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~ FOREWORD = .~

" . The formation. of the United States Environmental Protection Agency marked a new era of
‘environmental awareness in America. This Agency’s,goals ‘are national in. scope and.
encompass broad responsibility in the area of air and water pollution, solid wastes,

. pesticides, and radiation. A vitl part of EPA’s national water,pollution contrt-effort is the

. constant deyelopment.and dissemination of new technology for wastewater treatment.

It is now clear- that.only the most effective design and operation of wastewater treatment = -

- facilities, using the latest available techniques, will be adequate to meet the future water.

. Quality objectives and to ensure continued protection of the nation’s waters. It is essential |

that this new technology be incorporated into-the contemporary design of waste treatment - ..

. facilities to achieve maximum beneﬁt of oyr pollution control expenditures. . .

; The purpoge of this manual is to provide the engineering C(')Ammunity'.'and‘relﬂated industry a

.

. new source.'of infgﬁna_tion to be used in the planning; design and operation of présent and

v futufe wastewater treatment facilities for sewered small comntunities. It is recognized that

'y there ‘are a number of désign manuals, manuals.of standard practice, arid design guidelines
currently available in the field that adequatély describe and’interpret current engineering
. practices as rélated to traditional plant design. It is the intent of this manual t¢ supplement
~. this existing body ,of knowledge by describing new-treatment methods; and by discussing
the application of new techniques for more effectively removing a broad spectrum of con- .
~taminants from ‘wastewater.. . LT e e '
. “Much of the information Rresented is based on the evaluation and opetation .of pilot, . " -
" demonstration and fullscale plants. The design criteria thus generated represent typical

values. These values should be used as a. guide and should be tempered with sound -

~ engineering ju_dgement based on a complete analysis of the specific apbliéation._ : ‘
This manual is Qhe-'af several available 'th‘.ro"ugh"the Technology Transfer Ofﬁc-:‘evof EPA to . a
' describe recent technological advances. and new information. Future editions will be issued

. N

- as warranted by_‘ advancing state-of-the-art to include new 'dét'afas,ﬂiey ‘ﬁfééome}avaﬂablé, and
~, to revise design criteria as additi_onal full-scale operatignal infqmat;ion,is generated. .

.Companion publiéaﬁons -desci'ibing treatmeiit'alt_ematixgs for non-sewered 'con'imUnitie’s_afe_

av’ailéble in the form' of Technology ‘Transfe_r_Se'rhinar’ Hand.ou‘té. ‘They may be obtained _
by writing:l" : : ’ ’ ) . ’ . : ~ : . B Co . .

- . 'US/EPA
) ERIC
o o L. 26W.St.Clair -~ .
S .~ Cincinnati, Ohio 45268 . -
- “ 16 3 [
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INTRODUCT ION

1.1 Background of Wastewater Treatment ' ‘ L o b

)

'- .}hstoncally, treatment of wastewater in the Umted Statesvﬁas been a catchup phenomenon

' ‘employed * only when required by exlstmg leglslatron to .protect. the _public health.
Communities have generally been reluctant to bear the high caprtal and operatmg cost’ for
- wastewater treatment in. excess of the mmlmum requrrements ‘

,L'Dunng the l9th century publlc concem for the effects of raw wastewater d1scharge on the
» health and well-bemg of expanding populatron mcreased and commumtres ‘began to plan for *
nand construct sewage collectron and- treatment systems Thesdearher treatment processes

included screens, grit chambers settling tanks, anaerobic drgestron, Imhoff tanks, tnckh.ng -

ﬁlters, and actlvated sludge Dmnfectron when employed, was largely by. chlonnatlon
In the l940’s and- l950’s existing. processes were refined and 1mproved and Zxddrtronal
_ j_processes were %eveloped to the extent that they could be put into general use. Included in

" the Jatter were facultatrve stabilization ponds;, oxldatron ditches, ponds, extended aeratlon, -

