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INTRODUO'.l'.'IO; r 

The Virginia Polytechnic Institute Selllagt1 Disposal 

Plant is located on Stroubles Creek about two miles south 

of the campus . The site , adjacent to State Highway No . 657, 
is appt'oximately 1"1ve miles from the Oelupus by paved and, 

unpaved roads . 

Constructed in the fall of 1947 and the spring of .1948 , 

the plant replaeed t he o~d Imhof f •type plant which had been 

operating under heavily overloaded eonditiona during t he 

period of i ncreased college enrollments .following World ar 

I I . The plant is de$i.gned to treat Qne inillion gallons of 

sewage per day and at the present time serves both the Vir-

ginia Polyte.chiuc Institute and t he Town ot: Blaoksburg . 

The sewer system is of t he separate t ype, and a sixteen inch 

cast iron pipe line carries the sewage by gravity to the 

separate sludge digestion type plant . Treatment units eon ... 

sist ot· a comminutor, two primary settling tanks, a trick-

ling filt&r, a ehlorinator, two s econdary sett.l ing tanks, 

a digester, three open sludg~ drying beds, a nd thl-ee covered 

sludge drying beds ~ 

The plant was put in operation in July, 191~8, and now 

operates at near design 6apac1 ty du;-ing pe.riods r:rt high 

sewage flows . Due tC!> decreased college enrollments at summer 

sess i ons, summer hewage flows a.re only approximately one•hal.t 

of t he normal flows . 
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Although daily records of results and operation reports 

have been kept over t he first three years of operation, to 

the lmowledge or the autho;t" no efficiency study or the plant 

has been previ ously made . The purpose o:f this thesis was 

to study two of the three basic sewage treatment. processe,s, 

namely, the separation of solids .from the liquids and t he 

treatment of t he liquidS . No study of the treatment of the 

solids was proposed . 

The eff i eiency of the overall treatment of the liquids 

was studied by comparison of analybiaal results of the plant 

influent and effluent . Analyses were also made of se.wage 

samples taken a.t other points of the syst!m to study t he 

performance or individual treatment uni ta . These studies 

were made from January to July; 1951. 

, ... .. 
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The ctU:-rent litel;'>a.ture :ts. abundant 1n sewagE.t treatment 

operating toe ports. and analyses of U.."ltraa.te<l and t~eated e~wa.ge . 

Thia a.ccu:mulation of results is to· a g:t"eat extent a p.r@duc:t 
··' 

of the sewage treatment plant .eonstruct1on "boom." that fQl•· · 

loWEHl World War II. Tha studies .of these x-esults, whiah have 

been obta1ne4 from all of the various types of t:t>es:ement 

plants in operati<:.lih may well determine :future ehanges in 

design, i:mprovements tn operation, and standat>d, metho4a Gt 

e!'f·iciency s tud1es • 

The selection ·of' prope~ testli.' to be u:tted. ln effiei.eucy 

studies ia a matter ' of ' great imports.no~ . r it 1s Qomm.on prao-
ti·oe for: investiga.tor.s t.o use t he pex-eent :reduct.ton in :iuspend• 

ed solids and bioch,mical Q'xygen deman(l a$ the e~il.ter1~ et 
eff1eienoy . This praetioe has been strongly a,ttacked by 

. I 

Ri ddiek and Johnson (aS) ~ who stat~ that without a :standard 

procedure of srun.pling the percent reduction 1s a meaningleas 

figure , exeept as appl1$d. to the indi vidue..l plant . These 

authors have ·eont~ibu.ted an outstanding a:t-t!cJ..e tllat de$erve$ 
; . 

much attention . They believe that before a plant is .. eon.sider• 

ed operating "well'' or Hpoorlyu bee.a.use o:t the perooent :reduo• 

tion obtained, the following 1teI!l$ must be eonside:redt 

(l) t he sampling pro.cedure, (2) the th$oretieal detention 

time, ()) bhe susp,en<ied aolids contained in the raw: ~.ewage, 

and (4) t he percent of ground water 1.nt1ltration, The authors 
i?; 
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sb.¢w th£i.t a high pe.rcentSige Ji'&mov~l ot' su&pend$d .soli4a ean 

'be obtaine<:l $imply "l:)y sarupli1.ng when the eonoen.1lll"at1oa .Qf.' tho 

raw s ewage .1s high. A plant with .a hi$h con(}entr~tion and 

high perC.$ntage r~u1oval. ·<:lf s.uspendwd. iaol ids may &till ~pose 

a great .loadi.ng o.f organic .Il1atter on 2 stream b~cause thw 

final effluent i"emains high in suspended solids · eo:n:bent , • . 

·Other pl ants nua1 be rated be l ow atand~ct only '!'.>$cause t he 

sewage was dilut$ at t he time Qf sa..-npling a11d Gin a.ff 11ie J1t low 

in suspend.eel $olid$ cont~nt was p;i.'1od:u.¢~Hi by l ow pet>ee·n tage 

~smavals . In short 1 Riddick artd Johnson think 0·pe.re.ent. redu.c• 

t ioI'..s are· eaay to u.ee and ea1:1tier oo s.buse . n 

D0:man (5) s tat·~s t hat e.f;f:~¢tiV'~ use Gt' pe:~centage rem.oval 

depends qn eo~l.';$la·tion ot such pe~ee'nt$ges with bhe p4iWts 
~ • • !> 

pe~ million remtlining bi the $i'fluent.. :Ela eonductt:)d ~orre• 

lation s tud:te.s on $edimentation tanlta end auggesttld. the · use 

ot a s edimentation index, which c<:>mbine4 Ube ,percent tem.o.vs.1 

of stisp~nded sol.ida with th~ p~ts per m!llio.n. ot suspended 

·, s.o.l.ids in the effluent. :tnto one numbe:r . 
Joues ( 19) · 'rep0;rts that by disregarding per¢ent removals, 

mi~ .e.ffluent $t$.nda1•¢}.s ooul9 be. se,t up whie.h $houl~ be 

me,t .at all times . 
Merga.ard;. (27) a.t.taolts the pt-a.ctic.e ot over ... emphaaie:ing 

t he· five ... da.y biochemical. oxygen demand a,:i;1d f;IUSp.erideQ. $Ol ids 

valu.es, when t hey r-lo}'l~ dp~ not dtitpic t ~h() behavio~ of' sev~•~ 

The B. OJ). is eons:ide,:red an lnaonsistetlt and, ~o the l&yt"lan, 

an tnoonip~ehena:ible lil(:Hll..1inge · of pollution, whi· e t he sus~ded 



solids test .fails :when the. waste con tain.a a large p.rQportion 

of solids in t he dissolved .s.tate·. He oonsidePa t he total . 

solids- and volatil• solids t ests as standard mea$ures of' 

strength which should be included in all published data . 

Many investiga .tors ~eport that the ;perfor.maneQ Gt' s~d."" 

1rnentation tanks should be measured by settleab'le soli.ds 

rather· th~ suspended solids. As with sett).eabl.<t sol1ds 1 

Norgaard (.2.7) consider$ 1 t dt>sirabl~ and tar more r .ea.l1$t:lo 

to oomp~ th~ perf'orm.ance of $edimentation :ba.nk$ on the 

basis of · .sett1ea.b1~ B,o:.D. l."a.ther than ·teta.l B.,.<).D .• ; other ... 

wise, 1 t is possible. to o·btain misl~adtng r ·esults W'here wastes 

co:nsi.at, almost ent:lrelt ot _$0.luble mate;r1Jtls and yield no 

reduction through aettl.ing . 

Some .01' t he cOllllllon er1t!eiSJ.nw of . the B .• o.D. teat are 

t he five-da.y wai ti~ period,_ t he vraried rn.e·thod$ f>:f procedure , 

the inability of t he test to d1i'fe .. rentiate be·tw'een the ~xygen 

demand. caused by oarb()naeeous E'>Xldation and that caused 

by n:t tr1f1oat1on., and the deviatio:n.s from the co:nm1only accepted 

velocity rate ot reae-tion (k• .l ). . No:rga.ard. (27) suggests, that 

the latter criticism be overc(l)me by detelmdn1:ng the one ... day 

and the fiv$ - day· B. o .D. beeaus• at normal I'eaetion rates th$ 

one•day B. O•D• should be t hirty percent of thQ !iv e~da.y- a.a.I> . 
If this rel.ation does not exist, a more thorough inveetigation .. 

of 'hhe velocity reaction sht'!Juld he :zµade . 

Eck~nfelder and Hood (6) (7) (8) (9) (10) have bee.n 

leaders in evaluating sewage analy,a1a work and es tablish:J.ng 
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fundamental relationships . They .EJtate (6) t hat the accuracy 

of the B. O.D. test is limited to 5 to 15 percent, and that 

the vali.dity of t he test :may be confirmed o·r denied in some 

cases by re la ti ve stability comparisons .. The importance of 

the dissolved oxygen test is not denied, but it should be 

remembered that this test doee not d:iselose the quantity Qf _ 

the pollutional load, as several parts per million of dis • 

solved oxygen may be f'o.und 1n a raw sewag@ with a very high 

B. O,D. If a. sewage i s be lot1 zero 1n dissolved oxygen content, 

the biochemical state o;r .exten t of .reduction canno t be dete;r-

niined , and it is sug ested t hat a measurement of tho cxlda.-

t ion-reduction potent;i.al be made ,. 

Eck.enfe lct.e~ and Uood ( 10) state th~t 1iquanti.ties of o.l-

kalini ty are not controllable and are highly variable :tn raw 

sewage . " 'The.y :further state (6) t hat "the sign:tfica.nce of 

alkalini t y in sewage t reat ment has been to establisp. the 

magnitude of the bufi'er value . This value will vary as the 

strength and chs.raater of t he :raw sewage and the degree of 

treatment .. Oxidative treatment reduce.s the all{alinity by 

the for .ation of aeidio 00.111pound.s and destruct.ion of t he 

alkaline buffer . Thus , a l kalinity values l ndica.t:e the 

oxidative eff'eotiveness o.f che t1 .. eat.vnenti process • 11 

' 
The Federation of $ewage Works Association (12) empha, ... 

sizes the use of a l kalini ty t es ts to determine t . e effective -
! / 

ness of treatment . When the a.lk&lini ty of primary se ·otled 

s.ewage ranges from l.50 to 400 parts per million, a reduction 
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oJ.' thirty ~rcent Qr more tn the flnal effluent is cQnsidered 

equivalent to an ·~ighty ... five pe:reent or greate.,r remov~l 1n 

:s ,. o.,.p .. Em-d. 1ndteates a good e.ffluent . 

