .ew.e 33
Nonthly variation of average THUPERATURES ,eees 3

tlonthly variation of average TUTAL SOLIDS ‘
concentretion In SeVWESe sesesssssvserssnsvevsss 37

Homthly veristion of aversge VOLATILE SCLIDS
concentration 1n BOWAEe seeescsssvsnsssssossnss

, Monthly verdistion of average SETTLEABLE SOLIDS

concentration In SEWALE sessssvessssvasvssbusbns Bl

Honthly variation of average SUSPENDED SOLIDS
concentration In SEWALE sisscssesssbssisivissis k&

Nonthly variation of average B.0.D. of sewage.. !5
Honthly verdation of average REIATIVE STABILITY

of SBOWEED sassvcssvesnssoserssvssssncssosisovidon

lonbhly variation of averagé pli VALUE

mf &Qﬂﬁ@@ cn&hcdtucai'rtﬂcioqacv&&cocvéi‘ncdddé'ug

Henthly variation of average 1,0, ALEALINITY

of sewaze nﬂtigoqquaq¢4v¢cantt.oocdqnoqidtid&é‘5&

Honthly variation of average ALIMONIA HITROGEN
concentration in sewage lidf‘i‘&&d‘&#od&iddibd&'5&

Heonthly variebion of average NITRITE NITROGEN
concontratlon In SEWALE sesesvssrvosvsrssunsiss 55

Honthly variation of average NITRATE NITROGEW
concentration in sewage atitothbt&duadctuddél#d‘g?

Honthly variation of average DISSCLVED OXYGEN
concentration In SOWHAES seiscevescscsvessssssnce 56

Honthly variation of average SUIFATES
ﬂﬁnﬁ”ﬂ%rﬁ%&ﬁ“ 1ﬁ ﬂ&ﬁﬁg& G EB EVE R E OB O TOOEIPIEOEE S 6@

lionthly variatlon of average CHLORIDES
eoncentration in BOWALE ,evesesenisvesssootssses 61



3a
LIST OF PLATES AND TABLES
o ’ Page
?}.&ta 1. VEX Eamggﬁ Disposal PIAnE covsovsosssvnssosnens 22

Plate 2, OSampling Stations for raw sewage and
priwy fo}.uﬁﬁt [(EE RN E R RS RS R R R 2!4:

Plate 3. Sampling Stations for triekling filter
effluent and final effluent seeeececesccsesess 25

Table I Flow and Temperature Results .icevessvsssscses 32
Table IT 'Total Solids and Volatile Solids Results ..... 36
Table IIT Settleable Solids and Suspended Solids Results L0
Table IV B.0.D. and Relative Stabllity Resulbts cesesees Ll
‘Table ¥ pH and M.0: Alkalindty Resulbs sesssscossssess U8
~ Teble VI Ammonia Hitrogen and Nitrite Nitrogen Results . 53
Table VII Nitrate Hitrogen and Dissolved -Oxygen Results, 56
Pable VIIT Sulfates and Chlorides Results severcececosse 59



INTRODUCTION

The Virginia Polytechnic Institute Sewage Disposal
Plant is located on Stroubles Creek about two miles south
of the campus. The site, adjacent to State Highway No. 657,
is approximately five miles from the campus by paved and
unpaved roads.

Constructed in the fall of 1947 and the spring of 1948,
the plant replaced the old Imhoff-type plant which had been
operating under heavily overloaded conditions during the
period of inecreased college enrollments following World War
II. The plant 1s dasigned to treat one millian gallons of
gewage per day and at the praaont time serves both the Vir-
ginia Polytaohnic Institute and the Town of Blacksburg.

The sewer system is of the separate type, and a sixteen inch
cast iron pipe line carries the sewage by gravity to the
separate sludge digestion type plant. Treatment units con-
alst of a cominutor, two primary settling tanks, a trick-
ling filter, a chlorinator, two secondary settling tanks,

a digester, three open sludge drying beds, and three covered
sludge drying beds.

The plant was put in operation in July, 1948, and now
operates at near design capacity during periods of high
sewage {lows., Due to decreased college enrollments at summer
sessions, summer éewhgo flows are only approximately one-half

of the normal flows.,



Although dally records of results and operation reports
have been kept over the first three years of operation, to
the knowledge of the author no efficiency study of the plant
has been previously made. The purpose of this thesis was
to study two of the three basic sewage treatment processes,
namely, the separation of solids from the liquids and the
treatment of the liquids. No study of the treatment of the
solids was proposed.

The efficiency of the overall treatment of the liquids
was studied by comparison of analytical results of the plant
influent and effluent. Analyses were also made of sewage
samples taken at other.poinxs of the systpﬁ to study the
performance of individual treatment units, These studies
were mad§ fravaanuary to July, 1951, i
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REVIEW OF LITERATURE

The current literature is abundant in sewage treatuent
operating reports and analyses of untreated and treated sewage,.
This accumulation of results 1s to a great extent & product
of the sewage treatment plant construction ”bemmﬁ that fol=-
lowed World War II. The studies of these results, which have
been obtalned from all of the various types of uraaﬁwgn$
plants in operation, may well determine fubure changes in
design, improvements in operation, and standard methods of
efficiency studles.

The selection of proper tests to be used in efficiency
studies 1s a matter of great importance. It is common prac-
tice for investigators to use the percent reduction in suspend-
ed solids and biochemical oxygen demand as the criteria of
efficiency. This practice has been strongly attacked by
Riddiek and Johnson (28), who state that without a standard
procedure of sampling the percent reduction is a meaningless
figure, except as applied %o the individual plant. These
authors have contributed an outstanding article that deserves
much attention. They believe that before a plant is consider-
ed operating "well" or *poarly“ because of the percent reduc-
tion obtaina&, the following l1tems must be considered:

(1) the sampling procedure, {2) the theoretical detention
time, (3) the suspended solids contained in the raw sewage,
and (L) the percent of ground water infiltration. The authors



show that a high ﬁér@&ntaga removal of suspended sollds can
be obtained simply by sampling when the concentration of the
raw gsewage 1is highes A plant with a high concenbtration and
high percentage removal of suspended solids may 8till impose
a great loading of organic matter on & stream because the
final effluent remains high in suspended solids content.
Other plants may be rated below standard only because the
sewage was dilute at the time of sampling and an efflusut low
in suspended solids content was produced by low percentage
removals. In short, Riddick and Johnson think ¥percent reduc-
tions are easy to use and scasier to abuse."

Doman (5) states that effective use of percentage removal
depends on correlation of such p@raantagaﬁ‘with the parts
per milliion remaining in the affluén%. “Eﬁ conducted corre-
lation studles on sedimentation tanks and suggested the use
of a sedimentation index, which combined the percent rﬁmw%al
of suspended solids with the parts per million of suspended
solids in the effluent into one mumber.,

Jones (19) reports that by disregarding percent removals,
minimm effluent standards could be set up which should be
met at all times.,

Norgasrd (27) attacks the practice of over-emphasizing
the five-day blochemical oxygen demand and suspended sclids
values, when they alone do not deplet the behavior of sewage.
The BeOsDs 1s considered an inconsistent and, to the layman,

an incomprehensible measure of mllutﬁ.dia » whlle the sus ;:;mded



solids test fails when the waste contains & large proportion
of solids in the dissolved state. He considers the total
solids and volatile solids tests as standard measures of
strength which should be ineluded in all published data.

Many investigators report that the performance of sed-
imentation tanks should be measured by settleable solids
pather than suspended solids., As with settleable solids,
Norgaard (27) considers it desirable and far more realistic
to compare the performance of sedimentation tanks on the
basis of settleable B.,0.D. rather %h&n total B.0D.; other-
wise, it is possible to obtaln misleading results where wastes
consist almost entirely of soluble materials and yleld no
reduction through aattling¢

Sama of the common criticisms of the BeOsDs test are
the five-~day waiting period, the varied methods of procedure,
the inability of the test to differentiate between the oxygen
demand caused by carbonaceous oxidation and that caused
by nitrification, and the deviations from the commonly accepted
veloeity rate of reaction (k».1l). Norgaard (27) suggests that
the latter criticism be overcome by determining the one-day
and the five-~day B.0.D. because at normal reaction rates the
one-day B.0.D. should be thirty percent of the five~day B.0.D,
If this relation does not exist, a more thorough investigation
of the velocity reactian should be made.

