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ABSTRACT 

Unique sanitation problems exist in isoiated. 
J • 

communities, particularly t'hose in Canada's North. 

These problems are, compounded in,the Nor~ by an under-
" , 

supply of safe potable water and unsu*table ground 
'. 

,copdi tions for most cpmm'on Southern saI:li tat,ion sy!?tems. 
~ , 

!n an effort to meet, some of,these problems, a 
. 

packaged water ~ecl~mation kit (WatRek) was designed. 

·The kit was designed to be easily tra~sported an9 ' 

as~embled, and to p~duce an effluent'suitable for reqyc~e .. 

for "non-potable u'se with a minimum of .op~.ra.tor attention~ 
, , 

Unit prcces$€s utilized in the pro~otype we~e: biological 

treatment, cla~ific~tion) flow equaliza~ion, aerobic 

sludge digestion a·nd activated ca·rbon adsorption" 

effluent quality of ao mg/l COD and SS was consid~ .-

adequate for recycle. 
. ... X' 

Duri~g evalu~ti6~ the ppotbtype, mej the effluent 

.... criteria at all times·. 'The solids removal :eff,icien~y. 
( 

of,the f19ating tube clarffie~ was:t'ound to be. sensitive 

to energy dissipations ,~n the aeration tan~, of greater 
, . . 

:tha·~. O.S.HP/l,OOO.«Igal. Over~ll ne't yield of·micro-
, JI' •• 
• ~ J .. 

.. . 
organisms d~ring t~e experimental per.i?d'was estimated 

to be 0.08 g MLVSS/g COD removed. Seventeen days 'were 

'. 



", • -required to develo~ a b,iological floc in the aeration tank 
~ 

withoqt an activated sl~dge seed. 

The floating tube clarifier and hence the overall 
" . 

~rot6type operation were .s.ensitive to hydraulic conditions. 
, -

Prior to installation the prototype would· 'require 

modification of the clarifier and the operational mode ." . ~ , 

of the carbon column whic~s subject to inadequate 

backwashing. Improve~ents' in, the 'aeration tank system 

to maximize 'oxygen transfer-and minimize agitation of the 
, , 

floating Clarifier. would also be requir~d. 

" 

" 

• 
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Under c,ertain condi tions of, topography, "climate 

and location, the provision of sanitary' water supply and 

wastewater disposal becomes a difficuit and cost1y exerci~e. 
• J 

One area in which tlie'se conditions exis·t i"s. in the far 

northern re~ions of Cana~a. . The dif.f.icultY\in .t~~a dian 

N?rth is acce.ntuated by the ... wIdely scattered ~ 
, -, " 

communi ties and a dry, 'cold climate,. ('-: 

Today's North is on the verge·pf great changes d't • 

to the 'i~pend~ng deveiopm~nt,of~ene~gy resources (Berger, 

1977) ~nd increasing' r~~r~ational interest. This develop-. 
,... , 

ment wfll bring large numbers of people to the, North'. 
, ,,~ , , ' . 

With this-influx of population Mill corne ~he necessity 

for improved sanitation services and sewage,disposel . 

.. . 

Wastewater Disposal. 
i " 

Many methods of waste~ate'r treat~ent have been . . 
utili~ed a~d developed fO~,application in wat~rshort 

s i tuat,ioI1;s ~uch as exist in the Nprth. The concE;:pt of 
" . . , 

producing "a high quality effluent water which would ·be 

suitable for; recycle as a non-potable source holds great 
" 

merit. 
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Bromley (1977) repopted on·a waste treatment 

system, intend'ed for northern areas, which produced"d hif,: 

quality effluent. It was the o?jective of this presene 

work to use the process informat,ion re.ported by Bromley 

to design, construet and'test a workable prototype t'reatrr,"" 

plant. The system was to be compact,. reliable and efficit'r,-

while being simple to, operate and maintain, 

The pa,ckage treatment system developed was called 

"WatRek" for "Water Rec.lamation Ki til" 

. ' 

.. 
• 

o 

.. 
. '. .. 
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CHAPTER 2 

r 

LITERATURE REVIEW 

. 
2.1 Water Supply in the North 

\' 

Several important climatic, factors combine to 

make the North'a ~ater short area: (i) there is little' 
, , , ' 

.,.1, ., 

precipi ta tion 'th~ol).ghout the y~ar., Most a)e~s receive 

25 cm,Cl0 inches} or 1ess (Climatological Atlas, 1953); 

(ii) the permanently frozen 'ground) permafrost', does not , 
permit infiltr,a'tion ahd most preci'pi tation is carrie~ away, 

" 

as surface runoff;, (iii) the moisture which doe& fall and / .' 
does not runoff immediately is retained in the' form of 

ice and snow for much of the year. 

Lakes and rivers make good water sources during .. 
the su~er months btitcare'must be taken to choose sources . 

,which do not freeze t~~the bottom in'win~er. Even -in, 
) . 

'those which ',d~ ,not "fre~~~.',~Olid 1he :ual~tY, of the sour~e f, 

may bec~me so impaired, by ,th~centration of salts in 

winter?' that they have to be aban'ct'oned (Boyd & Boyd, 1965). 

The ?iol?gical quality of ',surface waters i,n the 
, . 

No:t;'th il?' genel-ally acceptable for' pO~le use. However', 
~ ~. ~) . I 

deli~ery practices anq sanitation pro~'dures, /or; the lack 

I- • ~ thereof, are such that the wate~ is 0ften.contamlnated 

befOre use (Suk" 1975). cd "PC! 
'1.... .! 
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'incidence of enteric disease in th.e, population '( Dingman, 

1971; :ournelle'.et at., '1958), -!\tp~ovements in existing 

wat~r supply and waste disposal teghniques will greatly 
• • 

aid in decreasing this health haz~rcl. 

1.1.1 Water Delivery 

In some places in the North water delivery is still 

based o~ hand-toting buckets. Ice h~s been collected from 

lakes in the' fall and stored in bunkers in ~e'permafrost, 

to be thawed when 'needed (Boyd G B~, 1965). These 
~'!o 

methods are becoming increasingly rare as more'~oder.n 

techniques ~re employed. 

Standard practise of w~ter supply in the south, 
. , , 

i.e. buried pressure mains, is not usually ade(iuat~ for 

northern applications. Buried mains .tend to freeze ano 
. l 4 

rupture unless extensively protected from freezing-
. 

temperatut'es. ,Because o~ the S'carei ty of water in many 

places the pr~ctice of 'bleeding water to prevent ~reezing 

is not acceptable. Some methOdS', common.ly used in the 

North are trucking, recir9ulating systems and intermittent 

o~ pulsed systems. . . 

" ,Suk (1975)· has qbnclu.ded that the inte~J:.Ytent . 

or pU,lsed system is the optimull!, even though ~ h~s be~n 
used only for deliv~ry to central storage facilities to 

date·.·· The system has the: .advantage of requiring little 

'he,at input to keep tjke lines from freezing'" Heat is 

.~ 

.... 
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~eqtiired only when the system is full of water, 

delivery periods every few days. 

The'recirculation system is continually full of 

water and, therefore, requires that heat be added to the 

pipe, the water or both. The capital cost of the system 

;s high because the pip~ng system must form a close~ loop, . , 
thereby effectively doubling the length of pipe required . 

Some settlements use tank vehicles to haul water 

from the source to the houses. This system is very 

vulnerable to .equipment failure in an'area where parts for 

repair may be scarce. It has Qeen shown that the 'water 

is all toa often contaminated during delivery. For a 

'. more, detailed description .of northe~n water supply systems 

the reader should refer to Suk (1975) . 
. ~ 

2.2 Wastewater.'Systems J 
'1i The sparse population.; ip.regular development 

patterns and harsh c~£mate make disposal of human wastes . 
a difficult 'problem in the North. Wastewater disposal 

practices must be' convenient and sanitary as well as 

"aesthet,ical1y and enVironmental~accePtable. 
According to'Deans a~inke (1972) services 

in 54 settlements'in the No~thwest Territories range from 
. \ . 

no service 'at all to some f9~ of' pip;.d-s~rvice with 

treatment. Half of these ~omlnunitie~ used'\tank ,truck 
"\ 

pick-Up and 'disposal of either "boney-bag,s" andlor 

,. 
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1 . 

holding tank pump-out. Most of the remaining set tlernen t~: 
• 

discharged their 'waste to a waterbody. The balance use 

an open dump. 

2.2.1 Box and Can 

This is the most primitive and least sanitary oj 
~ . 

the methods pre$~nt1y used. Plastic bags called honey-bd~'~ 

are used to line a 'bucket which ~erves as a toilet. After 
. 

use ,the bag is closed and removed from the bucket. r These 
,: . 

bags are then dispo"sed of individually or collected perioa-
L 

ica11y by a t~uck. Frequent breakage of the bags near 

dwellings cause an unsightly and, unsanitary situation. 

n (. 

2.2.2 Water Closets 
\ 

The water closet is the standard ,flush toilet 

~amiliar 'in southern areas. For nortMern use modification:' 

,are often added to the standard uni t. The mos:t common 

mOdification$ are aimed at lowering the water use of the, 
" . 

" 

standard southern model. Units with a flushing requirem€~~ 

of as little as 1.1 liters (1 quart)" have been succesS­

fully demonstrated (Deans- & Heinke., 1972; Clark et al.,. 

1962). ,In presen:t installations the waste from ~ater 

closets is discharged ei~her to the wastewater system or 

t.o a holdjng t;nk within' the home. This tank is then 

periodically emptied by a tank tr~ck. 

" 
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Other modifications to the water closet invol vc 

the use of liquids other than water for cdrriq.ge pur'po..,t;:>. 

Boyd & Boyd (1965) reported on experiments with oil 

as a carriage medium. The oil/sewage mixture was then 

burned, with som'e difficulty, in an incinerator. Today. 

the high cost of oil, partlcularly in the North, makes 

this alternative unattractive. 

2.2.3 Chemical and Incinerating Toilets 

t Chemical toilets utilize a holding tank and a 

strong chemical to render the wastes less objec,tionable. 

Commercial units' are quite economical and, may be a sound 

alternative to the box and can. The problem of disposing 

of a high strength wasteii~ not alleviated by chemical 

toilets. 

Incinerating toilets reduce human wastes to an ," 

inert aSh. with the aid of an electrical element or natura~ 

gas. The electrical variety uses si~ificant amountS of . 

high voltage ~lectricity and, therefore, may be expensive 

as well as unsafe. Both varieties allow odors to escape 

from their combustion compartments (Deans & Heinke, 1972; 

Boyd & Boyd, 1965). 

Mos~ .investigators agree th~t the low volume flush 

toilet is the best alternative for northern application . 
• 

I,t should be coupled with the app~opriate di.sposal system 

to be truly effective. Ideally" the entire sewage system 
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should be chosen) designed and implemented as one Project' 

in order to have an efficiently integrated system, 

Transmission and ultimate disposal of the waste 

from any sewage system must be sanitary and environrnen tv.:' ~,' 

'acceptable. Some of the systems that have been used 

and/or experimented with' are mentioned in the following 

section. 

2.3 Wastewater, Transmission and Disposal 

Most communities in the North were established 

before the efficient handling of human waste was considere,j 

very important. Therefore, primitive methods of 

transmission and disposal have been prevalent. The 

practice of filling empty oil drums ~ith waste and leaving 

them on the sea ~ce has large1y been discontinued (Boyd . 

&' Boyd, 1965). Still prevalent is the disposal of honey-

bags on land sites after collection by the co~unity truck. 

Likewise, holding tank' pumpout is oiten dumped on land 

(Deans & Heinke~ 1972). 

Piped conveyance of s.~wage poses unique problems 

in the North. Buried gravity ,sewers are difficult to 

install and maintain bepause of rough terrain and freezing ,~ 

conditions. Pressure piping systems which'overcome the 
'0 

rough terrain, must be protected from freezing either by 

heat tracing or installing them in a;utilidor (De~s & 

Heinke, ~972). (See Figure 2.1.) 
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The use of vacuum sew~ge systems ha's' been studied 

in Scandinavia and Bermuda (D)an-s & .Heinke, 1972; Heinke, 

1974). The· systems use an ai'J;"_pres.sure differential of 

about one half atmosphere to provide the energy to move 

the sewage through small pipes at high speed. The 

compination of small diameter pipes, and the fact that 

each flush travels as a plug through the pip~~ leavin~ it 

mostly dry, means' that the heating cost,s are reduced. 

Vacuum systems must be operated in conjunction with 

vacuum to:i)ets. .. . 
. 

The disposal of sewage collected by a piped system 

can be accomplished through dire~~ untreated discharge to 

a water body, conventional treatm~nt before discharge, or .. -
.-'"' 

a hlgh degree~f treatment and recycling. 
'0 

.A major drawback of the qischarge of untreated' 
/ ... -

sewage to-a waterbody is the prospect of pathogenic . . . . ' 

o~gani5ms contaminating surface wate1t. Clark et aZ. 

(1962) felt that pathogenic coh'taminati~n was: probably . 

tlie only pi'Qblem" with small discharges. They, therefore, 
~ 

recommended that disinfection-be the only. required 

'treatment for smail discharges. 

I '. '. h'" d' h . n sltuat~ons were raw sewag~ 15C arge 15 not 

\ permitted or not desirable; some. form o'f trea:tment must 
• 

,be instituted. ,Such treatment, ·e. g., biolo'gical ot:' 
. ' 

.. 
PhY~ical-Chemical, . m~y b~ carried' ,out in lqgoon.s or 

package trea1;ment "un~ts. The treatment alternatives 
. , 
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available in the North and their performance is discussed -.~. 

I 

in the succeeding section. An alte~naiive ~hich has also 
0% I 

been stu~~ed is the renovation and reuse of water. The 

water has usually been reused as a flu,s,hing liquid, in 

water flo~ets. This will also be discussed in the following 

section. 

2~4 Biological Waste Treatme'nt 

The treatment of wastewater through biological 

means has beep pratticed in.m~ny gituAtioDS and locations 
" 

, for many years. Biological treatment processes have 
I 

the s,ubject. of much research over the years and ha,ve 

NOry. applied in the 

. 
2.4.1 Temperature Effects on Biological Process,es 

where 

'The Arrhenius relations'hip' 
~ 

kT = reaction rate, constant 

A = Arrhenius constant 

~E = activation energy 

R = g~s constant 

T = absol~te temperature 

been 

been 
", 

... 

indicates ,'that as: t~.mp'~rature decreases, the rate. of reactioJ;l 
r • tit • 

gecreases " apd this re~ationship has been f6und to mode'l 

the behaviour of biolog~cal systems~ Bu~ch (1971) 'report~d 



" 

, ' 

! 

,12 • 

th~t little or no effect of temperature on bioch~mjc~] 
. 0 

~ygen demand (SOD) r~rnovals is noticed down to 10 C; 

particularly in food limited systems. He also stated that 
~ 

reduced $~dimentation efficiency and'solids carryover, 
. . {, ' 

ac~ounted for most temperature effects observed betwee~ 

12°C and 24°C, in the ~ctivated sludge system. 

'For design purposes the fol1o~ing relationship 

between the reaction rate coefficients at any two 

temperatures ,has been developed: 

where kT = reaction rate at temperatur~ rl .' 

k = reaction rate at t~mperatpre 'T and. 
y ~ '" 

~' 

e = the' temperature ·coefficient. 

The value of a has,been seen t9 vary .wide~¥ ,with process 

type and loading. Eckenfelder '(1970), citing variou~ ... . 
literature data, reported values of 1.0 to i.ll~ for e 

(see Table 2 -1) . 

The constant Q1'O has been defil)ed as, lithe ratio 

of rate of substrate utilization at temperature T, to the 
. ' • 

rate at temperature T-lOoC (Busch, 1971): 

Values of ,010 ~ like thope of a ,will vary from oneproces~ 

to another. °It is, also dependent upon which. 10 0. decr,eas~·. 

The stat~ of nut~ient 1imitation in temperature is chosen. 
, '. 

" 
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Table 2-1' 
. ~ .. 

Temperature CQefficients 

(after EGkenfelder, 1970) 

. . ~ , 

Process 
'" 

---
Activated sludge 

~ , 

riM <0.5 
. 
>0.5 

, 

Trickling filters 
. 

Aerobic lagool!s 
• ! -

Aerobic-facultative. 
lagoo~s . 

'BOD' bott~e 

<ZO - 3,Ooc) 

(4 - 20°C) 

, 

. 

~. 
~ 

I ',[' 

I 
, £ 

\ 

I, 

, 

. 
;' 

1.0 

1.07 

,. .' . 
6 . 

. 
/" 

f 

~/ 
. '~ 
F'~ 

~, 

e . 

1.0 

- 1.04 

1.035 

1.035 

- 1.08 

, 

l 

1.056 . 
1.135 

.. 

\, 

\ 
i 

~ 
i 

I 

\-

.. \ 
\ 
t 

\ 
\ 

" 
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" 
in wbich the process operates is also a ca~ of variability j . 

'in Qio. Because C?f the,se effects the v~1ue of Q10 has Deen 
, \ 

seen to vary from 1 .• 4,to 2.1 (Busch, 1971». 

~ H~Wl~d (1~53>" found" for tric~~/ng filters, that 

as organic loading increases, so does the effect of 

temperatu!'e. He also' noted that increases in fractional 

removal decrease-the value of e. The statement that 0 

varies directly ~ith loading has been supported by Busch 
'I, 

'(1971) and Keefer (1962). Busch has said that the ,reduced 

reaction rate caused by reduced ,temperature, qan be offset 
~ 

by increasing .the solids concentration in the reactor. 

I.n effect this is ident,ical, t9 decreasing the loading, .or 

foJd to microQrganism ratio (F/M) of the syst~m., Keefer 

attrib~ted S~lar removals of BOD,at temperatures of l20C 

.and 24 C to ~onger aeration times at the low temperiature. 
~ 

This is also the same as decreasing the system loading 

rate! Henry (1974), in a bacterio+ogical 'study, found 

that the prop0rtion,of psychroph'ilic organisms in an 

activated. sludge increased ,at lo~ temperatures and that 

1;he propor:t,ion decreased with loading. He also stated 
" 

that .an· i'ncrei\s'e :in psYchI.'ophile·s helps moderate the effect· 
(p . .' 

of dold temperatures on sewage 'treatment. Sutton (1976) . . , 

found 'that t'emp~rature sensitivity ,de.creased with increasing 
• I ..• 

; sludge ag~., 

It appears that. 'there is a, d~{~ni te advan:tcige· to, '", . 
• >0-_, " 

carrying a high solids <?p~,centration and 'solidS' r~tention, 
. , 
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time (SRT) in the aeration tank if the treatment plant is 

operating~at low,temperature. 

2.4.2 ' Solids Separation 

The sedimentation 

sludge is critical to the 
• 

process" The settling of 

and recycling of ~e microbiolog il..' .. _ 

function of the alctivated sludge 
I l ' 

flocculant solids'IDust overcome 

the resistance of two fqrc,es.;, interparticle forces and fl.uid 

drag (Dick, 1970). Fluid drag is ,a ,direct funct.ion of 

viscosi ty, which is in ,turn an invers~ [unct'ion of temperat:..<:: 

From S~oke's law it can be shown that: 

, , "-
~'. 

VI lJ2 

V2 
= 

j..I 1 
. 

where V - the particle settling velocity and. ,-
j..I = the ~bso1ute viscosity (Reed & ~urphy,-1969). 

Stoke r s law. applies. to a single, ~cl~ se~,tling in a, 

fluid and as such could be u~ed only when th~ mixed liquor 

suspended solids (MLSS) entering the fin'al clar.ifi~r "i,s .very . 

low. As' concentration <- incr-eases, vepistance' to sett] i ne ') :QUt' 

to interparticle force's, 'itlcreas~s to the point wh~re it is 

the. larger' pOI'ti<;>n of ~he resi$ting fprqes:. (Dick, 1979) . Thi's, 
, \ 

.principles le~~ 6redence to the se~ond conclusipn.of Reed 

and l1urphy < 1969) ~" that" the' influep.,ce of .temp€Tat~re on 
, ' 

the settling v¢locity of activated slti.~:Ige decreases ?,S 
,~ '". 

concentr~tion' inct'eases ... This· demonstrates that the 

~ ,thickening function of secondary clarifier'S' ca.,n be ·c~rried., 

... 



16 

~ , . 
'out'successfully at lo~ temperature, which was the third 

concl~sion of' Ree~ & Murphy. However, the efficiency of 

the clarification function of the secondary clarifier , 

may be very important in the overall picture. Small floes ,.,. 
which may be left behind by the settling sludge mass will 

settle as individual particl~s in accordance with Stoke's 

law. They, therefore,' settle' more slowly~'kt low -temperatures 
. N 

and may 'be carried over the clarifier weir. It is, 
I) 

,therefore, important to provi~e a solids se~aration system 
'" 

w,hich ope.rates ~ell' in both the hindered and 'discrete 

settling regimes. 

.. 

2.4.3 Lagoons for"Northern Waste Treatment 
... . 

", . Lagoons as a meth09 of waste treatment have seen 

extensive use in northern·Canada and in Alaska. In Alaska, 

lagoons ar'e particularly. popular at mili ta~y' .outposts and 

bases. Clark et aZ.(1970a) noted ,that seventeen lagoons~ 
... .. ... . 

both facultative and aerated, were in 'ope:r-a tioD ~ . Each" 

. type of' ~lagoon has its' advantages, disadv~m'tages and .. 
treatment capa~ilitie? A' brief summary of lagooning in' 

the North' ,follows. 

2.4.3.1 Fac~ltative-anaerobic ·iagoons 
; 

," . . . 
system and'as such are anaerobic in w' ter -and facultative 

I , 
in. summer .. '1{Ypical summer eon removals are around 70% . 

\ 

., 

, . 
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C: 
, ' 

while those observed i~ winter may be,Jess than SO% (Cldrk 

at at., 1970a). Deans & Heinke (1972) reported that such 

lagoons a~e essentially dormant during the winter. The 

proposal, for winter storage-summer treatment advan~,ed by 

Clark et at. (1970b) appears to hold some merit in light .. 
of poor winter performance. However, Dean~ & Heinke (1972) 

, . . 
felt that algal blooms in rece~ving waters would cause 

'f', 

down,stream dissoll,(ed oxygen depressiop. 

~The waste loading on a faculta~ive-anaerobic 

lagoon varies from one installation to another. Loading 
~ r , • 

rates of from 11 to 5268 kg BOD/ha/day (10 to.~700 lb BODI 

acre/day) have 'been, reported by Clark et at. {19 70bh 
, , 

Odor production i q thought' to be a fUhction of loading rate~ 
, > 

Dawson & Grainge (1969) recommertd .loading rates of 22.4 kg , ' r ,,' 
BOD/ha/day (20 Ib BOD/acr~/day) in order to control odors. 

Clark et al.' (1970b)~ however, report that lagoons, with ' - , 

loadings 45 high as,S268 k& BOD/ha/day (4700 10 BOD/acre/ 

day) experienced no odor problems while o~ors d~d e~i~t 
, , 

at ahothe,r installat.i.on with loadings qf 278· 1;<g BOD(ha/day 

(248 lb BOD/acre/day). Clark et a~. (197-0a) recommend 

.loading~ less t~a:n' 5~ kg B~'D/ha/day' (5)~ lb BOD/ac~ay). 
High'rate primary ba.s~ns followed by long detention time 

basins have ,been used successfully.and are reco~ended . -

by· Dawson' & Grain~~ (1970). . 

'Pathogenic contamination, of sur~ace and ,ground-. 
~ -.-

wate,r is a concern in ':the us e ,of facul tati've aI'\ae:rob~c 
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ponds in the North. ,The ponds must eventually be abandoned 

due to slUdge accumulation. Sludge e.ntering the lagoon 

is "not rapidly de~omp?sed and accumulation rates of 249-

. 396 1/1000 people/da'y (8.8-14 ft 3/lOOO people/day) have 
I 

been reported (Cl~rk et at., 1970a). tven though high 

rates of coJ:i.fo~als have been 'observed there remains 

the possibility of pathogen survival. Since viabJe patho­

gens have been isolated from the w,astes of early Arc'tic' .' , 

explorers, it is apparent that the hazard of pathogenic 

infection will remain for some time after the facultative-

anaerobic lagoon has be,en abandoned. 

Daws'on & Graing~ (1969) 'have recomm~nded that 

facultative-anaen0bi~ ponds have a summer liquid dep~h of 

.1.2-).: 5 meters (4-5 ft) and an unfrozen depth of 0.9 meters' 

(3'ft) in winter. ' A retention time of 8 to l2'months 

~nd a. lOadi~g rate ~f' 2~:'4'kg, BDD/ha/day (,20 .lb BOD/ac4 

~ay) was sug,g,~sted in ·order to ,achieve 80% S~,er removals. 