Metcalf and Eddy (,22) ,,state that the dete~.m:U.1.a'bion *i)f· the 

hyc'lrogen•io.n coneentre..tion or s,$wage is impoi-tant in eonriect1<>-n 

with the following tbr,~e pr.ot>lems t (lJ the lite j>~Qce·ssea· 1ot 

baeter~a that, deeon1pose sewage matters# (i) the coa~l.atf.en 

and preeipitation 0:t suspended. $.nd eo1lo1G\n.:t matteis; and (J) 

th~ d~\i:aterin.g ot Eilµdge .. In, eonneetton with the !'lr$t problem, 

E~kenfalder and Hood (JJ :fi.~d .th~~t tb~· (l;pti,.mum plt of lllo$t Of 

t he orga.nis!llf;l, eonce~ne<t .lies in th~ range t':'r<lll'U 6, .o to a .o' 
and Lt?\ extremely high .~.;p lol'f pli _brings ,'bi~leg!eal aetiv1 ey to· 

a s. tands t1.ll. . . Maxb1w:n. ox.id.a ti.on. is. t ound to ~:eeu.r at a .;t>R 

from 6 ,,.6 to 9 . 0 . 

The 1-m.portanee <>t pH-alkalini tr valu.eEJ ls shown by HQQd 

(17),, 't4'ho states. tha.t pH-a4..kalin:lty $'1.rve1a ean be U$ed to 

adv.an tag~ in oheeldng the perf o.rmanae of the individual u.n1ta, 

ozt the overall ~:few.age treattnent plant.;. foor ef,fieieney is 

.o:f>ben the result of high .pH- alkal1n1ty '1'alues; T;Ln4 results 

a,r.e o.t"ten ~rr.~cted by upper 8.t'ijustment of pH~a.lkalin!ty values 

due to returned diges1t$r ~rupe~atant .te.r t;reatmen,t.:. It is 

mentione.d br the authQr th.at pretreatroe.rit of: ti.he supernatallt 

bj" chlorination is Qi' ben~:fi:t by causing ~ow:intard pB..,'a.l~alini ty 

~ ; 

.found to· exiat between B. o .D. and pH ... alkalinl.cy V'a.lue .• 

ltellam (20) recognized the efft:icts· o.t the qµ.ality and 
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.. condition (;j,f sewage upon arr1:val at the treatment plant . 

Poorly designed sewer systems, with resulting septic sewage, 

will eause disintegration of solids .f ollow-ed by a reduc-

t.ion. in .settleable material and an increase in non- .settleable 

and dissolved solids . These et.facts, which also include 

1nereasad d.issolved bioohemioal .oxygen demands., te·nd to 

increase the loa.dings on secondary u.~1 ts and decrease plant 

e.tflcieney . Other ef.fecta are deterioration of pipe lines 

and equipm.e·nt by excessive hydrogen suli"ide t orruation and 

the creation of nuisance conditions . 

F!'ea ammonia nitrogen is tmportant in bie>logical treat• 

ment proeesses . It- may be .oxidized to ni-tri tes and nitrates 

or serve, as a ~ource of nitrogen f or m~crobial Qx.;1.da.tion of 

ea.rbonaoeous compounds . Eekenfeld&r and Hood (9 ) indicate 

through experimental evidence at Bid.gewo·od ; trew Jersey,. 

that f'ree ammonia nitrogen and alkalinity are reduced 

th.rough a tr1ok11ng filter in some proportion to the· oxida ... 

tion 0oeurring . 

The desirability of hi trificat1on seems to be a mattQr 

of controve?'sy .• · El iassen (11) states the undesirability ot 
depositing nitrates in streams b~cause . they sti.mulate algal 

gr.owths and recommends t heir elimination when possible . 

Hood (17) considers nit:vifieation important in preserving 

good stream conditions and vital to t he success of treat-r ,. ~ 

ment processes . Mohlrnan; Hurtfitz ., Barpett ,. arid Kramer (23) 
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'believe t he potential oxygen available in t l1e fo:t'lll ot .· 
n1 trates is an asset to a trefmts :Ln preve1'1ting nuisano.e con,.. 

ditions until t he nitrates are utilized; ho:wever~ s1noe ' they 

are not utilized uniiil: the dissolved oxygen conte.nt is ze.ro1 . 

they se·rve no particular us.e if 'uhe d.iss9lved. o.x:yg$,ri; t o be 

_maintained is J. to 4 parts per million . 

At the Elizab~th Joint. Meeting Plant Rudol£s and D.eehe:r 

(29) used seven and one- halt years of oper .at1on data to de• 

teri.nine t hat the, stv-engtb of sewag.e was not rela'be-d to the 

;ra1nra·1i. A fi~ty·e:ight pe:t»cent increase in t he ~vell;'age· 

daily rainfall failed to alter the average strength of the 

sewage,, because stre·at washings entered the s ewers and the 

a.awe·I"S w~-re flushed during storms . The. quality .ot t he efflu ... 

ent was also not a.ffeated by flows.,. a.s t he degree. of purifi· 

cation r~matne4 near:ty eons. 1t~1.t at all t .1me$ 111 

Sperry {:30) showec;l t hat wi t h the excep.ti¢in of Sundays 

.and Mondays sewag~ flows vary .little t .rom day to day of the 

week, and Kellam (13) t'eund t hat flow \l'lariat1ons on a given 

syst.em are surprisi.ngl.y tmiform even ft'om hour to h.ou.r of a 

given day of t he weeH:.. Loads generall.y 1nc;rea.se tU'ld d$o:P~a.s.~ 

with the flow, and flows usually 1evel off after :reaching a 

:maximum around noon and r emain fairly constant for seve~al 

hours . 

Rudolf's and D'oher. (29} mention t hat the gene~al ef:f.'i ... 

eienc'Y of a plant is indi cat ed by the nea;t .appee.rtmce 0£' 
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buildings, equipment, and. grounds . The Federation of Sewa,ge 

Works Association '(l2) discua sed the imp<:>rtance of tecMical 

tests, but emphasite4 t hat they should always be supple-

mented with comm.on observationa in evalu.at1ng tha sueeess or 

:f~ilure of a. treatment plant . It i~ pointed out t hat 

tta, black,, smelly stream below a pl an.1i is i ndi ea.t:tve of fail• 

ure,, just as a clear, cle·an stream s upporting fish life 

proves the effi ciency of plant performance ... 

Sampling prooeduree -are var-ied and in need of standard ... 

izatlon, R1ddielt a nd Johnson (28 } express the need of a 

un:t.form sys tem of sampling f or a,, trU.$ comparison of plant 

efficiencies . Caster and liamilton (.3) fu?'the~ emphasize 

the ne·ed, stating that oompa.:r1$ons or atght ... h our composite 
' .. . , 

samples and twenty•.four hour composite samples of raw . sewage 

produeed va?"iations cf 41 per e<tn t in B.o.D. and Jl peree.nt 

in suspended solids. The National Research Council (26) 

observed s!gnifieant distortion of pl~t performance where 

s hor'b sampling period.a, w~:re uaed and suggea ts the :f' ollowing 

min1mun1 requirements; ( 1) a period of compos :l. ting greater 

than e ight hours; (2) sample volumes eompos i.ted proportional 

to flQW at intervals not greater ·than two hours; and (3) four 

¢0lll.posi te samples per l'l'l&nth . 

The Federation of Sewage Works Association ( 12) believes 

that analyses cf individual catch samples collected at inte~-r / , 

vals durtng a twenty-four hotU" period should be co:mpa.red with 



an analysts of the twenty•f our hour compost te sample . Where 

t his is imposs1ble; it is recommended t hat a sampJ:e taken 

du.ring maximum fl.ow be examin~d. , and 1f the results .are 

aat.isfao tory at this period or maximum loading , t hey should 

be satisfaetocy at all times . 'When eateh samples a.re used 

to Q.etermine bhe ef!.ici~ney o:f a unit, t he e:rtluent sample 

s hould 'be collected .after the flowing through t irtle has 

elapsed .• 

Although composite samples a:re reooI!l!l'lended by the 

majority of investigators,. the Federation of Sewage Works 

Association waJ:*ns. t hat mixing of portion.a can oause marked 

ohang~s w1 th :rea-ul ts tnat ar·e not typical~ of the sewage at 

any tiple , 
.. ' 

The· Standar.o. MethQds .t:.~z: th~. Examination 9£. Water ~ 

Sewaae. (l} has been of great aiq i n standardizing t he 

procedures of sewage analys is work ; howt;}V'er, the literature 

indicates an 1mrn~d1ate need for new and improved sta.nd.ard, 

me·thods be.fore compari$ons of e.ft'1eienoy studies can be 

made Qn a sound bas is . 
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OBJECT 

·'!'he purposo of this s tu(ly was to inves tiga.te the e.fti., 
ei~ney of the separ.ation o:f the solids f~orn the l:Lqu:t.d.s and 

t he treatment of' the liquids at the VP.I Sewage D:1$poaal 

Plant . Eserentia.ll1 1. thi.s. treatment :l$ a.ec~plished by tl:wee 

uni ts , wblch are as f' ollows 1 ( l } TiV"o prim~ sedimentation 

tanks, (2) a t:riekling .filter, and (.3) two se.conda17 sedi• 

mentation tanks . Th~ study was· p~oposed to determine· the. 

effi¢iency of the individual units, as wel.l as the overall 

effici.emey ot '~he ~ombj.ned un! te ,, 

The study W:ftS designed to include the establ,ishme.nt of 

sewag& .sampling $taticnis at ·var!Lous point~ in the tx>eati:n~nt 

plant, c.olleet:ton of sew~ge sam.ple·S· a.t ~the sa;mpling stations., 

and exa.nd.na.tion of the saniples to determine peysieal and 

ehe:miea.1 change$ through the t~eQtment p:roeess . fhe ph';rsiea.l 

and che:m1cal changes were to be indi.eated by testing the 

sewage. samples for temperature, hydrog~n ... ion concentration 

( pH), di$$olved Qxygen, bioehen1ieal oxygen demand, relative 
s ability , alkalinity , free ammonia ni trogan, ni tllite· ni tifo• 

' gen., ni tre.te ni trogen,, total solids, to•cal. voJ.atile 3ol.id$ 11 

s uspended solids, settleable solid.$, ehl.orides, a.-id sul.f atea . 

'J]he results or these tests were to be studied fer efficieney 

dete~m.:tnations. and fo~ possible CC)rrelat1ons ot d.eg~ee. Gf 

efficiency with varying s·ewage flows . , 



·• 

·S!a.J.'\tiU~:~ fl.ow:: The ~ount ef S$w·ag~ f'low:ing tbl:-ough 

a. gt:ren. system will d.•·Pend on .th*' ;.U!ie of day,, ~a1llfa1¥ .·a.:~ 
' 

int'1ltrtfl.tion., !n.du$1t;:t-1e.l w,a$~e 1oa€1t:i.igs,, oe>n$ta.nt <tr vartabl$ 
< , ; <;; • 

p<>pul$it1one , anti ot~er !aetors". Th~ vat'·tati<::Has in ,;<Clow 
eaused by: theS$ f aet();rs tnay.

1
.,strongly ,tntl,uen.ce the e;C.fi¢<i.,. . 