Bekenfelder anﬁ Huad (6) (7) (8) (9) (10) have been
leaders in evaluating sewage analysis work and establishing



fundamental relationships., They state (6) that the accuracy
of the B.0.D. test is limited to 5 to 15 percent, and that
the validity of the test may be confirmed or denled in some
cases by relative stability comparisons. The importance of
the dissolved oxygen test is not denied, but it should be
remembered that this test does not disclose the quantity of
the pollutional load, as several parts per million of dis=
solved oxygen may be found in a raw sewage with & very high
B.0.Ds If a sewage is below zero in dissolved oxygen content,
the blochemleal state or extent of reduction cannot be deter-
mined, and 1t is sugpgested that a measurement of the oxida-
tion-reduction potential be made.

Eﬁkqnfaldgr and Hood (10) state t@at "quantities of al-
kalinit& are not éontrollabla and'aralhighly variable in raw
sewage.," They further state (6) that "the significance of
alkalinlty in sewage treatment has been to establish the
magnitude of the buffer value. This value will vary as the
strength and character of the raw sewage and the &egraa‘af-
treatment. Oxldative treatment reduces the alkalinity by
the formation of aelidic compounds and destruction of the
alkaline buffer. Thus, alkalinity values indicate the
oxidative effectiveness of the treatment process.”

The Federation of Sewage Works Association (12) emnphé-
sizes the use of glgqlin;by tests to Qetenmine the elffective=
ness of trmabm&nt: Wﬁan ﬁha alkalinity of primary settled

sewage ranges from 150 to 40O parts per million, a reduction
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of thirty percent or more in the final effluent is consldered
equivalent to an eighty-five percent or greater removal in
B.0.D. and indicates a good effluent.

Metoalf and Eddy (22) state that the determination of the
hydrogen~ion concentration of aewaga.ia important in connection
ﬁith the fallmwing three problems: (1) the life processes of
bacteria that decompose sewage matbers; (2) the coagulation
and precipitation of suspended and colloidal matter; and {3}
the dewatering of sludge. In comnection with the firat problem,
Bekenfelder end Hood (3) find that the optimum pH of most of
the organisms concerned lies in the range from 6.0 to 8.0,
and an extremely high or low pH brings bioclogical a@ﬁiviby to
a standstill. Mﬁximum oxidation is f@un& to occur at a pH
from 6.6 to ?.0‘

The importance of pH-alkalinity values is shown by Hood
(17), who states that pH-alkalinity surveys can be used to
advantage in checking the performance of the individual units
or the overall sewage treatment plant. Poor efficlency is
often the result of high pH-alkalinity values, and results
are often affected by upper adjustment of pH-alkalinlty values
due to returned éigeaﬁaé gupernatant for treatment. It is
mentioned by the author that pretreatment of the supernatant
by chlorination is of benefit by causing downward pH-alkalinity
ad justment. Hood furthar states that na consbant relation is
found bto exist baﬁwean B.O;D. and pﬁwalkalinity value,

Kellam (20) recognized the effects of the quality énd
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condition of sewage upon arrival at the treatment plant,
Poorly designed sewer systems, with resulting septic sewage,
will cause disintegration of solids followed by a reduc=-
tion in settleable material and an increase in non-settleable
and dissolved solids., These effects, which also include
inereased dissolved biochemical oxygen demands, tend to
increase the loadings on secondary units and decrease plant
efficiency. Other effects are deterioration of pipe lines
and equipment by excessive hydrogen sulfide formation and

- the ecreation of nuisance conditions.

Free ammonia nitrogen is important in bilological treat-
ment processes, It may be oxidized to nitrites and nitrates
or serve as a gsource of nitrogen for mierobial oxidation of
@&rbonageous compounds, HEeckenfelder ahd Hood (9) indicate
through experimental evidence at Ridgewood, New Jersey,
that free ammohia nitrogen and alkalinity are reduced
through & trickling filter in some proportion to the oxida-
tlon occurring. ' /

The desirability of nitrification seems to be a matter
of controversy. HEliassen (11) states the undesirability of
depositing nitrates in streams because they stimulate algal
growths and recommends thelr elimination when possible,.

Hood (17) considers nitrification important in preserving
good stream eondigiogs‘an@‘vital to thp success of treat~

ment processes. Mohlmen, Hurwitz, Barnett, and Kramer (23)
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believe the potentlial oxygen availlable in the form of
nitrates is an asset to streams in preventing nuis#nma con=
ditions until the nitrates are utilized; however, since they
are not utilized until the dissolved oxygen content is zars,“
they serve no particular use if the dissclved oxygen to be
maintained is 3 to u,pnrta\per million. n

At the Elizabeth Joint Meeting Plant Rudolfs and Decher
(29) used seven and one-half years of operation data to de-
termine that the strength of sewage was not related to the
rainfall, A fifty-eight percent increase in the average
daily rainfall failed to alter the average strength of the
sewage, because street washingg entered thie sewers and the
sewers were flushed during storms. The, quality of the efflu-
ent was also not affected by flows, as the degree of purifi-
cation remained nearly consbant at all times,

Sperry (30) showed thaet with the exception of Sundays
and Mondays sewage flows vary little from day to day of the
week, and Kellam (13) found that flow variations on a given
system are surprisingly uniform even from hour to hour of &
given day of the week. Loads generally increase and decrease
with the flow, and flows usually level off after reaching a
maximm around noon and remain fairly constant for several
hours.,

Rudolfs and Decher (29) mention that the general effi-
cienecy of a plant is indicated by the neat appearance of
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bulldings, equipment, and grounds. The Federation of Sewage
Works Association (12) discussed the importance of technieal
tests, but emphasized that they should always be supple-
mented with common observations in evaluating the success or
fallure of a treatment plant. It is pointed out that

"a black, smelly stream below a plant is indicative of faile
ura, just as a clear, clean stream éupporting fish life
proves the efficiency of plant performance.”

Sampling procedures. are varled and in need of standard-
ization. Riddlek and Johnson (208) express the need of a
uniform aystam of sampling for a true comparison of plant
efficlencies. Caster and Hamilton (3) further emphasigze
the need, stating that comparisons of qightwhuuv composite
aamplas-and twenty-four hour sampoéite‘samples of raw sewage
produced variations of L1 per cent in B,0.Ds and 31 percent
in suspended solids. The National Research Council (26)
observed significant distortion of plant performance where
short sampling periods were used and suggests the following
minimum requirements: (1) a period of compositing greater
than elight hours; (2) sample volumes composited proportional
to flow at intervals not greater than two hours; and (3) four
composite samples per month.