In' mul tiple c~ll 'systems, they recommend a· high rate . ~ \ 

primary'oell'~e-pth 3 to 7.& meters (10-25 ftL ,This 

recommendation for great 'depth may' cause problems ih " ' 
" , 

. permafrost 'areas with frost heave and permafrost thawing. - .' 

Thornton (1974) .. has noted that it is essential to maintain 
, ~'. ~ 

an impermeable frozen'core in Impounding embankmen~s in 
.... 

the North'. 
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2.4.3:2 Ae~obic la~oons 

~ Aerobic- lagoons have a system of forced aeration 
. 

wh~ch serv'e-s-two functions: (1) oxygen transfer for the 

,biological population, and (2) mixing. ' Of thes,e) the 

mixing requirement is most often .the limiting factor. 

Aeration devices should be ,selected on the basis of oper­

ational considerations. Due to ,wint~r icing problems, 

surface aerators are generally consldered unsuitable (Deans 

& Heinke, 19'72; Dawson & Grainge, 1969; Clark e't ai., 1970b), 

Christianson & Smith <.1974) have reported that 
, . ~ 

while 'fine bubble diffuser's are more effic'ient in tet>ms of 

oxygen transfer they may not be' more economical. The main' 

fault with-f~e bubble diffusers has been the problem of 

clogging with oil, sand, biological solids and other, 

debris. Cl~ariing procedure~ recommended 'by the m~nufacturer 

are often on.ly m~'rginallY successful. For these reasotls 

Clark et 'aZ. (1970b) have concluded ~hat coarse,bub~le 

diffusers are better from:b~th the maintenance and efficiency' 

standpoints. They reported that, with a f~ne bubble system 
, ' 

70-85.%' removaJ,.s could be achieve.d, .in comparison ~o the' 

80-90% removals observed in.the cQarse bubble system. ',.' " 

Mos~ aerobic lagoons in the North typically have 

det'ention times of '15-30 dc;YS, (Dawso~ .G G7'ainge', 1969; 
, , 

Clark 'et at.~ 1970a(~);ark et ai." 1970b;' Reid, 1966). 
."" f ' • 

These same 'authors ,reported ~emovals of 80% 'BOD even at 

'. reduc~d temperatures. 
t' , 

.. 
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and 0.21 kg/m 3 /day (4 and 1.3 lb BODllOOO ft 3 /day). Alyae 

is present' in the effluent from aerated lagoons in the 

summer and may reduce efficiencies due to their oxygen 

demand (Reid, 1966; Clark et at., 197Qa). 

Since the aerobic system is more efficient tha~~ 

~e facultative variety, sludge accumulation is greatly 
j 

reduced. Accumulations of 42.5-113 l/capita/yeap ,(1.5-4 ft 3/ 
., 

capita/year) were reported by Clark et at. (1970b). 

Lagoons often 'have to be lined in order to control 

seepage And precautions against ice damage of air headers 

and berms must be taken. 

Even though, in winter, the mixing imparted by- the • 

aeration system helps reduce ice cover, freezing has been 

reported by most authors. Solids entrainment in the 

froz.en mass, along with low reaction rates in, the lOC 

liquid phase c 

When spring ar . 

to requce th~ efficiency in winter. 

the untreated m~ss which has been _ 

deposit~d ~n the loon becomes .availabl€ for treatment 

and oxygen utilization increases. Christianson ~ Smith 
, n .. ~ 

(1974) reported that this increased activ'ity lowered the 

dissolv~d oxygen in the lagoon to near zero. No odors 
. , 

were produced, however, ·~ven G!t these low. d~ssolved 
. 

oxygen (D.O.) levels. The absenqErof odors from aera,ted 
.. 

l~goons is one of the attractive features of ,~he system. ' 
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" 2.4.4 Activated Sludge 

The extended aeration variation of the activated 

sludge process has become the most popular system for use 

in Arctic communities~(Alferova et at.~ 1974; Clark et 

at.~ 1970b; Deans G Heinke, 1972). Extended aeration 

relies on Ipw loading rates to maintain the sludge in the 

endogenous phase where excess sludge production is kept .. 
to a minimum. Low loading rates can be achieved by 

extending the detention times to as much as 24 hours or 

by increasing the mass of biological solids (Busch, 1971). 

.. 

Typical loading ra~es for the-extended aeration process are 

. 0.05-0.15 g' BOD/g MLVSS/day~ as opposed to 0.2-0.6 for 

conventional aptivated sludge (Metcalf & EddYi 1972). A 

flowsheet for a typical extended aeration system is 

included as Figure 2,2. 

Primary settling of the ~nfluent sewage is not 

usually practised in extended aeration. This fact, in' 

combination with a reduced sludge wasting s'chedule, h~lp , 
make its-operation relatively simple (Deans ~ Heinke, 1972). 

In Section 2.4.1, it was poted that temperature effects 

on activated sludge decrease as lo~ding rates decrease. 

Since extended aeration is a lightly loaded or low rate 

sYptem, it is a, via~le alternative in co19 climate 

applications. 'Clark et aZ. (1970b) have repo~ted that 

extended aeration treatment has been successful at 

'temperatures aS'low as 2°C. Most ~pplications of extended 

-
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'aeration in the North a~e at small installations where 

they are subject-- ·to highly varying flow rates. a'nd \ pollutant 
, 

loads. By virtue of its low loading rate, extended'aeration 
~. ' 

h~s some eXcess capacity wh~ch enables it to absorb such 

variations without serious upsets (Deans & Heinke, 1972). 

Despite the apparent advantages to be gained by 

the use of extenqed aeration, significant drawbacks do 

exist. Extended aeration ,efflu~nts are characteristically 

somewhat turb'id. Clark et al.. (1970ft) qU,oting Pipes (1969) ,. . 
su~st th~t this may be the result of some aerobic 

'~ges~iOn of 'the SlU~g~ i~th~. aeration tank. Solids 

separation is, th~orefore" impaired as seen by the SVI 
') 

va'lues of 150-30 0 ~ 

'Soluble BOD removals are high~even though total 

removf!lls vary,from 75 .... 95% (Met.calf & Eddy, 1972). The 
, , \ 

bulking of ex~ended aeration is accentuated at low 

, temperatures. On the' other hand, efficient suspe·nded 

"so-lids removal will offset the above noted problem . 
• 
, Upflow and tube type clarifiers have ,shown promise' 

I -' in this area (Clark et al.~ lR70b; Buzzell it 'aZ.~ 

1974). 

As designed at present most extended aeration 
'/ -,package plants require an opera'tor at least part time. 

" 
Heuche~t (1974) repo~ted the total failure of'package 

.' ,. 
plant~ in the absence ,of, operator:attention. ~he, operator 

.t' '. /' I 

is required for ma~ntenance of' m~chanical ~quipment 



'. 

and for periodic sludge wasting. 

The extended aeration process' n~s been incorporated 

into package treatment systems for small applications. 

:These are usually compact in order to be thermally and 

spatially efficient (Deans'& ~einke, 1972). Experiencft 
• 

with package e~tended ~eration plants will be rel~in . . 

Section 2.6. 

2.5 Physical-Chemical Treatme~t 

.,. . A variety of physical and ~emical p~oce$ses are 
. 

used at present for the treatment of wastewater. ' Broad II . . -- . '/ 

ca,tegories for' these processes: are::. 'lI1.embrane proce~ses, 1/ 
ion exchange, adsorption, precip~tation, 'coagulation-, ! 

flocculation,sedim~n~ation,and dis~nfection. Within 'eac~\ 
. I \ 

" / 

of theseocategories is a wide range of v.ariations which 

can be tailore~ to the particular problem. The best 

known, and most widely used physical-chemical treatment 

(PCT) system is the clarification-adsorption system 

(Cohen, 1974). ,~ flo~sheet for this type of sy,stem ~s 

shown in FigHre 2.3. 

2.5.1 Coagulation-Flocculation 

Since 80% of raw sewage COD' is in colloidal or ~'~ 

larger solid form'(Weber, 1972) a signi~icant reducti?n 

can be achieved if these particlaa are· removed: A la~ge 

"proportion of'these.particles must be destabilized and 
.... ,"' 

j 
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. -
aggregated 'before they will -settle ,out.' The addition" of 

coagulant che~icals ,'. such as saltS! iron and aluminum) 

serve 'to lower the surf~ce ,charges f the particles., 

Particles are thereby encouraged to f occulate and settle 

out. Flocculation is sometimes carried out with the aid 

,of polymers which hasten floc formation and sedimentation. 

2.5.2 Sedimentation 

, The flocculated ~uspension is then passed to the 

clarifier. where the floes are' permitted to settle out. ' 
, i 

Clarifiers of.. any type 
J 

m"Y.!~Sed 
o 

for this process. 

, / 

'2.5.3 Filtration 

Fil~ration is an, optional proce,ss. It serves to 

remov~ any solid; which might 'nGtf se~tl~ 'out in the 

clarifier. Deep g~~nUlar f~l~erJ'of Sa~d\ duai-media or 

:::t::::~:a::::i:;r:::~:y::::,~::::S:::co::~·~;i::a::_ 
maceous earth or powdered activa~d carqon have been used 

(Weber,1972). Another function of the'filtration step 

is to minimize the backwas'h ~equirement of the adsorption ' 
" , , 

, column~ 

2.5.4 ,Adsorption 
• ! 

Th& adsorption process:usually utilizes activated 
. 

carbon as the solid phase. Activated carbon has a very 
/ 

, , . 
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high surface ,area (Rankin, 1975) and is highly nonspecific .. '" . , . 

in its adsorptive cap~bilities (Benedek, 1973). This 

makes' it an,' ideal material 'for use in, removing the ~ide 
. . 

variet~ ,of disso:tved organic compounds found in sewage. . . 
Typical wastewater is percolated through acti"vated carbon 

columns ~ The' columns are designed to provide contact times 

of b~tw~en 2b-60 winutes an~ loading leveli ~l approximately . ~. ~ 

0.5 g COD/g ~arbon (Cohen, 1974)~ With these loadings 

levels, and in conjunction with the previo~sly mentioned 

pt:oce.sses, an ~ffluent of secondary quaj.-i ty can be· achieved ~ 
~ . 

~ tI' t 

The a~t~~ty of ~~ological film~'on c~rbon serves 

to increase i ts ~emo'Vial: capaci ty:' This' may, be pue to in: 

situ biological reg'enei'>ation of the car>bon (Weber et a~., 
~ • '7' 

/ 

1972) as well as, soluble substrate uptake 'from the )..iq,~id 

~ha~e by the bio~ogical mass. 

• 

2.5.5 Re?~~erati6n 

-Coagulant ch~micals ~~e not usually regenera,ted, 

.although it is possib'le. Carbo~, ~owever,. can be 
" 

.. 

regenerated by ·,~eating in 'an .oxygen lind ted steam atmosphere • 

Some carbon is, oxidized in the proc.ess: .. and a quarrt'ity' of'-. 
" , 

'This p'roce'ss is usually only" 
... . . ' '- , 

feasible-in 'la~ge instal~ations and 'would)' therefore~.­

not'be .considercid in a'~yst~m suc~'4s WatRek. 

" 
" 



-

.' , 
-~ ~ 

,/ 

" , 

28 

2.5~6 Other, Processes 

Disinfection is an'imporfant process in any waste-
• 

water treatment scheme. It is usually accomplished by 

using some, form of chloI'i~e'or other halogen. Ozone, heat 
~ 

and ultraviolet radiation have also been used. It is 

important, to maximize the percentage of bacterial kill 

for a safe effluent dischar.ge. 
_....t­-

Membrane process~s, ion exchange,' and precipitation' 
~ . 

are generally u'sed in very specific si ttlations and have 

~een,limited use in sewage treatment. They are useful 
" ~'\ 

< 

when a high qual~ty renov~ted water is requir~d • 

• 
2.5.7 Temperature Effect ori PCT 

" 

The. prop~~ties. of viscos'i ty, density, diffus i vi ty 

,and solubi-lity ar~ -alI affec~ed by temperatu:re ano in turn 
• ,6 • 

affect the proce~ses 'utiliz~d' in PCT', 

,Liqui9'viscosity is an inverse func~ion of 

temperature.. Over the range of. interes·t in ~CT, yis.cosi ty , 
" 

varies by a factor of 2. There' is, there'f~re,. an increase 
10" "" ~ ~ \ ., ~ " "..:I ,'" . ' . , " 

in r.e'sistance to movement between SOlida,nd -~to,..~. 
, , " ,'-oJ!)' , . 

"Al thou~h' densi ty va~ies inversely wi th" ~emp~;s-.ai:m,re, the 
~ I 

rang;e is ~e~1~'gip1e OVE;!I' the regi~ri o~ 'J.,nte:r'e_~,t. 

Diffu~ivity varies c:iirectly' as the sqd~~, of 
~ .' ~ .. 

,'temperature whet-l the effect of vise os tty fs included~ 
, .,.~ • I 

d' . , , 
• ." ~ "'Xl}e variation over a 3q C range ~ 'is about 23.,%" (Maqsood , 

~, ' ~ '. . ~ ~ ~ , 

", ': " : 1975). _ ',The solubj;li ty. of met~l,l~c' s.al~: coag~lant~. is - "~. 
reduced' ~n cold water'. 



-, 

• 

J . "-
Maqsood (1975) has reviewed t~e theo~etic~l effects 

of temperature on,~he yarious peT p~ocesses. His major 
: '~ , 

conclusions are summarized below on a process by process 

basls. 

, . . , ; 

2.5.7.1 'Coagu1at'ion-flocculation 

'Reduced temperature'affects coagulation through , . 
\ 

the lowere.d solubility Qf ,the destab~lizing chemicaL i. T '. ' .............. 

limiting. factor in wastewater flocculation is usually, , .. 
fluid motion or orthokinetic ,flocculatIon' which ,is p,ro 

'. , 

is, ,therefbre., function of temperature., .' " 

2.S~7.2 
'. 

The' effect 0 temperature on activ,ated sludge 
, " 

"settling <was discussed pre~iouSlY' in. secti~n 2 .. 4 .. 2. 

Changes. ~n fluid visco$ity wi~h temperature will nave an 

, ' 

I : 
effect on'th~'settling of individual ~artic1~s. powever, 

Maqsood ~a~ concluded that settling ~as not crucially 

affected by temperature. 

;' , 
• \ t .. 

2.:5. r. 3 Poro,us' media filtration 
, ' The headlo~s' through any granular bed shpUld 

" 
.:." , I 

increase ,a's ~~mpe'rqture decl"e~ses because 'or the great,er : 

viscos'i ty of the ·liqu1.d .... 

", 
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1'.5.7 .4, Adsorption 

Sinoe the solubility of most sub"stances decreqses -. ' .' 

with ~perature ads rption ~hould in rease with decreasing 

tempera}u~. ~sood found that low emperature ~ad a 

midly ~egati'" effe,ct n adsol"ptive kinetics but a positive 

effect on adsorptiop c ity. 

Removals by the biological film in a ~arbon column 

.. 'should be sUbject t~ tne' saine temperatur.e ,effe-cts as 

discussed previously in Section'2.4.l . 

, " 

·2 .. 5'~8. Advantage~ of PCT (Cohen,. 1974J 

.. 
, , , , 

- . 
Stability., The fact tna1=', in PCT, there ar~ 

" 

~ssentially three' possible ways of removing, 
• 

solids, a~ds ~n~inhererit stabillt~ to th~, 
> ' 

system. ,Cohen (1974)' states that solids , . 

pa?i!lg. the ~edimen~atio~ ':tan~ are trap~ed 
:by the fil-tl'~tion step. Should ~OlidS' . 

bt-eakthrough occur iri. the fi1ter, the carbon 
.. ... . , . 

bolumn'~ould s~rve as.~ backup'filte~. Also, 
" , 

unlike biologi'cal ~yst~ms, BCT syst~m$', are 
'. 

'not affected by .th~ presence of to~ins in t~e 

feed. ) , ' 

·2) ,Space. A <mi.nimum of la:n.d area i?' required­

for PC~ in larg~ ,app'l.feations. ,_ . , 

3) Rapid sta!"tup.' . No ·extended period of sludge 
. . .. 

accumUlation and acclimation is required for . - .. 
PCT c is . 

.. 

.. 

" 
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4) Treatment. Acceptable removals of organic, 

compounds' are consistently met and frequently , , 

surpass secondary treatment levels. 

5) Met41s removal~ The capacity for heav~ metals 

removal is easily added to the system by the 
, 

inclusion of a precipitable step. 

'2.5.9 Disadvantages of peT in the N0rth 
.Q 

1), ~: Tb~ requirement for a' continu,i~g addi ti~ 

," 

of chemicals is a cost disadva.ntage e. The costs 
• 

of ohemical addition include the phemical itself 

and the tran$por~ation, ~oldirlg and ~eterinf.·' 

of t'he chemical. , , 

2)' Operators. In northe'J?n communi ties where , 

operators,are scarce; a t'reatmel!~ ~ystem must 

beesimple and automated. Since- chemical 
, - ~ "" , 

addit{on'and'the other unit processes require 

-mechanical facilities, maint~na~ce adds an 

additional need fora s~~lled·opera.tor. 
",-

3) Sludg~ dispos~., Signific~nt .vol\lm~s of sludge 

are produced in, the PCT .proc~~s and must be Q 

• - . 
disposed of. An additional difficu+ty 15 't.he 

, 
poor dewatering characteristics-of most, PCT " 

" 

sludges '(Cohery, 1974). 

4) Flow 'rate. Since .auto~atic chemical add~tion 
, 

woul<;l like ly lJ','>e tied' to, the flow. ,rate" a 

constant c "·r ' 1- -, t-h p 

. \. . ' 
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requirement. It is characteri~tic ~r nmall 

systems, in any at"ea, that peak flows 'ffidY' bt"l 
, , 

2-3 times the,dqily average. Thus, flow 

equalization may be necessary for proper PCT 

design. 

2.6 Package Sew,age Treatment Plant E}{perience. ' 

~ package sewage treatment plant has been defined 

by Kolb~ (1975), asAa prefabricated and pre-engineered 
- , 

sewage t~eatmeIit unit. He went onto describe five 

situations in which packaged treat~ent Wps applicable: 

I), When sewage. treatment is required quickly, 

e. g., ,const,ruct'io'n camp sites; 

2) To relieve preSsure 'on present sewage works, 

during periods ~f high occupancy; 

3) When sewage treat~ent is required on a 

',teJI).porary bas~s,. prior" to connection to a 

larger system; 

4) Where modular construction is an' advantage, and 

5) When it is economically advantageous. , 
, , 

~e fact that these pla~ts are usual~y designe4 
, I 

for s'mall populations les,s than 2000, means that .they are ' " 
. '. 

sub.jecteq "to large peak flows ." Furthermore, rou·tine . 
- . ' 

• operation and mai~teri~nce can be 'prohib~tivelY expens,ive 

due to the ,lack of ons~te:personnel. Hence, in small 

sY:~terrts, 'careful' de~igri is requir~d to' Qverqom,e the h{gh 
'. 



" 

33· 

flow variabi'li ty a,nd to minimi'ze the common lack 0(. operator' 

attent·ion. 

tacK'of attention has been oited by HeuChert (1974) 
, " 

and Turv~y (1975) as reasons for poor performance in 
o • 

package systems. Turvey was assessing a number of South . . /" 

African plants and went on to say th.at under:-design, 

unsatisfactory design and misuse through poisoning were 

also problems. 'Heuchert wa~ evaluating two extended ,aeration 

plants on an artificial ,island ,in the 'Beaufort Sea. He 
. \. =>++'0£" 

concluded .that.~ .Gomplete iack of &''',':'on was the .• reaso~' 

rbr:their failure. 

Operation.- difric:ul ties with biologic,al packag~ 
., -

treatment plants center around sludge conditioning. Vosloo 

(1975) reporte.d that 1igh't,'bulky sludges, with filamentoll:1 
<> 

growtfi' and SVI I S greater than, 40 a 'm!'/ g, " were probably due 

't9 overaeration and/or poor sludge,return. He stated 
. 

aerat'ion sh6uld b,e set up' sU,?h th~t at high flows disso~ved 
, . ' 

, <?xygen 'levels should be around 1 mg/l.' He con$idere,d that 

the return of sludge, through a small 51Q~,. ,from the 
, . .... ~. 

,clari'fier to ,the ,aeration tan~, by gravity, was, unsat:i.s-

f~ctQry due to the complex hydrauiics at the slot, and 
(", 

the possib,ility of clogging. " 
" . . 

'Deans & He-inke:(l972) 'alsQ noted the poq!" control .. ' . ' 

of air flow in most biologicai package pl'ants. They' 
• l _ , 

also note -ot'her d'isadvanta.ges:· (i) turbid. effluents; 

(ii).' the need for pow~r. and ma~ntepan~e facilities. . . They 



listed advantages j,ncluding ,the thermal "efficiency of a 
. " 

compact package plant, low sludge production, no primary 

~edimentation an~a tolerance to shock loadj,ngs due to 

the low rIM ratio. 

These authors also suggested some considerations 

for the design of packaged treatment'f~cilities for USe in 

Arctic work camps. The i~ems noted may be extended to 

other~mall applications in the North. Designers should: 

(i) cons~der strong wastes; (ii) proyide for'sludge handling; 

(iii) install bypasses; (iv) add·a comminutdr for kitchen 

waste; and (v) he'at trace expos~? lines. , 
~~ . ~. 

, 

2.6.1 peT Package Plants 

Package tre~tment plants utilizing peT processes 
. 

are available from several manufacturers. They include 
>' ~-

a 'variety of process combinations b,ut the coagulation-

adso;pption sequence is the most popular:.- In 'thi~ section, . '\ 

" 

a few ,package plants will: be mentioned with re'spect 'to 
, , 

· thei~ concept, purpose and'perform~~ce. Although several 

~Gf these pfants were ne~ther 'd~signed for, nor tested in 

'" northern' al>plica.tion, all were des,ignep to handle a 
~ " . . 

The level of automation, and consideration s'trong waste. 

of 'a r~cyolable effluent also make th~m of inte,rest to 
• "" 

~hi5 study. 

Krei$sel: G Cohen (1973)' reporte9 on the evalua"tion 
. .. 

" of a" commer~~ally aVp,ilab-le package . plant of 9lqO~ l/day 

(240{)O US I " iT\I of 
" 

" 
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is 'shown in Figure 2.4. The c9mminution and degritting 

facilities are not shown. Aluminum and fefric sulfates 

were used to cbagulate the sewage. The carbon loading 

rate was 0.05-0.1 rn/hr (1.3-2.5 US qpm/ft2 ). 

The system performance was satisfac~ory despite 
" , 

poor solids capture in the clarifier. A clear effluent of 

con§istently high quality was obtained~ probably due mainly 

to the .filtering and adsorbing c~pabilities of the carbon 

columns. P bspho:r'ous in the effluent was less than 0.4 mglJ, 

80\ of 
r ' 

ime', and the -COD wa~ less than 35 mg/l, 90% 

of the eo lor and turbidity levels were below those 

prescribJd in drinking water standards ..... The removal of 
I' . • . 

cOliforms was comparabl~,tG that of an activated sludge . 
plant. I Pilot studies showed that disinfection could be 

accomplished 'with halogens ,or ultraviolet radiation. The 

auth?rs reported that the syste~ reached turbidity 

equilibrium~ after startup, in 2-4 hours: 

" Compact P~T.packages haye been developed for 

marine applications. Qasi~et aZ. (1~73) described a • 

shipboard un:i,. t which cons,isteq of a 'recirculating' chemical 

toilet and an evaporation system for liqu{d/soilid . . 

separation (see Figure 2.5).. The sYstem' had the two-fold 
~ ~ ~ . 

purpose, of treating wa·stes and reducing water use~ The 

cnemical toilet successfully reduced water use fo~ toilet 

flushing from 100 l/day (26.2 US "qpd) to 3.8 l/day (1 US, 

qpd) • 
.. , 

\ .. 

" 
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The. evaporator, which waS oper~ted daily, produced 
.~ 

a sterile, sludge '. of 65% solids. ,The ~ondensate t however, 

w~s not alwa~ within the desigrt objective of <50 mg/l BOD. 

~ This was particu~arly the case when the evaporator elements 

'\ were' not cleaned regularly. Chlorination of the condensate, 

was shown to red~ce the condensate BOD to design levels. 
I • 

~ , 
Chlorination may render tpe organic~ less biodegradable 

, 
, l 

or even toxic, thereby inhibiting the measurement of ' SODs,. 

however) it is unlikely kO lead to significant reduction~ 

in COD or ultimate BOD. 
, 

Kaminsky pt aZ. (1973) demonstrated a marine 

sanl. ta,tion system in botfi the flowthrough and' recY9le 

modes. A system sch~mati9 has been included as Figure 2.'6. 

Salt water was used as a flushi~g medium. Black 

water was ~aI"ried to the vibratory ';screen for removal of 

The fii~rate passed to a fiow equalization 
" , 

tank and then to a qentrifuge wh~ch removed fine so~ids .. 