. • t 

eney · ot the t:re.a.tin~nt- pt>o.eeas·; · there£ol"e, .e . .o.r.1.'~lab1.Pn ~f 

the t'.l~w '41 th pl.ant !)erl'o:Nt1an-e~ is imPovt.tmt ;:4 -pr~di.et1ng 

rut~~ - plant p')t>f·orniance. 

·"' .. ·:al1J.nAv•t~•'" The· t_ $ .. m. ~eraw:r~ . o-f .. ' $ .~w_ an.e is 1tniPC>~tant ·~· ~-~ • - ' , ' H : 0 > ) .,, :r ' -~ "'( ~ ~ 

b~JO&U$$ it causes ch~gtu_. in thtl;} bi~logiea.l _aet1v!ty ot 
treatment prooease$, induces various d~ill?tl~a ot solubility 

ot .dis:Soiv~·d ~x7gen, ~d Affe·-ot-$ th~ vi$<)<:>$.i tr $J!1d thus 

influences s.e~ntat.1o:r1 et1'1.ol.$ncies . i'elf!perature.s ~i.1 
I 

be 1nt'luen¢ed gl'e.atly by varying a.111ount:s ot ind.u~tl?i~l 
wastes, .• !JGme$ t:to sen/la.ge tempe~aturea a.r~ 'l\$ually highe~ I 

than atm.ospheri.e tem,peratrure$, but the reverse is tttue 

during t h.e su:tmne.r nionths " 
Iiybo,gen '.'"i~n· ·coneentli"a,tion(pR) indicates Whe~e;r s•w .. 

age :ts · acid or alkaline~ ~is test i.s esp-eeiall..y U1portE.Ul:t 
ln pltmt contl:'-ol '1.nd ha$ :rteoently b~eu us~d in eomb1nati~.n 

with «lk$.:U.n1cy values to i:nd.ioe.-Oe· p.l~11t ~rtolmlanoe ,. 

Optimum. pH v.alue,s t\l"e ,ir4portant .fo;r great~r aet1 vi ty of 

o,~ga.ntsm.s in 'b;l,.·ologi.ef a.1 pi'oo.ess.ee • 

D:i~s¢>lv~d. 0;;;:5en ta the ~ount a!' oaygen dissolved. ,tn 

:' 
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a liquid, and the ehief value of the tes t is it.s use ao a 

part of the bi'ochem1cal oxygen demand test • D •. o. values rep ... 

:r•esant. a ssets' of a strerun or effluent , whiah a.re reduced or 

depleted by pollut1onal loads , 

~1<i>ebemloal qxysen Demand is de.fined as the runount of 

oxygen .requi~~d t e stabiliza the organic mate~ia.1 of a sampl e 

by bacterial action. 'The test is used to compare the 

strengths of 'Various wastes , and the reduction in B.o.D. is 

generally considered the best crite.rion of effective treat-

ment . 

The Relative §ta:t>lli tz of s .ewage is expressed as a 

per·eentage and is the ratio of the oxyg.en -available ih a 

Sam.pl~ t~ the . t _otal oxy,gen demand ot th~ sample • The test 

has lost much of its significance and has been repl aced to 

a large degree by the B, o.n . test , but it :i.s s till used in 

:many small treatment plants ,. 

AJ,l"a.~1Di1tI in sewage is cal,ts ~d. by t he hy~oxidea, 

oarbona.tes, an.d bicarbonates of va~ious elements , the ost 

CQmmon of which are ealc1um, magnesium, sodium, and potas s!um. 

In the past unl ess abnormal alkalinities were diseovel'ed, the 

teat had l ittl e s:tgnificanee,. but ,it is now u,sed to .some,. 

degree in detf!tr ining the ef'fe¢tivenes,s of oxi,dative treat-

ment . 

~ anara.on1a ~i trosen is a reduced, aW?s ta.nee resulting 

from the bacterial deoomposi tion of organic mate1 .. ial. con .. 
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centrations a.re usua.111 hir;h in s ts.le sewages , d when 

co bins with Ql'igani.e nitrogen. deterininationa 1, .the tot . l 

.. itrite & :l't~~gen i$ not a stable form ot n1 trogen, and ' . 

its presence in s.ewage i r1dicates t hat oxidation to nitrate 

n1 t?'ogen ·O~ 1"eduotion to a.1"1 . onia nitrogen is oeeurring .• 

Nit.rate ~-:t~~oglj}n is· .. t he most st;able Corm of nitrog$n 

. :l.n sewa ·$ and large· ec>nee.nt:Nttior1$ of rd tra;1'.i$$. i ndieate 

t hat ni trrifioa.t1on has occurred through the o~i,dat1on ot 
atll!, .nia nitl"ogen. The pl;'esenee of thi.s stable form of' 

n1 tr.ogen in s.ewage plal'.lt effluents may or· nia:y no· be eon ... 

s idered d$airab.le . 

!l:'ha Total Solids, ~~nt~nt, which represent,s the re:eidue 
' ~ .. , 

ot a s~ple att~r ~vapePat.1on,. is one of t he ol,.dest 1ndt .. 

cato~s of the stxae.ngth o.'(' sew:age . Separation of t he solids 

.f~.om the liquids is the first basic p.roce.ss of $ewage. t1 .. eat• 

me.n:t , and the total s olids test i$ impo:rtant in determining 

the $.f.f'icien~y· of the :Pl'~cess , 

l[Qlatil.E;). So.li~s :tu~nish .a measure or the 4uanti tt of 

organ1e ma.te,r i.al in the total sol.ids, t he· rema.1ni portion. 

eons is ting of mineral matter.. I n se ~ge tt"eatme-nt , the 

:volati le solids are of g!"EH.:1..ter eonaern than the mineral 

:matter. beQause they und$l"go, @eompo.sition, 

S~pended Sol:l,ds. are those that s.re not dissolved i:n the 
t • • - ,,, , ,, 

l.1qu1d and can be removed by filtration it Suspended. matter 
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remoiTa;t va.lu.es a.re 1m.portant. in determ.1.ning sedimentation 

efficiencies and are used by many 1nvest.1.gato~a: along with. 

D .. O.D . remQvals as tha usu.al measures Gf sewage tr-aatment; 

efficiehcy . 

Settleablt) , Solids are t hose t hat will settl& to the 

botto1n ~r settling davi.ce~ , i;n a given detention time, while 

non .. se'ttl.eable solids wi ll not ~ettle under 3l1'f condi tions . 

'· Settlea.'ble solids are n1ost i.mpo:rtant in cleterminlng the 
" 'ef:ti4iencf of. sed.~entation tanks, as 1. t is the purpose of 

the~e tanka to separate settlee.ble solids front t he· l1qu1d.$: . 

Chlorides are inorganic ions. r ound in sewage that a~e 

not affected b-y sewage · t:r~a ent, and the··eon.oentrations or 
t he wate~ s upply a?'e in~reased by ut-ine: and i ndustrial waste 

and aeei-e~$ad o:Mily by dilut!l'lg water • . C('neentr ation.s ·above 

t hose o:f t he water supply may be used to indio~.te the 

strength of the sewage . 

Sultat~s: Sul phtlr compounds in sewage ~e r eadily 

oxtd1'ze·d to sulfates through 'the t:reatlilent proce.ss. and su.l• 
\ t-i-1 '.~:·.I ;.Cf -~. ; ;~.; ' 

fate.s ean be. redueed in sewage wi~h t he forme.t:ton of t he gas, 

hydro en sulfide . Tests for au.lfates may be used to 1nd1eEtte 

t he effectiveness of the oxidative t r eatment " 

. ,,. ' 
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~8:11U;li!!S 

In arry Off !eiencjl' study S · ilar to this inves tigat1on1 

t he · sampling p:roce.dure is of ut most importance . Ev·en t h ough 

t h,e a.couracr1 or the analytical work is good, :m1$lead1ng 

:re:suJ.ts will bi:> obtained unlee.s !."epresentati,ve a· pl es at 

the wastes ar~ obtained. 

The moat eommon samplln procedure used by !n:vest:tga.tor.s 

ie the col.leetionof compos.i ta smnples over a twenty-four ' 

hou.r period . The ee:m.posite samples consist of i ndividual 

samples e<>llected at intervals during the tw.a-nty- four hours,. 

with the volume o:f each i ndividual sample collocted propor-

t ional to the s.e'lttag.e .f..low a:b t he time of ·S a.."npl1ng • 

·Th~'. dist~ce t o t he treatm~nt pla.t;it from the Sanitar1 

Eng:tn0e;r:!,ng Laboratory and t he time and per:soru1el requireci 

for . CQJ:!l oslte samples neo,essitated t he use of 0 catch" sru.upl.e.s 
.... "' ln t his 1nveatig a.tion61 These 0 ea.tehu s _ ples were eolleoted 

~ ... 
dtwi:n · periods of maxirnum f'1Qw:s , as previous investigation$ 

have ~hown t hat t li,e· stre · th of sewage, Ol"' t he loading , is 

general.~y gr~atest v-iQ.en t he :rlow i s at a m~imum • . The as -
sumption was a.de t ha.t satisfe.e tocy operation at riiaximv.m. 

flows would l ndic.ate satisfactory operation at all times . 
A stud.Y of f'low charts at the sewage pumping ·statien 

revealed t hat maximum !'lows foa:> a twe.nty•fou,;r how> period. 

oeeurl"ed betw.een ~welve a_nd one o ' cloc~ of each day, with 

the r1ow remaining almost cons tant for several hours before 
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11eaching tho maxi m:u:m. Consequently, on~ e t clock in t he 

aft rnoort was chosen as the :oat suitable sampling time . 

Sl11ce the sewage woul d l ikely be. n1crre concentrated during 

middle - of-the-week days w-hen ~ maj<;>rl i;:Y of t he VPI students 

were on the ea.i."'llpµs, most of the sampling was done on a. Wed-

nes day or Thursday . 

When the -time of . .flow is known, the same · "slug» of 

sewage can b .. e sampled at all of' t he sa..mpllng a.tations. by 

simply wait;ing unti l ea.eh of ~he flow t imes between stations 

has elapsed . The t ime of f low of the sewage through the 

various trea.t.i.-nent . uni ts col'l,Cerned: in t his $tudy was unknown" 

and some ad. ustme nt o! the sampling proc~dure W;$:S desirable 

to. compensate for this :raetor . The onl7 poaa:tble adjus.tment 

seamed to be the f ct that the s r.t pllng tinte was preceded 

by seve·ral hours oi' near constant flows . Fr('.)I!I eigl1t A ~M . 

until one P. M. of each day th fl.o,w var:t·ations were very 

slight, an this long period of 1 .. acticall y constant flow 

was assumed a.mple to .allow a sample Qf ne-ar t.he sa.."Ue s tren.gth 

to be collec d at all s atnpling stations . 

Four sa..."!lpling s tations wera estab11.ahed. as s hown in 

Fi ,ure 1 . Station )f'umber One we..s l ocated at Manhole Number 

One and hhe sample at tJ: s station consisted of the r aw; sew• 

age influe11t. . Station Immber 'I'WQ was located just beyond 

t he overflow weir of t he pri..-.u.ary elari.fier . Station Number 
! 