The Federation of Sewage Works Assoclation (12) believes
that analyses of individual cateh samples collected at inter-

vals during a twenty-four hour period should be compared with
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an analysis of the twenty-four hour composite sample, Where
this is impossible, it is recommended that a sample taken
during maximum flow be examined, and if the results are
satisfactory at this period of maximum loading, they should
be satisfactory at all times. When catch samples are used
to determine the efficiency of & unit, the effluent sample
ghould be collected after the flowing through time has
elapsed,

Although composite samples are recommended by the
majority of investigators, the Federation of Sewage Works
Association warns that mixing of portions can cause marked
changes with results bhat are not typical of the sewage at
eny time,

The Standard Methods for the Hxamination of Water and

Sewage (1) has been of great ald in standardizing the
procedures of sewage analysls work; however, the literature
indicates an immediate need for new and improved standard
methods before comparisons of efficiency studies can be

made on a sound basis,
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OBJEGT

The purpose of this study was to investigate the effie
ciency of the separation of the sollds from the liquids and
the treatment of the liquids at the VPI Sewage Disposal
Plant. Essentially, this treatment is accomplished by three
units, which are as follows: (1) Two primary sedimentation
.tanks, (2) a trickling filter, and (3) two secondary sedie
mentation tanks. The study was proposed to determine bh»;
efficiency of the individual units, as well as the overall
efficiency of the combined units,

The study was designed to include the establishment of
sewage sampling stations at various points in the treatment
plant, eollection of sewage samples at the ssmpling stations,
and examination of the samples to determine physical and
chemical changes through the treatment process, The physical
and chemical changes were to be indicated by testing the
sewage samples for temperature, hydrogen-ion concentration
(pH), dissolved oxygen, biochemical oxygen demand, relative
sfability, alkalinity, free ammonia nitrogen, nitrite nitro-
gen, nitrate nitrogen, total solids, total volatile solids,
suspended ao;ids, settleable solids, chlorides, and sulfates.
The results of these tests were to be studied for efficiency
determinations and for possible correlations of degree of
efficiency with varying sewage flows., .
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THE INVESTIGATION

Quantity ‘of Flow: The amount of ﬁéw&g.a flowing through »
& given system will depend on the sime of day, rainfall and
infiltration, industrial wasbte loadings, constant or variable
populations, and other factors. The variations ingflaw
ﬁausaﬁ by these factors may strongly ﬁﬁf;uenna the éffiai~
ency of the treatment process; therefore, correlatlon of

the flow with plant pﬁrfarmam@a is important in predicting
future plant performance.

Temperature: The tamper&hﬁra of sewage is impérﬁant'
because it causes changes in the blological activity of
treatuent praa&saaﬁ,“iﬁanaaQ various ﬂagr%as of solubility
of aiaamivad.axﬁgang and affects the viscosity and thus
influences sedimentation efficiencies. Temperatures may
be influenced greatly by varying amounts of industrial
wastes. Domestlc sewage temperatures are usually higher.
then atmospherle temperatures, but the reverse is true
during the summer m@ﬁﬁhsa

Hydrogen~ion goncentration(pH) indicates whether sew-

age is aeld or alkaline. This test is especlally important
in plant control and has recently been used in combination
with alkalinity values to indicate plant performance.
Optimum pH values are important for greater activity of
organisms in bielogical processes.

Dissolved Oxygen is the amount of oxygen dissolved in
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a2 liquid, and the chief value of the test 1s its use as a

part of the bilochemical oxygen demand tests D.0. values rep- .
regsont assets of a stream or effluent, which are reduced or
depleted by pollutional loads.

Biochemical Oxygen Demand is defined as the awmount of
oxygen required to stabilize the organic material of a sample
by bacterial action., The test i1s used to compare the
strengths of various wastes, and the reduction in B.,0.D. is
generally considered the best criterion of effective treat-
ment, ‘

The Relative Stability of sewage is expressed as a

percentage and is the ratio of the oxygen avallable in a
sample to the total oxygen demand of thg sample, The test
has lostvmﬁch of its significance and hasvbeen replaced to
a large degree by the B.O.D. test, but it 1s still used in
many small treatment plants.

Alkalinity in sewage is caused by the hydroxides,
carbonates, and blcarbonates of various elements, the most
common of which are calcium, magnesium, sodium, and potassium.
In the past unless abnormal alkalinitles were discovered, the
test had little significance, but it is now used to some
degree in determining the effectiveness of oxidative treat=-

ment.

Free ammonia nitrogen is a reduced subsbtance resulting
from the bacterial decomposition of organic material., Con~-
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centrations are usually high in stale sewages, and when
gombined with organie nitrogen determinations, the tobal
coneentrations serve as & measure of the strength of sewage,.

Hitrite Nitrogen is not a stable form of nitrogen, and

its presence in sewapge indlicates that oxidation to nitrate
nitrogen or reduction to amonia nitrogen is occurring.

Hitrate Witrogen is the most stable form of nitrogen
in sewage and large concentrations of nltrates indlcabe
that nitrificatlion has occurred through the oxidation of
ammonia nitrogens The presence of this stable form of
nitrogen in sewage plant effluents may or may nol be con-
sldered desirable, \

Thﬁ Dotal Solids wmnﬁent, which represents the residue
of a sampla after evaporation, 1s one of the oldest indi-
cators of the strength of sewage: Separation of tha solids
from the liquids 1s the first basic process of sewage treat-
ment, and the bbtal solids test 1s important in determining
the efficieney of the process.

Volatile Solids furnish a measure of the quantity of
organic material in thg.total golids, the remaining portion
consisting of mineral matter. In sewage treatment, the
volatile solids are of greaber concern than the mineral
matter because they undergo decomposition, ‘

Suspended nm;g“* are those that are not dissolved in the

4

liquid and can be removed by filtration. Suspended matter
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removal values are important in determining sedimentation
efficiencies and are used by many investigators along with
B.0D, removals as the usual measures of sewage treatment
efficiency,

 Bettleable Solids are those that will settle to the
bottom of settling devices 1in a given detention time, while
non~settleable sollds will not settle under any conditions.
‘ Settleable solids are most importent in determining the
'vefflaianay of sedimentation tanks, as it 1s the purpose of
these tanks to separate settleeable solids from the ligquids,

Chlorides are inorganic lons found in sewege that are
not affected by sewage treatment, and the concentrations of
the water supply are increased by urine and industrial waste
and decreased only by diluting water. Concentrations above
those of the water supply may be used to indicate the
strength of the sewage.

Sulfates: Sulphur compounds in sewage are readily
oxldized to sulfates through the treatment process and sul=
Pabes oan baireduced in sewage with the formation of the gas,
hydrogen suifide. Tests for sulfates may be used to indicate

the effectliveness of the oxidative treatment.
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Sampling
In any efficlency study similar to this investigation,

the sampling procedure is of utmost importanaé. BEven though
the accuracy of the analytical work is good, misleading
results will be obtained unless representative samples of
the wastes are obtained.

The most common sampling procedure used by investigators
ig the eollactiancm'compcsitg semples over a twenty-four
hour period. The composite samples consist of individual
samples collected at intervals during the twenty-four hours,
with the volume of each individual sample collceted propor-
tlonal to the aawﬁga flow at the time of sampling.

The distance to the treatment plant from the Sanitary
Eng&n@aéing Labaratc:y and the time and persomnel required
for composite samples necessitated the use of "eoatch" samples
in this invesblgatian; These "cateh" samples éaﬁe collected
during periods of maximum fl@w;, as ﬁrevious investigations
have shown that the strength of sewage, or the 1maﬁ1hg, is
generally greatest when the flow 1ls at & maximum.. The ag-
sumption was made that satlisfectory operation at maximum
flows would indlicate satisfactory operation at all times.

A study of flow charts at the sewage pumping station
revealed that maximum flows for a twenty-four hour period
occurred between twelve and one o'eclock of each day, with

the flow remaining almost constant for several hours before
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reaching the maxirmm, ﬁama@quanﬁly,‘ana olelock in the

af ternoon was chosen ag the most sultable gsampling ﬁima.
Since the sewage would likely be more concentrated during
niddle-of-the-week days when a majority of the VPI students
were on the campus, most of thé sampling was done on a Wed-
nesdey or Thursday.