Prior to the carbon .adsorption columns thew,astewater 

'was chlorin~te~ in order to reduce bact~riai,growth a~d 

t·he resultant clogging in the· columnSi : Following adsorption, 
,'" - . 

·the wastewater.was chlorinated again and either dis~harged 
, . . 

... 
overboard or returned as a flushin~ mediUJI}: The carbon ' 

.-T 
column backwash water was either returned to the equal-

iZation'tank or wasted ov~rboard. The capacity of the 

system was 19000 I/day (SOOO·US. qpd).· 
, 

Pilot plant performan.ce in the, floY1through mode 
. , 
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was adequate, achieving BOD and SS removals of 81.7% and 
" 

94.9\, respectively. 'C~lorination, both before ~nd afte~ 

the carbon· step, w~s required to produce a bacteriologically 

acaept~ble effluent. T~is indicates 'that despite pre-

_'chlorination, some growth may:have occurred in the carbon 

columns. 

Wh~n the system was in the recycle mQde, an odor 

of ammonia was noted-in the recycle tank after two days 

of operatio~~~ Dur!ng the five 'd~y recycle runs, an increase 

" in the 'effluel)t.:BOD and a. decrease in removal efficienc)!, 

across the system was observed .. The addition of perman-
.' ,­, 

ganate to the postchlori'nation step failed to peduce the 

BOD-buildup. Effluent BOD, values i'ncreased to 400 mg/l at 

the end of some of th~recycle runs .. Flushing liq~id. 

, went, from clear, to -milky: white, to grey during thesEf runs . ~ 

. .' The mec~a~ical operation of the system was trouble-

free. The ~!fluent 'did shoW a va:iability and did not 

always reach the treatment goal of ·50 rng/I fo'r both BOD 

.. .. and SSe 

Robins and Green {l974) developed a highly auto! . . 
mated sys~em f~r treating the wastes f~omlpiea~ure boat~ 

<> -0 . 

at dockside ·!mmg .... out st~tions., The. wastes' fr,om these· 
", 

, veesel§) w~ich. used chemical, toil€t,~ and v.q.r.£ous ,chemi,€al 
, , 

adqitives w~s fo.und t~ J?e' quit,e h'{gh. 
, . 

~OD boncentrations 

varied from 1700 to 350,0 'mg/~ and 'showed' questionable 

,b,±ol~gic::aI treatab~lity due to the presenc~ o~ the chemicals. 

., 

~ 

J 
1 
; 
1 
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• 
Zinc and form~ldehyde were found to be-particularly 

~nh).biting,. 

Th~ system as reported is shown in the schematic 
, I 

1 • drawing, Figure 2. 7. It included disinfection and comminu-

tion, powdered-activated carbon adsorption, alUm floccula­

tion and vacuum filtration with the aid of diatomaceous 

earth. Following a period of laboratory e~aluation, alum 

dosage was increased and filter aid (~iatomaceous earth) 

dosage was decrease~. Pre-aeration was\added to enhance 

B.OD and ammonia removals. Zinc removal by precipi tatiort 
" , ...!) . -

'was s~ggested and post-chlor1nat10n was requ~r~d for 

disinfection. 

Removals of S8, BOD and COD 'ayeraged ~reate~ tban 

97%, without post..:chlorination and·greater than 95% w;i.t-h 
\ ~ . , 

• 
post-chlor;i.nation. Zinc removals 'were -greater ~~an 90% . 
YJhen precipitation 'ws"s includ~d. ~ 

, " - , ":~~.~ .. , .t, " 
, ~ The system dper¥ed satisfactoril;Y 'RUt. p,roduc,ed 

very high disso~v,ed solids in the' efflu~nt. ',Without 'the 

zinc removal; 4.91;1.5 mg/l TDS was observed. Tpis'increas-ed 

to 11000 mg/l ~hen' ~~n;.removal was included. , The$~ 

values can be lal;'gely. aft:,ributed to res~duc;tl ',chem:icals # 

Ghemical addition amounted to' 16 kg/IOOO 1 treat~d. 

. ' 

Deans & I;reinke (19·72) reported on two systems /' 
, ~ ~.) ~ . 

, . 
which, although they ,had not bE;en us ed, J..p the North', the 

'q.~thors· 'felt had. pr~mise,. ~rey were the Lilj enpahl 

'Chemi~al Tr'e~tment Sys'tem (Figure 2.8) and· the Elsan-¥arrow. 

'0 

<, 
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System (Figure 249). Both of these were designe~.for USe 

• J 

on small flows of highly concentrated waste and werecompac.t. 

" The Lil~endahl'system is.amenable to use with a 

vacuum collection system. Solids are settled out in the 

~orle.cting tank and 'the sludge: anaerobically dige'sted'. 

Lime is then addea to the supernatant for disinfection and 
#. 0 • A' 

the conversion of urea to ,NH 3' The NH 3 is air-stripped 

and the effluent discharged. . . 
. . 

Whil~ outwardly sim~le,a numb,er of mixers and 

pumps are required, thereby ?~di~g a.possible maintenance 

problem: Energy, .in addition to that necessary' ,to Glrive. 

the various electri~ mot9rs, would' be':require.d to heat the 
, , ' 

digester ~to a temperature at wl)ich decomposition ra'tes 
'! ' -, 
wo~ld be acceptable. 

. -
The Elsan-Y~~row system used chlorine in tablet 

0'0-

~~ . 
form to lmprove the odor and color of the waste .. Following' 

,comminut~on, sodium hydroxid~ .w~s ,added to further breakdown 
• ' , • 0 

, the waste. The 'manufacturer .claimed that after' settlinp,' . 
, . .. , '. . . 

. ' 

the effluent coulq be reeycle'd as flushwater. Drawhacks, 
• W " 

of' this ,system include the need for, technical supervision' . 

and the s,trong chemica.l' nat,u~e .. of the ,s,1.udge,' This 
.. . 

sludge niight .. pose ~isposal pr~plems_ ' . 
'Pte sYS.tems 'de~cr~bed above, while, f~r. the most, 

, . . , 

, 6 , ' --., 

. part, operating satisfactor,ily,. have ,t·he disadvantage. 
" . 

, ~. I 

commo~. to mbs.t physical,'chemical. prqpesses _. They ,are 
, ., , 

" 'nj,ghly mech~ize(} ,.~nd, ~theref6re" are-_ maintenance"and 
" 

'-. r· 

\ 
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., 
energy intensive. All but one requi're sign~ficant chemic-al / 

addition in addition to chlorination. The use ~r some of 
.~ 

these chemicals, the corrosiveoones, require special 

corrosion res~starit tankage. Such materials add sign~ficantly 

to the cost of-these systems. Without exception, they 
. 

involve ~he disposal of large quantiti~ of chern~~al sludges 

wnich may not ~e suitable for biological digestion and in " 

any event, diges:tiori would ret:}uire -further e~ergy inputs'. 

Open dumping of strong biological/ch~mica1 sludges is a 

practice that should be avo~ded. 

, <' 

'2.6.2 Biological Package 'Treatment Units 

P'acJcaged biological ,t"rea~ment plants in the North 
,: 

are us~a1ly poorly operated andlor overloaded (Clark et 

~~., 1970b;"Heuc~ert, 1974). -These units are generally of 

the type of~en use~ ~n south~rn applica~ions. Contact 

.,stabiiization and e~t~nded aer~tidn are the most commo~ 

acti'vc;lted s.lUdi~ variations used., Sl:udge. recycle i~ . 

, often",by grayi ty and wa~ting rarely car,ried out.' Some' 

diffieul ties with' ,this mode ~f operation have been outlin~d 

prev~pusly (see Section 2 ~ 1).' 
• ,. ~'.. I ~ 

l'J:e need for new, ~'nd t;!'ffective package .treatme,nt 
.' . 

, .. ' " 

'for the N?rt~ haf? been accen:tuated by the 'f~'i1ure of 
. ~ 

trans.plartt~d sQuth,ern.'systems. 

.. 

Buzzell e1; at. (1974') and Rei'd & .... Cl;'owth~r (prepr~nt)-
<' • 

have reported, on a system which accomp'lished biol-ogical 

.f> .. 
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treatment, flow equalization and 'secondary clarification ~n 

. a single wood. sta:ve\ tank. Central to the sYitem was a", 

tube s~ttler ~hich utilized the -classical sedimentation 

prinicples advanced by Hazen .(1904) and applied by Culp et 

al. (1968). The settle~ ~as constructed o.f tubes angled at 

60° to the hori'zontal and floated in· the mixed liquor by 

means of carbuoys partially filled with water. 

. Floating ~he clarifier in the aeration tank nas a 

three.-fold benefit. First , it allows for efficient upflow 

'clarirication within the tubes~ Secondly, it i~ thermally 

efficient. Heat from the clarifier is not lost to the 
~ 

enyi;ronment, and the problem of clarifi'er freezing is 

alleviated. ,And finally, t;tte agility of the clarifier to be 

float~d at a given'level.'; so that'-overflow rates are constant) 

provides flow equalizatio'n within the aeration tank free­

board.' Since fl~w over the clarifier weir "i~ constant a , 
" ' . . 

hydraulic p'ulse simply increases the lev~l in. the aeration 
, , 

tank. The surcharge. is then 'carried over the ~eir ~t, a ' 

constant rat~ !-inti!' the level returns t~ormal. 

The aeration sYS~em was a pulsed 1 coarseoa~~ 
. ..' " 

sysiemwhich helped minimize the energy requirements. The . " - '\; .. .... 

tankage' was l?edwo<,?d stave 'construction, and was . ,easily 
" , 

f abrica teo,' t,ran'sJ?oz:ted and th~rmaily -effic:!'e~~. 

. The' 'P~rfonnance ?I the' sy'stem' was' within the. range " 

qf extended aeration.. 'Su~p~ded solids and ,BOl) rem6v:als 
." " ~ 

wepe 77'%"and 87'~' respe'ctively. The authors thQJight ' 

r -. ' 
_ .. '- . 

, . 
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that the g~ntle-agitation'of the clarifier, due to the . ' 
aeration,,' aided. in removing., the sludge from the tubes. 

Al though, theoreticallY', the control of the depth 

over the"weirs by flotation -is sufficient to ensure constant 

flow rate, the authors used a ball valve in the exit line 

to cont~o~ the flow rate. Any valves on a clarifier effluent 

line are subject to clogging with biological growth an4 
, 

escaping solids. 
} 

Assembly of the tank ~as c<?mpleted onsite in eight 

man-hours,. Figure 2.1,0 shows a s~etch of t'he\ system: 

Operational requirements were small'for this system • 
. -~ 

Daily check~ 'were su~ficient to look for b~eakdowns, 

stoppages, periodic sl~dg~, removal f.rom the clarifIer tubes 

and occasional e'Xcess "sludge wasting. The sy.stel!l was ',a 
," ~ ~" . 

go~d example of thoughtfu~ waste'treatment'de~ign for the 
, . , 

Nprth, where simplicitY,is important.-

" Lomas and ,Townshend (1976). developed a cat'bon­

adsorption, ?io-oxida,tiol1 prototype (CABOS) for use on 

ships. Following initial laboratory work a p~lot plant 

, " 
... 

was built and tested. The ,chosen pro~ess~s'were biologic~l . ~ ." ~ 

oxidation with .,powdered activated carbon (PAC) in the 
, , , 

,aerat-~ taI}k, se~o/ndar'y cla~~fication, ,l}lultl.media 

filtration and ozonation. By virtue of the riM 9f 
, , 

0.14 g BOD/g ~ ~LSS in the aeration 'tank, th~ syst~m may 
, . 

!be conside~d' to be extehd'~d !Je~ation .', 
. " 

.' 

St~rtup of the ~ABOS'~as fast in te~ms of removals, , 
.~ 

likely ~eoaus~ Qf the pres~nce of the PAC, wh~ch ~ould _~~' 
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~clsorb organics before a.sludgewas developed. BOD 

~emoval through the aeration tanktclarifier system was 

98%, Further removal was noticed acroSS the mixed media , 

filter. Ozonati~n.caused no .further removals, but proved 

to be an effective disinfectant. Excess biological sludge , . 
was periodically wasted. When the feed was interrupted 

for several days there was a negligible effect on the 
• 

perf,ormance of the system. • 
.. 

The effect of toxic substances was investigated. 
" 

Bleach was found to have'no significant effect but 
I' 

efficiency was impaired by the addition or" Pine,-~ol. 
" '. I 

\ . 
• CABO~appea~s to be an effici~nt system for ship; 

board application where ,there ,is meqhan~cal e~per~~e. Suc~ 

a system, how,ever, is too m~chanized 'f~r no~thern apPlicarlon. : ., 
Also, it appears that energy intensive processes such as 

, " 

ozonation may not be economical in the North~ 
o 

( 

Brown et aZ. (1975) describe th~ 'conceptual design 

of an, environmental service module. ·Such systems,. which 
• • ' I \ 

o amount to community water service ~enters, hold promise 

fo~ the North. Brown's sign includes renova~io~ of 
. . , 

'w?ter to a quality suffic,,~n~ fo~ non-potable, re-us~. PCT 

and conventional biological ~ste treatment systems were .. 
rejected and wet o~idatiori'was·chos~n. ~ 

In wet ox-idatipn th~ or~anics in' 'the w.as:te are 
'f;~ ~ 

oxidized at,high t~mper~tu~~ and p~essure. The reaction: 

.' is carried 'out ·at te.inpera~Jwes· of ·175,..3~50C (350-600 0
y) 

· f 
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and 10.5-210 kg/sq. cm (150-3000 psig). Average removals 

are in the range o~ 80-90\ 'CMetcalf& Eddy,.1972). 
') 

. In the process desct'ibed by Brown (!It aL, organic 

refuse and sewage are fed ~o a hammer mill for grinding, 

a'nd then macerated. The slurry is then pumped to the wet 
~ 

oxidation chamber and combusted. Liquid from the combustion 

chamber is then combined witb greywater, coagulants are . . 

added and the liquid filtered 'through 50 micron screens. 

Further filtering is carried out i~ cartridge filt~rs ~efor~ 

a three stage 'reverse osmosis CR.O.) step •. The concentrated 
II • ' • 

R. O. ~aste is evaporated and the s'team wasted or recovered. 

The fin\il permeate of the R. 0: unit i's then ozonated for 

dis-infection. Th,e res,:!-l ting effluent should be r'ecyc1able 

as flushing and washing' water. 
,0 ' ~ 

White there is n~ doubt that such a system would 

produce 'a recyclable effluent, there is also little doubt 

.that there would be significan~ operation and maintenance 

problems. The ,high pr~.ssures required' ,for wet oxidation 

and~reverse osmosis would ,require' careful monitoring an9' 
, • f 1"' " 

the equipme~t would heed ,regular maintenance • 

. Such a complex sy~t~m.is almost-~he dire~t anti-
. ' . 

~hesis of the simple systems ~~commendedby most of the 

authors.summarized in this 'review. The pow~r costs alone, 
~ 

for the' above syst~m 'are almost 80.\ higher than those :~o.f 

'the b~biogical system which the author.s rejected. 

, . 
, " 
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" 2.6.3 Community and Hou$ehold Treatment Systems 

In th~ p~vious section, the wastewater~~reatment 

system of a community servi~e m~dule was di:cussed. The 
~ .. . . . ~ , 

concept of centra1i~ed water service facilities holds " 

merit on ~con9mic gr?Unds in'i~olated app1icatio~. 
In fac~lities ~\lCh a's thos,e described by Reid (-1974) 

and Edwards g" Fah1man (1974) incineration was used as final f 
~ " .. {.t ,1'-

destr~ot.ion of the waste.. Water was rec1ai~~d for f1ush~ng 

purpos.es·, thereby re,d':lcin~ theto'tal treatm I t requirement. 

, Th~ oth.er end of ··the service spectr is the . 

insta11at.ion of indivfdua,l household treatm t units for 
. 

'.treatment of domestic wastes. , . 
. . 
Typically,' in the south, ... ' 

'* ,~ ., , 

S8p.ti,c tanks have b:en used in t~is .app1~catton. ~ese 

~epend on ,well ,drained :i1e fie1~~ fo~ sat~s a~tor~ per~ 

!ormanfce '" Cond~ tIons for a tile field ~ay n t be ideal 
. ' ~ I 

in most northern regions'rparti6u~rlY in permafrost areas. 

~Uncan (1964) d'1mons tra t~d a z:ecL,,~+a:ting' .s ys tem · '. 

which was' simple and required no.energy input, other than' 
• r I ~ I ' 

that .used,to·operat~ a hand pump.· The system used a · . . ' .. ' 

'fine ,toilet, the ~a5tes fr~m which ~~re 's~p:y ;9hlorinat~d.·' 
· and settleq. The sup,ernatant from the s,ettling tan)c was 

~ t ••• ' 

~ ~. '.. ~ I \ ~~ l <' re~)1Cr~d.l1ia· a han~ P~P' '~or flUShin~. Fot.'dnT·· 

o ope~t~on'. t~e system was pr~ch~r~ed w~th ant~fr~eze. No 
f>" 0'" ' ". !, •• ';1} '" j" • 

. <If:ree'zing problems wer~ encquntered." User's of the unit 
.' ~ '~'. , .~ . .... 

· 'were generally ',sa~isf.i:ed with it ex.cept for; occasienal 
..... .' . "" 

: \~dO~ ,C~Pl~a.~.~S' .' s~ ud~e fro; 1;he, s'ettling ta,nk had :to be 

. w~ted, .. p_e~~OdJ:CJIlll1 ~ , . _, '~ , 

I 

, f 

" . 

' .. 
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While the erfl uent produced by thi s un'i t m.,y 110 I 
'~ 

have be~n 'acceptable for kxtensive recycle, the concept 
, , 

i:>f' self contained, manually, operated~ recycling syst,em 
, " 

• ~s good one. 

" o 

.' J 

..,..:._10-
r 

o 

", .. . ' 

" . 
, . 

; 
, . 
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CHAPTER 3 
.. 

WATREK SYSTEM DES , . 

3.1 Design Cri t~ria 

designed,to provide an a1tevnativ~ 

·£---~~e-+treatment of domestic wastes from construction 

Qamps, in~titutions such as orph~ages and multi,~l~ family' 
'., 0 

, , 

dwellings'. It. might also "be incorporated as the waste ' 

tr~tment, ,system;' or a component· thereof, in a central, 
• ... I • 

integrated utilities' facility ~uch as those desqribed by , ' 

;eid ()g74') ~n'd ,EdwardS", & "F'ahIman (1974)' . 
. 

Al tel" (~9 7:4) 'has outlined the 'factors to .be 

c~p:idered in the provision, ?f 'water suppl~ .anq. sewage' 
1 

.dispos,a,l serv~ces ·to northern ,conununities. These ,fac,tors 

include: 

Hlgh'quality efflue~t; 
t • '\ ' , 

'. , 

Simple ope,ration ,and minimal m~ihtenanc~; 

Reliab;ility; 

'!:,ow eneI'gy' use, and 

Minimum heat loss. , . 
. ' 

tl'e~t~ent plant.' 'must' be portable .po t'hat' in 

a camp ins~aIlation it ,can be ;asily moved an·q reused 
. , 

~he~ th~ camp is ~elocated or shut dqwn.' In conjunction 

, .54 
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; 
wi th this,' ,,the p:v'bcess must be capable of' producing a 
__ I. .. fJ;~.;~ \ 

high quality effluent, ,without a long st<}t't.up period .. , 
: . /1 . 
'~ 

.. 

.' 

3.1.1 o Process' -Selection 

In'order to accompli~h the objectives outlined, 

,above~ a system as illustrated in Fig~re 3.1 was seleqted. 

This system is similar to that studied by Bromley (1977). 
, 

Raw domestic wastewater entered the aeration . -. . , 

tan~ where COD was consumed by the biomass under aeration. 
< , .' "c •• ,. • 

,The extended. *tion' modification '~f the ~6ti vateq slUdge.'" 

process was empl~yed here. Waste activated sludge ~as' 

conveyed to the aer'ohic digester. where its. mass,. was . . ~ .' 

reduced. Di~~s~ed sludge was returned to the ~~ration 

tank. 

A flOB:ti~'g'~, tube cla~ifier was placed in the. 
J • 0-..,. ~ .., t - , • , 

aerati,on tank, to provide flow "equali'Zatio~, secondary' 

clarif.icati~n and g!'avi ~Y , s lU'~ge' 'recycle •. An' activated 

carbon column was adde'd to ·the system· as a t~rtiary 
~ '. : 

,f' trea tme'nt step; . " 

, . . . 

'tlle 'addition of ~~e. simul taI}e~us . digesti,?n . feature and': ','/" 
4 . ' 1 • • • ' 

the' f1;oati'n'g tube cl&rifier and t,he omiss-ion of coag·ulant' 
, , , ~ " 

ad,diti()n~' Disinfectan,t was, not include'd' in th~~~'W~tRek 
~. -. - ~~:~ ... 

J , .' , .' • J 

." prrototype put co.uld easily 1:>.e adde-q.,. '. ,.' ','- " .. - . . , . ' 

.,' 
" The rat~9nale f,or seiegting ·:these uhf t '~rocesses 

. " 

" . 
. ";/,:' ... ha~ been discu~s~~ by BX'omley a~d: in Seo-rion!? 2. q , and 
J.> 
i 

',/ 
I 

'2.5 of this work. 
.' 

1 • 

1 
.j 

1 

, ' , 
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3.1.2 

, In order to fulfill the. requirement for portability.' 

, Withl'the cOl!st~aint of cost'ly air ~·transportation, the 

_ r ,"concgt of a p,reiab~~.cated "kit" package ~re~tmen.t piant 
.~) I .," 

, . 

l • was eyolved. The plant was designed to be dismantled 

into components 'which could be handled 'by two men~ Asse~ly 

:. and disassembly' :time.s were not to exceed fo~r man-days 
, , 

and we~e tQ'be'P9ssi~le without special tools Or sk~lls., 
~ · . 

'A rectangular plan ~as,cqos~n because the 
· -

'assembled .unit had to' be of minimum dimensions' and' have J 
\ ' , 

,a high volume' to wail area, ratiq to reduce .heat, loss . 

... .' . 

Cons'tructi.on Materials 
, 

pn the b~sis of 'weight" ease of assembiy and cost, 

wood was chofllen to be th~ maj or con~truqtio~ "material. 

Table 3-1 summarize,s, the chc;r'acteristics, of the three · , 

materials in~estiga:t~d"and Append,ix C g~es into inor~ 

det·ail. 

The' final sY;5tem ~as a, compromi'se of, the 'thre,e.' " 
, . 

'Framing ·was of . ' 

. , 

" 

s~eei ~ngl~ sect~~n ~aced ~i,th ,a ,Us,k~n.". 'of J.;;~l' (:m"(3J~in~~~' 
plywood;, 'Polyvinylchlori!le' ('PVC) liners were installed, 

~ , . , ,', ' .' ~ ~ , 

... wi t~in :th~ ·tar¥~" t~' mc3ke them ~~'te~-tigbt, and 'r,es istan t . 
, t~, '~ec~y~ .. '" ' ,'~ ,. , '..' , 

~ . " ' 
" , 

~ /, 

•• 
" "" . 

'" " 
'. 
" 

" 

, , 
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Tab~e 3-1 

" 

Construction Materials 

" 

" <, - , 

'Metal , Wood-, , ... . -' , ,C ' , . . , . ' 

High s ~rr~ngth " Light weight 
. ',.., , 

Water-tight. . , No specd.al tools 
Not attacked by',' High strength in" 
'.' . lamina tes ' .. ) ' m~oroor.gan~sms 

Acqeptable' cost, o ,Acceptab,le cost 
, ' , . , 

-Requires ru:s't~ '.': : " Bulky cO,nst1?\lction 
. 'proofing', "0 

Requires.sp~cial ' 
Attacked by ridcro-
~ o~gani sms " 

. 

tools ' Subj'ect' to water -
High weight ,- , ' . a:.t tack , , 

.. Plastic ., I . . 

Moderate weigh,~ 
• i 

Resists·lJlic,ro-
i . 

organ~sms 

Resists water . I attack . 
I 

Low s'trength to I 
o weight relationship I 

. High cost ,. 

__ '_'OIL ____ . ____ .• ....::..._. __ , __ . ____ .. ~_.~_ L---., .----'_ 

Requi~es mQlding~~~.'. 
-~~~. .---. ---- -.-~--' .' 

•• 
. . 

.... 

" .. 
.. 

.~~ 
, , 

" 

Ul 
,~ 
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3.2 WatRek Pro~6type pescription' 

The WatRek prototype, as illustrated. in Figure 3.2, . ' 

consists of an aer~tion tank~ activated carbon ,adsorption 
, , 

.column ~ effluent holding 'tank' and aero?icdigestion tank. 

The air compressQr and adsorption qolumn backwash pump 
, 

are situated at the front operati9nal area o~ the plant. 