'-":'contaot stabilization, - hlgh-rate filters, and slow sdnd - filters: Preenglneered “package”
‘treatment units came. into, relatlvely common use. for the less ‘than 1-mgd wastewater
' treatment plant New - processes dunng these years for sludge treatment mcluded vacuum
“ﬁltratron, ce,ntnfugatlon, and incineration. - ¢ - . . o - S

In. the 1960’ other new/proceSSes emerged lncludlng aerated stabrhzatron ponds, rotatmg .

biological : disks; aerobic digestion of, sludge, microscreens, physrarl—chemlcal treatment,
phosphorus and nitrogen removal, and ‘wet oxrdatlon of sludge. However, some.of these are
not yet used extenswely for smaller treatment plants For many years, the disposal of
. wastewater (treated or untreated) into surface waters was consrdered a legal use of such -
_ waters. Also, disposal of sludge and wastewater on ‘the land, mespectrve of its effects on the
- soils or underlying ground water, was consxdered acceptable, As these- practrces mcreased and
~ the self-punficatron capacities of waters were exceeded more and more nursance condmons in
surface watersbecameevrden& - Cor Tt e e
- Water pbllutron control laws Were passed (Water Quahty Act of 1965) to mamtam water
_quality standards that permitted accepted water uses for the recervmg waters. Under these
- laws;. the States established the best uses for-'the drfferent recervmg waters wrtlun their
-boundanes, and required only treatment of wastewater ' sufficient to meet the speclﬁc
receiving water quality standards. The Federal Goyernment then established gtudehnes and
reviewed plans of faclhtres that were to be partlally financed by Federal funds. Thrs method
.of pollutron control proved. inadequate, since the condrtron of surface and ground water in

many locations continued to deteriorate. Eutrophlcatron, fish kills, oil sprlls, ocean waste -

' Adumpmg, and damage to™ ecosystems were“becoming . excessrve, and pubhc groups became
more msrstent on better control of wastewater discharges.. = =~ = . N

~
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Under the 1972 Federal Water Pollu'tlon Control Act Amendments all publrcly .owned
- treatment . facrlrtres must meet, as a4 minimumi, - Federal secondary treatment effluent
. standards. In addition, where_State receiving water. quahty standards require evenf better -
effluents advanced treatment, must- be given for further reduction of" such pollutants as -
plhosphorus ammoma, nitrates, eompounds of chlorrne, toxic substances,’ excessive oxygen'

demands or éxcessive solrds The reuse of wastewater, after treatment, for 1ndustr1al uses

and 1rr1gatron is becoming more common. Other water conservatron measures to reduce the
© amount of wastewater recervmg costly treatment are also beglnnmg to appear Some surface

- | .
waters that . receive treated wastewater are’ now shoWrng 1mprovement and- beg1nn1ng to. -

return to the1r natural qualrty o T

1.2 Small'Plants. T T N T e
.T\trn L achty and t :

rea ent plants smaller than l-mgd capacfty and the1r drscharges have not recerved as
much attention by community; State, or Federal governments as the-latger,. metropolrtan
plants. Small commun1ty budgets for operation and rnamtenance of their treatment plants
have ~often been: g1ven- a low . prlor}rty, resultrnkn part-time operation by 1nadequately
tra1ne personnel. The result has been the prollferatronlof many small unrelrable treatment
; syste s that too often do nat meet‘effluent requrrements :

. o - - . . R
‘.\ .-/ T . R ’ . . . . . . 3

_ Smaller plants are often located on, smallér streams_or lakes, or serve/recreatronal areas-
" where recervmg water qualrty is very hrgh In these situations, the drscharge of 1nadequately y
: tr/eated’ wastewater from even thé smallest plants for a relatrvely short perlod can cause
severe, damage Small plants- must therefore be designed, constructed operated and'
ma1nta1ned as efﬁcrently and relrably as the larger plants » : _ _‘\ i

.l 3" GOals ' '
The desrgn goal for small wastewater treatment plants is to meet Federal and State efﬂuent "
and wat‘er quality standards rellably while: . : :

B
9

‘."-Utrllzmg processes that requrre ‘a minimum of operator trme

_ Provrdmg equipment that is relatlvely mamtenance free

- »Operatmg eff1c1ently through a wide range of hydraulrc and organ1c load1ngs
_ Using a minimum of energy T ;
Meetrng emergencies, such s brologrcal process upsets and equrpment farlures