When the time of flow is known, the same "slug" of
sewage can be sampled at all of the sampling stations by
simply walting until each of the flow times between stations
has elapsed., The time of flow of the sewage through the
various treatment units concerned in this study was unknown,
and some adjustment of the sampling procedure was desirable
to compensete #or this factor. The only possible adjustment
seenmed éo be tﬁe féct that the sampliné time was preceded
by several hours of neer constent flows. From elght AuM,
until one PoM. of each day the flow variations were very
slight, and this long period of practically constant flow
was assumed ample to allow a sample of near the same strength
to be collgcted at all sampling stations,

‘ Four sampling stations were established as shown in
Pilgure 1. Station Number One was located at Manhole Number
One and the sample at this station cansiated of the raw sew-
age influent. Station MNumber Two was loecated just beyond
the overflow weirlof ths'primary clarifier, Station Huﬁbar
Three was mat&bliéha& gt tﬁﬁ end of tﬁa collection channel
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Figure 1. Locations of Sampling Stations.



~Station 1

Station 2

Plate 2, Sampling Stations for raw sewage and primary effluent.
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"Station 3

Station |

Plate 3, Sampling Stations for trickling filter effluent
and final effluent,
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‘of the trickling filter, The final sample consisted of the
plant effluent and was collected at Stetion Number Four in
the welr trough of the secondary clarifier. These statiaﬁa
were selected so as to make posaible a comparison of raw
sewage, primery settled sewage, trickling filter effluent,
and final effluent.

At each station one-half gallon of sewage was collech-
ed in a wide mouth tin sampler, which was designed for
regular use at the disposal plant., These samples were
placed in tightly covered glass jars and conveyed to the
Sanltary Engineering Laboratory immediately upon collection.
Analyses were started upon arrival, and bLhe remaining por=
tions of the samplss were preserved by refrigeration at near
freeziné temperatures, 3ince all of the analytieal work was
done by the author, it required several days to complete &
single run., The B,0,D, dilutions were made and incubated
first, and the solids tests were the last to be.campletad.

At the same btime the jar samples were collected in the
fleld, additional samples were sollected for dissolved oxygen
and relative stabllity tests and much care was taken to aveld
aeration, As soon as each sample was taken, the reagents
for dissolved oxygen and relative stabllity tests were added
to the bottles in the field. They were then conveyed to the
laboratory, whareﬁtpp‘ra;ativa atabil;ty bottles were incu=-
bated and the disgolved oﬁygen tests were completed.
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procedures used in the analyses were bhose recommended by

The Standard Mebthods for the Examination of Water and Sew-

age (1), and the meny steck and standard solutions needed
for these tests were prepared by the author, Some of the
saluﬁions wore preserved for only short periods of time and
had to be replasced at intervals during the testing period.

The author became familisr with testing procedures by
using trial runs before actual test runs began. The neces=
sary modificatlons, along with time limitatlons, caused
delays in beginning d1aao1ve& oxygen, biochemical oxygen
d@mand;'ané sugpended solids tests. T@is was regretable but
unavoidable ‘

It was felt that the color comparison tests for the
various forms of nitrogen were time consuming and diffieult
to perform accurately by visual comparison; therefore, it
was deeclded to use a Flsher eluaﬁraphatﬁmetav for these
determinations. Stendard solutions were made containing
various concentrations of free ammonia nitrogen, nitrite
2 nitrogen,'aﬁd nitrate nitregen.  The necessary reagents were
added to pwaduéa the color reaﬁtioné, and readings were taken
on the electrophotometer. These readings were plotted agalnst
congentrations to produce callbration gurves, In each case

it was necessary to maie several abiempts before a satis-
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factory curve could be obtained. The electrophotometer was
used in all @f the sewage examinabtions, and nitrogen cone
centrations were obbtalined from the calibration curves,
Several B.C.D. tests were made using both a standerd
labopatory dilubion water and water from Stroubles Creek,
collected jush above the entrance of the disposal plant

effluent, with e following resulbas

340404 Using / Ba0usD, Using
Creek Dilution Vaber Laboratory Dilution Vater
Sample # 1 swsnw 208 ppm. 220 ppoe
Sample # 2 seses gﬁﬁ oL, 110 ppm.
Qﬁiﬁpl@ é“‘ g L i:?})in« %% DPite
wmiﬁ %éﬁ- seens I!«Q Prias W DPile

Pheke ALfCerences wise sonildeved Suslgniftcant and
a decision was made to use the creek water in all B,0.D.
dilution work. The water always contained a high dissolved
oxypen content that stabilized near seven parts per million
after a few days storage.

Recording the sewage flow was the initial step of each
saapling run. The flow is recorded continuously in the
VPI sewerage system at the pumping statlon, loceted near the
college lake, and is neasured in terms of million gallons
per day Ly a Xennison Nozzle meter.
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The atmospherlic temperature was measured at a helght
of four feet from the ground.
Hydrogen~-ion concentration was determined by the use of

a portable Beckman electrometer which was standardigzed with
a buffer solution of pH 7.0 before each run, Electrodes
were cleaned before each immersion, and temperature adjuste-
ments were made as the pH of the sample was determined.
Dissolved Oxygen was determined by alum floceulation of
the ecollected samples, followed by the sodium~azide modifie-
cation of the Winkler method. The flocculation was necessary
to remove interfering sewage solids in all samples except
the final effluent. :
Biochemical Oxygen Demand samples were prepared by using
the foilawing dilutions: 1,0 and 2,0 percent for Sample No.
1; 3.0 and 3.5 percent for Sample No. 23 and 10,0 and 12,0
percent for Samples No. 3 and L. The sodium-azide modifica=
tion of the Winkler method was used for the dissolved oxygen
tests, which were run on each dilubtion and diluting water
blank before and after incubation for five days at 20 degrees
C. The residual chlorine in Sample No. li was so amall that
dacﬁlorination was not necessary, but it was seeded with one
ml, of primary settled sewage.
The alkalinity was always entirely bicarbonate, as
phenolphthalein gnd;cgtqr produced no color in the samples.
Ammonia Bitéoggn was determined by direct nessleriza-
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Ltion rather than dlstillatlon,
E:Lg ate Nitrogen was debermined by the phenoldisulfonic
acid method. ' '
Setileable Solids were measured by volume in an Imhoff

GONe «
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Results

Flow: Average sewage flows by months during the sam=
pling period are shown in Figure 2 of the results. The
maximun average monthly flow occurred during the month of
April and the minimum in June, with the values ranging from
1,200,000 gallons per day to 170,000 gallons per day. The
average flow over the entire sampling perlod was 700,000 gal~-
lons per day.

The extremely high flows that were recorded in April
indicate that flows may possibly be related to rainfall in
the VPI sewerage system.

* Demperature: The temperatures of the atmosphere and
aawéga; varied as expected, as shown by Flgure 3. CGreat
ehangaa in the -atmospheric temperatures over the sampling
period induced only slight changes of sewage btemperatures,
and the atmospherlc temperatures were less than the sewage

temperatures in winter and greater in suumer,
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Table I « Flow and Temperature Results

Temperature (deprees centigrade)
ample Number
Date Plow (mgd) Atmosphers | £ | 2| 3] &®
January 10 52 1, 18 |15 |12 |12
g 27 w | |3 (B8
2l +61 11 18 |15 |13 | 13
3l gt -3 8 133 13132
Average .gl ‘ 9 18 12
February 7 1.0 0 12 121l
" % 23 |1 15 |W)
21 92 1% 13 (13| 13
28 +69 . 8 18 (35 (13|13
Average 82 1 15 13
Mapeh 7 +75 23 |17 |36 |16 |26
April 8 1405 6 |1 1131
12 1.80 v 1% 13 |33 3
19 1.00 16 1 .o | w=
26 300 - i 26 120 118 |18 | 18
Average 1.2% 16 i1 5 .
Me; o | T 85 . ¢ |20 |19 |19 | 19
4 1% .72 g“\ 20 |20 |20 | 20
17 +65 2 21 |20 |20 | 20
Average o Tl at . 20 20 .
June 15 «50 ' 26 21 (20 |20 | 20
2| & i 522
&vwag& A7 2 % | il
July 2 .50 | 22 g2 ez |22 | 22
*gﬂ - e - - - - -
11 60 27 23 |23 |22 | 23
12 19 27 23 |23 |23 | 2¢
13 o1l 26 %& gﬁ 23 2&
9 o116 32 2h |2 |24 |24
Average 119 a8 3 23

# The sample numbers 1, 2, 3 and k indicate raw sewage,
primery effluent trickling, filter effluent, and
final effluent.
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Total Solids and Volatile Solids: Although the value
of results in terms of percent reduction is quaationnd,rparw

cont reductlions are presented in thls investligation for two
particular reasons: first, it was anticipated that the vari-
abions in percent reductions would indicate the eff'iclency of
he treatment plant at various flows; secondly, the percent
reductions may be helpful in future studies of the VFPI Treat~
ment Plant.