3~2.1. Flow Scheme , . 
3. '2111,'1 Aeration tank 'and aerobic' digester 

r" 
.' ' . /' 

. Waste entered the WatRek unit 'via, the inlet part 
" 

~ in the' side wall of the aeration tank. ,This tank had an 

operatipg volum,e 'of 2143 1 (75.7 'itS) and f;r:-eeboard 
\ 

'sufficient to' contain 'ail ,additional 73~ 1 (25·.9 ft 3)'. 

The f~eeboard'yolum~ was,intepded to be us~d as flow 
, . 

eqti~lization.during times of high flow .. 

A,des~gn loading or food 'to ~croorgani~m'ratio 
.. '. ,\ • +'-_ .... c~J(;' 

(F/M ratio)' of O.ts mg CbD/mg MI.NSS-day, was';'used to 
. , 

. desig,n "the extended aerat.ion 'p:r;'ocess. When applied to' 
. . 

,'the' asSumed feed coficen,tr .. ~tion (Table ·3,:,,2)' a . value of 
F' • ~t ' ~ _ , 

4000 ~g(l mixed l~quor volatile ,sufU'ended sol~ds (.MLV'SS) 
.' ,~ , ~~ :' - ,". " \. .3..... ,,-

was obtal,ned. 
-

{' , ' Assuming· an' apparent yield value of 0.3' g MLVSS/g 
" , • ,. ., _ "' *'..:t. • : , ,; ",. • 

• \, CQD remQved, approxima~elY" 100' 1: (22 I ~.gal") '~f mi~ed .. p: 
''"'- '- . iiqu~r' at' a' cc:inc.ePt;r::'a·~i6n·'~'f )~QO'O mg/l MLV~§.~·.,mu~t' 9-e' . ___ ' ,~ 

'!. ,~' • " 

, ':~'wast~d d~ily. ':~.in~(! th{',dig~ster' ~us't':provide, >15 days .' 

.' d~t~nti~n t~" ensure ~deqUate' ~ig~9"tion_ l.n -C~~d',- ~e~~;at\U'~-s,~ . 
. " :' - -a ~:""~' . " , it's vo:1ume w~s set,_at ~~,49'2 1, ,( 88 'it ). . , 

......' ' ""1 _n"""-

" , 

: ' 
'.rJ,~ .,' 
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. Table 3 ... 2 .... 

Summary of Aeration Tank and 
.~ 

,Digest-er Design Parameters 

Desig~ population 

'P~r capita flow (l/day) 

'Per'capit& 'loading 
(g COD/capita/dqy) 

. 
,System loading (g 'COD/day) 

Influent concentration 
'(mgCOD/1) . 

Aeration Tank· 

Operating '{o~w:ne (1)"" 
, . 

Freeboard vo1unie (1) 

f'/M (mg COD/mg MLVSS'-day) 
, .' 

, Apparent yield 
(g MLVSS/g COD) 

~ ". - ' ... 

\ 

, . 

" 10 .. 

227 

151 ''''' 

1517 

2143 

733' 

0.15 

0.3 

........ _-..-. t- 23 
~ ... . - --;:--

~-~.---~---:---""--~-"-~---~ ~ :-

3-500 ':'" 4500 

, , " ,,-.. ~,.~. 

'. 

" 
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'0 
B~th the aeration, tank and the digest~F were 

aera~ed. In the activated sludge process aeration serves 

two purposes: 1) provides dissolved oxygen, and 2) provides 

mixing. Usually' ~he mixing function ,governs 'the vbl~e 

of air required by the system. This was-not found to be the 
" . 

,0 

case in the calculations shown in Appendix B, and resulted 

in a calculated air flow require~ent of.22 l/min (0.77 sefm). 

The. air for the system was supplied by a GAST 
. 

com.2ressor (Model No. 0'322 -~la2G18D) ., Tl:lis was an olt;less, 
< 

graphi te vane model ~d' had· a rated c.apaci ty of 70.8 I/min ' 

(2.5 scfm), free air. ' 

The compressed air stream was ,fed ,through a 

pressure tank to a distribution manifold' !lhere i'{ ~as 
, . 

spU.t in:t0 dige~:ter, aeration 'tank and air lift'pump 

streams,. 

The diffusers in .'thf * ae~ation "'and dige~tion tanks 
~~ ~ 

w~re of perforatea-13 fum (liZ in~? nylon tubing with 
. -', - " ,', "" ... 

. 1~6 rom (l/iS inch) diameter holes spaced at 78jm ,(2/inch). 
. . 

'The aeration tank was equipped wi t~', two se~tions 
• ,I '_', _ _ 

of t~is tubing, one of 1~5 m (5 ft) and the 'other 0.2 m 

(8 '"inch,es):, A 46 "om ,('IS ,inch) section' was employed'in , 
" ' • 

'the'diiestion tank • 

. A 1.25 em (~/2 inch) air l~ift' pump was :used , , , 
, .. 

'-I fq~ mixed'liq~o~ extraction. <Th~·ai~ supply' from the 

o9mp~e8s0r was controlled by a ~QrmallY Qlosed solenoid ~ 

",valve operat~cl'py a SO-second ·titiler •. Air ,was inJected., 
, . '.' . " 

" I 
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, into' the pump standpipe at a "T" below the surface of 

the aeration tank. ' 

~3.2.1.2 FlOa~ing ~ube settler 

,--- A floa:tin~ tube se~t~er) as shown in Figure 3.3 

'p' 

" 

was used in tne WatRek syste~'t6' serve three functions: 
., 

rlow equalization; , 1) 

2) 

. 3) 

Secondary clarificat~on, and 
'" 

Sludge re'cycle • 

In a' small installation, the rate of wastewa.'ter 

flow varies greatly over ,the course of a~daY. Totai flows, . 
• . , ~ 

~ however~fluctuate little ~rom day to day.' By using the, 
.' . . t 

aer,p.tion tank fl'e~board as f:low eqqali'zation volume) the 

use of.another, equalization bas~n'was not requir~d. Flow 

~qualizati,on 'a;tso prot~'c~ed the secondary cla:rifi~r from ' 
, I" • 

increases i!l. flow which would have impaired its, efficiency., 

A constant ove'rflow rate was provided by designing 
, ' , ~. 

the submergence of the unit to allow ~ specific depth 
'V J'. '~ .. .., 

over the four V~notch weirs, This depth could be varied 
': 

~ ~ 

by adding weights to the fl:o~ation tray; 

,) ',' , CUlp e~ at. (1968., 19~4. H~s~n. et aZ. (1969) 
" • "- "I ' 

. . reported that 'a significant increase' in clarifier 
~ .' • J , . . 

·overflow rates could be ~chieved t~rough the us~ Qf 

inclined tube~., iat'es as,high a:s, 4.05 m/hr (200,.0 Igpdl 
, ' ';'-/ <I ' • • ' 

ft 2 ) were repor~ed. Mendis' (1976')' r~po!\ted that to when 

'applied' to, mixed -liquor sep'arati'on iri\clarification 
, .... -. " I -, 

-.. 

I 

I 
I 

-I 
f 
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,. ;: 

limi.ted'si,tuations,. an overflow ~ate of 0.33 m/hl:" (163 

Igpd/ft2 ) baaed· on tube surface a~a, was possible. 
, " . 

The WatRek floatin~ clarifier w'!s ~esi,~ed;. to 

operate in the UPflOW" mo~e' in Or'der'to take ~dvan~age of 
.r ..- ... , • J C 

gravi ty flow ~o the ca~bon «o1tUM.' The tubes ware square 

·and fabricate'd of PVC shee.~ing.· Clarified effluent 

overflowed the weirs into a trough~ From this effluent 
Q 

trough, two ~~5 cm (1 i~6h) do.wncomers carried the 

" . effluent to the bas'e of the ,ca~on column ~ De'tai}.~. of ~ 
, . 

the clarixier design are-~ho~n'in Appendix ~ and ~umrnarizeQ 
. \ 

in Table 3-3. 
.. 1 <;, 

Sludge recycle was _pr2vided as the (sludg~ settled ,', 
~ \ '. \ ~. £, , 

~·thr~ugh the open bottom ends of 'the, tupes ~nto the: 

'. ' 

, . 
aerati.on tank. This f:Low was' 'aided "by·, gravi ty and fluid 

\ 

motion around the 'tube ends. Placement qf the clarifier' 
\ . . 

in the tank was such that air bubbles wou~d not enter 
I 

the tubes. 

3.2.1.3 'Te~tiary treatment 

An,upflow activ~ted carbon coiumn was ~mployed 

as' the tertia~y treatmen't s;tep in the W,qtRek ,system' • . . . . 
This' ,uni t had' the function 'of. r'emoving, thrhugh adsorption; 

,.o;ganics ~emaining in the waste, follqwing Piological 
, "" J:J 

t'reatment. The,' coilJinn. ~lso acted ~s a g~aI).ular filter 
, ' . 

. I), • 

for removal. of solids which"h.ad', e~caped th~ clarifier. ". \, . , 
. . 

• 

, v . " 
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~~le 3-3 

Floating Tube Settler 

. 
Liquid su~face area 

Overflow rate 

No. of tubes' 

SiZe of tubes 

Length of tubes 

Angle of tubes to horizoptal 

Tube settling 'are~ 
(see Appendix C) 

Tube overflow rate 

" 

2' 929 em 

21.02 m/hr 

36 

5.1 em x 5.1 em 

61 em 

60 0 

1.13 m2 

';'t 

0.082 m/hr 

'. 
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During the startup phas~ of the WatRek unit, 

the biologica~ treatment process would not be operating 

efficiently and effluent quality would be substandard. 

The carbon column would remove some of the waste 

constituents du~ing this startup perioQ while the sludge 

was being conditioned. Figure 3.4 serves to,illustrate 

the expected'performanc~ of the overall system during 

startup. 

In designing the carbon column,adsorption was 

considered to be. the criticai function and filtration a 

beneficial side ~ffect not re~uiring detailed consideration. 

A carbon life of 6 months. was chosen. Equations given 

by Benedek (1973) were used to de$ign,the unit and ~re 

shown il! Appendix B. "FiltraS/orb 400", a ~O x 40 ~,Sh, 

activated carbon manufactured by Calgon Corp., was'used 

as the medium in the carbon column. Table 3-4 gives 

the properties of this carbon. 

Periodlc backwashing of a carbon column is 

required to remove entrapped solids. In the WatRek system, 

backwash coul~ be iili t,i~ted either' manually or au1;0,:", 

.. , matical~y, by~a timer. Effluent from the carbon column 

was~used rov backwash. The column backwash ftow was 
I. .• 

upward and supplied by a pump situated ip the backwash 

storage tank. Spent packwash water and accompanying 

solids. were returned to the aeratiqn tank .. 

'a , :of ... l.._ 
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Table 3-4. 

Filtrasorb 400 

Raw material 

Surfaoe area 
(n:t2 /g) 

Backwashed and 
drained density 

. <:;I.b/ft 3) . 

Average particle 
size (mm) 

Uniformity 
coefficient 

-Appr9ximate loading 
f~ municipal waste 

g COD' 
g ca;r:bon 

I 

.. .. 

Bituminous coal 

900 - 1050 

26 

0.8 - 0.9 

1.0 

0.7 

0.8 

, . 

I 
1 '. - j 
. 

• , 1 
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\ Table 3-5 

Activated Carbon Column 

Caroon 

Mesh size 

Loading glCOD 
g carbon 

, I 

Bed volume, liters 

Surface area (sq cm) 

Mass of carbon bed (kg) 

Hydraulic loading rate 
. (m/hI') 

Conta~t time (min) 

Carbon life (months) 

Backwas'h rate (-1/min/m2 ) 

Bapk4ash duration (min) 

'. :c~ash volume (1) 
, 

B~ckwash ~ump rate 
( 1

, . , 
I In::i ••• ) 

'. , 

.. 

'. 

Filtrasorb 400 

10 x 40 "'" 

0.6 

I 132 

,1265 

55.4 
, ' 

0.73 

8'5 

6 

390 490 

10 - 15 

625 

~ 
189 ., 

" 

--, 

.. 

" 



\, 

/ -~--~- ----- -

71 

3.3 Structural Design 
--' 

The structural details of tne t~nkage in ~~e. 
~ ~~ 

vp-

. WatRek system are s.hown in Appendix .. N ~ rro~ .. tlle . 
.. ~.~~ , 

, ~ 

included thel'.e, the sizes and exact ,1ocat:unl~~ f"i,f~~-::r; >".~_''7 

various members ~~ dete~~.ned.. I ':' _,tY"' 
('I I .. t;!:3ff( ~~\!it~ 

.. ' " J' Basically, the s1::t'uc;t~~~ ~as ~~~'l'~ ~"",.,.Q."'..m 
fllame of angle ~1:ee~ ,. ~lo;t:~'he ;;~its' - ~'il 

,,~ / "'or 

t ~,~ ~ • .;p~ _ • ...,../ ;; -

of 1.91 Cm;(3/4 ~~~) 6h~~ting 
,,', ,,' 'r' ,!e;--,'. >.";';..:;:.J'., . , 

Five' such J?l,:~ces ,.(¥,!1~wn £4 the A~pet1;aix)' ~1~~fa1tQt·l,:r:.,rtf ,c • 
..r~ _. ~ - ("". - 0 ! "\.... ol,\ I -.I' • I ~ .... .,(... .;,. 

,,!.. r'.~ ~ -~ < ~' ~ ,,.,"'- ~.i.. . ... ", < ~<!I#'..-~~" ~". 

in such a WClX"<~6 tCi be eas'iiy' joiri~~~{:SY :~'~'-/~~' '5~' 
"; ~ ~t" < r77",., ,.~ ".!~ ;:,: ~ .'f~ ,,_, -":-::,:: 

S truqpiiital bol"ts -at ~ach cdX'ner., ' , , <'~" :; .. ;~ •• :...--' 
'f" • , ~, , • .Lz:"" ,y, • 
~ . . / • ~ -~... , .... .;r~ ~jl' /.::"','::> .... ~-: 

: \ ,;~bo~si8~:e4 of i~e bra,~ini~sysi~,J,l1,~ "', " s'~;'/~.r 4 ;~.:' 
, ~ince t~~)~ w~~~\'~ot "~~~a~a-teci~~<;;~r/t:~~;;t~n,1~;'~;Ja:,·,,r~ !K .• ' 

\l,~l r'ti', _ Iff ~ -, ..... 1 ~t' .. -- .... ~~:~ ~JI!' 1 Jjt • __ ~ '-~""1. + '\ "to : 

.'" \''- \' ~~".~ ~ L ~ .'" "--' , '.rr' ~Ao-r1-lJl' ,~ -+$*' ,_ :;~ 

'" ~e :flo~r.:, consitlted' of '~wo lJlo\i~es 'Q£"~~~~~?~'~'"" ,': ~ ~ .. _·~f "" 
{ • ft.' ~ ~ ~iA~ ~ • ,,' '<~~ -~ _ -;""n -;,," /~ I~""-.;.~~ . .f f,. 

(3/4 incli~:~piywooa;, und;~-x;f:aiir'b~Y·-l;tfni'(ilrnch~ftllickr-': 'i"' 
• .. -I' 0- - • ~r /",,,,, . I 1 

timber 'stringers. The !i~o.i wa~.fl~pedt at 6. 3% downW'~;dS' 
• .. :t>"" ,¢ -- .-¥- ~ 

t~wi=ird the controi:lt:anel e~~'.' 'Th~~~nk ·conn'e.ctions were' 
. " .. . , 

.mad~ water-tight Py using Qulkhead fittings with gaskets or .. 
t 

110" rings. . ' 

The activated car.bon column Was constructed of' 

1. 91 em (3/4 inch) pJ.'ywood S.he~g. Since ~t was, ~o 
be i~er~~d ih the mixed liquor of the aeration tank~ 

~ 'I' " 

~t, was-given a double co~t of epoxy paint to proteet it 

£~om'biolo~iqal. attack. 
. , .. 

, , 

.. / , 

> 
• 



used. 

t~e exception of 

.. ,which were bolte.d;~' ~·This frame was 

Standard 

of welded 

comer points 

lin"with the 
-,,"'If ..... _ - .. $""'" eIo- .. _~ ~ _ .. 

t~ .. f ... 1111"'" 'l'- ... ,'" ~> 

'·r'·.~· .. -~ >-- pl}lW'oo,d"-9s$ whichl, .w'as bol ted ~n to floor beams 
~' .-- ::£' ... ~ -..r F~ __ l:~ - , - -' ,,, ..... 

~ , ---:::: ) 4 .I '" ~ '''- _ , _ \ 

.. ~~.,---~~. -<:~.~d/panelf? Yle~: ~tnen cut and. assembl~d to give. the desired 
/',/ : ........ :.,;., -:~. ,: -- - , .'. ;, , ' 

>' - ','-'0:: " __ .slope. Int.erio~~.At~11 'sections were the.n installed to 
, ~ _ ... .,..~·7..;:J"'. _.-;r:.~.-!~ J -- - } 

r'~' ,,,/ for!!l;,t~~w~h :~totoage tank, 'and tIre aeration 'and 
" ,...~~ ~ ~.~ ~ ~ ,.. ... ~_ ~ F ",....,.,. ..... ~~ .... ~~ • ~ : 

.. ~~~ .. ~~ '~::.:~:'f~:i~ti:~: t&,ks'; TIle, l'eq~ired fitting holes, w~re 'then 

. - cut to Sl..ze· .. ' .. . :: ~....-- ~- "..... -:- .. 
. . 

< '. ,;:;-"' , • Polyvinylchlorid~ swimming, pool liners were 
.... - ~¥" 

#~ ,:;..j~':'~>;/' --,' m~mufa~tured .to :oltde,r by AcoI"n Pools Ltq:. These were 
• ,- " ' • ~> '. ,.;;' • • ••• ~ ',' ,) -'. ' • • 

suspended b~~andwich boards along the top rims of the 
/- '",,'"~ :( ./" ---~ ~-

-,-' 

- -~ 
> tarlks. ,,"i tt~~$~~:w,erE!- then ins talled • 

• >f'..~~,,- ~ .. ;~ • ~'i~~. 11( 

.. ;;p . ~._"Th.~'-o carbon colwnn was, constructed of p~ywood with r- - :- ... 1 

, -
a double'layer of epoxy pa~nt to pro~ect the wood. 

~ ...... Ii ~ ~ 

Joints 

- were sealed ~ith silicone sealants. 
. ~ _ _. l 

. . 
A SO mesh screen, 

. ~ " ~.,....... 

• - '~ __ ~The ·floating tube settler 'was~ burl t "'of' rigid -PVC 
.~..' . 

:,~ " she,eting: . The t~es -were '-,formed of ,3.2 mm (1/8 inch) 

' . 
. 
c 

. -
ma~eI'i'a~ while the fiotation tray was of.p.-4 rom (1/4 inch)'. 

~ -....~~ l-.... 

All this was assemD+ed using PVC pipe cement •. 
I. 

( 

, ' 
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. , 

prototype 'are given in Appendix as approximately $1800 .. 

Labor costs were not available, but it is estimated that 

several hundred man-hours wer~ required to build the 

prototype. 
I 

.. 

-.,."" 

, 



CHAPTER 4 .. 

/ 

SYSTEM EVALUATION METHODS' 

• 
4.1 Objectives 

Bromley (1911) has demonstrated that the processes 
.,...-

included in the WatRek system can produce an effluent 

which satisfies the design criteria in this study. Therefore, 

the experime'ntal programme was designed to isolate 

operational problem areas which existed in the WatRek 

prototype; as'opposed to determining the quantitative and 

predictive design relali~n~hips of the system. Because 

,;;.of this, no ,attempt ~as ma'de tg duplicate the high 
'C 

concentrations of pollutants prevalent in the North. 

Rather, easily available l'll;unicipal wastewater was utili'zed'. 

Experiments were .c·arried out primarily on the 

aeration tanl<-elarifie~-adsorption ,co1~ systemM. . The 
(; 

effect of variation in dig~stion tank operation was not 

investigated in detail. 

4,3, Apparatus 
r \ • 

!he equipmen~ used in the evaluation pr~gr~e 

may be divided/into two pa~ts: 1) WatRek,.and 2) auxiliary 

equ~pment.. A detailed inventor'Y of the WatRek 
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is presented in Appendix F. Au iliary equipment, as 

designated below, were needed to connect the WatRek unit 

to the wastewater source and the s pIing equipment. 

Raw sewage was fed to' the sy tem by a Robbins and 

Myel's "Moyno" pump (Springfield, Ohio \. The pump 

discharged through a 25 mm (1 inch) flexible hose, to the 

aeration tank. The pump was driven by a Sterling variable 

speed drive (3/4 hp, Type WPFF). 

Daily composite samples were collected by 

Sigmamotor, automatic samplers. ~ese were equipped 

with 60-second timers (Singer Industrial Time Corp). 
~ 

Th~~samples we,. drawn through 3.,2 mm (lIB inch) diameter 
.... . 
·tub~ng. 

4.3 Procedures 

4.3.1 StartuE 

In an isolated installation a suitable seed of 

activated sludg~ ~ay ,not be available.- For this reason 

n'o seed was used. in the startup of the WatRek. unit. 
'I' • 

During. the startup period, s~mples of the developing 
, 

mixed liquor. were collected. daily d!ld analy'zed for solids . ',' .. 
content. ,-, . . . 

4.3.2 Operation' 
" 

During the'experimenta1 periop the unit was usually . . 
attended' twice each, day', in' the morning and' in the evening. 

.. / 

" 
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.; 

~ . 
The morning procedures comprised the actual plant operation, 

while the evening visit was normallM,an inspection. 
~ f 

On both visits aeration and digestion tank liquid 

levels were ~ecorded by reading scales located on the 

tank walls. The aeration tank depth data served to 

illustrate the hydraulic characteristics of the clarifier-

~adsorption column syst~m. 

Liquid flow rates were measured by the bucket and 

stopwatch method on each visit. Two measurements of each 

flow were made in order to verify the value. Raw sewage 

feed flow was measured at the influent point by.breaking 

the Jine at a quick-fit coupling. 
, . 

The effluent flow rate 

'was measured at the ca~bon column overflow to the backwash 

,storage tank. Mixed liquor extraction and digestion tank 

return flow rates were also measured twice daily. The 

flow rates of, air to th~ aeration .tank and digestion tank '. 

were measured by me?ns of pre-calibrated rotameters. 

~f the measured flow rates deviated slightly,fro~ 

the nominal values', they wer~ readjusted. However, if 
. , 

the observed deviations were large and the cause,found 

to have been the ,physical failure of s.ome component, the 

run was stoPI?ed. . 
. '" " 

The dis-solved oxygen concentration in the aeration 

tank, .dig~st~6n tank and the carbon column was mea~ured 

'\ ~ twice daily. The sludge volume index (SVI) of the 
..&.__ • __ ...I _ .. 

., 
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Along with these quantitative observations, a 

qualitative assessment of the system was carried out. 

Th~s usually took the form of recording pertinent visual 

and olfactory observations. 

4.3.2.1 Baclswash 

The carbon -column was backwashed whenever the level 

in the aeration tank approached 1.16 m (3.8 ft). The 

'normal opeTating level of the aeration tank was between~ 

1 m and 1.1 m (3.25 and 3.5 ft)~, Since the unit would 

overflow at a level of 1.35 m (4.45 ft) the level of 1.16 m 

,- ( 3 . 8 ft) was chos en .. 

Because the hydraulic characteristics of the system 
~ . 

were unknown at the outset" the backwash ~equence was 

initiated manually. Before backwashing the column, 

valve no. 1<1 in Figure 4.1 was closed so' that backwas"h flow 

would not be carried upwar>d through the c.larifier down-

• comer. The backwash pump was then t~rned op. Simultaneously, 

'" .. 

, ., 

the normally open solenoid valve on the carbon column .. 
overflow .closed, pieventing solids-lade~ backwash water 

from.entering!the backw~sh storage tapk. The backwash 

p~p was turne¢ off by a low level'control in th~rati~n 
tahk. After a short pe~iod, during whioh the fluidized 

SOlids ~n the column were all~wed to settle, the. solenoid 
- . , , .. ~ 

was reset to the open position manually and the excess' 

• 1 t~'Y" • ed off to ->-'- ~ 

, 
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Each time the column was backwashed the clarifier 

tubes were cleaned. ·This was done by pushing a 5 cm 

" (2 inch) cleaning brush into the tubes from the top. 

4.3.2.2 Digest,ion tank 

Sludge wastage from the digestion tank was not 
t ' 

necessary as the evaluation time lasted less than the 
. 

design holding period of 6 months. 

\ 

4.3. 3 Sample Collection and Analysis' 

\ Twenty-four hour comp~~ite 'samples of the influent 

sewage, clarifier overflow and final effluent wer.e 

collected daily by automati~, samplers. 
y • 

A port~on of the . 
. saJtle was collected for two minutes every half,hour. 