_ Wrthout damage to the rece1v1ng waters, or to the soil if disposal is to the land

. Conservmg and 1mprov1ng env1ronm ental factors and natural résources.

ka
o
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21 Introductlon ) “ o S ~

CHAPTER2 e

FUNDAMENTAL DESIGN CONSIDERATIONS

,f

3

'The purpose of a b&stewater treat.ment works is to remove unpuntres to such an extent )

that the treated effluent will meet State and Federal requrrements and be surtable for dis-

. ‘posal or reuse. Both ‘the . process of removing objectionable constrtuents from the- waste-'_'
"water and the final disposal must be accomplished in an exivrronmentally acceptable manner.

This chapter: descnbes the more important facto relevant to meeting these goalf at smaller_"

_ treatment works and how they are c0ns1déred in th overall design. -

2 . v' Funﬁ/ ental Approach

The design of a wastewater treatment plant is based on the expected volume and kmd of ‘
© raw. wastewater and on the. required effluent limitations. The “initial design step, after

probable influent characteristics and effluent requrrements haVe been determmed is tenta- .

~ tively* to. selecb alternative précesses to -be used at the avallable t.reatment plant sites. Thijs -
" part of the desrgn is 'perhaps the most critical, because it necess1tates a complete analysrs of
~ the collected. data, as well as. mundemtmdmg of each avallable altematlve and how each
f-w;llfitmto the 0verall design ,;" P S N S

. e v
. =
B - R

2. l 2 Des1gn Drfferences Between Srttall and Ejge Plants .

BEY

: Small wastewater treatment ,plants are used in locahtres where it'is not possrb or eco-
nomrcally feasible to connect to a larger wastewater treatment system. Clim, e‘%fopography, '

 distances between communities, and political boundaries are. also. considerations in ‘choosing -

San mdependent small treatment plant. Sometimes- a communlty must pretre‘ajp ﬁs w\aste
- before the waste can be discharged to a centralized system. Localities. where smatl plants are.
_used would include farms, isolated, rural homes, fishing and hunting cabins, resort areas, -

“:schools, suburban -housing developments trarler parks, lughway rest areas, tounst parks,
. work camps; hospltals and ports. This manual is pnmanly concerned with the’ domestic

-wastewater from small commumtres although many of the same pnncrples apply to treat-

ment works for any type of mhabrted localrty

¥

The ﬂuctuatron in volume and the charactenstrcs of wastewater drscharges cause more dlfﬁ- '
culty for'a small than for a large community. Wastewater flow from small‘commumtres will
'generally have greatly ‘accenfuated’ peaks and rmmmums Small sources sometlmes exhibit .

a much stronger” Waste in" terms of suspended solids, orgamc ‘matter, nrtrogen, phosphorus

and/or grease partwularly if septage is added to the wastewater ‘being treated. Toxrc mate-
rials may be present-in septage but can often, if pretreated, be handled by a properly de- -
srgned small plant. Seasonal varigtions in flow* because of high groundwater level (which
could more than double' the flow. for several months) can’ make multlple ‘treatment units -

necessary - at small plants. Some processes are highly sensrtwe to temperature or precrprta- :

-tron and thus cannot be used ‘in some locahtres A more detalled d1scussron of these

) ‘

"
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vanatlons, rncludlng causes and effects ona pl

1.4 . . - » . «

nt, isgivenlater' in this chapter. .. >

The operatron and marntenance requlrements bf treatment plants also vary w.1th plant size.