The results in Table II indicate that approximately one-
half of the totel solids in the plant influent (Sample 1) are
volatile{orgenic). The reductions that Tollow were caleculated
from the average manﬁh;y va;uaa of total_§nd volatile solids.

Month - Flow (mgd.) Overall Reduction ()
(Ever.) Total Solids  Volabile Solids
January +61 L7 ‘ i
Pebruary 82 38 a%
March «75 , 7
ﬁg;il 1,21 gO Z%
. .
July oy 4 75

Although the average reduction in total solids is only
38 pereent, the reduection in volatile solids ls much greater,
the average value belng 68 percent. There appears to be no
correlation between the percent reduction and the flow,

The average monﬁhiy values of total and volatile solids
are plotted in Figures i and 5.
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Table II = Total Solids and Volatile Solids
(Parts per million)

Total Solids Volatile Solids

Date Flow 2 " 2 | L+ b e
January 10 52 750 | 651 | 1483 353 | 2 111
17 57 1223 | 956 %6 ‘ ﬁsg %%g 50

2l | J61 787 | 628 38| 199 |1

31 .ij 983 536 0201 | 8
Averag +61 951 | 689 8 307 | 206 101v
Februsry 7 | 140 970 | 823 | 827 620 | 287 | 130
wdt “+ 768 | 613 | B9 | 223 | 186 | 39

Sk R

Averagé :82 | T 68l ﬁga 362 | 221 %%
March 7 «75 692 | 617 | 4L 334 | 174 | 85
April 5 | 1.08 6 92 | a7 g0 |373 | 78
12 |1.80 550 | 529 | 361 1% | 142 | 22
19 | 1,00 29 | 507 | S 29l 255 —
26 | 1.00 586 | Lus (u2s |- 190 | 182 | 88
Average | ls21 61 | 4193 | 377 250 | 189 | 73
May '3 | 88 570 | 456 |hos * | 181|112 |119
10 | <12 723 | 636 | 14187 260 | 182 |112
17 | 65 682 égg 1,86 272 | 251 (179
Average % 660 | 589 | 4159 238 | 182 [137
June 18 .ED 727 | 617 | 179 267 | 171 | 68
21 oli6 225 573 | 440 315 | 241 | 165
28 oli5 57 | 652 % 270 [ 236 |12
Average 7 703 | 61 | 447 28l | 216 |125
July 2 .Sg 725 | Shhy | 17 372 | 219 (125
11 | 450 as1 | 519 | L6 410 | 192 | 93
12 | 49 530 hS% 65 77 | 157 |127
1% N 5% 5% 68 59 | 197 | 57
1 6 856 | 66 | h22 196 | L0 [111
19 | 46 737 | L0 | L36 296 [ 131 | 9k
Average o119 797 | 495 hBS 401 | 173 [101

# The sample numbers 1, 2. and L indicate raw sewage,
primary effluent, and final effluent.
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Settleable Solids and Suspended Solids: Imheff and Falr
(18)state that the performance of sedimentation tanks is gen-

erally considered satisfactory if the plant effluent contains
not more than 0.5 ml. of settleable solids determined by an
thcff.00ﬁ£4 Using this criterion of efficleney, the results
of Table III show that the settleable solids content of the
final effluent was cantinually‘satisfactnry and the sedimen-
tation efficiency was exceptionally good dﬁrin@ the low summer
flows, _

The reduction in suspended solids was greater at low
flows, as shown by Table III and Figure 7, and superior efflu=-
ents were produced along with the greater percent removals.
The average overall ra&uatién in suspen&aé solids was 8l per
cent, and the monthly average reductions are shown by the

following figures.

/ “ Reduction
Month Plow (mgd.)  Overall Reductlon($) through
ver.) Suspended Solids Prim, Clar,
April 1.21 ! 32
May .717; y 30
June b 1 8l : 33
July 119 92 59

The "unloading” or "sloughlng off" of a trickling filter
usually oceurs in the spring of the year and is caused by up~-
ward temperéture changes following long cold periods. Great
quantities of solid matter that have been stored in the filter
media are released along with the bacterial jelly of the filter.
This unloading was observed on May 10 and was responsible for
the settleable solida results of the tfiakling,filter efflu@nx
on that date,
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Table III -~ Settleable Solids and Suspended Solids

Date Flow Settleable Solids Suspended Selids
: (ngd) . m%;/] iTter L " (ppe) L
> , i ‘ %
January 10 52 i | b -é.. - g .%- ———
17 57 wos | e | - —— el I
2& 061 9.0 10% 05 05 e it itk
31 «75 . | 10,0 | O, 240 -& wmw | | -
Average +61 945 | 1.0 2.8 . e | | -
February 7 1405 3.0 1.7 0.8 05 W | W |
lu 060 6.2 1,0 | 2.0 ;2- TR | | e (]
23 +92 540 | 18 | 3.0 5 el B
28 «69 940 | 05 | 345 2 e | wo | w——
Average +32 568 | 143 a.3 oL - | ——— | ——
Mareh 7 075 500 1;8 20 .5 s | o | ———
April 5 1.0) 6;0 0.2 | 0.2 e OO Mo R 1ot
12 | 1,80 8.0 LeO | 045 | & o | |-
19 |1.00 0 1.}3 wiiw |wws | 382 1393 | 33
26 |1.00 6.& 0.8 | 043 | «2 192 1215 5,5
Averaga 1«21 Su lqé 0.3 Q3 189 12 39
ﬁ&y 3' .85 805 112 1.0 dh 17& 110 9
10 o712 6,0 | 1,1 22,0 | +2 2% 172 &g
17 ob De0 | 240 Gcg o3 182 1136 | 3
Average wi Te5, | Ll | 1o 3 399 |3139 39
June i +50 5&0 Bal 006 ﬂé 266 1?8
2§ -46 SQS 0.8 . e 228 158 gg
28 115 6.3 247 | Ou X 190 |121

Average ‘h7 5. 2e2 3 228 152 37
July 5 150 9.0 240 ‘Oba 'l 306 162 28
6 «50 el Bl T B 308 | 68 | 12
21 +60 1340 | 245 | 045 | «1 36l |278 Z%

3 | 8|3 28 0.3 | .1 338 (340 | .
13 | JB% | 30.8 o.ﬁ Gel | o1 ﬁ36 8 | 16
17 o116 740 | Ouli | Ol [Tws 308 | 84 | 20
19 ! ohﬁ 705 242 0.3 ol 26& 1&0 12
Average 119 Qo7 | 3eT 103 | ¢ 331 (137 | 27

# The sample numbers 1, 25 3, and I} indicate rew sewage,
primary effluent, trickling filter effluent, and final

effluent.
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B.0.Ds and Relative Stability: The average reduction
in B.0.Ds through the primary clarifier was 30 percent, and
the average overall reduction was 83 percent. The results
shown by Figure 8 indicate that removal efficiency increased
as flow decressed, as & superior effluent was produced even
though the strength of the sewage was greater. Relative sta-
bility results compared very well with corresponding B.0.D.
results and Figures 8 and 9 show that the stability of the
effluent increased as the B,0.D, removals increased.

The B.s0uDe of the trickling filter effluent was very high
on May 10, and this high value was prababiy caused by the
"unloading" of the filter on that date. B.O.D.: reduction
values through primary clarification were very low in the
month afzﬁay and averaged less than one~half of the same

values for June and July.