Th:r•ee was 'CJstablished. Bt the end or t he eo1leet1on channel 
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S.tation 2. 

Plate 2 . Sampling Stations for raw sewage and pr i macy effluent. 
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Sta,tion 3 

Station 4 
Sampli>;ig Stat~ ·ons for tr1.o1$:llng filter e.ffl.uent 
and .final' effluent . 
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of' th trickling filter . Th~ f"nal srunp1e consisted of the 

plarvb effluent a:'ld was collec'ced at Station Number Fou1"' in 

t o i1ei1" t •ough of the s e·con ar·y clarifier . These s tatlo?J.s 

w-re selected so as to make possible :a comparison of D.'."aw 

sewage , prlmary settled sewae;e,, trickling filter ef'flu&nt , 

a..~d fina l effluent ~ 

At each station one - half gallon of sewage was ,c lleot-

ed in a wide mouth tin sampler,, wh:t.ch was des:i. ;)ned :fol'.' 

rogular use a t the dis.posal plant . These ,eamples were 

plnced 1n tightly coirered g lass jars 8.J."1.d conveyed to ·ohe 

8 a1tl t· ey Engineerina Laboratory i im11edlately ur 1on collectioQ ~ 

~na.lyses were started.upon.arrival, d t he :remain· ng por-

tions of the ~amples v-1e1•a J~,l;'eserved by r ef:t>ige:r•ation at near 

froezing tempe.ratures . .Since a ll of the anal y tical work was 

do '.le by th~ author, it :required s evere.1 days to co:rnplete a . 

sing le x-un . The B.o.n . dilutions were ma.de· and incubated 

f'irst, and t :..1e sol ids tests were t he 1 13.st to be completed .• 

At t he same time t'1$ jar sanrpl:es were collected in the 

fie l d , addi t io·'.lal sampl es were collected f r dissolved o.x;ygen 

and relative stability tests and much care was taken to avoid 

aeration . As soon as each sampl e was taken, t he reagents· 

for d:.i$.solved oxygen and relative stability tests were added 

to the bott;l~s in the field . They we.r~ then oonveye'd to th~ 

l aboratory, wher e the relative stabi l i t y bottles were inou. ... 
! .,. t 

bated and t he dissolved oxygen tests were completed . 
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1.t'ei t Pro,ce.dure$ 

Alt hough sore modifications wer eniplo ed, the test 

procedures used in t he anal ·,·ses were those reco~ uendod by 

~ ( l) ,. and t he rr1e11y ~toe and s tanclard. sohttions needed 

for these tests were pr~pared by the author , Some of the 
·r , 

solutio s were p-oserved for only s o-t periods o.f time and 

had to be replaced. at i tervals during the testing "eriod . 

The author boca.me fam11 · ar with 't;esting · PJ:. .. ocedures b 

us1.ne t:r>ial runs before a.c tua.l t st runs began_ The neces -

sa!'y modific ations ,, along with time l:Lra.i tat ions, ca se' 

del ;ys · ri beginn · ng· di-ssolved OlC'Jgen , biochemical oxygen 

deme d , .an.d su~pende sol~ ds tests . Tl;iis was egret b le but 

t;U'lavoidap l e . 

I"i; was. f'el t th t t he color comp· rison tosts for the 

variou for.ms o.f nitrogen wer -~u1 consu.ming o.n ~ difficult 

to perfol'.'111 accurntel by -risua.l com a.rison; th~~e ·ore , it 

we..s d cided to u:oe a Fis.hor ·e1act;r•ophot,ometer for t ese 

de te :ninations •. s·t ndard solutions were · a.de cont;ain:tng , 

varl.oua concentrations or free m:n.onia n trogen, ni tr.i te, 

nitrogen, und nitrate nitrogen. · The necessa...-ny reagents were 

added to produce the color reac'tions , and readings were taken 

on the elec ·!Prophotometer . These :t>ea.din.gs were plo'l:;ted agai!l$t 

ooncentra.tioll.S to rprgd~ce, calibration ,curves., In e c.h case 

1 t was necessary to ma~re seve.rul att p·cs before . s tis-
; . 



f'acto~ ,cu~w~ eould be obt-a!:ned,, T11• e10etreph.at0111~ter weu$ 

'tused i:n itll !'J2 th0 aewag~ e,xa.mi11ationa,. ~nd n:1t.r:<1!)ger.i (}.on• 

,c~ntl?'at1iinia we.rt11e ob~a:tned l'.!11om the- $&l!br:at1on cu.:r-v~s . 

neveral ·B. o. o. te(;lt,s we-re mado using both a $tandar-d 

l aboj;,.a:toey dfl1J.tion wat<11r and wa:tfoI" from S'.t.;rou'bles Greek, . 

eolleie·ted jue·t ·ab~va th~ e:s;t,~an~~ of tlie cU.apo~al plant 

B. O ~ P· Usmg 
C,?~el~ pil1,;ltioi;, Wa.}tip 

.. . 

ThfiltH~. Cliff e:wo:no:~ ·s we:t?$> oons id~ed ins!~it j, eant t;tnd 

$ de~:tsion wa.s ma.de t<:l use th:e c:reek wat~1-i· :tn. all B. o. D. 

cU.lut[Qn v1017k. The ate1:' alwa~s eonta!.ned a h igh d1s.tSolv&d 

0$YS~n. oont~nt tlw.t sta.h:tltz,ed nsar s~rv1'n p.aJ?ts per million 

a,fttiJ,r .a :tlf!JW days StQl'a@t .. 

R,e¢o'3;d.ing thii1 Gewa.g-e ;f'l~W, YI~ th~ !it:lti~l step ~t e :i!.'.Ch 

.amapl:l:ng i-.w1.. The f lill'.Vt is l!'·aec>zrtdecl c.ont1mle~s ly in tbe 

VP! s·ewe,;rage ayatem at the pun1ping ~ta:tion~ loeated ne,1~ the 

oollJGB<a lake,,_. and ie meas.ured. 1.n te.rma of. rn1l11on ga1la:na 
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The atmospheric temperat~e was :measured at a height, 

of row:- feet from the ground. . 

!rdroaen ... 1,on eonc~ntra.tion was d.ete,rm.ined by the use ~f 

a PQ!'tab1& Beckman electrometer which was s,tandard1·zed with 

a buffer solution of pH 1.0 be.fare etilch run'. El•ctrodes 

were clean~d before ea¢h imme:rsion, and temperature ad.just• 

ments were made as the pH of t he aam.pl0 was dii>terntlned. 

D.!sso~ved O:tyselt was dete,~ined '.b1 alum floceul.tl.tton of 

the eolleoted aa.mples, followed by the sodium ... azide modif1• 

~ation of the Winkler met'hod . fh,e floceul.ation \'1$S neoe~sary 

to remove interfering sewage solids in all samp1es exoe:pt 

the final efi"luent. 

ilioQhemieal gg:gen ~n>;anil, sample~, were pr,epa.~ed by using 

th& following d1lutlo11$: 1 . 0 and a.o percent for ·Sample lfo . 
l; 3.0 and 3.s pe.reent for S.$11pl$ No• 2; and l.o.o and 12.0 

p&reE>nt. for Sa...mples No . 3 and 4• The sod1wn-azid.e, mod1fica.• 

tion of t he Winkler method was used for the ~ssolved ~gen 

tests, which were run on each dilution and 41lu''bing water 

blank before and after incubation f'or five days at 20 .degrees 

C. The res.idual chlorine, in Sampl• No• 4 was, so am.all that 

dechloi-ination was, net neeesaacy, but, it w~s seeded with one 
r 

ml . of priniary settled sewage . 

The e.,l;t:cali!li!Fl' was always e:nttrel:y bicarbonate, as 

phenolphthalein 1rndieat~r produced n~ eolor in the sa:mples ,. 

Amm.on.ia 1U, trqsen was, det~rmined by direot !lessl~riza• 
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t ·ro ra.th .1 .. t· :i dis til at·on. 

j_itr t e N3.tr:ogen w ., eterminad .by the phenold!sulfonio 

cid mstbod . 

ti ttleaqle, Sol;!: s wer measured hy vol ne 1.n an :t.lflhot.f 
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Result~ 

Flow: Average s.ewage .flow~ by :months dm-1ng the $atll• 
. I • . 

pling · period are shown ln Figure, 2 of t he results •. The 

m~im'Uln average monthly !'loll.· ocourr~d during the month of 

A,pJ:'"il an~ the minimum in June, w:t t h t he v alues vanging tram 

1,,200 , 000 ga,llons per dat to 470,000 gall.oil$ per day . '!'he 

~verage f l ow: over the entire salt1pling period was 700,000 gal"" 

lons pe·r d:ay • 

Tb.$ e$tremel7 high fl.ows that were reeorded i n April 

indicate that flow~ may possibly be ~elated to rainfall in 

t he VPI sewerage ;sys t$lll. 

· ,,,,)T()l?l;2eratti.;-et The te~pe:r-atures of the atn1osphere and 
~ ' ' 

sewage ;' va:r:ied a$ expected, ;as shown by Figure 3 . Great 

Qhanges ln the ·atnloQJ>ll.Gl'i·C tem.pertltur:ers: ov()r the s~npling 

pe:ri 0cl ·iP:~.:uce4 onl7 slight eha.~1.SeG 0:1' sew~ge tem.per~ture$ 1 . ,: . ' \. '· .· 

and th~ atl.nosphe~ic· temperatures were l~s .s than the sewage,, 

tem.p.eratures il'i winter and greater in sum:m.~.r • 

. ! 



Janua~ 10 ... ,., 11 
~ . 31 

Average 

Feb~u~ 1 .. . 14 
21 
28 

Av~r~• 

M~eli 1 
April $ 

l2 
19 
26 

Ave:i:~a.ge 

June J.5 
31 
28 

Ave.r~go 

JUly s 
6 
ll 
aa. 
l,'.; 
~1 
:t9 

Average 

l .os; 
. 6.() 
.9a 
.69 .aa 
.75 

i.05 1.so 
1,. 00 
1. 00· 
i.a1 

• a.I) ... 7a 
.o!.) 
• .-14. 

:~i 
··'··5 .tr1 
.• ~o 
.•. 50 
,., .(>() 
.49 
~41 
~46 
. lj.6 
~!i.9 

21 

JJt. 10 
16 
26 
J.6 
a4 . 
29 aa 
27 
26 

K 2. 

aa 
"""" 27 
2.1 as 
30 
32; 
28 

18· 'lr5 12 .Ja. 
f~. ·. ,14 .. ~~. 12 :~.: .. 
j,,;.i.;;} l:? lj ... ,,, 
16· l'i ll \'I~ 
l .o. ,· i.:> ~ 

\J 12 

l~ u 
17' 1$ 
~ l~ l l · 
15 
11 16 
16 .\4 
l4 it. li ao 18 
l .1 

f O 19 ao. ao 
~l ,20 ao 

'11 ·' . 