< The liquid was tra'nsferred, by the sampling pumps, to 

4.5 1 (1 I gal) plastic containers stored insiq~ 

refrigerators which. were kept a~ 4°C. 
. , 

In this way the 

degradation of the sample bet~een collection and analysis 

was, minimized. f 

These samples ~ analyzed for chemical oxygen 

demand and suspended solids. Samples were usually . . 
analyzed on' the same. day as they were co~le·cted.' If -this 

was not possible" the- samples were chilled or frozen 

untiJ. analysis eoU'ld ,be carr.l,ed out. This was require,d 

ol! "very few occasions. 

h 

, ' 

.J 
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r~utinely for suspended solids and p~riodically for tctal 

and vOlatile solids. 

All analyses were carried.out according to the 

methods outlined in Standard Methods for the Anal~$i8 

Water and Wa8tewater (1971). COD was measured bY,Me:hod 

220. Suspended solids analyses were according to Method 

537, using a 0.45 u membrane filter. Volatile and total 
. 

solids were done by ashing and evaporative techni"l.ues as 

outlined in Metho~ 538. 

4.4 . Pre-Startup 

Pri.or to startup, a programme of "debugging" was 

-:-ar::."c ,)I.t. Investigations of the floating tube settler, 

lt2:'at.l0n system and backwash pump were carried out. 

The effect of the depth of weir submergence on 

:: ;.e ;:: _aLl : ~,~ [' opera tion was in ves'tiga ted. 
• 

l'!',e "xygen tr'ansfer coefficient of the aeration 

• 
(:9L~). :_~:~~ sulfite i~ the presence of cobalt ch~oride 

cdta_yst was _~~j as the oxyge~ scavenger. Dissolved 

Xy'ger-: ::C:-:Cc ,:rat:ons were read using a Jelta Scien'tific, 

d~:omatic cissolved oxygen analyzer) Model 2010 and probe. 

By backwashing 'the carbon column and measuring 

the extent of bed f~uidization, the backwash pump, was 

determined to be adequate. 
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4.5 Calibrations 

The rotameters used to measurQ the air f>ws were 

" calibrated using wet test meters and standard or:.~ ~S • 

The air lift pump useq for mixed li'11Or ')<;;' :('t~,-':. 

was calibrated using the bucket and stopwatch rnetto~. 

Flow rate.was checked daily due to level flu~tuati~n ~ .. 

the aeration tank. 

, 



CHAPTER S 

RESULTS AND DISCUSSION 

5.1 Pre-Startup Activities 

5.1.1 Structural 

Structural testing consisted of filling the 

tanks with water and examining the system for structural 

problems as well as leaks. Two structural Inadequacies 

~ere noted. 

First, the wal~ separating the aeration tank and 

the~digestion tank)<the inter-tank wall) was observed to 

deflect\by about 1.3 cm (0.5 inches) when ~he water level 

difference between the tanKS was :S ern (b inches), SiGce, 

during operation, such level differentials would be 

~r~valent, reinforcement was required, The reinforcement 

was proviced by fitting a pair of adjustable jacKs lI,tu 

the digestion tank, to ~ear between tl.e exterior wall an0 , 
that facing ~he inte~-tank wal~. 

\ 
In conjunction with this mOdification, a change 

in the proposed operation scheme was made. It had 

origina:ly been intended to air-lift mi~ed liquor into 

the digester and allow it to overflow a weir, back to 

the aeration tank. With the jacks in place, however, the 
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level in the digestion tank had to 'be below the level in 

the~eration tank. Thus a peristaltic pump was used to 

return the digeste~ liquid at the same rate as the alr-

lift and the digestion tank level would be held at d 

constant depth of 1.07 cm (3.5 ft). This reduced the 

residence time in the digestion tank from 2S to 17 days, 

at a mixed liquor extrac~ion rate (MLX) of 100 l/day . . 
(22 .Igpd). 

The second structural defect noted was insufficient 

strength in the exterior wall opposite the control center, 

as viewed in Figure 3.2. When the system was water tested, 
, . 

a de fle.'t lOT! of approxiIt\,ately 2 em (0.8 inches) was 

oL)served <1 t the base of t~e wall. The deflection was 

alleviated by the addition\of two additional structural 
\ 

members as noted in Appendi~, G. 

5.1.2 Hyd~d~l:c Considerations 

Persis~ent leaks were found at the fittings arounc 

t~e tubes entering the carbon col~n. This w~s attributed 

~~ ~. . 
-::0 the drT~~c;"l.ty In securlng the carbon column into the 

I " . 
corner of the aeration tank. These leaks were alleviated 

by removing the carbon column to a more central position 

in the aeration tank, away froffi_ the walls. It was then 

possible to further tighten the fittings and thereby stem 

the leak. 
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Another, more persistent leak was found at the 

fitting in the wall common to the aeratio~ and digestion 

tanks. The l'iner was eventually found to have been folded 

underneath the shoulder of the fitting. Inserts were 

added'to the wall in order that the liner material could 

be stretched to a snug fit, thereby eliminating the leak. 

5.1.2.2 floating clarifier 

During hydraulic testing, th~ clarifier effluent 
. . -\ 

t~ough was observed to flood. The additional weight of 

the supernatant in the t~ough caused the clarifier to 

sink. Initially thiS.resulted in an increase in head 

oVer the weirs and a concomitant increase in As 
, 

more water flowed over to the effluent tray, .. 
procegs continued until equilibrium was reache the 

water level in the effluent trough reached that in the 

- t ube corr.;oartm~n t (Figure 3.3). 

The c..:ownstream headloss analysis pert'ormed in 

/\p;wnJ,i x [ inL!ica~es that '} .15 m (5.7 ine;,ps) ,A. heaG would 

I,,· requi 1''-'l~ fer' the tray to be self-draining. Since this 

hedj w~s not avai:able in the system, the flow equalization 

capacity of the unit was~ negated. This condition forced 

the e lim:'na tion 'oYhe flow equalization' facet of the 

study. The revised study schedule is shown in Table 5-2. 

A possible method of alleviating the flooding 

problem would be to install a low limit on the clarifi I '"' 
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travel. This s top would o'f necessity be above the level ., 

of the carbon column.overflow. In this way, at zero flow 
I 

conditions the effluent trough would be dry ?nd the 

static water level situated somewhere in the effluent 

downcomer. 

5.1.3 Aeration 
, 

As noted 1n Appendix B, an aeration mass transfer 

coefficient of 1.825 hr- 1 wap'required in the aeration 

tank. Prior to startup, measurements of the value of kla 

were carried out using tap water. 

As ,shown in Table 5'-1, an una~ceptably low value 

was found for the very course bubble diffusers'; Following 

a modification in the size and spacing of, the diffuser 
",..-J 

ori f ice~,--t:'h was repeated. Results improved, but 

remained bel the desired value. 

It "as observ~d during both ex~ents that the 

bubble pattern in the aeration tank was Ullcven. A 

m~jority of ~he bubbl~ were being released along the 

centpal yorti?D of th~ ae~ator tube~ very fe.w bubbles 

evolvec ctL either end of the tube. This was attributed 

to insufficie~t pressure drop through the diffuser 

orifices to provide ~n flow throughout the ~ength of the 

aerat~ tube. 
~ 

• 
In order to correct this problem an .. 

auxiliary source of air was acquired from the W.r.c. 

facilities. This source had a pressure of 6.3 kg/sq cm 
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Table 5-1 

Determination of Mass Transfer Coefficient and 

Efficiency in the Aeration Tank 

\ 

Diffusers Air Air flow k1a Ib 0, 
source rate HP-hr 

(scfm) (hr- t) 

.-
5 ft 1 12" 
tube with WatRek 1.7 1. 02 0.11 1/4" holes 
(l inch) 

/' 

. 

5 I 8" of 
...: 

1/2" tube WatRek 1. 25 1. 2 5 0.21 with 2 x 
1/16 holes/ . 
inch 

. , 
S' 5" of W C 
1/2" tu.)e t 

Auxiliary 5 5.47 0.23 with 2 x 
~/I~ holesl alr 

In n 

, (----
I 



-. 
(90 psi). The system compressor continued to supply dlr 

to the digestion tank. 

As shown in Table 5-1, a satisfactory value of 

kla was obtained with the new air source. An even ~at~crn 

of bubble release was also 'noted along the length of the 

aerator tube. These two factors led to the\~acceptance 

of the test as satisfactory. 

Calculation of the efficiency of air, transfer is 

shown in Appendix H and also shown in Table 5-1. The 

calculated values of pounds of oxygen transferred per 

horsepower hour show that the system falls somewhat below 

normally accepted levels of O.S to 2 lb 02/HP hr. 

S.L Stdrtup 

5.2.1 Procedure 

The system was started up by first filling it 

wit:l tap water and then starting the wastewater feed: 

SeeG organisms (s~udge) were not used, as suitable sources 

of seed woulc not be available during eventual system 

s:~rtups in isdlatea Qocations. Observations were made 

on th~ length of time required to reach a satisfactory 

conJition for the biological components of the systems. 

The startup feed rate was 2275 l/day (500 Igpd). 

The aeration rate varied over the three startup attempts. 

These are discussed in subsequent sections. During 
~ 

startup mixed' liquor extraction was not practiced. 

\ 



\ 
Analyses perform~d during the startup period w(>re 

influent and clarifier effluent COD and SS. Samples were ., 
collected as daily composites. Also,'daily grab samples 

~ the mixed liquor wer~ collected for suspen~ed solids 

determination. 

5.2.2 Initial Startup Attempts 

The fi~st two startup attempts failed due to 

plugging in the cl~rifier-carbon column system. F~as 

so restri~ted by the accumulation of solids in the system 
~ 

that an unacceptable rise in the depth of the aeration 
• • 

tank occurred. Both these attempts were carried out under 

dera:ion rate$ of ~.4 l/sec (5 scfm), 

Following these two failures, the 1.25 tm (1/2 inch) 

clarifier overflow downcomer was replaced ~y 2 x 2.5 cm 

(1 inch) fixtures meeting in a "Y" connection to form a 

single 2.5 cm (~ inch) line. This improved flow through 

t:1C ~owncomer. 

r~llowing each unsuccessful startu; attempt. both 

t~e cigestion and aeration tanks were drained. 

5.2.3 Startup No. 3 ~ 
The thlrd attempt atlstartup proved to be 

successful. Certain changes were made in the startup 

procedure in order to facilitate successful operation. 

It had been noted during the previously unsuccessful 

-attempts that the clarifier was subjected to , 
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turbulence due to the m1x1ng 1n the aeration tank. 
, 

For 

this third startup the aeration rate was reduced from 

2.4 l/sec,(S sefm) to 0.9 l/sec (2 scfm). This produced 

a noticeable reduction in the agitation of the clarifier. 

Also, duri~g startup no. 3, the 'carbon column wa~ not 

initially included in the flowsheet. The clarifier effluent 
!B •• 

was run to waste through a gate valve., This prevented ~ 

the clogging of the carbon eolumn which in the initial two 

startups showed signs of plugging. 

The results of the startup are illustrated ln 

Figures 5.1 through 5.4. Figures 5.1 and 5.2 show the 

solids history for the startup. The mixed liquor suspended 

~01ids concentration increased steadily over a period of 

~7 days to a level of approximately 2800 mg/l. This 

represented a total solids mass of approximately 5000 gm 
I 

(~l ~b) in the aeration tank. 

Figure 5.2 shows that total COD removal climbed 

rapi~ly to 85%, after 13 days operation. This may be 

attr·ibutec.:, ir. part, to the fact that :he SS removal 

effici~ncy reached 90% after only 12 days of operation. 

it appears possible, due to the high SS removals, 

th,lt the carbon column could have been put on line after 

17 or 18 days of operation. As it was, however, the 

carbon column was introduced on day 27. The aeration 

tank depth record (Figure 5.3) indicates that no serious 

plugging of the carbon column occurred. Increases in 
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I: 

.), plh ill Iht: aCI'dtion tan . .k, were remceJic .. ; 
" 

" 

T~p dissolved oxygen (D.O.) history (figure '.4) 

! 
runs cC)IJld have been initiatec at ap['r'oximatclv udy .. ". J 

The decredsing D.O. ind'icates an i;h~r'ea.s(' 1..JI biologlcdl 

activity within the aeration tank. 

S.3 [valuation Programme 

The WatRek prototype was evaluated at the Wastewattr 

Technology Centre of the Canada Centre for Inland Waters 

in Burlington, Ontario. Raw municipal wastewater was 

supplied to this facility from the Burlington Skyway 
"!' 

Water Pollution Control Plant. Prior to ~nterihg the 

a~paratus, this wasiewater was degritted and passed thr'ough 

/ d prlmary settler. 

A programme of seven runs was drawn up, in which 

volumetric feed rate (Q), air flow rate to the aeratior. \ . ~ 

tank a~d mixed liquor extraction (M~X) pa~e were varied. 

Table 5-2 is d summary of the experimental runs. 

The :ength of time over which each run would 

exte~d was not firmly set. Such open ended runs were 

consiaered necessary due ~o the uncertainty in the . , 

perfor~anC0 and operating characteristics of the prototype . .. p 

'ine cri terii:1 Cfiosefl for te'rminating the runs were 'based 

·)n g ual i ta ti ve ana ~y sis of system operation. ,I f the 
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Table 5-2.j( 

Summary of Experimental Programme 

-. f 

Run, Wastewater Aeration 
. . I 

M~xed l~quor 

II .feed rate, rate extraction rate 
Q l/day lis as S.C. (MLX) 

(5 efm) ( sefm) l/day (Igpd) 

1 2273 (500) 1.9 .( 4) 150 (33) 

2 2273 (500) 0.9 (2) 
" 

50 ( 11) 

3 2273 (SOD) 1.4 ( 3) 150 ( 33) . 
4 4545 (1000) 1.4 (3) 150 ( 33) 

5 4545 ( 1000) 0.9 (2) 15.~.( 33) 
.' . 

6 3410 (750) 0.9 (2) 50 (11) 

"1 4545 (1000) 0.9 ( 2 ) 50 {II) , 
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system operated satisfactorily the run would be continued 

for at least six days. 

If the run was not considered successful, it was -

continued until failure of~some form was observed. Failure 

was subdivided into·three ~tegO~ies: process, ~YdraUlic, 
and physical. Process faiI~as defined as the system 

not meeting the design criteria set out in Section 3.1:1. 

If these criteria were not mei with minor adjustments in 

equipment or operational procedures, the run wjis considered 
~ 

a failure but continued. 

,Hydraulic failure was defined as conditions of a 0 

hydraulic nature, which so impaired the system that safe 

and successful operation was not possible. Included in 

this category were 'continual Clogging, excessive aeration 

tank levels and inadequate level ~ontrol. 

Physical failure referred to any equipment failure 

which forced termination of the run. In the event of 

thysica~ failure the run was repeateu. In the even~ of 

i-)rocess or hydraulic failure, however,~the' run was 
~ 

conside~ed useful for isolating sources of potential 

failures. 

5.4 Process Performance 

5.4.1 COD Removal 

The removal of total COD across the treatment 

system averaged 93% over runs 2 through 7. Run 1 has been , 
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excluded from this discussion because, as noted in Sections 

5.4.2 and 5.6.1, the air flow rate had an extraordinary 

effect on the solids removal efficiency of the clarifier. 

Figure 5.5 shows the cumulative totals of COD 

fed VB COD removed as well as the removal efficiencies 

through the unit. From'this figure it may be seen that 

all runs exceeded 90% total COD removal with Run 3 the 

highest at 95%. 
< 

Figure 5.6 shows that the majority of the total 

COD, 85% on average, was removed by the aeration tank. 

Best removals were achieved in Run 2, at 88%. These values 

ure within the range of treatment which may be expected 

of an extended aeration system. 

As shown by Figure 5.7, the average removal of 
\ 

total COD in the carbon column was 53%. However, since 

the removal in the carbon column is dependent upon the 

driving force and there~ore the influent COD concen~ration, 

the mass of total COD removed is a more important parameter. 

A total of 3120 g (6.9 lb) of faD was removed in the 

carbon column. This value is small compared to the 16,300 g 

(35.9 l~) removed ~y the aeration tank, however, and it 

indicates" that' the carbon column acts as an effluent 

polishing unit rather than a major.COD removal unit. 

This is further indicated by Figu~e 5.8. It is 

interesting to note in Figure 5.8 that despite the high 

effluent total COD escaping the aeration tank in Run 1) 
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the carbon column effluent was within the design criteria 

of 30 mg/l. In fact, the carbon column was performing 

both as a filter and an adsorber in Run 1 since, in this 

run, soluble COD removals in the aeration tank were quite 

low. This illustrates the capacity of the carbon column 

to moderate, and compensate for, ,upsets in the biological 

system. 

Figure 5.8 also ~hows that the design criteria 

of 30 mg/l total COD in the effluent was satisfied on all 

days. However, during th~ high flow runs (4,5,6 and 7), 

th~ effluent total COD showed a tendency to approach the 
.. ' 

design limit. 

Assuming that 40% of the CPD removal in the carbon 

colu~ w'as biological, then 1872 g of COD was adsorbed, 

on the ~arbon surface. With~ surface area of 1000 m2 /g 

and a total carbon mass of1fS.4 kg the overall loading 

at ~he end of the experimental period was 3.4 x 10-8 o~ 
~ 

CODlcm 2 of carbon surface. The normally ~ccepted total 

organ~c carbon (TOC) loading on activated carbon is 

10- 9 g TOC/cm 2 carbon for PCT sewage. Since the COD 
'-, 

\ 

~s normally greater than TOC~t appears that the carbon 
. //"---

was reaching the limit of its adsorptive capacity, thereby 
;' 
I 

producing an effluent o~ diminishing quality. Further 
" . 

\ 

removals in the carbon column would be accomplished by 
\ 

biological'mechanisms. 

J 
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~.4.2 Suspended Solids Removal 

An important function of the WatRel< uni t Wei-; tht' 

r~movdl of suspended solids (S5). The purpose of this 

junction Wd~~ three-fold: 

tJirect reduction ot d cornmonly monl to['cJ 

contaminant (SS); 

.. 
Indirect reduction of the total COD in 

the effluent', dnd 

3) Improvement in the clarity and aesthetics 
~ 

of the effluent to make it more amenable 

to recycle . 
. 

It may be seen from Figure 5.9 that removal 

,'I f i('iencic;; during all Geven runS were high. An overdll 

c!vt.'rJg() ot 97'~ r'emoval WJS achieved over the entire 
.. 

8x?crimenta.l programme. The lowest efficiency was noted 

during Run 5, in which, a 95% removal rate was obtained. 

During this run, as shown in Figure 5.10, the effl~ent 
.. 
suspended solids level WaS approximately 12 mg/l. 7his 

was still well within the cesired vaiue or 30 mg!l SS 
• 

in the effluen:. 

figure S .10 shows that'the level of suspended. 

solids in tnt: t.:t flu'cnt remained a.t or below 4 mg/l 0n 

all but !our ()ccaslUlls, lldr:,cly, (luring Ru"ns I, 4 an~ ~. 

II! d~y event, the ae:,ien level WeiS met, at all 

times,by the system. 
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Suspended solids removal efficiencies in the 

clarifier are shown in Figure 5.11. The average removal 

in the clarifier w~ 94%. 
l .' • 

Lower values were obtalned In\ 

Runs 3 and 4. 

The low removal rate in Run 3 was due to low . 
influent solids and substrate levels which may have caused 

bulking of the sludge and corresponding losses. During 

this run, as shown in Figure 5.~O, the clar~fier overflow 

solids level reached 32 mg/l, its highest level. Also, 

from Figure 5.10 it is interesting to note that the 

solids level in the final effluent remained at a low , 
cuncentration. This demonstrates the effectiveness of 

the ca.rbon filter in offsetting upsets in the aeration 

tank. The compensating effect of the carbon column was 

also shown during Run 1, when large amounts of solids 

e3caped the clarifier but the final effluent was within 

aesign limits. 

In Run 5, the compensating effect of the carbon 

was not as prevalent. As discussed. later, there may have 

been some solids breakthrough in the carbon column at 

tlldt "time. In fact, on 'the second da'y of the run, the 

solids concentration entering the carbon c~ was less 

than that leaving t~colurnn. 

The efficienc~;9£ the clarifier for solids removal 
" . 

may have been the result of its upflow operating mode. 

When operated in upflow a blanket of solids was maintained 
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a. 
within the tubes of the settler, through which the mixed 

liquor had to pass. As the liquid. passed through this 

blanket, solids were removed both by sedimentation and 

entrainment within the blanket. 

The carbon column acted as an upflow pqcked bed 

filter. Removal efficiencies are meaningless where the' 

column is concernea because of the variation in feed solids 

concentration. 

by the overall 

removed by the 

Approximately 3% of the solids removed 

system during the expe~i~ntal period was 

carbon column. Altho~this}was a low 

value,the 319 g (0.7 lb) of solids it represents caused 

significant plugging in the carbon column during the 

later runs.~The operational problems accompanying this 

plugging ~sulted in the brevity of Runs 4,5,6 and 7. 

It appears that the backwash was somewhat inefficient in 

removing all the solids entrained in the column, thereby, 

creating an accumulating solids load. This is discussed 

further in Section 5:5.2. 

5.4.3 Sludge Digeition 

Sl~dge production occurs within the- aeration tank 

and within the carbon column. In a conventional system 

the excess biological slu~ge~ measured as volatile solids, 

would require reg~lar wasting in order to maintain the 

desired level of treatment.- The WatRek system was desig~ed 

so as to minimize the amount of sludge wastage required. 

-

l 
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From Figure 5.12 it may be seen that over the 

duration of the experimental period, the mass of total 

solids showed an increasing trend. This was probably 

due to the retention of inert solids within the system.' 

The mass of volatile solids in the aeration apd 

digestion tanks remained relatively constant at 9600 g 

(21 Ib) throughout the programme. 

A mass balance carried out on,the volatile solids (VS) 

and sub~rate utilized within the system during the seven 

runs (Appendix I) shows that the overall yield value 

for the entire system was 0.08 g VS/g COD. This mass 

balance did not take into account the rest periods, durO 

which there was no mixed liquor extI'ac'tion. Since the 

mass of volatile solids within the system remained 

approximately constant over the experimental period (see 

Figure 5.12) any additional yield of volatile solids in 

the aeration tank during rest periods must have been 

removed and digeste~ during the runs. This extra yield 

of volatile solids was not included in the mass balance 

and, therefore, the overall yield may be considered high. . " 

~ssuming, conservatively, that the yield obtained 

fro~ the mass balance is 'low and that the real value 

is 0.1 g vsi g CPD removed, then the total volatile 

SOlids~ccumulated per day would be l~O g (0.30 lb). 

th~ _~ageOconcentration of volatile solids were 
j ~ 

~rmitted to reach 10,000 mg/l in the ~gestion tank, 

If 
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4 

over a depth of 1.0 m (3.3 ft) a total mass of 16,000 R 

(36 Ib) would be contained. This represents 4 months 

of feeding before any sludge removal would be required. 

l~om this analysis, it may be concluded that the 
~ 

parallel aerobic digester ,fulfilled its stated function 

of reducing sludge handling requirements. 

5.5 System Operation 

System operation refers to the performance of the 

physical processes and components of the WatRek unit as 

distinct from actual treatment processes. The operation 

of the system is discussed here from a hydraulic and 

mechanical viewpoint. 

r 
5.5.1 Hydraulic Operation 

/ 

As noted previously in Section 5.2.2.2, the 

floating clarifier operated in a flooded condition. There 

was, ~herefore, no flow equalization provided within the 
~ 

• aeration tanK. Storage of flow during periods of high 

headloss through the downstream facilities was provided, 

. nonetheless, as during periods when the flow rate out 

through the carbon column fell below that of the influent, 

the aeration tank depth increased,therebY".~Foviding 
I 

storage. 
• A " 

During Runs 2 and 3 a cycli~al pattern of risin~ 

aeration tank level was established. Regular backwashing 
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of the carbon column caused a decrease in the headloss 

through the bed and a sub$equent decrease in the aeration 

tank level. These cycles are illustrated in Figures 5.13 

and 5.14. It is apparent that the cycle in Run 2 was 

longer than that in Run 3. Note that in Figures 5.13 

and 5.14 B/W sign'ifi,es backwashing of the carbon column. 

During the last two days of Run 3, more 

pronounced daily rise in aeration tank leve was observed. 

This was in conjunction with an increase clarifier 

solids loss and appears to indicate 

oolumn was occurring. It seems tha this" point the 

backwash was not efficiently cle~ng the column. 

Runs 1,4,5,6 and 7 were terminated due to 

excessive increases'in the aeration tank level. The 

failures of Runs 1,4 and 5 appeared to be due to the loss 

of solids from the clarifier. In each case, relatively 

high solids levels were noted ~n the effluent. Table 

5-3 summarizes thfse losses; the reasons for which will 

be discussed in Section 5.6. -, 
~urin~ Runs o 6 and 7, the solids concentration 

in th r effluent) a~ shown in Figure 5.10, was 

very 1 both runs were terminated due to excessive 

aeration tank levels. 