Mionth  Flow  Aver. Ba0uDs ﬁadueﬁian  Aver, Overall
) : : 1€ Bi0sDs RO&“@& ieﬂ

May . go%
June th? 9‘#
July ol 93%



Table IV - B,0.,D. and Relative Stability

Lk

Date FPlow BeDebDo Hel. Stabill‘;ﬁ}{
(mzd. ) ppm (%)
1] 2 |3 [ 4# 1] 2] 3| 4=
January 10 52 | wm=| mew |eee [eee | 11 |21 |30 37
17 57 wwe | won | oss | ees | <11 <11 | 37 | 37
2l 61 | emw| con | v [wwe | <13 k31 |11 122
31 o715 wew | wow |owe | wws (<11 <13 | 37 | 37
Average o6l | con | won |wee |owe =11 l21 (29 |33
 |February 7 1405 | ==e | wme |oee |==e | 11|21 |21 |22
1y <60 mm | o | o | - 43| A& | 231 &3
21 «92 o | wwe | ome | eee (<11 K]] (21 | 21
28 69 | emm | voe |oen |wee (<11 F11 |60 | 63
Average .82 wom | wew | oeew | eee  Z173 <11 | 31 | 33
Mareh 7 75 o | wow | vee | e <77 k1] |68 | 68
April 5 1.05 188 | 124 12 Lo |<11 #11 |75 | 80
12 1,80 200 | 120 h% 36 11 111|178 |96
19 1.00 | 275 | 116 L 25 11 |11 | == | ==
26 1,00 190 | 118 L3 39 =11 €11 |80 | 8L
Average 1.21 188 (119 | 52 | 35 |=<11 «11 |78 | 87
May 3 85 [173(113 | 29 | 25 |<11 k11 (98 |98
. 10 o 12 161 | 133 |181 93 |<1l K11 (21 | 21
17 .6E 165 | 150 8& 32 |=<11 ¥11 |68 | 68
Average My 166 | 132 1| 50 |[=<11 €11 |62 |62
June 15 «50 240 | 105 | 32 | 258 |<1l1 (11 |99 |99
21 16 19 110 25 1 <1l L1 |99 | 99
28 15 218 (130 | 28 | 25 |<11 #11 |99 |99
Average U7 217 [ 115 | 28 | 23 |<11l «11 |99 | 99
July 5 «50 195 | 126 | 30 | 21 [<11 ¥11 |99 |99
; 6 «50 256 92 4 13 |=<11 ¥11 |99 | 99
11 60 | 226 128 | 3 ug <11 ¥11 |99 | 99
12 B9 265 (131 | 31 | 16 |=<1l f11 |99 | 99
13 Ml | 246|125 | 25 | 16 |<11 {11 (99 |99
iy ) lib 218 | 14y | 45 1% <1l 11 (99 | 99
19 U6 242 | 117 | 37 | 18 <11 %11 (99 | 99
Average 49 | 235|123 | 33 | 16 |<11 ¥11 |99 |99

# The sample numbers 1l; 2; 3, and l} indicate raw sewage,
primary effluent, trickling filter effluent, and final

effluent.
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PH and M.O, Alkalinity: The average pH of the raw

sewage was 7.l and this value increased through the stages of
treatment to an average value of 7.7 in the final effluent.
M.04 Alkalinity values of the raw sewage and primﬁry :
afflnént were approximately the same, as were the values of
tha'triekling filter and final effluents. The reduction in
alkalinity occurred primarily through the trieckling filter,
éhe average value being appréximabaly 19 percent, and the
average raduatiané through the filter by months aré ahn#n

by the following figures.

lonth Flow % Alkalinity Reduction

: (Aver.) ~ through T. Filter
January ' el T 13
February .82 17
Mareh i : . 75 : i 10
Mey B 7’4. 22
July 49 37

Although the values of alkalinity reduction through
the trickling filter were much greater at low flows, no
definlite relation was found to exist between the quantlty
of flow, and the percent reduction in alkalinlity.



Table V. = pH and M.0, Alkalinity

Date
January 10
17
2l
31
Average
February 7
Uy
21
28
Average
March 7
April 5
12
19
26
Average
May ‘3
10
17
Average
June 15
21
28
Average
July 5
6
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n.%
Average
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1
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02
12

290

sha
306
380
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27l
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2
263

1,02

3%&

:
5 3

2
i

276
210
296

316
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290

251,
19k
218
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2h2

2t
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3%?
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# The sample numbers 1
primary effluent, tr
effluent,

3, and l} indicate raw sewage,
ing filter effluent, and final
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Ammonia Nitrogen, Nitrite Nitrogen, Nitrate Nitrogen,
Dissolved Oxypen, and sulfates: The results in

Table VI and Table VII show that the nitrogen determinations
were somewhat irregular, and from a plant efficiency view-
point little was gained from these tests. The ammonia nitrogen
reductions through the treatment plant and the inereases in
nitrates are illustrated by Figure 12 and Pigure 1, and these
figures clearly show that nitrification of ammonla nitrogen to
nitrates was practically non-existent during the winter months;
however, the nitrates were greatly increased and the ammonia
nitrogen greatly reduced in the spring and summer months,
Since nitrates are considered indicators of stability, the
plant effluent was much more stable in the spring and sumer
than in the winter. Thls conclusion checks well with the
results éf relative stabinity tests, which showed great
increases in stability from winter to sunmer.

The tests for nitrites revealed greater concentrations
of nitrites than are usually encountered in raw and primary
settled sewage, and these concentrations could not be scecounted
for. p ‘

The dissolved oxygen values were the least variable of
the test results, but the determinations were made only from
April to July. Th@ raw sewage was always depleted of dis~
solved oxygen, which iﬁdiéataa the sewage was stale, but the
final effluent oontagt’avgragad LeS pa?ts per million and was
apparently very séablﬁ.
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The sulfate results seemed very erratic, especially during
the months of least efficiency. In June and July the sulfates
were inscreased slightly through the treatment process as sul-

phur compounds were oxidiged To sulfates.

Ghlmrid@as The plant influent and effluent were analyzed
for chlorides to determine differences in strength of the
gsewage. The results of Figure 17 show that the plant influent
was conbtinually slightly atr&nger than the effluent, but the
variations were small and a sewage of very nearly the same

strength was sampled at all the sampling stations,
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Table VI, -« Ammonia Nitrogen and Nitrite Hitrogen