14 13 
l~ 

16 
l.3 
l~ ---18 

l-9 
.20 :ao 

ll 
l4 
l.) 
l.3 
:LS 
16 
l) 
l,3 ..... 
18· 
15 
'l9 
20 ao ao . 

al. ao aD ao aa 21 22 22 
~ .24 ~ ·~· 

!2. 2a _,.. ...... 
2:2 23 a; ~ g3 

~ at~ 
alJ a.s 

* The sample n~bt)~$, l..,_ 2., 3 and 4 ~ndiea:t,e r~ ~~i~age, 
Pl?im~l'1 ef.tlue:nt tt>i'Cltling~ tilter e,f 'fluent, and · 
t'inal Qfflu~nt " 
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Total Solids and Volatile Solids; .........,._..,. ___ ._ Although the value 
or re:;iult~ in teitms ot pel;"cent reduetioll is quea t io:ned. .t 11e:lf';... 

oent ~eduetions are presented in t his investigat li.on f¢.lAr two. 

part:tcular r•aso1w: ttr.st, i t was anticipated t hat the, ·vari .. ;. 
f)tions in percent reductions would indicat~ the ef.ficiener 0£ 

t he treatment plant at various flows; secondly, the pe}:"oent 

reductions r11a.y be he1ptul i n .rutu~e· atudie.s: of the VPI ~eat .... 

ment Plant . 

The results in 1'Able II indi~ate. t h$.t appro>timately one-

half' o.f t he t otal solids in t he pl ant influent (Sample l) ~e 

vol ·tile{ovganic) . The reduction.a t hat i'ollow we:r?e calculated 

from the average onthly valuen of total and Vl!'>la.tile solids . 

M@nth 

tTanuacy . 
February 
March 
April 
May 
June 
July 

Although t he a.~erage reduction in total solids :ts only 

38 percent i the r eduction in volatile s olid$ is much great~z-, 
J 

the avo:rage value be1ng 68 percent . Th.ere appears to be no 
correlation ·between the percent. reduction t:lnd t he .f'lo;1: . 

The average montJ:ily values of t ottal $.nd v-ola·b:tlf;) soli.d.$ 

are plotted in _F1gui~es !i and 5• 
, ; 



Tabla I! ... Total Solids an(J: Volatile Solid$ 
(Parts per mi.llion) 

Total 
l ---z- Solid!i VQlatj.le, Solid.a lir . I ' to 

~ I+1low A;G- 1. ~ ~ - - - -
Januacy 10 .52 750 .651 

~~ ~53 ft~ 17 .57 1223 956 )$ 
24 . 61 787 625 4g% .;38 199 
Jl .75 . 96) 5~6 4?0 . 201 

Average . 61 -. 951 6 9 :$08 ,387 206 
February 7 l.-05 970 823 ~27 620 aa1 

14 . 60 708 61.l . 97 25.1 180 
- 21 9~ 679 

~ 
460 fl76 aas . ~ ~ ' 

28 .69 71~0 
6 4 filt.5 ~99 l9a 

.Average . 82 774 42 "362 221 
" 

March 1 , 75 692. (, 11·1 ' .... ' ij.Sij. 334 174 
. . pril 5 1.gs . 68~ 492. ~I 350 171 

)4. i. 0 l5· 529 176 16~ 
19 i .oo 29 507 .. _,_ .,..., 294 235 ·. 
26 i .oo .. 586 ~445 425 ~· 190 iaa 

Ave:%'&ga i . 21 614 1~9.3 )77 250 189 
May ., ~85 574 456 ~0.5 

.. 181 112 
10 .12 72.J 636 '4.8 260 182 
17 .65 682. 615 4al 272. 251 

Average .74 660 569 459 23e 182 

Ju..ue l5 .50 727 617 479 2.67 171 
21 .46 ( i25 513 no 315 241 
28 .45 51 652 13 270 236 

Average .47 703 614 77 aa4 ~l6 

July 5 ,.50 725 544 417 372. 219 
6 .so ·--- ....... ..... 

~-- ·--ll . 60 881 519 !~o 4lO 192 
12 .49 730 454 5 377 157 
l.3 .41 g§i a6 ~68 !+.59 197 
17 .46 46 1~22 496 J.40 
19 .46 737 440 ~J6 2;96 131 

Average .49 797 495 425 l~Ol 173 

i:· The sample numbet~s .l,, 2. and 4 i ndica:ce raw sewage, 
pr·in.t~ effl:uent~ and fino.l effluent'. 

'. ~:· ·, ': ' 

lU 
50 
15~ 8 
101 

130· 
.39 
14 
~-,7 

85 
75 
55 ... ... 
88 
13 

119 
:).12 
l79 
1)7 
68 

)h5 
l42 
l.25 
125 ...... ~ 
93 

127_ 
57 
lll 
94 

101 
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.sett .leable Solids a..11d .§.UIH?~Ade.~ s.olida: Imbeff and Fair 

(18)state that the performance of sedimentation tanks is gen ... 

erally con:s1de!'ed .satiaf~ctoey if th~ plant effiuant ~oQ.tains 

not ·ore than 0.5 .m.l . o.f settleable solids determined by an 

T'rnhoff cone. Using 't;hi,$ er.tterio:n of eftieiency, the resul ts 

oi' Tabl.e II! Sb.ow t hat t he settleable solids content oJ: .the 

final ef'.f'luent was cont:tnually satisfactory and the sedimen· 

ta.tion ·eff:teie.nay t..ras exo.eptionally g·oo d duPing t he 1ow s"Ul1mler 

:flovlS . 

The reducti on in sull!pen<:led solids was greate-r at low 

flows, as shown by Table II I and Fi gure 7, and s uperior efflu-

ents we,re produced along witb the gl.""eater percent removals . 

Th.e ave~age overall reduetion in su.spend¢.d sol ids was 8~. pe.-

cent, a..'l'l'd t he mont ):i:ty average reduetioris a.re sP,own by the 

following figures . 

Month 
April 
May 
June 
Jul y 

Flow (mgd . ) 
(kier.> 
r . 21 
. 74 ,.47 .49 

Overall Re.O.uetion(%) 
flu$;pe·nde4, Solids . 79 .. 

" 80 
84 
92 

Reduction 
t4;ro\lgh 
Prini.. Olax" . 

32 
30 
~~ 

The 'tunloadingn or nsloug11'1lfi off" of .ai trickling fi ltei-

U$ually occurs i n the spring of the year and i s caused py up ... 

ward temperature changes :following l .ong eold periods . Great 

qua.n'l:;itias of S·elid mat t er th.at; have been stored i n the .filter 

media ar-e re1ea~e4 aJ.op.g ,with t he bac'l;erial jelly of t he f iltex:- . 

fill .a unl oad.i ng was observed on May 10 and was .?.tesponsible for 
, 

t he aett1eabJ.e solids results o.f t he tri.elding ;filter ef.fl~ent 

on that date . 
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Table IIJ; ''" S~ttl,eabl,~ Soli.d~ and Suspended Solids 

Data Flow - Settleable Sol.ids, Suspended, S·&ll.d~ 
( l'.l¥td) <mJ. , /liter ~ nnn1. 

l & .l It* l a 
10 .. 52 - -January .,._ .. ...,,.,_ --- --- trl!l' - .- ---17 • $1 ........... ........... --- ..~..,, 

__ .._ 
...,,,~ 

24 . 61 9 .,0 l.i 3.5 .5 .. ... _ ....... 
31 • 15 ; 10 . 0 o. ·. a.o :~ ·-- ---Avea:o.age . 61 9.5 2 . 0 2. 8 .......... , ..... 

.February 1 i .05 ,3. 0 1 •. 1 o.8 .s . .,., .. ...... , 
' llt- • 60 6 . 2 1 . 0 e.o . 2. --- ----a1 . 92 5.0 l . 8 3. 0 .. 5 ........ ----28 . 69 9 . 0 0.5 >·5 .• 2 --- ---Average . 82. 5.a 1. 3 2.3 .J.t --...~ ... ..._ .. 

March 7 . 75 5.0 1. 8 z.o .5 ·-- ....... 
April 5 1. 05 6. 0 0 . 2 o.a . 2 .... -.... ...., ..... ., 

12 1. 80 3. 0 4 .• 0 0.5 . 4 ~--...- ...... 
19 1 . 00 6.o l.,i -.. - ....., .. .... 185 lJl •.. 
26 1~00 6jtt o • . 0.3 . 2 l92 f ~ Average 1 •. 21 5. 1 . 6 0 •. 3 .3 189 

.. ' 
May l .a;; 8 . ,5 l . 2 l .O .4 l7L. 110 

10 . 72 6.o 1 . 1 22. 0 .2. 2l~i rr~ 
17 .65 e.o 2,. 0 o.~ ., l 2 136 

Average .74 7 .• 5, 1.4 7. •l 199 139 
., . ' 

June ~f 
- •?,O 5 .• o 3. 1 o.6 ~ 6 266 178 

.• q.6 5.5 o.8 0 "2 . 2 228 1,$8 
28 .45 6. 3 2. 1 o., .1 190 121 

Average .. 47 $. 6 2.a o .. . .; 228 1.52 

July 5 .so 9. 0 .2 . 0 o·,2. . 1 306 162. 
6 .50 ..... ~ .,.. .. ~ --- -"- 308 68 
ll . 60 .l). 0 ' 2.5 0.5 .l 364 2.18 
~ .49 ll. O a •. 5 0.3 . 1 332 1%8 13 ,41 l0 .5 o • .s o.a . 1 436 
17 46 1 ~0 0.4 O,l Tr . 308 84 
19 :46 7.5 2 •. 2 0. 3 . 1 Z6i~ 140 

Ave~age .49 9. 7 1. 7 0.3 •. 1 331 137 

:~ The sar.iple numbe~s :l,; 2, ,J:,, and 4 in<'11c~te . raw se :age, 
primary effluent, t:eiekling filter eff luent , and final 
e.i':f luent, 

!,t-U. ..... 
.,,. . .... ·-........ .. .... 
....~ .... ....... _. 
-·-
..,.,, ....... 
....,,., ... . 
...... 
---
...... ., ... 

33 
45 
39 

l9 .3 
36 
.3.9 

~ 
37 
28 
12 

1~ 
16 
20 
12 
21 
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13 1 0 .,R. and R~lat~~ Stabi.litl: The a. pera.ge reduction 

in B. o.,D. th.rough · the prin1Wi>y c.laritie,r was 38 pereent, and, 

the average overall reJuetion w~s 83 pe.:rQent ·. The I'El)~Ultai 

sholt/n by Figure 8 indicate that re1noval effi.o:tenoy ine.r~aa~d 

a~~ f low: decreased., as a superior effluent was pl"'oduced even 

though t he stx-ength of the sewage was greater .. Relative, sta-

bility I'esults comp$.1:1cd very well with, corresponding B ~ o .n . 

i~eaults and Figures 8 wrid. 9 ·show that the stability ot the 

effluent increased as the B, O.D1o remcntala increased. 