Usually, the.smaller the plant the smaller the judget: for operatlon and maintenance. Larger -
plants can more easily justify employment of 4 fu11-t1me crew to operate and maintain the.

plant; however, in some smaller plants onlyja ‘part-time operator may We ecdnomlcally
feasrble Possrble solutrons to this problem W11 _ d1scussed in Chapter 16

& N

Small wastewater treatment plants often must meet speclﬁc effluent requ1rements espe-

ally if 1) the effluent is d1scharged to a small watercourse therefore requiring a highér
than secondary degree of treatment 2) the effluent will be d1rectly or 1nd1rectly reused or’

3) the effluent-recervmg stream requires the removal of a specrﬁc (?nstrtuent e

., . VAN N -

o B
In- summary, effluent requlrements variations in the flow and the charactenstlcs of the
wastewater, ‘availability of well- tra1ned,operatlon and mairitenance personnel, plant location,

cllmate and availability of funds are the major factors to be consrdered in the desrgn of a.

small plant e ‘ |
2 l 3 besrgn Penods and Stages R p I o
. . S . / - C S e

It is: general engmeenng practrce to se‘lect a désign penod of 10 to 20 years from the 1n1t1a-

tlon of the- des1gn phase for wastewater treatment works (l) Sometlmes the: desrgn penod T
for small plants is .only 4 to'S ygars. (An example of this would be the. uSe ‘of small plants in - .

-subnrban areas to meet. effluent lrmitatlons until interceptors and. centralrzed metropolltan

~ treatment facrll és.are constructed and" placed in operation.) In selecting a “design- perlod '
er must weigh factors such as the type and degree of expected communlty__'
- development, -current -and” projected. 1nterest rates the economic level of the commun1ty in-

the design en;

volved and its w1111ngness to pay for wastewater treatment

‘. N

An overextended penod would result 1n excessrve expense whlch could have been deferred 3
for several years for unused capa‘01ty Consequently, the plant woulcboperate .at less than - -
peak .efficienicy because of underloa(ﬂg On the other hand too short a ‘period would result
“in a plant thal mlgh‘t be overloaded in a relatively short. tlme and a desrgn that could not

. take advantage of any. poss1 le “economies of scale.” A sll‘ghtly underloaded plant is better
" than an overloaded plant particularly if overloading may cause degradation of the env1ron-
ment therefore care~must be taken.to insure that the plant is safely adequate S

he itial fac111t1es In this way, ‘the financial burden on the exrstmg pop‘ulatlon is reduced,
, and the plant can develop to meet community needs. Many of the available packaged plants

(preenglneered factory- fabr1cated plants) have been des1gned with this in mind—they can be: :

expanded by - adding similar, units, by using initially. unused compartments, and by add1ng

“different u{uts that improve the degree of treatment. Some of thes€ packaged plants-can be.
- used temporarily in one locatlon and then moved to another 1f des1gned for such use in-

multlple locations.

.«? o

. o | ‘ E f?_‘ 22

approach to this problem 1s the use of stepped development to increase the" o
possible.-designs and still allow rural or underdeveloped communities to construct



Another reason for no}bsgnmg for to\/long a ftime is that many of the treatment umts
used in smaller plants are standard items that are.. onstantly bemg 1mprOVed Such i 1mprove-
“ments mean many of the: units become’ mefﬁclent compared to newer umts) w1th trme and
. must be phased out of productlon and can result i problems mreplacmg or- repamng .worn
-or broken equrpment KR - _ AR :

3

| 2.1,4.'Site 'Planni'n'g and'Other;Enylronment Considér'-'ations-'-l L

Tradltlonally, s1te and route selectlon for wastewa r collectlon and treatment fac111t1es has .
been k}(‘);cemed primarily w1th sites that. uld pe 1t the flow of”- wastewater by gravity. -
It has &ften been possrble to locate tre ment plant in 1solated areas where occasronal plant _
_nuisances would not, seriously affect adjacent’ neigh orhoods Spreadin urbamzatlon how- "
\ever, and -the -increasing need to prov1de wastewatet treatment within_existing urban’ areas’ " -
would require ‘the use of s1tes in, or nghts—of-way »hrough dqveloped ne.lghborhoods and .
. commerclal areas. e : . .
.’ . ‘. - r ’ : .; . .
* The objpctwe p( an envrronmen,tal assessment as now requrred by Pubhc Law 92—500 s to‘.-
m1mm1£e any po s1ble :adveise effects of the fac111t-y n the env1ronment Anen ronmental .
. assessment is no only concemed ‘with. the land use planning and ZOmrfg aspects of sitifig but’