The aeration tank deptn history for Run 6 shows 

that despite the low clarifier solids level, the level 

in the aeration tank rose to a high lever in the first 

/ 
, 
: 
I 
I 
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, 

Table 5-3 

Solids Losses from Cl~ifier ", 

.. 
Run/Day Mass of 

solids loss 

1 . 1 336 g 

1} 1 1:t.8 g 

5 1 85 g 

5 21 47 g 

I 
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day of operation. At that time the carbon column was 

partially backwashed. This failed to alleviate the rise 

and after that there was insufficient freeboard in the 

tank for further backwashing. figure 5,15, the depth 

history for Run 5, shows similar characteristics. 

It is apparent from the curves in figures 5.~5 

and 5.16 that, during backwash, sufficient solids were 

not being removed from the column to return the aeration 

tank to a normal level. The growth of bacteria within 

the carbon column and on the support screen ma~ have 

aggrevated the'situation. This led to a progressive 

blinding of the carbon column which caused the failures 

of Runs' 5,6 and 7. 

5.5.2 Backwash Efficiency 

The frequency of backwash was dictated by the 

level in the aeration tank. As the tank level rose to 

1.16 m (3.8 ft) the column was backwashed. The observed 

expansion during backwash was 43% which was somewhat 

less than the desired value of 50%. This small difference 

in expansion is uniikely to have caused the inefficient 

solids removal noted in the previous section. 

The upflow mode of carbon column operation, 

coupled with the upflow backwash, may have contributed to 

the progressive blinding which was experienced. During 

operation, solids entered the column at its base. These 
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were then propagated upward during backwash. The volume 

of backwash may not have been sufficient to move all the 

solids from the bottom to the top of the carbon bed. 

Some solids would then have been left in the bed and, 

over the course of several backwashes, would have accumulatec 

to the point where the flow through the column was impeded. 

If the carbon column were to be operated in a 

downf1ow mode, the back~ash may have been more efficient 

because of the shorter distance of travel for the solids 

prior to removal from the bed. More efficient backwashing 

may also be achieved by increasing the volume of the 

backwash flow. 

5.5.3 Mechanical Operation 

There were two major pieces of mechanical equipment 

included in the WatRek unit. These were the backwash 

pump and the air compressor, and both performed satisfactorily. 

5.6 The Effect of Process Parameters 

S.S.1 Air Flow Rate 

The operation of the clarifier, and hence, the 

entire system was af'fected by the rate of aeration. 

the Runs operating at higher aeration rates, that is, 

Runs 1,2 and 4, solids mats were observed floating on 

the surface of the clarifier. 

During 
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These floating &olids were light brown in color 

,and contained entrained gas bubbles. The character 

of this gas was not deter>min'ed analytically, but may have 

been either fine air bubbles adhering to the floc, or 

nitrogen gas produced by denitrifi~ation in the clarifier 

tubes. Denitrification, however) is unlikely in view 

of the short liquid residence time (between 0.3 and 0.6 

h~) in the clarifier. 

Thi~'phenomenon was most- pronounced ln Run r when 

the air rate was 1.9"1.-/sec (4 scfm). During this run" ,. 

the mass of solids lost in the clarifier effluent' reached 

336 g (0.74 'lb). Run 3 , while deemed a successful run) 

showed evidence of floating solids at an air rate Gf 

1.4 l/sec (3 sefm). The loss of solids in Run 3 -appears 

to have been responsible for the increased daily rise 

in the aeration tank depth near the end of the run. 

In runs during which the aeration rate ~as 0.9 I/sec 
I 

(2 scfm» solids levels in the clarifier effluent were 

excellent. During these runs th~ pow~r dissipation rate 

in the aeration ,·tank was 0.6 HP/lOOO gal. This was 

higher than the usual design value of 0.1 to 0.2 ~P/IOOO 

gal, but was considerably lower than the 1.2 HP/lOOO gal 

dissipated in Run 1 at 1.0 l/sec (4 scfm). In Run 3) 

--
the energy dissipated in~mixing the aeration tank 

contents was 0.9 HP/lOOO gal. 

Runs 4 and 5 appeared to fail due to plugging of 

the carbon column· wi~h solids passing through the 
1 
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clarifier. Both these runs were operated at low aeration 

rates and no floating solids were observed. Both were, 

however, run at a high feed rate ana the significance of 

this is discussed in Section 5.6.2. 

The insufficient settling in the clarifier was 

apparently due to the high aeration rates in Runs 1 and 3. 

Such high levels had a two-fold effect upon the clarifier: , 

One, the turbulence caused by the rising bubbles 

imparted an agitation to the clarifier which impaired 

the solids removal. Two, the adherence of small air' 
~ 

bubbles to floc particle~ causlng them to rise to t~e 

surface of the clarifier. As the rate of aeration 

increases, so does the number of fine bubbles and the 

probability of their being carried to the clarifier 

inlet where they may,cause sludge flotation. 

While operation at a low aeration rate may appear 

desirable from a clarification point of view, it leaves 

the biomass in the aeration tank in a precarious posit jon 

in relation to oxygen supply. It 15 illustrated ln 
c 

Figures 5.17 and 5.18 that the D.O. in the aeration tank 

was always low and sometimes as low as 0.2 mg!l. 

These figures ~lso show the cyclical nature of 
~ 

the D.O., corresponding to the peak influent waste 

concentrations. D.O. levels in this range leave very 

~ittle margin of safe~y in the event of an extraordinary , . 
high influent waste load, or other shock loading. 

) 
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It appears' t~at if the problem of solids escaping 

the olarifier is to be alleviated, a more efficient method 

of aeration must be devised. Suoh a method would have 

efficient oxygen transfer and impart little turbulence 

to the clarifier. 

5.6.2 Wastewater Feed Rate 

Increasing the feed rate above the design rate of 

2273 l/day (500 IGPD) 'appears to have decreased the 

oper~tional efficiency of the overall system. The process 

efffc~nc; rema~ned high, 'as shown in Figures 5.9 and 5.11. 

It was appa~ent from the results of Runs 4 and 5 that flow 
",' 

rate may have had an effect on solids remova~, particularly 

when coupled with the high aeration rate in Run 4. 

The loss of solids may ha, been affected by the 

surface overflo~ r.ates in the clarifier. During Run 2, 

the surface overflow rate was 1.01 mthr (500 IGPD/ft 2 ) 

while in Run 5~ which had the same aeration rate, the 

o'verflow rate was twice that; 2.02 mthr (1,000 I~PD/ft2). 

If the ov.erflow rates are calculated, according to Mendis , . 

(1976), on the basis of tube area, they reduce, to 
. 

D.OSm/hr and O.04·m/hr'(1H.7 and'20.S IGPD/ft2 ),', 

•. respe~tively fqr Runs 2 and 5. It is interesting to n6te 
.' 

that the concentration of solids in the clarifier effluent 

during RUn 5 was twice the average cQ~centratfon in 

Run 2, possibly due to the two-fold increase in overflow 

, . 
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rate. However, neither overflow rate was high.in comparison 

to literature values for tube clarifiers. This fact, 

coupled with the lack of correlation between overflow 

rate alone and SS removal suggests that the aeration rate 

~ was most important in determining clarifier effluent 

• 

solids levels. 

5.6.3 Mixed Liquor Extraction Rate 
\ 

The mixed liq~or extraction rate (MLX) cited was, 
'I, 

a mean value. The f19w through an air lift pump varles 
.. I 

with the depth of submergence of the air inlet. Since 

the inlet level wa9 fixed and the wa~r level fluctuated, 

the flow through the pump varied with 'changes in aeration 

tank depth. Adjustments were made during the observation 

periods . 
• 

The effect of MLX on the operational and performance 

aspects of the system is dIfficult to separat~ from the 

other fac'tors present. It appears from the mass balance 

noted in 'Section 5.4.3', th.at the concept of simultaneous 
.. 

digestion of mixed liquor solids serve/, ..to reduce the 0 • . '. .... , , . .I;,"~ .,.. 
net yield in. the entire system to a v~ry low value w,ithout 

'I 
impairing the settling cha:acterist~cs of the Sludge,] 

Aver~ge volatile solids removai In th~ digestion 

t?nk appeared to be appro~imat,ely ·~·5%. 

" . 
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5.6.4 Specific Loading Rate 

1~e specific loading rate or food to microorganisms 

ratio (riM) is the ratio of the mass of substrate removed 

to the mass of biomass contained in the aeration tank. 

Since the digester acted as a very low rate system in which 

the autolysi~ of cells was assumed to be large in comparison 

to substrate removal, the digester volatile solids were 

no~ included in the riM calculation. Inclusion of these 

solids would result in a lower rIM r~tio. Downing et al. 

(1965) showed that, generally, as the FIX ratio increases, ,. 
$ 

the process effici~ncy de~reas~s. /. 

Assuming that CODIBOD = 1.7, in the influent,/and 
./ 

CODIBOD = 3, in the effluent from the aeration tank, the 

data gatheped from this study may be compared with that 

f 
!. 

o DavIn lng. This shows that the present data falls on 

the curves shown in Figure 5.19 and, therefore, within. the 

range of acceptable biological treatment'perfo~mance. 

p 

J 



, 

,~/ 

100 .--------------------t , 
ci • • • e. ••• • •• q 90 f- ........ • ••••• -. 

m : ••••••• 

W 60 !­
(,!) 

~ 
~ 50 I­
a: 'w . 
a.. 

.. ... 
• 

• 

• • 
•• • 

• 

(J 

.. " 

• 

• 
• '. 

• 
• 

t J _it ~ ~ ~1 

• 

40" I 
(>'06 0.1 012 .0.4 0.6 1.0 2 ,4 6 10 
ORGANIC LOAD ( Ib 5-day B.O.O. apphed/lb sludge ddy) 

• WATREK 

• LITERATURE DATA 

FIG. 5. J9 PERCENT B.O.O.' REMOVAL vs. F/M RATtO (AFTER 
DOWNING ET AL. 196,5) 



/ 

CHAPTER 6 

CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions , 

1) A small, portable wastewater reclamation 

'2) 

system (WatRek) was built which could ~/~ 

easily transported and assembled without 

specific skills. 

The fl,ow equalization functlon of the-

system was rendered inoperative by 

flooding of the effluent trough of the 

flo~~ing clarifier. 

.... 

3) Biological startup' could be .accomplished 

in 17 days without an acti·vated sludge 

seed. 

4) During biological startup, the actiyated 

carbon column cou~d'not be included in the 

system due to excessive plugging by ~olids 

escaping through the clarifier. 

S) Over the course of'the study period, the 

system achieved average removals of 92.8% 

chemical o~ygen demqnd and 97% suspended solids, 

128 

I 
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thereby, meet ing the eff1u'ent design 

criteria of 30 mg/l COD and SS. 

6) The system operated best under an aeration 

rate of 0.9 l/sec (2 scfm)' This 

represents an energy dissipation rate of 

~.6 HP/1000 gal. Aeration rat,es greater 

than this imparted excessive agitation to 

the f1o~ting clarifier. 

7) Flows in excess of 2273 l/day (500 IGPD) 

constituted a hydraulic overload to the 

system. 

8) Over the course of the'study period, the 

net solids production was 0.08 g MLVSS/g 

COD removed. 

6.2 Recommendations 

, , .. 

1) The floating clarifier requires modification 

in order to f~cilltate flow equalization. 

Possible modifications include: 

i) a smaller effluent trough; 

b) a lower stop on clarifier travel which 

will maintain an aeration tank liquid 

level above that of the carbon 

-overflow; 
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if·neither of the above are successful 

the clari-fier should be fixed, with 

overflow rates governed by the depth 

submergence of effluent orifices. As 

/ flow, and hence submergence of the 

orifices increases, the overflow rate 

increases by the relation 

of .. 

where~ ~ = flow rate (ft3/sec~; 
, 

Cd= orifice coefficient of .discharge; 

• A = area of the orifice 

g = gravitational constant; 

h = submergence. 

2) The mode of operation of the carbon column 

should be altered to be downflow with an 

upflow backwash: This would tend to alleviate 

the progressive blinding by limiting the 

major portion of the entrapped solids to 

the top of the carbon bed. 

3) The wall separating the digestion tank from 

the clarifier should be strengthened., 

4) A more efficient diffuser should be added 

to the aeration tank in order that maximum 

transfer of oxygen may be obtained with a 

minimum of agitation of the floating 

clarifier. 
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5) The air lift pump used to extract mixed liquor 

should be a more constant flow unit. This 

may be accomplished by suspending the. air 

injection part from a floating platform, 

thereby minimizing the effect of level 

fluctuations in the aeration tank. 

6) A quiescent zone should be provided, by 

means of a baffle, at the outlet en~ of .the 

digestion tank in order to retain solids 

in the digester through settling in this 

zone. 

7) A controlled set of experiments should be 

performed upon the system in order to define 

a mass balance for the p~oces~. 
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Northern Waste Treatment Design Criteria and Constraints 

(After Alter, 1974) 

Sewage DisP2sal Objectives 

1) Prevent disease; 

2) ~chleve environmental excellence; 

3) Remove and stabilize wastes for environmenbal excellence; 

4) Provide simple, failsafe facilities; 

r 
5) Remove and stabilize wastes in an inoffensive manner; 

6) Ef£icient service. 

Engineering Constraints 

1) High cost; 

2) {Jnfavorable site conditions; 

3) Repair and maintenance unavailable; 

4) KnOW'ledge of advantageous use of cold, lacking; 

5) Expensive energy; 

6) Freezing of system; 

~I 7) ~omplicated systems; , 

8) Poor transportation systems; 

9) Inefficient systems. 

& 

..' 
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Aeration Tank Design " 

I) 
'!he a.era tion 

by ten persons. The following 

igned to handl~ the ,ewage generated 

teria ware use~~~~rder to 

determine the quantity and st~en9 of the sewage flows. 

BOD O.OQ,kg/person/day 

~=o 6' 
COD • 

COD 0.13 kg/person/day (0.29 lb/~rso /day) 

Volume 227.5 lpcd (50 !gpcd) 

Total volume • 2275 l/day (500 Igp 

~ 910 9 BOO/day (2 lb BOO/day) 

" 1517 9 COD/day (3.34 lb COD/day) 

MLVS. Assuming F /M ,. O. ~5 and des~gning for a 90% r al 

of organics in the aeration tank yields: 

MLVS 
lSl7{O.9) 

= 0)15(2275) == 4.0 gil 

M~an Cell Residence Time 

From Lawrence & McCarty (1969) it may be seen that values 

of a c for extended aeration plants vary from 14 to infinity. 

~Metcalf & Eddy (1972) indicate that it var~es from 20 to 30'days. 

Therefore,~ value of 30 days was chosEm.jor this application. 

Reactor Volume 

(Lawrence & McCarty, 

'69) 



, 

\.-/" 
136 

where: x. biomass concentration (mg/l) 

~" • reactor volume (1) 

Y - yield coefficient (mg/mg COO) 

Q = flow (1) 

So g influent COO concentration (mg/l) 

Sl - effluent COD concentration (mg/l) 

e .. meAn cell residence time (days) 
c 

b • decay coefficient (day-I.> 

Typica~ values of the coefficients were chosen from the 

same reference and are 

Y = 0.67, b = 0.07 

Therefore, the reactor volume: 

v = 0.67(2275) (667-67)30 
(1 + 0.07(30»4000 

= 22ll 1 = 78.2 ft 3 

Excess Sludge Productionf 

dX xv 
dt = e­

c 
:: 

4000(2213) 
30 

~ 295067 mg/day = 295 9/day 

Slud2e Wastage" 

(Metcalf & Eddy, 1972) 

Sludge. was to be ~as~d from the mixed liquor at a 
~ 

.. concentration of 4000 mg/l., Therefore, a total of ~ of'mixed 

liquor had to be wasted each day. 

.. 
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Hydraulic Detention Time 

v e - - = 
Q 

2213 l' 
2215 1 

= 23.4 hrs 

OxYgen ~uirement8 

where: 

dCOz atdF + blX 
dt = dt 

(J" = (l-1.42)Y = 02 required for growth 

b l = b = 02 required for endogenous respira~ion 

at = (l-1.42) (0.67) 0:: - 0.28 
f. 

b l 
:: 0.07 • # 

~ - 0.28(600) +.0.07(4000) 

~ 112 m,g/l-day 

Mass of 02 Required Per Day 

Aeration 

112 x2213 
1000 = 248 g/day 

.. 

" 

Aeration provides both mixing 'and dissolved oxygen (D.O.) 

in the activated sludge process~ Due to lower ov~rall mechanical 
f(' 

requirements and ~onfi9uration ,constraints coarse bubble diffused 

, aeration waS ch<:?sen. , 
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Sufficient D.O. must be added to maintain aerobic conditions 

in the downstream carbon column. Therefore, for the purposes of 

this design a minimum D.O. of 4 mg/l was chosen. 

Leary et aZ. (1969) cite, for spiral flow, a k1a or mass 

t;ansfer coefficient of 47.8 day-l for a fine bubble system. The 

mass transfer coefficients for systems using coarse bubble aeration 

have been found to be about 60% that of fine bubble systems. Kayser 

(1969) cited k1a of 3.65 hr-1 for a medium bubble system. He also 

noted a respiration rate of 13 mg/l hr in the same system • ... 
For conservati~ design a kla value of 1.B25 ht-1 will be 

used. 

Oxygen-Transfer 

From Pick's law: 

where: 

* 

de -= dt 

* 

dc -, 
dt 

:::: C - r ikla 
~/ r 

change in D.O. with tilne 

Cs :::: operating value ! 

C = 0.0. concentration of ini~uent 
rr :::: respiration'rate 

I 

C = saturation concentration s 

(' 

/ 
Assuming an o~rating ,temperature of soc and D.O. saturation 

con~entration of 12.8 mg/l then the amount of oxygen which can 

be supplied is: 

~ = l.82S(4~O.1) ~ 7.12 mg/~-hr 
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This represents a daily supply of 389 g/day which meets the 

requirements of 248 g/day previously noted. 
" . ~suming the 3% of . 

the oxygen supplied'has ~ to be transferred during the bubble 

rise, then the mass of' oJCYgen which must be delivered is: 
, ' 

1 1 day 
2~8 g/day X o.D3 X 24 X 60 min 

.( 

== 5.74 g/min 

Air Flow Rate 

Oxygen comprises 21' of the: ambient air. The approximate 
" . 

" nv;>l~ weight of which is 28 g, with A' volume, . at STP, of 22.4 ,. 

~er~fore, the vo:1.wne of air require~ is:' J r 

• 
z:: 21.9 l/min (0.77 scfml 

Mixing Requirements.' . 
", 

Energy dissipatio~ may be ealculaeed from the 'isothermal 
t' 

~ . . 
expansion of the rising bubbles:, 

where: 

FA QA 
HP ::;--

33000 
1 (

H + ,~39) : 
n 33.9 

. ,FA == .atmospheric pressure (lb/ftZ) 

~A '= air'flQW, rate (sefm) 

" H = bubble rise (ft) 

HP .. power dissipated (horsepower) 



\ 
I 
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The energy dissipated by the required air volume is 0.11 HP or 0,21 

HP/lOOO gal. Eckenfelder & Ford (1967) and Knop & Kalbskopf (1970) 

recommend 0.1 to 0.2 HP/lOOO gal for the extended aeration process. 

Therefore, the air required for aerobic processes will 

" 
adequately mix the contents of the aeration tank. 

Floating Clarifier DesiS? 

An overflow rate of 1.01 m/qr (500 19P«/ft2) was chosen for 

~sign of the clarifier. This value was well within the limits 

observed by other researchers. The depth of submergence of the 

weirs was to··have controlled the ovel.'flow rate. 

From Daugherty & Franzini (196~) the equation for a V-notch, 

knife edge weir is: 

Q = Cd 1
8
S ·12g tan ~ H5

/
2 

where: 

e = apex angle 

Cd = drag coefficient 

9 = gravitational constant , 
H = depth of submergence 

For des~gn: 
0 

~ - 90 and Cd c 0.59 and Q = 500 Igpd~ 

For one weir,H = 0.51 inches. 

o ' 
For· 4 x 90 weirs l H =. 0.29 inches. 

If the unit were overloaded to 750 Igpd then the required H would 

be 0.34 inches for 4 weirs. 

I 
I 

f 
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Buoyancy 

The specific gravfty of polyvinyl chloride (PVC) is 1.347. 

'I1lis translates to a densi ty of 84'.06 lb/ft 3. 

TUbe weight - 28 lb 

Tube materi~ volume = 0.33 ft 3 

Flotation tr~= 12.03 lb 

Flotation tray material volume = 0.14 ft 3 

Since the tubes will be completely submerged, the weight 

~ must be overCome i~ the submerged weigfit of the tubes plus 

the weight of the tray: 
, 

Buoyancy required • 28 - 0.33(62.4) + 12.03 

c 19.44 lb 

volume of water which must be dis~laced: 

v = 19.44 = 0.31 ft 3 
62.4 

11 

Assigning tray dimensions as shown in the sketch, the height above 

the tray bottom at \\!hich the apex of" the weirs must be set will 

be: 
+' 2411 

0.31 
D = e4 x 24 (19.375 x 12» -

144 t 19 3/8" ..- -+ 

::: 0.14 ft t 

'a 1.56 inches 12" 

24" + 
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Size of Sludge_Waste Contatner 

At a MLVSS of 4000 mg/l, the daily wastage of sludge from 

the aeration tank .. 74 1. 

If we conservatively assume no decomposition in the 

digester, then Mass in = accumulation. 

" where: 

Assuming thickening to 10000 mg/l 

Qi - influent flow 

C
i 

= influent concentration 

V = volume of container required per day 

CA'; concentration in the container 

V ; 74(4000) 
10000 

= 30 l/day 

Actual 'sizing will be .determined according to the final unit 

configuration. ~esidence time must not be less than 30 days. 

Carbon Column Design 

For medium quality effluent car~on loading should be 
• 

0.6 2 COD/g carbon including adsorption and bioactivity. 

The feed concentration csf COD to the column ~ 66 109/1. 

De~ign for the retroval of 40 mc;/1 COD wi thin the column. 

Therefore col~.effluent = 26 mg/l COD. 
. . 

tR Q(Co-Cr ) 
SL ... Pp (~ .., 'Ir) 

(Benedek, 1973) 

. i 
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tR .. time between regenerations (pays) 
" 

Q .. volumetric liquid flow rate (l/day) 

q = residual adsorbate concentration after 
r 

regeneration (dimensionless) 

S .. cross sectional area of column (dm2 ) 

L .. length of carbon column (em) 

p q packed density (gil) p . 

~ .. final lOa~ng (4imensionless) 

C -c = amount of adsorbate reroved ('1/1) o r 

Sufficient carbon for 8 mo~ths, unregener~ted operation 

will be supplied, ie. ~ = 240 days. 

, ~ 1 S'L ':;; 240 (2270) 0.04 days daY 
(l 420 x 0.6 '1/1 

.. 86.5 1 = 86500 em~ 

/ 

Therefore, assuming a hydraulic loading of 0.73 m/hr (0.25 Igpm/ft2 ) 

s = 1275 em2 = 1.37 ft2 

L = 68 em.= 2.2 ft 

Bed depth = 68 em (2'. 2 ft) 

Allowan~e for backwash = 50% = 102 em = 3.3 ft. 
. 

Therefore, the overflow is placed 34 em (1.12 ft) above the bed. , 
" 

Backwash ReqUirements 

\ 
) 

I 

Normal backwasn flows for upflow columns, for a x 30 mesh 

carbon are 23.3 - 29.1 m/hr i8-l~ Igpm/ft2). 

... 
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Size of backwash tank l 

490 lIli 1 z X 0.13 m2 X _10 min ... 625 1 (22 ft 3) nm 

Flow - 62.5 l/min (13.7 Igpm) 

Headloss in expanded bed: 

where: 

(ps - pw) 
hf = Le (l - €) 

h f ';, headloss in feet of water 

Le • length of expanded bed (feet) 

£ = void ratio of expanded bed 

Jwhere 1 _ £ = _b_u_lk_d_e'-n_s_i-:t.y ____ ~::____:_-_:_-
water density X pa~ticle density 

~ 0.79 

Pw = density of ~ater (lb/ft 3) 

p = particle density (lb/ft 3) s 

h = 3.3 (1 _ 0.79) (82.4 - 62.4) 
f 62.4 

= 0.24 ft 

'" 7.4 em 

Therefore, total head (H) required is: 

where: 

Thus, 

hs :; static head 

h f = kineti.c head. 

hs == \..67 m (5.5 ft) 

H = 1.75 m (5.75 ft). 