The . o .D. o.f the trickling 'filter eff1n.ent WU$ ve.rt.ry high 

on t·1ia.y 10, and this high value was probabl y caused by the 

"unloading" of the filteF on that d.ate • 13.0 11 reduction 

value~ through primary clarification were vary l(l)W in the 

month of.' May and averaged less than one- ha.l.f Of t he s e 

values for June nd July ·. 

Ap;ril 
May 
June 
Jul;y 

F l ow: - Aver' • a ,o.D, lieduot.ion 
t~oush P. O l~:ril'i·e~ . . 

~·~ · 47?! 
48~ 

. ~ 

Ave'!". Overall 
B.O. D .• Reduction 

81%. 
70~ 
89;& 
9.3'.rt 
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Table IV • D. O.D. and Relative Stability 

Dato Flow B.o.v. Re l . Stability - ~. ) t mm J { ' b. j 
l .e l k* l i l ..... -

January 10 .sa ---- --- --·-- ...... ll 11 .30 
17 .57 ...... --·- _ ..... --- -c::·11 . f<ll 37 
24 .61 ~ ..... ~ --- --- _,.._ 

< 11 f<ll 11 . 

31 .75 ..... _ ·--- ...... ... ... < 11 i<l l 37 
Average . 61 --- ....... ....... --·· -'ll i-:11 29 

Februacy 7 1 . 05 ........ __ .,._ ·-·· ··-- ll ll 21 
14 . 60 --- ....... ...... ... ..... 11 11 21 
21 . 92 ....... 

--~ ..... ...... < ll i<ll 21 
28 • 69 --- ··-- .... _ ,,, ____ 

"'"ll t<ll. 60 
Average , 82 ---- __ ,.. 

,..,_ ... -.. - ..c:: 1.1 !Cll 31 
11arch 7 . 75 ........ . ..,_ ... --· --· ...:; 11 f<ll 68 
Apr i l 5 l . 0$ 188 124 72. 40 .:: 11 tell 75 

l2 i .ao 200 120 ki 36 11 11 78 
19 l .• oo 175 . 116 25 ll ll .... 

. , 

26 i .oo .190 118 43 39 i-:: 11 !Cll 80 
Ave:t:>cage 1.21 188 119 52 .3S ..c11 ' !Cl .l 78 .. 

hay 3 • 85 173 113 29 25 ..::: 11 !o::ll 98 
lO .12 161 133 181 93 .c:; l J. !Cll 21 
17 . 6~ 165 l.50 .ti 32 ..::11 ~ll 68 

Average .1 166 132 $0 ..::. 11 . I' ll 62 

June 15 ._so 240 105 32 as ..C:: ll ~11 99 
21 .46 ~iij 110 25 18 ~ 11 t<ll 99 28 .45 1.30 28 ZS ~ 11 jf:ll' 99 

Averag-e .47 217 ll.$ aa a3. .::: ll . ~ll 99 
J~.ly ~ .so l.95 126 30 21 ..:: 11 . ~11 99 .50 256 1~~ ~~ l} ..G ll ~11 99 

ll . 60 226 rt < ll . I'll 99 
12 .49, 2.65 lJl .31 < 11 1<11 99 
13 .41 246 125 2$ 16 < ll. . ~11 99 
17 .46 218 Jlt4 45 ~ < 11 .. ~11 99 
19 .46 242 117 )7 < 11 . ~ll 99 

Average .49 235 123 33 16 < 11 . ~11 99 

,,r. The s ample numbe t>s -1_, 2-; 3, and 4 i nd cate raw s ewage, 
pri1 ary effluent, trickling filter effluent, and final 
effluent . 

11* 
37 
37 
21 
37 
33 
21 
21 
21 
63 
.3.3 
68 
80 
96 
""""' 84. 
87 
98 
21 
68 
62; 

99 
99 
99 
99 

99 
99 
99 
99 
99 
99 
99 
99' 
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pH ; anQ. .M. ~l • . !,l,..kr1li:ni tx: The averag~ pH of t he .:raw 

sewage wa..s 7.4 and thls value i n r eased through the s ta.gas ot 
t:r.~ea.tment t .o an average value of 7 • 7 in the final ef.fluent . 

M .• o.. Alkalin1 ty values of the raw sewage Qnd p1"'ilnfU'Y 

effluent wer& approxb1ately the sam.e, as were t he val ues of 

t he trickling :ti l~tlilr and fin.al ef;fluents . The reduction in 

a.lkalinitY oeeurred. pr imari l y through the trickling filter , 

the average valu~ being aitpproxizna.tely · 19 pe.rcent, and the 

average r~ductiona through. the filter by months are $haW'n 

'DY t he fo+lowtng figures . 

Januacy 
Febr'-1.avy 
Mareb 
April 
}lfay 
June. 
July 

% Alkalinity Reduction 
th:i:>ou.gh T . Fi .lter 

13 
11 
10 
la 
22 
25 
J7 

Although the values of alka.lini ty i .. edu.ction through 

t he t~iekling f'ilte·r were much g:veatel'.' at low flows, no 

defin:t te relation was fQund to exist betf1een the quantity 

·Of tl.ow, and the :percent reduc tion ' i n a l ltal1nity • 

. .,.- ; 



Table V • ""' pH and ~ ~o . Alkalinity 

, 
Dn·te Flow pH Alkalinity {ppm;. Ce.C0.1 ) 
~ - l 2 3 l.!..* J. ' 3 IJ.'i~ 

January 10 .52 7.5 7.6 1.1 7. tJ 430 402 .)82. 374 
17 ·5I 7.5 7.5 1.1 7.. 7 4l~:;t. 374. 3~~ 324 
24 6 1. 3 1.1 y.8 7. 7 ,76 )84 .33 .3~.2 ... 
31 . 75 1.1 7. 3 7.4 7.4 02 3411. 291~ ~o Average . 61 1.5 7.5 7.7 7. 7· qJ.2. 376 340 3 

Februaey 7 l . 05 b.6 7.4 7.6 7. 7 290 2.96 276 269 · 
l4 . 60 .o 8.l 8. 2. 8. 2 342 400 210 354 
21 . 92 1.i 7.4 7.6 7,6 $06 JO~ a96 2(34 
28 • 69 1 • . 7. 3 7.5 1.a 380 354 3i6 330 

Average. , 82 1. ':l 7. -6 7. 7 7. 8 .330 339 2 2 294 

Mar eh 7 . 75 7.6 a.o a.o a.1 . .336 JO!f . 290 296 

April 5 i . 05 7. 3 7,3 7 .• 4 7 .• , 274 2.711- 2,54. .256 
12 l . 80 7,1 7.3 7.4 1. 194 206 194 l.84 
19' i . oo 7 ·~ 7., -~- --· 280 290 .. , ... . ... ~ 
26 i .oo 7• 7. 1 ~ 1 7.8 302 290 248 2.Jl.~ 

Average l . 21 7•3 7.3 7•.5 7.6 263 265 232 225 

May ) .85 1., 7., 7.4 7 :. 3 '298 310 ~& 222 
lO . 72 1 • . 1 • 1.5 1.5 ..320 ,308 2·96 
17 • 65 7.7 1.5 7.7 7•6 320 312 222 226 

AveJ?age .74 7.5 7.4 1.5 1•5 31.) 310 242. .238 

June 15 .so 7.4 7 . L~ 7.6 7, 7 1~06 4~ 286 ~~i 21 .46 7.4 1 . ~ '7 . 6 1.1 3L~2 ) 300 
.28 .45 7,. 5 7 ,, ~ 7. 7 7•7 414 J84 .298 290 

Ave,rage •47 7.4 7.4 7.9 7. 7 387 39l 295 291 

July 5 •. so 1.2 7.3 7.4 7.$ 434 396 254 222 
6 ,,:50 ...... -ti!'.,. .. ...., ......... --.-! -·~' 

........ .., .. 
11 . 60 7•4 7.5 7. 7 1.$ 458 4oe ,260 242: 
12 .49 7 2' t:l 7;.4 7·,, 6, 472 38~ ~6 228 , 
li .4.l. 0 4 1. 1 1.1 442 a e 2$4 I • · 40 
l •46 1.a 7.6 1.A 7.7 434 ~.~· 256 2.34 
l : .46 7 •. 4 7 •. 6 1 • . 1.1 '3b 262 264 

Ave rag$ . t~9 7.3 7.5 7.6 "( . 1 29 398 2.58 240 

* The sample num.be,rs ,1 a,, J, and 4 in5i1eate ~aw sewage ,. 
p:rima~y efflu,ent, trickling .filter efflu~nt, and .final 
efi"luen~ . 
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Ammonia Nitrogen, Nitrite N'i trogez+, Nitl"ate i trogen, 
Dissolved Oxygen, and Si;.lfate.s f The results In 

Table VI. and Table VII show that the nitrogen determinat.ions 

were somewhat irregular, and from a plant efficiency view-

point l ittle was ained froii these tests * The ammonia ni trogen 

reductions th.rough t he treatment plant and the increases in 

nitrates are illustrated by Figure 12 and Figure J.4, and t hese 

figux•es clearly .s how ·t hat nitrification of amm'()nia ni trogen t .o 

nitrates ~1f;l;s practically non ... e:x:istent duri:ng t he winter mon ths; 

however, the ni trates were great l y :tnc:rea.sed and t he ammonia 

nitrogen gretitly re·dueed in t he spr i:ng and sm11nier months . 

Since nitrates are considered indicators of st.abi lity, the 

p.lan t effluent was muoh mor~ stable in t he spring ~lnd ~ummer 

t han i.n the w1nter , This conclu$1 ion checks well with t b,e 

results of r e lative stab1nity tests, which showed gl'.'eat 

increases in stability from winter to su:mmer . 
The te.sts for ni tr1 tes r evealed grea.te:r concentrations 

of nitrites t han a:c•e usual l y encountered i n raw and primary 

settled sewage, an d t,;hese eoneentra.tions eou l d not be s.c;counted . 
• for . 

The dissolved oxygen values were t he leas t variable or 

t he test results, but the dete:rn1inations were made only- from 

April to July.. The r aw sewage was always. depleted, of dis• 

s olved oxygen , whieh i ndicated the sewage was stale, but the 

final effluent eoh;tent av_eraged 4.5 parts per mi lli.on and was 
,,,. \ < 

apparently very stable .. 
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The sulfate :r-0sults seemed very erratic, es,peoi.ally d'UJ.'ing 

the months of least ef'f1eiency~ In June and July the sulfates 
\ 

were inerea.sed slightl;Y: t hrough the treatment proce$a ae ,sul-. 

phur compounds were oxidized to sulfates . 