v

Date Flow Ammonia Nit., (ppm) | Nitrite Hit.(ppm)
2] 21 3| ke } 11 & 13 | L&
January 10 452 st Kitvsbonsiol Rttt beidhotading sl il M ) s
17 «57 | 19.0(16.9|13.8 |12.6 oiB| «39 | 451 | 450
% 061 21:1‘. 2...4_; 160@ gg’l v30 J..La ‘51 "14-3
31 «75 | 16.5[2041|12.2 [19.4 | +21| .20 ¢&5 23
&varage 61 19,0 EQ-B 1&;2 170& «33 t}h 46 w39
Pebruary 7 1,05 Fe8 2141 |17:6 |62 | 17| 416 | 422 | 421
21 92 | 15.0(22.2[20.1(|18.0 | 30| .42 .&% « 30
28 69 | 22,3 21,0 23.3 (39,7 | A7 .22 | 428 |33
Average 82 | 1611(2243 (1947 (1849 | 42L| «26 | 433 | «29
March 7 oT5 | 1840|1742 (1641|1646 st 27 |+30 | 27
April S | 1,085 | 12.8|3.2 [12.3123.4 | o3| 49 | k8 | Jbo
12 1.80 uoﬁ 9;8 3.2 8e2 n%% 33 %hé ‘Bh
19 | 1,00 | 12,8152 |sws [wawo .aﬁ 3 | eon | ae
26 1.00 130Q 1302‘ 7;8 8.2 T el &&7 a59 [} 3
AV@I‘&gﬁ 1.21 ll.{} 1301 9&’4- 909 13’-{. '}-‘Al 50 . 9
Me; : e85 | Uyl |1846 [11.3[12.2 | J4O| .53 |«80 | .78
. 13 72 | 24,0|18.6 | 7. 16.%‘ «20| «37 |+85 |56
17 +65 | 21.0(19.4 | 9. 9l A :i? +65 | +T1
Average oTh | 1948|1849 | 945 (1345 | 26| 43 |77 | 468
June 15 o500 | 12.5|17.6 | 76| 648 223 (1422 | 459 | 57
21 16 | 16,2 %3.2 .2 l%.a +Ol| «50 [+29 | .28
28 i | 21,8 (1846 | Te8 | Be2 | «07| 20 [oLi3 | o443
Average oh? 16.8 1615 99 | 969 ell -6& " .kB
July g .Sg 2640|2048 | 4+3| 048 | 405|1455 |425 |13
1l +60 | 274512342 | 642 | 341 «09 (2,10 |32 | +30
12 ul&ﬁ 260% L-G ﬁ &.2 2.3 310 dtOD b}h—. 030
13 Bi | 25.820,0 | 546 | o0 | +32|2.30 432 |32
o W6 | 2645|1846 | o0 | 169 | «13(3.20 |35 | 425
19 | 46 | 12,2115.8 | 347 | he® | o2 |1426 |50 |50
AV%P&@@ .h? éubl 1@09 &n? 208 :lu 2,02 035 c30

# The sample numbers 1, 2, 3, and I} indicate raw sewage,
primary effluent, trickling filter effluent, and final
effluent.
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Table VII - Nitrate Nitrogen and Dissolved Oxygen

Date Flow Nitrate Nit.(ppm)| Diasolved Qxygan(ppmﬂ
o b ouil D /T A T i
January 10 | .52 i s e === [=o= ===
17 oS? 038 065 100 lua - itk kit N
Zu o61 030 »hﬁ 085 tls el B s T |
31 075 20 |od1l |10 (.10 " il WS | .
Average 61 e29 [oJ40 665 |148 o | = | wm—e——
February 7 1.05 015 .80 «20 105 M]S| e
60 080 +60 |20 -30 il R B i ol Wit
24 .92 aag *73 t?ﬁ a?S i 00 A Pt i
28 a69 -75 065 1.2 2(1e " i clet] W o Wi
Average 82 ¢63 [sT0 |46l |9 e el B et
Mareh 7 q75 073 055 +20 018 Lol I il B
April S 1005 323 .28 ‘15 1.7 0 03 305 &91
a2 1'80 1‘h Lel|240 (2.2 0| «7 QQB 456
19 1.00 t%g 070 o i e O 105 u.? hog
26 | 1,00 | .15 [s20|+25 3. 0| 8| 3.9 (ke
Average 1.21 ¢67 156 80 |2, 0 .8 @-l &p5
May ] 3 085 60 1.2 05 o7 ’ 5 28 uol &‘
.‘10 .ZZ 20 l¢3 %05 Joa 0 02 u.u htg
17 . «27 120 |Ls7 |5s 0 .Z 309 Le3
Average .7 t36 1.1 502 5. 0 . " kaS
June 15 050 20 108 65el 6.5 0 05 h.O hos_
21 oué als 020 .2& 020 0 03 3'3 uOS
28 415 +20 (415|425 (418 0] +9 | 3¢7|kted
Average 7 18 (671242 (243 0| +6 | 347 Lol
July 5 050 .15 018 0]-3 5&8 0 06 LLOS Lfa'?
6 .50 o [ | e | O «7 | LeT|lte9
11 | 60 | «27 [¢20].20 {o20 0| o5 | o2 |liely
12 119 e15 (415|548 |57 0| o7 | LelllLioh
13 4l | 425 [435.35(5.0 0| o | Lhe2|led
17 ) +10 (410 16+0 |64 0| «7 | 5+0|5e2
19 .ué +10 |10 5.8 5.0 0 '5 u.u u‘%
Average 49 e17 |613 (340 |l1eb O «6 | Laly|lte

# The sample numbers 1, 2, 3, and I} indicate raw sewage,
primary effluent, trickling filter effluent, and final
effluent,
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Table VIII - Sulfates and Chlorides

Date Flow Sulfates (ppmn) Ghleridaa {ppm)
e 1 2 kT
January 10 | .52 222 | 1L | 1645 26 I
17 | «57 3he7 | 2242 | 2542 51 | 41
2h | «61 311 | 1743 | 2348 b L1
31 | .75 32.9 | 33.0 | 33.0 5 1 hi
A‘V@raﬁa uél 30.0 21.0 25‘0 ha Ll-l
Pebruary 7 |1.05 3648 6;.5 26.9 Lo 38
g U | .60 15, 3 16. 1645 L6 33
21 | .92 lili o0 22,7 28 22
28 | +69 17.8 E .7 2840 L3 27
Average | .82 29,0 | 0.0 | 24140 39 30
March T | «75 30.5 | 35.9 | 26,6 | 34 28
April 5 1.05 20 2&0 31 2 3 2
v 12 |1.80 Soct|ieh (3509 | 17 | 38
19 1.00 33.0 1609 iy 25 18
26 1.00 . 18.3 l%a‘ 2&.6 26 Zh
Average |l.21 23.0 | 18,0 | 2740 25 20
Ma: ’ .85 41.0| 176 | 22,2 2 0
uf 13 72 21,1 | 16.5 | 2545 gé 1
17 | «65 15.9 | 1044 | 145 35 30
AVQ?&@& o? 2640 15.0 2140 3& 3&
June 15 50 15.9 | 20.6 | 25.8 27 21
21 | 46 13.8 | 17,k | 184 70 | 29
28 | .45 12,7 | 1943 | 20.0 ag 39
Average | o447 11,0 | 19.0 | 2140 29
July g .gg 13.3 | 184 | 2146 26 37
11 | .60 19.8 | 18.1 | 22.1 771 | 28
12 -h? 12,2 | 19.1 | 20.1 gl 32
13 | 42 16,1 | 17l | 2347 3 52
17 | b 2h.2 | 28, 32.6 26 51
19 | A6 13.l | 17401 1942 L6 29
Average | W19 17.0 | 2040 | 2340 1LO 38

# The sample numbers 1, 2, 3, and L indicate raw sewage,
primary effluent, trickling filter effluent, and final
effluent.
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tream and Plant Chservations

Several trips were made along Stroubles Creek during the
study to observe the condition af the receiving stream, and
with one excepbtion the strean appeared as clear below the
entrance of the treatment plant eifluent as it did upstream.
.Eaaanaa of maintenance work on April 19, sewage was being
bypassed from the primary clarifier, and a very turbld con-
ditlon was noted in thé receiving stream on that date,

Dissolved @x&gan tests were run on the stream, and same
ples taken above the entrance of the plant effluent were
always found to be saturated, while at a distance of seventy=
five yards below the entrance of the plant effluent, the
avéragarn.ﬂﬁ content of the samples ﬁa§ 7.0 parts per million,
on April 19, the D.O. was 5.6 parts per million below the
entrance of the plant effluent. |

At each observatlon minnows were present in the stream,
although they were observed in much greater numbers upstreanm.