'" 
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Metal ! 
4' 

An all metal structure would have been heavy, and difficult 

~ seal without complex qaskets or' welding, when assembled in the 

field. PVC liners would h~~ aileviated the sealing problem but 

the weight of the unit would not have been reduced. Shop-weldizpg j 
I 

would have been inconsistent with the kit concept of the system. 

Plastics 

, Plastic tanks are corrosion resistant and can be made 

structurally sound. In large part, the strength of such tanks 

results from their molded construction.: This leads to circular or 

round cornered rectangular tanks which cannot be dismantled, 

therefore, volume requirements during transportation would be 

excessiVe.' Using pfastic s~eetin9 as wall material would have , 

necessitated a sUbstantially larger steel bracing system than that 

• finally decided upon. Common plastic materials are also significantly 

heavier and more costly than wood of eqUivalent strength. 

A completely wooden structure would have been subject to 

rottinq and water logging. The resulting deqradation would have 
~ 

"'" 
undermined. the structural inteqrity of the tanks. To prevent< 

, 
.. 

this, a surface sealant would have been required. Waterproof j04i.nts 

would have been difficult to achieve unless wood stave construction 

were used. Wood stave construction was not feasible because of 

the retanqular plan. 
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LAminAted wood products such AS plywood are strong for their 

weight. Even with the addition of a steel bracing system, it was 

anticipated thAt A 'reduction in weight over the other syst~ms 

considered could be realized. 

A primary concem in selecting, the building material for 

"the WatRek unit WAS the transportation weight. 'lWo mater,ials were . 
considered ,in detail1 plywood and steel. In choosing the material 

it was assumed that· the steel framing system would be cOIlllOOn to 

both wood and steel. 

,Therefore, the only differing parameter would be the 

unit weight of the skin material. The unit weight of 3.2 mm (1/8 inch) 

steel pla~ WAB 24.9 kg/m2 (5.1 lb/ft2). 'The weight ~f the ~ 
1.91 em (3/4 inch) plywood WAS. 10.9 kg/m2 (2.23 lb/ft2). On this 

basis, the plywood was chosen. 

.­
• r' 
~I 

" 
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Steel Bracing Calculations 

The braoing calculations carried out below ~re examples 

of those carried out in tIC design of the WatRek structure. All 

bracing has been designed on the basis of simple beam action in 

order to be conservative: Continuous beam act'i\ns and compound": 
" . ~ . ( 

.beam actions do exist within the structure but should serve to 

~nhance the strength calculated below. All calculations were 
• I 

perfo~d according to the procedures laid down in The Handbook 

of St6eZ Construction, Canadian Institute of Steel Construction, 

1972. 

Horizontal" Bracing , 
Span = 3 ft :;: L 

unit load = w = 2.83 lb/in~ 

.. 
(assuming 6 ft depth of water) 

" Load = W = unit load x L 

= 102 lb/in 

. WL2 
Maximum Moment .. M = ---max, 8 

) 

"" 16524 in-lb 

Eequired section modulus = Sx = 0.57 

From becun tables use. angle 2 1/2" x 2 1/21' x 3/8" 
.. . 
unit weight = 5.9 lb/ft 

Check deflection~ 

5 wL4 

384 EI 

• 0.13 in 
,D 



vertical Bracing 

MeJd)er spacing • 3 ft 

WI. 
Load ... W - - .. 3668 lb 

2 

150 

6 ft 

Maximum Moment- 0.1283 (W) • 471 in-lb 

Required section modulus • 0.02 

From beam tables use 2" x 12" x 1/8" angle 

Check deflection 

0.01304 w1 3 ... 
EI 

= 0.09 inches 

.. 

• 

2.83 lb/in 

. 
" 
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Hydraulic Analysis 
,,:. 

System DiaqrAm 

Floating 
clarifier 

'l" orifice 

152 

SO mesh 
screen 

Upflow 
carbon 
column 

Cl~_r Orifices, Diameter • 1 inch 

h
f 

= /g,(~.2 

where: h
f

• head 1088 (ft) 

9 = gravitational constant (ft/sec2) 

C = orifice constant 

v c velocity (ft{sec) 

Flow Headloss/orifice 
(Igpd) (ft) 

\ 

500 3.49 .x lQ-1t 
.. 

-, 750 5' -It ? .X 10 

1000 4.92 x 10- 3 I 

5300 0.042 
\ 

50 mesh 
screen 3/4" 

solenoid 

25.1 

-
Total headloss 

(in) 

.008 

.02 

.1 
" 

'1 



/ 
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.(; 

Headloss at "Y" on Clarifier OUtlet 
) 

Using Bernoulli: 

p V 2 P v2 
£l. + Zl +!l..:. - !:2. + Z2 + -yo 2 q Y . 2 g 

1 
Q3 

Assume Pl = Pl ~ Pg & Zl = Zz , y = y Zz = 0 

, 

> 

i 

('VI 2) 

g. 

Flow 
(Igpd) , 

500 

750 

1000 

':' 

5300 

= ~32' 
2 9 

. 

velocities ' .. 
v~ Va 

0.09 ft/sec ' 0.17 ft/sec 
- . 

.0:,13 ft/see 0.26 ft/sec 

0.17' ft/sec 0.34 ft/sec 

0.98 ft/sec 1 .. 96 ft/sec 

I 

\, 
I ' 

Headloss 

1.9 x 10- 4 ft 

5.-2 x 10- 4 ft 

9;0 x 10- '+ ft 

0.03 ft = 0.36" 

-



154 

Headloss Through Sudden Enlargeme?t at Entrance to Carbon Column 

2 CJ 
I 

Orifi~ size D( 1 It - Dl 

Column area m~169 in2 

Flow Velocities 4 Headloss 
Vl V2 

{Igpd} (ft/sec) (ft/sec) (inches) 

500 0.18 6.60 x 10-4 0.006 

. 750 0.28 1.03 x 10- 3 0.014 
" . 

1000 0.38 1.40 x 10- 3 0.027 

5300 1.·83 0.007 0.62 
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Headloss Through support Screen 

Screen - 50 mesh 

Wire diameter • 0.007 inches 

Projected area of~wire - Itt x 0.007" 

- 0.007 in2/in length 

with 100 wires crossing in a, 1 in square the projected area 

Therefore, area a,ailable for flow = 1 ~ 0.7 = 0.3 in2/in2 

Screen area - l6~ in2 

Area available • 169' (0 .. 3)' • 50.7 1n2 - 0.35 ft2 

Headloss h .. fHw/b) 4/3 hv (Pair r Geyer & Okun, 1971) 

V2 
hv =-

2 9 

Flow 
(Igpd) 

500 

750 

1000-. 
5300 

, 

.. .,. 

Velocity Headloss 
(ft/sec) (inc~es) 

0.0027 7.5 x 10-6 

0.004 , 1. 7 jc 10-5 

0.053' 2.9 x 10,- 3 

0.0,28 • 8.1 x 10-4 

ti -



, 
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Headloss through carbon column 

where: 

h f 180 U Us (1-£) 2 
"'1- p g E 3 If 2 D2 

s 

h
f 

~ headloss (total) 

1 • length of filter • 70.3 em .. 

lJ' 
i . 0 • v scos,ity, at 2 C lJ = 3.75 x 

• void ratio; VT = V + V , £ 
V P 

P = fl uid de~si ty 

<J "" gravity 

'i' = particle sphericity = 0.73 s 

£ • 

2.31 ft 

10-:5 lb ft/sec 

Vv 
• 0.5 -VT 

D ::; diameter of particles" 0.8 + 0.9 mm = 2.3 x 10- 3 ft 

U = superficial liquid velocity 
s 

D10=0.7 

Uniformi ty ~ 1.9' 
coefficient 

'~ at 500 Igpd = 0.0009 ft 3/sec z 6.6 x 10-4 ft/sec s 

750 19pd = 0.0014 f~3/sec = 1.03 x 10- 3 ft/sec 

1000 Igpd ""-O.OOlS ft 3/sec = i.4 x 10- 3 ft/sec 

5300 Igpd == 0.01 ft 3/sec.- 0.007 ft/seO' 

p = 1. 94. slugs/ft 3 :IE 62.4 lb/t't 3 

At 500 Iqpd therefore, , 

h' 
-f K 2.64 x 10-6 ft/ft 
1 

.. 

\. 

.. ~-
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Headless through carbbn column (Cent'd) 

. 
Flew Bulk Veleci ty 

(Igpd) (ft/sec) 

500 6.6 x 10-4 

750 1.03 x 10- 3 

1000 1.4 x 10- 3 

5300 0.007 

.' 

Headless 
(inches) 

7.3 x 10-5 

1.1 x 10-4-

1.6 x 10- 4 

3.3 x iO- 4 

.~ 

f 
I. 

i 
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Headloss Throu9h Carbon column Exit 

+ 2.5 1f 
-to-

t 

.50 mesh 
screen g'I 

v=2. 
A 

, 

Flow rate 
( Igpd) 

.' 

500 

750 

1000 
. 

- 5-300 0 

.. 
Area of overflow screen 

A ::: 11' D h 
.1,/. 

::: 11' 2.5 (9)/144 

::: 0.49 ft2 

Area available for fldW = 0.3 (0.49) 

~ 0.15 ft2 

h = SCw/b)4/3 h 
v 

= 5.5292 v2 
' 

2 9 

' -

Velocity through 
screen 

Cft/sec) . 

0.-006 

0.009 
-_ . . -. 

0.012, •. 

0~Q67 -

0,4_ 

'-' 

Headloss 
(inches) 

4.0 x 10-5 

8_~ x 10-5 

-
10 .. 4 1.6 x 

- . ~ ... 
0.005 

\ 
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Headloss '11lrou Miscellaneous PO.! ttin s 

(PO Fair, Geyer Ii Oxun, 1971) 

kV2 
h--

2 g 

o 
For a 90 ~lbow, k .. 0.5 - 0.1 

For a 900 takeoff tee, k - 1.5 

For a coupling, k .. 0.3 

For a gate valve, x • 0.5 

Flow Fi tting type Diameter 
(Igpd) (inches) 

500 

750 . 1 
Bulkhea.d 

1000 fittings 

5300 

500 

750 .. 3/4 BUlkhead 
1000 fittings 

5300 

500 
~ 

750 0 
90 elbow 1 

rOOD 

5300 

500 

750 0 90 takeoff 1 

-100o. tee 

5300 
, ' 

500 

150 
Gate ~alve 

1 

1'000 

NUDtler 
(coefficient) 

3 

(0.3) 

'" 

2 .. 
(.0.3) 

1 

{0.7S} 

1 

(1 .. ,5) 
'" 

1 

o 

Headloss. 
(inches) 

0.005 

0.014 

0.018 

0.6 

0.010 

0.023 

0.042 

1.2 

0.004 . 
'0.009 

0.016 

0.54 

0.008 

0.019 

0.032 
, 

1 

0.003 

0,.006 



160 

s~ Table of Headlosses 

\ Flow rate Headloss 

l/day . em , . 
(Igpd) (inches) 

2275 0.12 

(500) (0.05) 

~ 

3410 0.28 

(750) (0.11) 

4546 ~ 0.66 

(1060) (0.26) .. 

24093 14.5 

(5300) (S.73) 
-

• 

it 

\ 

" 
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/: 
calculation of clarU1cation AXea ~ Tube ~, Settlers 

CAfter Mandis, 1976) ~ 

" 
Tubes - 2 inches square 

- 24 inches long 

o 
There are 9 tubes along the length and 4 in 'the width. For a 

total of 36 tubes. " 

Number of tubes per square foot. of plan area = 36 

Inclined settling surface - 2 x 24 inches 

=,48 in2 

Tube settling area: 

2 
48 36 it ill x ft2 ~ 12~3 square 

\. 
= 1.13 m2 

o 

feet 

.\ 

• 
". 

i , 
i 
• 
J 

I 
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APPEWDIX G. PRE-S'l'AR'l'OP 

Structural 

'!he 2 em de.flection noted at the reax wall was caused by the 

lack of longi tudina.l bracing at the base. The central vertical , 

JDeJIIbeJ': then acted essent.ial.ly as a cantilever, pinned at ~e top 

and tree at the bottom. 

Extra bracing was added to the wal.l, us.i.ng two structural. 

JDeai)ers. A 15.25 CItI (6 inch) "HIO steel section was installed at 

the base of the wall to take the major portion of the thrust. This 

'JDUlber W~8 bolt.ed to tongues of 1.25 em (1/2 inch) steel strip 

which had l:!een welcSad to the corner anqles", The "H" section acted 

. u a aiaple beUl point loai58d, by the vertj,cal wall ~er, at the 

center. 

Hydraulic considerations 

~t the, base of the wail co~ petween the aeration and 

dige~tion tanks, the interconnecting'fitting was the'source OL 

a very.per~i6tent leak. 'l'he proximity of the shoulder of the 
~ 

'fitting to the bottom trian~lar molding caused the liner material, 

which w~s som~t' oversized, to fold. In order to alleviate 

the leak, the wall wa"s thickened at the orifice ,by '8. plate of 

l~ JIm (3/4 in~f Pl~' op "each side. ~ese Pl~tes lifted 

the liner .way from the wall proPer and in 80 doing, caused it 
.. 

to ,8~etch locally • .x, A snuq f.i,t w~s thereby obtained, and the 

.leak e 11 .i na te<l. 
> 

\ 
i 
! 
f 

l 
'fi ., 
I 
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~8 Toran_fer Coefficient ' 

'l!le determination of the mass transfer coefficien't was 

· carried out U$inq the method of Kayser (1969) and Fick I sLaw. 

" 

, ,Q 

'lbe pertj,nent equations are used for design purposes in Appendix 

B. Figures H-1 to 8-3 illustrate the three measurement runs witU:t 

the different aerator configurations as described in Section 5.1.3. 

" ,.. 
Calculation of Aeration Transfer Efficiency 

(j t 

where: 

-- ~. 

1b 02 _ ' xk a V C/PAQA In (' H+339) '" 
HP-Hr 1 (33000,' 33.9 

k
1
a,. mass transfer coef,ficient (hr-1 ) 

V :: volume of water (1'> 

c :: concen~ation o~ OX¥qen (mg/l) 

x ~ 7.205 x io-6 (lb/mg) 
, 

PA :: a~spheric pressure (psf) 

QA = air flow rate (efm> 

H = bUbble rise (ft) 

HP = ~o~sepower dissip~te~ 

1n (H+339) 
\' 33.9 

Run i1: (See Figure H-I) 

" 

~;a :: 1.,02 hr-l H :: 3.17 ft, 

C ;: 6,mg/l' , 

QA • 1. 7 cfJfl 

V' -. 211S 1 
F 

'f 

" 

. ' 

, 

\ 
/ 

,:\ 
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Ai,. (',: . .,fe $ .S'~ ser;.,. 
~ .. = . 3 + Itr· I. is I ~p i:; 

A ... rCJfc: ,.:.: I . ... ~c I,,,, 
,-.,. 

I 
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';: : t'r,. /r,. ~~ 
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I") j 
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A."" I'qfe 1.7 st:'f._ I : 
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Run *2: (See Figure H-2) 

klA • 1.25 

C '. 8 

QA 
:II 1.25 . 

lb 02 
Ii:: 0.21 

V I- 2339 HP-hr 
, ~ 

PA III 2116 
'>., .. 

• "~~" ..~ H == 3.25 
-" , 

, . , 
, -~~ ~ .. 

, , 

Run '3: ~S~~"~igure H-3) 

., 

'< 

./ 

QA == 5 lb 02 
lIP-hr == 9.23 

V :: 2iS9 ' 

P
A 

:= 2116 

H I: 3,.,25 

. ' 

.. 
" 

. ~ 

, 
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vo; ~ 

Q
R 

Q
x 

~R X 

" 
Qi 
x-

VA' X Ale 
s. ~ 

1. AIT 

Substrate Mass Balance 

. 
Food out + ~ (A/T) + ~ (O/T) + 'ddS

t 
(A/e)~ = Food in 

dt ' dt 
o 

~iomass Mass Balance 
, 't} 

)t " Q~Xe Mj~, (A/T) - : (O/T) + *" (A/C) = QiXi 

. \ 

Let : (A/T) + * (A/C)' = ,~ " 

. , ... 

, . 

Qe 
Xe 
Se 

A$sume, conservatively, that all soluble substrate removal in the ... 
\" ,... ,: . ~ 

~ 

. carbon column goes to bio~ss. 

Tl}.erefore: 
f· 

1-



f 

, 

," 
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The equation,for overall 8ys~m yield" becomes 

'''1 , 
I 

. . 

Table I-I shows the calculation of the o~erall yield coefficient for 

the entire system ~ver the experimental period. 

Run ds 
# dt . (g) 

2 4800 

3 4965 

4 , 1525 , 

5 "2174 

6 2740 . 

.,,7 979 

, 
" 

overall 
yield, • 

17183 

Taple I-I 

Calculation of OVerall Yield 

dX 
- ('D/T) 
dt 

0 

174 

112 

138 ' 
, , 

160 

80 

69 

" 

1'613 

.r-1 

. 

, 

QeXe 

54.6 

62.7 

18.2 

35.6 

40.9 

18.2 

"'·230.2' 

. . , 

, . 

f 

• '{ 

, 

0.02 

0.21 

.. , , 

0.08 

. q,.06 

0.01 
, 

j 
.. 

0.05 

~ . 
0.08 
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Assembly PrDcedure 
. 

NOTE: When assembling the WatRek unit, refer to Appendix N for 

detatled system drawings. 

Structural 

1) P~ace panel 6 in desired position. 

2) Depending upon ease of furt:her installation, place either 

panel 5 or 1 in position and drop in bolts. 

NOTE: a) wooden skin of panel 6 fi'ts inside corner angles 
~ 

at corners 5 and 6. " . . 
b) do not put nuts on any structural bolts until all 

structural assembly has been completed. 

3) Place tie bars. 

NOTE: U panel 7 was "chosen to be first side pan~l installed,. 

inse~t tie bars through holes an~~install nuts and ~ .. 
w,ashers outside panel 7, leaving opposite end free. 

If panel 5 was first side panel installed, leave tie 

bars o~t until later in assembly sequence': ie. . , 

step 6. 

4) Install rear floor section. Be· sure all uprights of floor are 

vertical. 

5~nstall forwa:rd floor section. There is no need to fasten 

fOlVa~d floor section to the tear. HOWever, they sho';lld 

ftt snugly. " • , I 

.. 
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7) Place ,panel 3,in position. 

NOm: a) at upper section wood skin goes inside corner 4. 
~ . 

b) lOWer 8ecti~n is ~uble walled ~s the 

comer angle. . ~ 
c) place panel 3 exactly in position but do ~ secure. 

8) Install panels 1" and 2; ie. place in posi.tiop. 

NO'l'E: .Qg.. ~ secure. 

9) Spread panels 5 4nd 7 outward enough to place wood skin of 
I 

panel 4 wholly betwe~n the corner angles. . ' 
. \ 

lO} Close panels 5 and 7 upon panel "4. 

\. 

NOTE, a) this is a snug fit: 

b) as before, the wood skin fits inside CQ~ers 5 and 7~ 

c) ~anels 1 and 2 fit on the digestion'~ side,of 

corner 1. 

dJ beware of panel 3 • 

11) Install remaining structural bolcts. 

Il} Install members 1, 2 and ~. 

. . 

l3} 

1'4) 

"- ' 

Put nuts pn all structural bolts. 

. . f 0 

If not already.dohe, install tie bars by'pushlng through holes .. 
in bot~m angle of panel 7 and 'retrieving and,inserting into 

holes in panelS by way of access holes ID panel 5 .. 

IS} .. Install, all stove' '001 ts used for fastening wooden skins ,to· 

the variQus corners. 

." 

2 
1 

'. to 'CORNER(S) 

2 & I 
2 & 1 
3 s:. , 

, , 

".J 

/'" 
f 
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NOTE: a) note recessed holes around bottom of B/W tank. 

l6} Ins,tall: wood· screws along bottom angle of panel 3. 

17) Install moldings in corners 5,6 and 7. 

Liners 

18) Be sure'all three tanks are clean and free from splinters and 

... 
other sharp i t:ems Which could puncture the liners. 

19) Unroll aeration tank liner in the aeration tank. Noting the 

end tab markings for ease of positioning. 

20) Beginning at corner 2, with fastener strip A-l,lift liner top 

into place, inser~ bolts with washer~ through fastener strip 

liner and top angle iron,in that order. Place nuts outsLde top 

angle and tighten moderately. 

21) P.roceed in a clockwise1direction until corner 8 LS reached. 

22) The aeration tank liner folds over the dividing wall. Fold it 

ove r and secure it along the top of the wall with thumb tacks. 

Take care to line up holes precisely. 

23) Move to dLgestion tank and unroll liner ~s done Ln the 

aera tion tank. 

24) Find return weir sleeve in top of dividing wall portion of the 

liner and slip ov~r the return weir. 

25) Starting with fastening strip D-5, proceed in a clockwise , 

~ction from the back of the digestion tank, to the point 

where, along the diViding wall, strips in both'the aeration 
~ .. ., 

and digestion trykS hav~ common bolts .. 

26) Ins~~tening strips along the dividing wall. 

J 
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~ 
"27) Install the PVC 'gasket at the return weir,. 

28) Tiqhten all bolts holding the lipers in place • 
.. 