Ohlo.rid.~a J The plant i nf' luent and effluent were .analyzed 

for chlorides to determine diff'erenees in strength of the 

sewage . The results of Figure 17 show t hat t he plant i nfluent 

was continually .s.l1ghtly stronge.r t han th& effluent, but the 

variations were small and a sewage of very near.ly t he same 
'\ 



'!'able VI . ... Araxnonia Ni t:rogen and ?fi trite :ii tx-ogan 

Date Flow Amn1oni.a Nit. ( trom ) IUtrtte Nit. ( pOOl} 
~ ~ l a 1 h* l 2 l 

J(:tn.uavy 10 ,, . 52 -........ 
-- ·~~ ---- . ....... _ --- .. ,. .. 

;! 17 .57 19 . 0 16.9 13.8 12.6 .48 . 39 .51 
24 . 61 21.4 24.0 16. & 20.1 .• 30 .42 ;.i51 
)1 . 75 16 .• 5 20 •1 12 . 2 19~4 .21 .ao ~ as Average .61 19.:0 20 . 3 14 0 17 .4 .3_> • 34 • 6 ·•"-

·,; 

February 7 J. . 0'$ 9 .•. 8 21. 1 17 . 6 1h"2 .17 ~16 . 22 
' 14 . 60 18. 7 21. 8 ao .1 21 . a . 21 . 22 -~8 
21 .• 92 15. 0 22 • .a 20 . 1 18 . 0 •)O .42 ·~ 28 . 69 22 . 2 Z14 .• o 21.1 19.7 . 27 .z2 . 2 

Average . 82'. 16.4 22 .• 3 l.9 . 7 J.6.9 ··. 24 .26 ·33 
March 7 .75 ia .o 17. 2 16. l 16 . 6 . 21 . 2.1 .. 30 
Apr11 5 1.os 11. 8 14 •. ~ i2. 3 l.3 .4 :~ .49 .45 

12 1~80 4.6 9. 8 a.2 e .• 2 -~ .46 
19 i .oo 12 . 5 15. 2 

__ _. .... 
~,.. ..... 

·~ .. ..,._ . ..,. 
a6 l •. oo l). O 13.2. 1.a a.a • .J+7 , .• 59 

Average 1. 21 ll. O 1.3 . l 9.4 9.9 .34 . l~l .50 
May ·1 .as J:4 .~4 l~ .6 i:i. . ~ u .:2 .40 .53 •. ao 

10 • 72. 24.0 16 .6 1 ., 1'8 ~ .• 20 . 37 ..,85 , . .. . 
17 .65 21. 0 19 .. 4 9.4 9 . .1% : i!~ ~65 

Average .74 19.8 18. 9 9.5 lJ .5 .a - .11 
June. 15 .~o 12. 5 17.6 7.6 6. 8 ' : ~~ 1. 22 .59 

2.J. .46 16. a 1a.a JJ+ . ~ ~ .• 8 .50 . 29 
28 .45 21 . B l. .6 1.e .a. .01 . 20. :trl Ave:rag• .47 i6 . e 16 ~5 9.9 9.9 .11 .64 

July 5 .so ,26 . 0 20 . 8 411 .3 o.a . o.$ l .55 . 25 
6 .50 

._ ___ ........... ·---· ,,.,. ....... ..., ---- .., __ ,..., 
---- ·~ 

ll . 6() 27 ,5 23 . 2 6 2 3. 1 . 09 2 . 10 .32 .. 
12 .49 26.% 20 . a 4.2 z.2. .10, 2 .,00 .34 
13 41 25 . 20 . 0 5.6 !4- 11 0 . 32 2 . 10 .32 • 17 .46 26 . 5 18. 6 4-0 l ,. 9 . 13 J +20 ~ 19 .46 12 . 2 15 ~ 8 3.7 1, .• 6 .14 1.16 : . 

Average .49 tll.i .• 1 19. 9 4.7 2. 8 . 14 2 . 02 .35 

* The sample numb~;rs _1 , ~-, 3, and 4 i nftioate :raw sen-Jage ~ 
primary effluent, tricl!ling fi lter effluent , and f'inal 
eff'l11ent . 
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Table VII - · IU t1"ate Nltrogen and Dissolved . Oxygen 

Date 
~ 

Janu&.ry 10 
17 
24 
31 

Average 

Febru.ary 1 
l4 
21 
28 

Average 
March 7 
Apr;tl 5 

12 
19 
Z.6 

A,v:erage 

May } 
10 
17 

Average 

June 15 
21 
26 

Average 

July 5 
6 
ll 
12 
l) 
17 
19. 

Average 

Fl-ow -
.,52 
.57 
. 61 
• 75 
. 61 

.1 . 05 
. 60 .9a 
. 69 
. 82 

~ 7.5 

t·at:ttate Mit . :C nPln~ Di-asolved QX'.'11.?.en(pp111 ~ . 
l 2 3 4~ 1 2 ' ' b.:~ 

• 3.8 . 65 i.o· i .• 2 
• 30 . 45 . • 8.$ .15 .ao .11 . 10 .10 
.~9 .40 .65 .4a 
. 1.s .so .20 1.$ 

. • 80 . 60 . 20 .30 
• s5 ·• 73 • 95 , 7S 
• 70 . 6,5 1 .• 2. 1.4 
. 63 •:7Q . 64 . 98 
. 7) . 55 . 20 . 18 

• 2.8 • 28 . 15 1 . 7 
1•4 l . l 2. 0 2 . 2 
.90 . 70 _,.._ ---

· .15 . 20 .25 3, 3 
.:67 . £)6 . 80 2 .t~ 

.~o 1.a 4.5 4;7 ·· 

. 20 i.;. 6.5 6 .~ 

.a1 1 . 0 4., 7.· s.; 

.36 1.1 5.2 5.4 

. 20 1. 8 6 . 1 6.5 
,.13 . • 20 . 24 .ao 
.20 .15 . 2$ .18 
... 18 •71 2. 2 2 . 3 

.15 . 18 .1., 5.8. -·- ,.. .. ___ ..,. -.. -
,,, 27 . 10 . 20 .20 
.15 . 15 S.8 5.7 
. 25 .15 .35 5.0 
, 10 . 10 6 •. o 6 .1 

..10 •. 10 5.8. 5.0 
.17 . 13 3.0 4.6 

__ .. .. ..... --- ...... 
.. -·- --- ~-- ·-

• <-·· 
~· -- , ... _ . 

-- -·-. .... ... ............ 

)} The sample nu'l'n:b ~s.l, , 2, 3, a,nd 4 ;tndicate raw sewage; 
primary eff luent, trickling f'.tlt.er effluent, an d final 
ei"fluent . 
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Table VIII • Sulfates and Chlorides 

Date Flow Sulf'ates ( crpm ) Ohlori~es( npm ) - ~ 1 2 '* l 1.1...:t 
January 10 .52 22 .• 2 u .4 lb.5 ~o 4-r 

17 .57 34.7 2~ .2 25. 2 51 :41 
24 . 61 31. 1 17.l 23 .8 1~6 41 
31 • 15 32 . 9 33 ~0 33 .0 75 . 41 

Ave~a.ge .. 61 30 . 0 21. 0 25 . 0 48 41 
F'ebruary 7 1. 05 36 . 8 65.5 26.9 40 38 ' 14 .60 1;5 . 3 16 . 8 16 .5 46 33 

21 . 91~ 1,4.0 24.2 22 . 1 aa 22 
28 . 69 17 . 8 51.1 28 . 0 43 27 

Average . 82 29,0 40 . 0 ' 24.0 39 30 

March 7 .75 30.5 35.9 26 . 6 ; 34 aa 
April 5 1. 05 20.i 24 ., 2 31 .2 33 a; 

12 l . 80 20 . l.5 .4 25 .9 17 15 
19 i .oo 33. 0 16. 9 ...... 25 18 
26 1.00 18. 3 JJ~ ., 5 24.6 26 ~' Ave rag$ i .• a1 23 . 0 l .o 2.'l . 0 2$ 

May ) ~85 41.0 17•6 2'.2 . 2 32 JO 
10 .72 21.1 16 • .5 25 .5 36 41 
17 .65 1$ .9 10. 4 14.5 35 ;30 

Aver·age .74 26,0 i5.o 21. 0 34. 34 
June 15 ,so i~:~ 20.6 25.a 27 ,21 

21 .46 17+4 18 .4 70 29 
28 .• Q.$ 12.'l 19 .3> 20 . 0 ,0 39 

Average .47 14.0 19 . 0 21. 0 2 29 
July ~ .50 13. 3 18,4 21 . 6 26 37 .50 '*"> __ .,._ ........... .... -.. ..,,. ... ... 

11 • 60 19.8 18.l 22 . 4 77 28 
12 .49 12 .. 2 l 'hl 20.1 a~ )2 
1.3 •. 41 16.l 17·i 23 .7 33 52 
17 .46 24.a 28, .· 32 . 6 a6 51 
19 .46 13.4 17. 0 ' 19 . 2 4.6 2.9 

.c\ve:r.age .49 17.0 20 ~ 0 23. 0 40 38 

* The sample numbrers, ~' ?, 3, a:id 4 i!ld1oa.te r aw sewage.; 
primary effluent, tric1t.11ng :t."ilter et'.f l uent,. and final 
effluent. 
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Sever a l tr,i:ps were ma-O.e a long Stroubles Creek during the 

study t<, observe the condition of the reoeivi ng stream, and 

i-ri th en~ exeeption t he a tr~mµ appeared as clear below the 

entrano$ of the treatr11ent plant efi'luen t as 1 t did upstream. .• , 

Becaus e: of maintenance work on April 19, sewage was be·lng 

bypassed from the prlmary ela.riti.er, and a very t urbid con• 

·dition was noted in the reoeiving stream on t hat date " 

PlsttoJ.ved oxygen tests were run on the strearn, and s .lflm-

ples taken above t he ent.rance 0£ the plant a.t'tlu.ent were 

. always. tound to be satura't>ed~ while at a dista~ce o:f seventy.-

five_ ya1"ds below the i::mtra!l,ce. o.f the plant e.t'f l uent, the 

average p .o. content of the samples was 7. 0 parts per million . 

On April 19, the D. O. was .$ . 6 parts per million below the 

entranoe or the plant eff l uent . 

At each observation minnow~ !<fare present in t he strewn, 

although they were observed .in :mv.ch greate r numbers upstream. 

Maintenance appeared. to be vetrrJ e.a~ls.fa¢tpry t .hroughou t 

the ·t~eatm.ent works,. and eleanins , painting, and repairing 

opevations were freq;ue:ntly obser"ted . 



DISCUSSION .Q! ft ·SU4T8 

The authe;- realizes t hat even under the best conditions' · 

effici ency studies similar to this investigation a;re subject 

to me.ny .discrepancies and th~.t it is impossibl~ t o an.alyze 

t he previously presented renults for exact eff iC,iency dete:r• 

minations of sewage treatment units .• Sewage cl"Hi1•acteristics 

are quite vari able from s ys tem to s yetem or in a given .system, 

sampling me thods are no t standardized, standard analysis 

prO'oedu1"es a.re not always use d, and many of the otandard pro-

cedure:a are i n need of improvement. 1rhese and other factors 

make it very dtff'lcult t o re ach definite conclus i ons in 

investigations of this type ,. 