Maintenancge appeared to be very satisfactpry throughout
the treatment works, and cleaning, painting, and repairing

operations were frequently observed.
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DISCUSSION OF RESULTS

The author realizes that even under the beatbamndiﬁieﬁs
efficiency studies similar Lo thia investigation are subject
to meny discrepancies and that it is impessible to analyze
the previously presented results for exact effielency deter-
minations of sewage treatment units. OSewage characteristics
are quite variable from system to gyetem or in a given system,
sampling methods are not standardized, standard analysis
procedures are not always used, and many of the standard pro=-
cedures are in need of improvement., These and other factors
make 1t very difficult to reach definite conclusions in
investigations of thia typa. »

In splte of these handicaps, hmwevar, the author believes
thﬂﬁ thie results of this ghudy can be ‘used to good advantage
in obtaining the performance of the units studied. This can
~ be accomplished by the comparison of sewage content reduc=
tions wii:h those generally expected through the various units,
by comparison of performances with treatment plants similar
in design to the VPI plant, and by the use of common obsepr=
vations.,

Primary Sedimentation Efficiency

The removal of suspended solids by primary settling 1is
generally expected to range from L5 to 60 percent for do-
mestle sewage. B.0.D. removals vary from 25 percent to a
usual maximum of;uﬂtpéréeht, unless detention periods greater

than two hours are used, and setitleable solids removal values



6L,

gshould always exceed 80 percent. J

The suspended solids results show that removals were
eonsiderably lower than the expected L5 percent for a large
part ol the study, but they inereased with the summer months
and reached 59 percent in the month of July, with the lowest
percentage removal occurring during the month of May., B.0.D.
removal values ranged from 37 to 48 percent with the ex~
ception of the month of May, when only a 20 percent removal
was atbained, and the B.0.D, removals were also highest in
the summer months., Settleable solids were reduced by volume
a minimum of 93 percent in February and a maximum of 99 per=-
a#nt in July.

loore, Smith, and Ruchhoft(23) made an efficliency study
of a-doﬁesticwsawﬁge dispesal plaﬁt aé Centralia, Missouri,
that employed practically the same treatment process that is
used at the VPI plant, and the efficiency of the Centralia '
plant was considered excellent. Diffevences in B,0,D. re-
moval through the primary clarifier were slight, and the
values ranged from 26 to 50 percent at the Centralia plant
as compared with 20 to L8 percent at the VPI plant. Sus=-
pended sollids removal was exceptionally high at Centralia,
with removals of 61 to 7L percent as compared wiﬁhx3o to 59
percent at VPI.

These reaults indicate that the primary clarifier was
least efficlent in &pril and Hay, or at flows near or above

the design flow, and that the efficlency was very good in
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June and July,
Trickling Filter Efficiency
Imhoff and Pair (18) state that low-rate trickling file

ters that are preceded and followed by settling tanks should
remove from 80 to 95 percent of the B,0.,D., and from 70 to 92
percent of the suspended soclids, The B;O;ﬁ. removal was in
this range at all times with the exception of the month of
May, when a removal of only ?0‘par¢ent was accomplished, and
the removal in July was equal to that accomplished at Centra-
lia. Suspended solids removal values were in the expected
range at all times and reached the meximum expected value of
92 percent in July, which was one percent higher than the
paraantama ramaval at Centralia,

The alkalinity values reveal the oxidaﬁive effectiveness
~of the trickling filter. The June and July samples, whigh
showed the greatest reductions in alkalinity through the
filter, corresponded to the final effluents with the lowest
Bs0sD,s values, Free ammonla nitrogen was greatly reduced
through the filter in the swmer, indicabting greater nitri-
fication and a more stable effluent.

These results indieaté excellent trickling filter effi-
cleney in the summer months and satisfactory performance at

all other times during the sbtudy except the month of HMay.

Secondary Sedimantation Sfficiency
The aaaandary clarifier operated more efficilently than
the other units throughout the samplimg periocd. Flows and
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temperatures affected 1t less, and regardless of the loading
received from the trickling filter, 1t éantinually produced
an effluent low in settleable solids. With respect to B.0,D.
and Suspended Solids content, the final effluent was equal in
gquality to the Centralis plant.
Overall Plant Efficiency

The pesults of the stream and plant observations indi-

cate that the efficienecy of the overall plant was good. The
receiving stream supported fish life and was in good condi-
tion during the sampling perlod. Maintenance operations
appeared to be very\aatisfactory at all times,

The combined ruaglts indicate that ;ha efficiency was
greatest during June and July, the months of lowest flow
and highest temperatures. It is important to note that this
observation of greatest efficieney is not based on the mere
fact that the strength of the sswage was greater in June and
July énd greater reductions in B.0.D., Suspended Solids, etec.,
were obtained, Instead, it is based on the fact that a
superior plant effluent was produced along with the greater
réductians.

Apparently, flow and temperature variations have & very
definite effect on the efficiency of the plant. The flow
variations may be caused by ground water infiltrations, as
well as the variable student enrolluments at VPI,

The average monthly values of a majorlty of the test

results compare favorably with operating results of & treat-
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ment plant very similar to the VPI plant (23), and these
results were considered excellent. During the winber and
gpring months the final effluent was of a lower quaiity |
than during the summer months, but considering the condition
of the receiving stream, it was certainly of a &atisfaat&rﬁ
quality.
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CONCLUSIONS

The author belleves that the following conclusions can
be made from this study; |

(1) The VPI Sewage Disposal FPlant operates more effi-
ciently during the summer months, or periods of low f{lows
and high temperatures.

(2) The overall plant operated satisfactorily during
this study and the efficiency was excellent in the month of
Julye

(3) The primary clarifier was not as efficlent as the
other units studied and operated poorly in the month of May.

(L) It 1s possible that ground water infiltration in
the VP:.&ewarage System aacraaama»theitreaﬁmenb plant
efficiency.

(5) The suggested use of reduction in alkalinity (12)
could be used to advantage in operation in indicating the
quality of the final effluent.

(6) There i1s a need for a study of the "time of flow"
through the VPI plant., Such a study would greatly aid the
plant operators, and it should certainly precede any future
investigations of this type.

The author sincerely hopes that future similar studies
of this magnitude will not be undertaken by a single investie
gator, as the analytical work was time consuming and limited
the scope of the investigation, Composite samples and "flow
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time" are very desirable factors to be considered, and it
would be interesting to compare results secured after
thorough consideration of these factors with the results

obtailned in this study.
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SUMMARY

The purpose of this study was to investigate the effi=-
clency of the VPI Sewage Disposal Flant. A proposal wag made
to study the separation of the solids from the liquids and
the treatment of the liquids, which is aceomplished essen~ -
tially by two primary clarifiers, & trickling filter, and
two secondary clarifiers, The proposal included an effi~-
clency study of these individual treatment unlts as well as
the overall treatment plant.

The investigation included the establishment of sewage
sampling stations at four points of the treatment system
where samples were eqllaabad of the raw sewage, the primaxy
clarifier effluent, the triﬂkling filter effluent, and the
final effluent. Fhysical and chomical tests were made of
each sample for temperature, hydrogen-ion cencentration (pH),
dissolved oxygen, biochemical oxygen demand, relative stabil-
ity, alkalinity, free ammonia nitrogen, nitrite nitrogen,
nitrate nitrogen, total solids, volatile sollds, suspended
solids, settleable saliﬁa, chlorides, and sulfates. The
quantity of sewage flow was r@eard&& each time samples were
collected in an attempt to correlate flow with the efficlency
of operation. During the sampling period observations were
made of the physicel condition of the stream and the treat-
ment works.

Time and paﬁaaﬁnéltlimiﬁatimna necessitated the use of
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"satch™ samples, which were collected during the dally period
of maximum loading, the assumption being that satisfactory
operation at maximum loadings would indlcate satisfactory
operation at any other loading. The samples were collected
and analyzed over a period from January to July, 1951.

The results of the investigation were studied for‘effin
clenecy determinatians of the individual treatment units and
the overall plant by comparisons of the sewage content re-
ductions obtained with those generally expected through the
various units, by a comparisen of performance with a treat-
ment plant similar in design to the VPI plant, and by use
of the common observations made during t@e sampling period.

The conelusions kﬁra ﬁada that the overall plant opere
ated satisfactorily during the stu&y;itha primary clarifier
was not as efficient as the other units, and the overall
plent operated more efficliently at low flows and high teme-
peratures.
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