29) Place backwash tank. liner in pla~e • .. 
30) Install holding strips as marked.noting that in hole~ where 

utility cover will be fastened, the 3" threaded rod pl.eces are 

used as fasteners. See diagram. 

nut 

( 

utility cover 

Steel angle 

~~~~~~ijJlm~~~~~~"'Liner 
-// 

" Strip fastener 

~ Hex nut 
"" Threaded rod 

I Plumblng 

31) Place gaskets on protruding n~pples of bottom flttlngs of the 

carbon column. 

32) Place the 'carbon column inside the aeratlon tank and carefully 

nove l.nto position. 

NOTE: a) care must be taken not to tear the liner. 
,> , . 

,b) liner mUst be ·as smooth as' possible. 

33) When column is in place, apply tubing to the bulkhead 

I 
fi ttings protruding through the panel 5 and carbon column. 

\ 

• 
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34) Install clarifier outlet in panelS and install check valve 

and various other fittings for line from clarifier to carbon 

,column. 
/' 

35) Install bulkhead fittings as indicated below: 

- .4 
a)- 2" inlet in panelS, near corner 5. 

b} carbon 'column dverflow in'panel 3. 

_ c) backwash tank drain and ov.erflow in panel 4. 

d} digestion tank drain in panel 4. 

36) Install close nipples in all the above fittings except the inlet. 

Install gate valves in.the drain fittings in panel 4 an~ 

--
solenoid valve on ca~on column overflow. 

NOTE: Be sure solenoid is oriented in the proper djrection 

with the "in" end toward the wall. 

37) Install inter-tank fittin~ in dividing wall with flange on 

digestion tank side and instail the close nipple. 

38) Take the remaining gate valve and remove the spindle. Attach 

valve casing to the close nipple and when it ~s-snug and in 

t 
the vert~cal posltion, replace spindle. 

NOTE: Be sure spindle will close the gate all the way after 

it has been replaced. 

39) Place valve stem forks between spokes of valve spindle and 

screw ,bracket to liner strip fastener. 

NOTE: a) ~e sure valve stem 

~ ~e~t screwed on . .... t·· ,- - , 
b)' test~alve stem to 

is in bracket when it is 

b~ sure it is operating valve. 

... 

• '; 

f 
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• 
c) oircular ring on valve stem fits below strip holde~ 

40) 

so that stem cannot be lifted out when plant is in 
--'\..-----, 

operation. 

Install backwash pump in backwash tank. 

Sheet 
metal 
strip 

See diagram. 

(--~ .. 
Block and shim 

NOTE: Be sure pump intake is resting on the floor of the tank. 

41) Install level switch activators. 

NOTE: Both floats must be attached. 

42) Install backwash line from pump to backwash inlet of carbon 

column. 

NOTE: Fitting sequence for entry to carbon column is included 

in fi tting bok: 
'. 

43) .:rnst:all 1 10
• pipe to hose fitting inside aeration tank in 

clarifier outlet fitting. Put hose on fitt1ng and clamp. 

Tie hose to top of the tank. 

Aeration 

44) Place perforated aeration tubes in aerat"ion and digestion tanks, 

passing them through the loops at the bottoms of th~ liners. 

NOTE: Place plugs in end of each tube. 

45} Run air delive1:y lines for bo~ aerato:t:s through the loops 
~. 

provided. Also, place the air lift line beirlg sure to have 
" --- \ -
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air bleed "T" just below the high point on the downcomer into 

the digestion tank. 

, 46) Install the utility cover. 

47) Install the compressor. Bolt ~t to the utility cover. 

48) Run air delivery line from compressor to pressure tank. 

NOTE: a) pressure tank is to be pIeced in a convenient 

position on the utility cover and need not be 

bolted down. 

b) the outlet from the compressor is a "T" fitting. 

The delivery line goes from one arm and a ~ressure 

gauge is installed on the other. 

49) Hang manifold plate on screws provided ~n panel 3. 

50) Connect hoses to manifold. 

NOTE: a) air lift hose go~s on manifold arm equipped with 

\ 

a sOlenoid valve. 

b) use hose clamps .... 

51) Hang backwash timer on screw provided ~n.pane1 1. Secure 

t&rther with two screws through bottom rear of timer,housing. 

52) Hang main box on screws 'provided in. panel 2. 

53) COnnect all wires to units as indicated on wire ends, using 

Marr connectors in handy boxes. 

54) Close all hqndy boxes with sheet metal s~tews provided. 

55) Secure wires to bulkheads with wire clamps:.,;! 

• 
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Clarifie~, 

56) Attach :}:iimging brackets and jguide posts to the clarifier 

guideway template by means of 1 1/2" x 1/4" bolts and hex 

nuts. 

57)' Hang clarifier guideway template in position near the activated 

camon column and secure to the walls of the tank. , 
58)} When Mater level is within a ~ew inches of the bottom of the 

guideways, attach outlet hose (sitting at top of aeration 

tank wall,' see step '*43) to clarifier fitting and ~lamp in 

place. 

• J 

59) clarifier must have been previously adjusted in a separate 

tank for desired overflow rate usihg dry sand. Now place 

clarifier ~n aeration tank and position within guideways. 

Carefully replace sand so that clarifier floats in desired 

position. 

NOTES 

a) Act1vated carbon column must be charged w~~, carbon before 

any liquid is introduced. ... '( 

b) During filling, the- inter-tank.valve must be opened. 
t' It must, . 

.. 
however, be clos~d during operation. 

60) Check out systems~stall aii lift pulse ti~er. 

• i 

i 

· , 

J 

• • " 
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Disassembly Procedure 

• • NOTE: When dismantling the WaTRek unit, refer to Figure N-l for 

the locations of various panels and corners • ., 

1) Drain all tAnks and clean liners. Remove clarifier. 

Electrical 

2) Disconnect electrical feed from 110 V power supply. 

3) DiscoMect 2 solenoids and backwash pump at the units 

leaving c~les attached ,to timer and ~n box. 

4) DiscoMect backwash timer from main box at the timer. 

5) Remove all components. Leaving small air lift solenoid 

on the aeration manifold. 

Aeration 

6) D~scennect air lines from distribution man~fold exit. 

7) Remove air lines from all tanks. 

8) Disconnect manifold inlet and compressor outlet,and 

remove pressure tank. 

9) Release compressor feet fr9m utility cover and lift 

compressor and feet away. 

10) Lift ~ay the manifold plate. 

,/ 
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11) Remove exterior plWJi)ing at lower panel 5 near corner 4. 

Remove fitting flanges. Remove bacJtwas~ pump and lines. 

12) Remove solenoid and bulkhead fitting from carbon column 

overflow. 

13) Carefully, without damaging liner, remove carbon column by 

sliding toward digester tank and then lifting out and over 

• the wall. Dump the carbon out as the coluJrin tips over the 

,wall. 

14) Remove remaining bulkhead fittings from panels 5 and 2, 

inc1udipg inter-tank valve stem • 

• Liners . NOTE: LINERS MUST BE CLEAN AND DRY BEFORE REMOVAL 

15) Remove nuts from liner fasteners in aeration tank and digestion 
, 

tank. Be sure to remove inter-tank valve stem. 

16)' Enter aeration tank and .quickly remove all holding strips from 

the bag, letting the bag fall inward. Do the same for the 

digestion tank. 

17) Roll and tie bags from high to low end and mark end tab of roll . . , 
18) Remove utility cover. 

19) Remove backwash pump and assorted plumbing and bulkhead fittings 

in tank. 

20) Remove liner holding strips and liner from backwas~ tank. 

21} Remove backwash tank, bottom insert. 
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Structural 

22) Remove moldings from corners'l,5,6 and 7. 

'23) Remove, members 1,2 and 3. NOTE that meroer 3 fits below 

protrusion at corner il. 

24) Re%Dove nuts from tie bars. 

25) Remove bolts securing: a) wooden skin in panel 6 to corners 
j) ... 

( 5 and 6;' 

b) ?oden skin of panel 3 to corner 

4 and wood screws securing panel 3 

to floor; 

c) wooden skin of panel 4 to corners 

3 and 4; 

I d) panels I ,and 2 to COrner l. 

Sl'ck~il 26) structural bolts (1/2" diam. steel) . 

27) Remove structural bolts f~om corners 3'and 7. 

28) spread panels 5 and 7 outward at the forward end. As panel 

d1gest1on and backwash tanks. I , 

# 4 comes clear of corners 3 and 7, H,ft it away. 

NOTE: Front face is now open giving easy access to the 

29) Remove bolts securing panels 1 and 2 to' corner 2. 

30) Remove panels I and 2. 

31) Remove struct~al bolts from corner 4. 

32) Remove panel 3. 

33} Depending upon location remove structural bolts from either of 

corners 5 or 6 in order to remove panels 5 or 7, respectively. 

34) Lift out forward floor panel. 



35) Lift r~ar floor panel. 

Retrieve tie bars. 

187 

Remove rem.ilninq structural bolts and carry away remaining 

two panels. 
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Inventory 

Electrical 

1 Master control box: 

3 DPST toggle switches 

- 1 fuse (15 amp) 

- 1 timer case & 3O-second timer 

- co,rds & connectors 

\~. 3/4" normally open solenoid switch 

1 7-day timer with two riders 

1 Small electrics box - white: 

- 3-15 amp fuses 

- 3 packets handy box. screws 

6 Marr connectors 

assorted cable clamps and wood screws 

Plumbmg 

1 Sump pump 

1 Box of sump pump fittings at pump 'end: 

- 1 1tt Qolt {1/4"} with hex nut 

~ 1 -1/2'tt x 1/4" bolt 

- a-ft hose 

1 x 1 1/4" pipe to hose fitting (pvc) 

1 hos~ clamp 

- 1 1 1/2" thick wooden block 

. ----

I 

1 
, 
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- 1 1/4" PV~him 

fj- 1'Sheet meta) strap 

- 1 set of floats and weights for pump 

level activator. 

1 Box of backwash fittings: 

1 x 1" 900 elbow (black) 

- 1 x 1" gate vAlve J 
- 1 X 1 1/4" check valve 

brass 

- 1 x'l 1/4" + 1" bushing (black) 

- 2 x 1" close nipples (black) 

1 x 1 II short nipple (black) 

- 1 x 1 1/4" pvc hose to pipe fitting 

- 1 x 2" pvc bulkhead fitting 

- 1 layout of entrance to A/e column. 

1. Box of bulkhe,ad fi ttings and drain valves: 

• - 3 x 1" gate valves (brass) 

1 x 1/2" pvc bulkhead fi tting 

- 4 x I" pic.bulkh?ad fittings 

/' 
2 x 1" close nipples (black) 

- 1 X 3/4" pvc bulk~ead fitting 

- 1 x 3/4" close nipple (black) 

- 1 x 1" long nipple (black) 

- assorted gaskets (rubber) 

1 x ~ ft stem for, deep yalve. 

1 

; , 
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, Clarifier 

/ 

1 Floating clarifier 

1 guide template and 4 brass guides 

6 f~c1arifier di~charge hose wi~ 

appur~nances 

1 Box clarifier fittings: 

- 1 x 90°, 1" brass elbow 

2 x 1" close brass nipples 

- 1 x 90°, I" nylon elbO\o.' 

-' 1 x I" pipe to hose fitting (pvc) 

- 3" Tygon tube, 1" .,pore 

- 1 X I" pvc bulkhead fi tting 

- 1 X I" nylon pipe to tube W'lion 4 

- 1 x 1" check valve. 

Aeratiop 

... Air lift 

- Approx. 2 tt, 1/2" nylon tub/i:! 

- Approx. 6 tt, 1/4" thickwall Tygon 

- Approx. 6 ft, 1/2" Tygon 
,. 

, - 1 * 1/2" nylon "T". 

1 large bore glass "Ttl, 

- 3" copper tube, 1/2" 

1 Box Swagelock fittings 

- 1 x 1 1/4" "T" 

1 X 1/4" -+ 1/8" brass bushing , . 
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- l.pressure gauge 

- 2 x 1/4" ... 3/8" unions 

1 copper elbow, 1/4" 

1 Box hose clamps and fittings: 

-2 thumbscrew hose clamps 

- 7 slotted screw hose clamps -. 
- 2 brass tube inserts 

" - l, 1/4 1t tube to 1/4 It pipe fi ttj:ng 

Approx. 10 ft; 3/8" 1D Tygon tube 

Approx. 3 ft, ~/41t copper tube 

Approx. 10 ft, 3/B" 1D Tygon tube 

Approx. 2 ft, 1/4" copper tube 

Approx. 1 ft, 1/4" copper tube 

Approx. 1 x 90o,'1/~/I nylon elbow 

Approx. 2 ft, 1/2/1 nylon tube (wi 1/16" holes) 

Approx. 6 ft" 1/2" nylon tube (with /4" holes) 

Approx. 2 black rubber end plugs 

3 valve manifold with 1/4" solenoid 

;I, / I constant pre'ssure ta..'1k with inlet and exit 

fittL~g5 and pry 

- £i ttings are 1/4" pipe to tube 

1 x 1/4 liP Gast compressor, Model #0322-P102-G18D, 

Serial No. 0776 I 

.. 

. .;-~. 
~'\ 
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Liners 

1 Backwash storage tank vinyl liner 

1 Aeration tank vinyl liner 

1 Digestion tank vinyl liner 

1 bundle - 4 strip holders for Backwash storage tank 

1 bundle - 9 strip holders for Aeration tank 

1 bundle -,9 strip holders for Digestion ~ank 

1 PVC gasket set 

1 box liner holder fasteners 

1 package of thUIti> tacks 

Structural 
/ 

1 Utility cover 

1 precut and fitted cover 

- 1 box fasteners 

1 Ale column with fittings attached 

- screen holder 

1 B/W tank floor insert 

Panel #1 Approx. 2 ft x 8 ft, 3/4" plywood 

#2 Approx. 4 ft x 8 ft, 3/4" plywood 

#3 Front face of un! t, steel and plywood 

#4 Aeration wall, steel and plywood 

~5 Side panel, steel and plywood 

#6 End panel, ~teel and plywood 

#7 Side panel, 6 ft x 8 ft, steel and plywood 

2 Floor sections , 

" . 

" 
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3 Short members, Nos. 1,2 and 3 

1 Box of wood to steel bolts 
~_/' 

1 Box of steel to steel bolts 

.. 4 Threaded end tie bars, 1/4" 

2 Boxes of odds and ends. 

I , 
1 

, 
( 

I 
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Quantity - Item 

2 Screw jacks (Scissor) .. 
5 3/8" gate valves 

Assorted Swage10k fittings 

1 Air pressure gauge 

1 Sump pump 

10 ft. 1 1/4" hose 

1 1 1/4" check v.al ve .. 

1 box Nails 

4 I" gate valves 

3 I" close nipples 

1 1 1/4" close nipple 

2 3/4" close nipples 

5- 1/2" close nipples 

1 1 1/ 4 '~ PVC pipe to tube 

8 I" PVC pipe to tube 

, 2 qt. Epoxy paint 

Steel angle 

3- PVC tank liners 
\ 

. 1 3/4" solenoid v.al ve (N.O . ) \ 

3.0 ft2 Stainless steel screen 

12 3/4" plywood sheets . " 
1 1/4" plywood 

~ 

\" ',-

Unit 
price 

$ 12.59 

3.50 

56.00 

5.00 

54.95 

6.49 

7.59 

.29 

5.29 

.52 

.49 

.29 

.25 

.23 

.17 

7.95 

193.05 

90.40 

. 15.50 

• 

Total 
cost 

$ 25.18 

17.50 

56.00 

5.00 

54.95 

6.49 

7.59 

.29 

21.16 

1.56 

'.49 

.58 

1.25 

.23 

15.90 

193.05 

150.00 

90.40 

24.00 

186.00 

6.95 
$ 865.93 .. 
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r . 
QuaJ\tity Item Unit .p Total 

price cost 

1 Gast air comp,ressor $129.40 $ 129.40 
" \ 

1, Air pressure gauge 9.40 9.40 .. 
1 Pressure relief valve 3.10 3.10 

1 Peragon 7-day timer 100.00 100.00 
'\ 

1 Eagle Flexopu1se timer 150.00 150.00 

1 Rotameter 
) 

70.00 1,.00 

.. 
1 1/4" solenoid (NC) 40.00 40.00 

3 Handy boxes 2.00 6.00 

16 ft 2 x 10" timber .57/ft 9.1'2 , 

16 ft 2 x 8" timber .47/ft 6.72 
, 

/ 
. 18 ft 2 x 6" timber .27/ft 4.86 -. 

16 ft 2 x 4" timber .18/ft 2.88 

Assorted PVC bulkhead fittings 75.90 75.90 
(i 

48 ft 2 1/8" PVC sheet 1.65/lb 79.20 

16 ftl 1/4" PVC sheet 3.30/lb 52.80 Mated(. costs . $16Q5.31 
+ 10% r , 
unaccount~ 160.53 

TOTAL COST $1765.84 

* unaccountables include: bolts, nuts, screws, switches and 

miscellaneous fittings. 
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Table 0-1 

Feed Clarifier overflow 

Run/Day SolUble Total 55 Soluble Total 
COD COD • COD COD 

(mg/l) (mg/l) (mg/l) (mg/1) (mg/1) 
-

, 
1 1 100 449 254 65 605 

1 2 111 637 408 50 503 

2 1 &8 , 296 '-. 160 27 35 

2 2 61 _ 294 172 27 35 

2 . 3 102 431 204 35 - 55 -
2 4 66 200 192 31 39 . !--
2 - 5 81 586 1aa- 35 47 

., 
2 6 89 493 306 31 35 

3 1 78 372 204 27 30 

3 2 87 391 190 8 38 

3 3 78, 384 228 23 34 

- 4 80 
3~~ 

D
2lO 24 35 

5 42 21 126 35 35 

" 6 58 211 64 24 63 ,. - ~ 7 110 220 20 47 .. 
1 125 / 399 210 38 65 

1 103 316 23'8 37 40 

5 -:;. 78 217 170 43 47 

-

Acti vated carbon overflow 

SS Soluble Total S5 . 
COD COD 

(mg/l) , (mg/l) (mg/l> - (mg/l) 

536 23 27 10 

376 19 19 -
<4 16 20 <4 

8 16 '26 <4 

16 16 
, 

20 <4 

7 8 12 <4. 

6 8 12 <4 

6 19 23 <4 

12 3;1 15 <4 

6 4 8 <4 

7 15 19 <4 . , 
<4 8 19 <4 

8 4 12 <4 

27 20 25 <4 

32 8 12 <4 

26 19 ~;l. 23 5 

19 26 26 .. 12 . 
9 23 27 10 

-

I 

Aeration 
tank MLSS 

(mg/1) 

2930 

2525 

3052 

3388 

3208-

3200 

3420 

3235 

3895 

3655 

3660 

3700 

3620 . 

3495 

3340 

3872 
-

4682 

4058 
• 

I 

i 

I 

I'V 
r-o 
a 



---- -- ------
. Feed Clarifier overflow 

-- -- r--------
Run/Day Soluble Tola1 S5 Soluble Total . COD COD COD COD 

(mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 
- --- -

6 1 131 , 376 120 35 77 

6 2 100 323 114 3.5 35 

6 3 '. 77 227 146 27 31 • 

7 1 79 244 116 34 38 
- .. 

,. 

') 

", ) 

~ "."( l. 
~*' 

. 
Activated carbon overflow 

SS Soluble Total 55 
COD COD 

(mg/l) (mg/l) (mg/l) (mg/l) . 
<4 19 27 <4 

-' 
<4 15 23 <4 

<4 15 15 <4 

<4 23 23 <4 

~ 
., 

J 

-' 

-
Aeration 
tc:.:1:<:, MLS5 

(mg/l) 

4784 

3856 

3912 

5256 

I 

/'V 
I-J 
...... 



Operational Parameters 

-------- -~---

Time Visit _ Dissolved 02 Depth (ft) 
I (hr) interval ---- ---- -I 
I /Run (hr) A/T D/T A/e A/T D/T 
I 
i- - ---- .... -
I 

, 

\ 
; O~O/l " • J 7.4 0.4 3.6 3.3 

I 9.5 

I I , 
I 9.5/1 5.6 7.7 1.0 3.75 3.3 
I 
1 13 
! 

!22.5/1 6.1 7.4 0.5 4.0 3.3 
I 

~ 9 
, 

5.8" I ~l. 5/1 7.4 1.0 4.2 3.4 
-

f 

I 0.0/2 2.2 8.3 - "4.3 3.3 

I 22.5 , 

j 22.5/2 0.3 7.8 0.0 3.6 3.2 

6.5 
. 

I 
I 

'29 /2 1.0 8.1 0.5 3.6 3 .. 2 

I 16 , 
I , 
145 /2 0.2 7.9 0.05 3.6 3.3 , . 10 , 
, 
i 55 /2 0.7 8.2 1.1 3.7 3.3 
, 
f '13 I , 
lB;W 68/2 0.2 7.7 0.0 3.8 3.3 

8.5 , 
, . , 
~ 

./ 

~ 
~ ' .. ~1'''':t' I • • ~ ~ I~' .. ~ .. 1. .'It .. ~ f ''i!, ... JI< ......... _._""' .. __ "k_ • 

Feed Effluent 
", .. flow flow 
oJl/min} (l/min) 

1.5 1.4 

1.6 1.3 
~ 

1.6 1.2 -

1.6 1.2 

1.6 (1.5 
1.6 1.5 

1.6 1.6 

1.6 1.4 

1. 5/1. 6 1.4 

1.6 I 
I 

1.4 

1 , 
I 
I 

.. 
" 

Total 
feed 

(e) 

855 

1248 

864 

2160 

. 
624 

1536 

960 

1209 

I 816 
I 
I 

I 
• 

I 

• 

l"V 
l-' 
l"V 

'\ 



, 
Time Visit Dissolved O2 
(hr) interval 

/Run (hr) AIT D/T 

76.5/2 0.6 7.9 

17 
, 

93.5/2 0.6 8.0 

13 
i 

106.5/2 0.2 7.5 

Partial 
"9.5 

B/W 
116 /2 0.7 ... 7.7 

12 

12$3/2 0.7 7.8 

13 
. 

141 /2 0.2 7.2' 

l~ .5 

166.5/2 , 0.2 4.9 

B/W 0.0/3 ' 1. 7 6.5 

8 . 
8.0/3 3.5 8.1 

15.5 

B/W 23.5/3 2.3 5.6 

, ~ 

Operational Parameters 

-
Depth (ft) 

A/e A/T D/T 

0.7 3.7 3.3 

0.6 3.7 3.3 

• 

0.8 3.8 3.3 

, if 
~ 

0.7 3.9 3.3 

. 1.0 3.5 3.3 

0.5 3.G 3.3 

-

0.2 3.8 3.4 

0.2 3.6/4.2 3.3 

2.4. 3.7 3.3 

, 

0.1 3.8 3.3 

.:" 

Feed Effluent 
flow flow \ 

(l/min) (l/min) 

1.7 1.6 

1.6 1.5 

1. 7/1.6 1.6 

1.6 1.5 
. 

1.6 1.5 

1.6 1.2 

1.5 1.6 

1.6 

1. 7/1.6 1.6 

1.6 1.6 

Total 
feed 

( C) 

1632 

, 1248 

912 

1152 

1248 

1488 

768 
I 

1535 

I 
I 
I 

1 

I 
I 

N 
I-' 
w 



Operat.ional Parar.~c:: ~·:.rs 

---.--

, I Time Visit 
(hr) interval 

(hr) 

O~'-tec. 2'- Pepth (ft) . --- ~.-.-" 

~/T Ale AIT O/T 

D!.ss 

AI'!' . 

--- --
11 . 

34.5/3 3.7 7.6 2.1 3.75 3.3 

13.5 
I 

'1 B/W 48/3 2.1 5.7 0.1 3.8 3.3 
I 

I 11 

59/3 7.6 2.1 I 3.6 3.3 3.1 

13\ 
B/W 72/3 

I 11 3-D 0.5 3.7 3.~ 1.4 

83/3 2.0 7.1 1.7 3.6 3.3 

15 
I 

"B/W 98/3 1.4 4.5 0.2 3.8 3.3 

I 24 
, 

B/W 122/3 3.8 5.7 2.3 3.8 3.3 

I 11 
. 

13 .3/3 2.4 5.3 1.7 3.7 3,3 

, I 11 

lIW 144/3 I 
9 

I 153/3 

, 

4.7 0.2 3.9 3.4 

S.l 1.7 3.7 3.4 

2.1 

/ 

2.4 

I 

Feed 
flow 

(l/min) 

1.6 

1. 7/1.6 

1.6 

-
1.6 

1.6 

1.6 

1.7/1.6 

-

1. 7/1.6 

1.6 

1.5/1.6 

Effluent 
flow 

(l/min) 

1.4 

1.5 

1.6 

1.5 

1.5 

1.5 

1.5 

1.5 

1.4 

1.4 

-

Total 
feed 

ee) 

1056 

1337 

1089 

1248 

1056 

1440 

2376 

1089 

1089 

837 

~> 

~ 

\~ 



.. 
) 

Time Visit Dissolved 02 
(hr) interval 
/Run (hr) A/T D/T 

14.5 
Partial 

B/W 
167.5/3 1.6 3.4 

9.5 

177/3 2.1 4.8 

15.5 

192.5/3 2.1 3.4 

• 
0.0/4 . 2.0 4.9 

\ 

5.5 

5.5/4 2.4 7.1 

17 

22.5/4 .0.7 4.3 

0.0/5 2.4 7.4 

9.0 

9.0/5 0.1 4.9 

15 

24/5 2.6 6.4 

10.5 

34.5 O.l 3.9 

13.5 , 
'-

____ I 

Operational Parameters 

Depth (ft) Feed 
fl.ow 

A/C A/T D/T (l/mn) 

0.25 3.9 3.4 1.6 . 
1.0 3.7 3.4 1.6 

0.2 3.9 3.4 1.6 

0.9 4.2 3.3 3.2 

1.4 4.0 3.3 3.3/3.2 

O.l 4.4 3.3 3.2 

1.8 3.3/3.5 3.3 3.2 

0.0 3.8 3.3 3.2 

1.9 4.1 3.3 3.2 

0.0 4.3 3.3 3.2 

Effluent 
flow 

(l/m:fn) 

1.4 

.. 1.4 

1.4 

4.3 

2.8/3.0 

\.. 

2.5 

1.4 

3.1 

'3.0 

3.0 
. 

Total 
feed 

(C)' 

1349 

912 

1488 

1056 

} 326. 

1728 
/" 

2880 

2016 

2592 

rv 
~ 
(.n 

\ 



• OperQt~onal ?araoeters 

~---- ---
Time Visit: D)s~(}lved 02 Depth (ft) 
(hr) in:terval I-- . ...:. _. ;/TI A/C 
/RWl (hr) AI'l' AIT D/T 

.. --... 
- ---- ... ~--. , 

48/5 2.B 5.5 1.0 4.4 
I 

3.3 
-.- . --. ---_. - -- -- -

0.0/6 4.1 6.7 3.1 3.4 I 3.5 
I 

9.' I 
9.5/6 2.8 6.9 1.4 3.9 I 3.5 I , 

I 

13.5 

I B/W 23/6 0.2 4.5 0.05 4.2 3.5 . I 
10.5 \ 

33.5/6 4.0 7.9 '2~1 4.0 I 3.5 

14 

47.5/6 0.2 . 6.1 0.0 4.2 3.5 
8.5 

56/6 3(: ? 2.2 4.3 \ 3.5 , 
14 

, 

I 70/6 0.2 4.5 0.0 4.5 3.5 

0.0/7 • 0.7 7.7 0.7 3.5 I 3.5 

9.5 

9.5/7 0.7 8.2 0.5 4.2 3.5 

! 14 . 

123.5 

, 

0.2 7.5 0.0 4.4 ! 3.5 
I 

I 
I 

Feed 
flow 

(.l/min) 

. 3.2 

2.4 

2.5/2.4 

2.3/2.4 

2.5/2.4 

2.4 

2.35/2.4 

2.4 

3.2 

3.2 

3.2 
, 

_" __ --,.~~,.......-.~~f!.~,':,~.;~3f,~ ... ;;~-~'~~ 

!:ffluent 
flow 

(l/min) 

3.0 

-

2.2 

2.2 

2.3 

2.2 

2.2 

1.7 

-

-

-

Total 
feed 

(C) 

1~7 

1985 

1512 

2016 

1224 

2016 

" 
1824 

I 2b88 

I 

. 

N ..... 
0-. 
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