In ·SPi te of these ha.ndtcaps, howqver, the ta.utht>.r belieV'el'l! 
~ . . ~ 

that th~ results of t h i s study can be used to good advantage 

in obtaining the performance o~ the units studied. This can 

be accomplished by t h e co111parison of sewage con t .e·nt reduc,.. 

tior.tS w1 th tho$e generally expected throu,gh t he· vario\l.s uni ts, 

·by comparison of performances wt th treatment plants similar 

in des:i,.gn t o the Vl?I pla.n:t, and by the use of common obser-· 

vationa . 

Pr1ma~1 Sedimentation Ei'ficiencz 

The r emova l of sus pend0d so11ds by primary settling is 

enerally expecte d to range f rom 45 t o 60 percent for do-· 

mes tie sewage. B. o.D. removals vary .fr•om 25 pex>oent to a 

usual maximum of' '40 - p.~r~ent,. unless de tention periods . greater 

t han two hours a.l"e used , and settleable solids removal values 
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shoul d alway$ exceed 80 percent . 
The suspended sol!da results s how t hat re ovals were 

oonsidex-ably 'lower than the expec ted 45 percent f o.r a. l arge 

part of the study, · but they increased with the S,Ull'JIT!er mon ths 

and r ea.ehed S9 pel."'cent in t ho l :o 1th of July, uith the l owes t 

percentage I'e.moval occurring during the mo~th o.f May . B.o.D. 
remova.1 vs.laes ranged fJ;>am 37 to 4.8 percent with the a,x -

ception of tlle month oi: May , wher>. only a 20 per,cent removal 

was attained_. d t he B.o.D. removals were al$o hi ghes t in 

the s u..rruner months . Settle able. s olids were r f>d ·ced by volume 

a minimum of 93 percent i n February and a inax.i111um of 99 per-

cent in July . 

11ooz-,e , Sm:i,th, and Ruc.bhof t{23 ) made an '&fticieney study 

ot a domestic se,wage disposal plant at Cen tralia, Missouri, 

that employed p1'"aeticully the sam.e treatment process. that ts 

used :at the VPI plant , an d the efficiency o.f t he Centralia 

plan t was consid$red ex:cellent . Diffe1.,.enoes in B.o.n. re .-

mov 1 through the p~;i.111ary clarifier ·we:re slight , and the 

vs.lu.es ranged from 26 to :;o percexrt at the Centralia plant 

as co:mpa.red with 20 to 48 pereent at the VPI pl ant .. Su$-

pend.ed. s olids removal was exoeptionally hi.gh at Centralia , 
·-

with removals of 61 to 74 percent as compared. with 30 t o 59 
percent at VPI .•. 

These :r-esul·ts indicate that the primary clarifier was 
' 

least efficient in Apri l and May ,. or at :!'lows near 01" abov,~l 

the desie;n flow, arid that the efficiency was very good '1a 
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June and July ~ 

TrickliAG Filte:r fficiene_z 

Imhoi'f and Fair. {18) state t hat low-rate. trickl:ing :fil-

ters that are preceded. and !'o·llowed by $ettli.ng tanks shou.ld. 

reraove :fr.om 80 to 9$ percen t of the B ~ 0 11D • and t'irom 10 to 92 

p0.reent of t he suspended sclids . The B.o,,v . remo·val was in 

this range at all times with t he exceptio.n of the month o·f 

MIJ.'1; wh.Ein a removal of only 70 percent was aecomplish{:u;t,, and 

the remo·val in July ti.as equal to t hat . acoompli.shed. at. ae.n.tra,.. 
lia. • Sus.pended solids removal values were. in the ex.pee tecl 

range at all times and reached the maximum expected value ot 
92 percent in July; wnieh w.a:s one percent higher than the 

percentage remo,val at Qentralia.. 

The alkalinity values reveal the oxidative ef'fectiveneea 

of the t;r • ekling fi 1 ter,. The June and July a ples ,, wh!ch 

s h owed the greatest reductions in alkalinity t hrough t 11e 

filter,. eorr(;ns1,onded t o the final ef'f'luents with t'~ lowest 

monia ni t:togen 'was greatly reduced 

through the filter in t e stUnmer,, indic~t1ng g:reater nit.vi• 

f ioatio d a more stable effluen t,. 

These, results indicate excellent trickling filter effi.-

cienoy in t he su..r1 e r onths and sat13f'aotory performanoe at 

all other- times during t he study except t he month o.f M.ay • 

Seeoni;iai;z S,ediJ. entation E.ff1,ci~BQY : ... ; ·' 

The aeeondary olar5.fier operated inore efficiently t an 

the other nits throughout the s runpli .1.g, period . ' F lows and 
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temperatures affected 1 t less, and ~egardJ.e.ss of the loading 

received from the trickl ing fi lter,. it conti.nually produced 

an atf'luent low in S·ettle.able solids. ~Sith res pect to B. o.D, 
and Suspended Solids content , the f inal. effluent was equal in 

qual ity to t he Oentral1a plant . 

Overall P4.ant li!;ffi~i.ette-Y 

The results of the stream s.:n.d plant observati,ona :l.nd.i ""' 

eate that. the eff'1ei .eney, of the Q·Vera.11 pl.ant was good. Th~ 

:re.ceivlng stream s. pported fish lif.e .a.rid was in good condi-

tion during the sampling period . Maintenance ope r ations 

appeared to be very_ satisf actory at all times . 

The combined results indicate t hat the efficiency was 

greatest dur:tn~ June and Jult , the month$ o·f l owest flow 

and highest temperatures . It is important to note that this 

obset"v~tion of greatest e.t'.fioiency is not _based on the mere 

fact t h at the strength of the sewage WS-$ greater in June and 

July and greater reduc tions in B •. o ,D. , Suspended Solids, etc., 

wer~ obtained. . Instead, 1t is baaed on the .faet th. t a 

superior plant a.ff luent w.as produced along with the greater· 

reductions . 

Apparently, f low and temperature variations h ave a very 

de!'ib,.i.. te effect on the efficieney of the plant, The .flow 

variations may be caused by groui1d water infilt:rations ,. as 

·well as the variable student em-ollrn.ent~ at VP!. . 

The ave·rage inonthly values of' a maJori ty of the test 

results compare .favorably rl th operating re·sults of a t;raat-
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:mer.re pl ant very s Lmilar to the VPI plant (2),), and thes.e 

.results wet"e ¢.ons.idered exol;}llent . During th~ winte~ and 
it 

.s pr in montl:is the finaJ,. effluent t-iias of a low~r quali ty 

t h an duril"lg thA summer montl1s, but considering the condition 

of the ~ecei ving s tr<Hti.-n, it; · tts ccz" ta5~n.ly of ,a E:1 atisf .ac to~y 

quality •. 

. ,,- , 
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CONCLUSIONS 

The author believes that the .following conclu.sio.ns ean 

be made from this stndy; 

( 1) The VPI Se 'age Disposal Plant operates m.ol"e affl..,. 

ciently during the swmner months , or periods of low flows 

and b.1gh temperatures • 

(2) The overall plant operated satisfactorily during 

this study and the e:f'fici·eney was excellent in the month of 

July . 

(3) The primary clarifier was not as efficient as the 

other un1ts studied and operated poorly in the month of Ma,y . 

{4) It is poss1':>1e that ground water inf' 1.uration. in 

the VP!. Sewerg,ge System decreases the· . treatment :plant 

ei'ficieney . 

(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 is a need for a study of the ,.time ot flowt• 

tb.X'ough t he VPI plant . Such a study would gre.a.tly aid the 

plant operators , and it should certainly precede any future 

investigations of this type. 

The author sincerely hopes that .future similar studies 

of t his magnit:ude wi.11 not be undertaken by a. single: investi""' 

gator, as the an~lytipa.J. work was tim,e •Consuming and limi t-ed 

the scope of the investigation . Composite samples and ".flow 
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time" are very desirable f~ct-o.tts to be· considered, and it 

would be interesting to compare results secured after · 

thorough consideration of these factors with the .r.eaults 

obtained in this study . 
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T'.ae, purpose oi' t h i.$ study was to inves tiga'.be the eff i-

eieney of the VP! Sewage Disposal Plant .. A proposal was nu1de 

to atu.dy the sepa:('ation. of' the solids Crom the lt<auids and 
I 

the tre,a.tment of the liquids, which is aeoompl1shed essen-

tially by ·two primacy cl.a.rifiers., a trickling tilter, and 

two seeonda:ry clarifieirs ~ 'l"he propos9.l inc1Ud$'d an e.i.'£1 .. 

oiency study of these individual treatlu~nt units as w~U as 

the overall treatment plant . 

The inves.t i g&tion included t he establishment of sewage 

sampling stati ons at tour points of t he treatment systc:Jm 

t.rhe:r;•e .samples . were collected of t he raw sewage, the primal£:'1 

cl.arifi.e:r aff.luent, the tr·iekling fi l ter ef fluent ; and tM 
.. ,. 

f' i:nal. el'f luent. Ph.ysi eal and ohemioal ·tests were nu:tde of 

each sample t:oI" temperature , hydx"ogen-1.on oeneentration (pH), 

dissolv~d oxygen, b:ta.chemio(ll oxy.ge:n dema.r:ld, ;relative s tabi l 1• 

i ty 1 a.lkallni ty, free amrnon1.a ni t:rogen, ni tr1 te nitrogen, 

nitrate ni trogen, total solids, volatile. sol.ids, suspended 

sol1ds, s ett leab le s ol ids , ehloride$, and s u lfates. Th~ 

qu~tnti t y of sewage tlow was . r~corded each time s amples were 

collec-ted in e.n at t empt ta eorre l~te .flow with t he efficiency 

of operatien. During the sampling period observatioP-S we;t>e 

made of the physical. eondition of the st~ea.m ~nd t he treat-

ment works . 
, ' 

Time and. pe~sonne .l limit.a. tions ne~ee sa 1 ta ted the use ot 
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n catchn samples, which 'lfere eolleeted during the daily period 

of' maximum loading , the assUl'llption being that se.tisfaotory 

operation ~t maximum loadings would indicate satisfactory 

operation at any other l .oading . The sampl es ware collected 

and anaJ.yzad o;ver _a period from January to July, 1951 ~ 

The results of t he investigation were. $tudied for effi .. 

eieney determinatiQns of t he indlviduEil treatment units and 

the overall plant by eom.pP.risona of the sewage content re-

duc tions obtained with those generall y expected t hr ough t he 

various units, by a comparison of perf'ormance with, a treat• 

mant pl.ant similar in des i gn to t he \Tl'!, plant, and by use 

of the common observations made dliring the sampl·ng period . 

The conclusions were made that the overall pl ant oper ... 

ated sa'tisfactoriiy during t he study, t he primacy clarifie.r 

was not as efficient ·as, t he other units 1 and the over all 

plant ope:ra.ted: more ef,fi.cien tl-y at low flows and high wm-
pera tiires. . 
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