: “also »}ch 0ddf, air. pollution,” noise, hght;ng, a}fthl-te tural desugn, lanc'lscaplng‘ and' o‘tlferf}’iv-:
--envrronmentalfzStors R Ut B R .

i
»

- "An envjronmerit; analy81s of a s1te whrch mcludes evaluatlon of the phys1cal ecologrcal o
- esthetic, and soclal aspects.of the envrronment exrstlng t the site, provrdes the basis for the

' des1gn of alternative solutions. In addltlon, requirements for existing and proposed land use,
.zonmg, and plannmg must be consrdered in developmg the alternatlves (2) (3)

Coar
f .

: 'The env1ronmental evaluatlon process should begln early in the plannmg stage Flrst it takes
~ a substantial penod of time to do an adequate environmental evaluatlon, even in cases in
: wh1ch the, total" amdunt of effort’ requrred is small- (The@:ngthy period results from delays
.in assembhng pertment data, interviewing people, ob rving ‘environmental conditions
several ‘times during a year, etc.). Second, the env1ronmental evaluatlon should. have. some
1mpact on the initial assumptlons and on the deveIopment and screen1ng af alternatlves .
i before fac111t1es des1gn is begun S S
- - . : 4 , R I S .
-4Alternat1ves may 1nvolve various feamble sites; ﬂow red c‘tlon measures (mcludlng the dor-'
:rectlon ‘of €XCessive. infiltration or 1nﬂow), the treatme t df overflows; altematlve system ‘
) conﬁguratlo.ns land treatment or reuse’ of wastewater, phased development of facihtles .or .
1mpr0vements in operation and’ mamtenance The US. E 'A reqmres that such altematlves
be cons1defed for any prOJect in order for itto be ehglble f ‘r fun_ding_ 3).

[ ’ T

The altematlves must be - Judged in terms of the1r riet en ronmental effect Treatment of -

" pollutants should beneﬁt the’ local water quahty problem| Aqatement practices to restore' ‘

“surface ‘water should not'shift the envrronmental problem|to other.medra such as ground-_ )
ater, which' is. more difficult to treat. (3) Emphasrs s ouTa be focused on prevent1ve '

: measures as well as on abagment'or correctrve measures 1 o

T
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. To be consrdered are multlple use-of fac111ty s1tes and’ nghts-of-way, such as:

. . . ¢ ’
Te . . . . . . v '

.4

Pumpmgstatlons .o _ Power generatlon statlons _
* Pedesttian and bicycle paths ' ’ Transportatldn centers T “e
Mumcrpal incinerators .. . '_’ C Training centers. .. - ° WAL
.Ecosystems and conservation g} as. . . ' ‘Emergency pubhc med1ca.l faclhtles o
Police or fire protectlon un1t§ ""' B Recreatlonal open space S J
[/ _ Pubhc works garages e Waterfroht access” ° o »

The possnblé 1mpacts, both beneﬁcral and detnmental of the mte eptor and sewer systems -
' ; on land use development must be considered in the design of theLs&ystems‘ Growth in an )
~area also may be st1mulated beyond the existing rate of growth after wastewater collectlon, ,
**and .treatment - facilities are. constructed. _On_the. other hand, if wastewater facilities are ‘not
" adequate, or are not easily accessible, growth will most likely be stifled. Effécts of proposed
) . constiuction or ‘both short- and long-range development should be evaluated m the s1t1ng .
: aanalys1s SRS T : : )

N

K \ L. e - ! h\.,- ‘.'-'
--', . K] - R D . .

Conservatlon of energy s ‘as 1mportant as conservatlon of money Some processes, such as "
ponds, Lise* httle energy Desrgnmg structures. to’ m1n1mlze heat loss is- 1mpdrtant Under-
ground structures can be kept at f" uniform temperature more easily than structures above

ground.' Maximum adVantaEe\ih.n)uld be taken of the sun topography, and of w1ndscreens
to reduce freezmg and chllhng' ' :

-

>F_'ideral effluent requrrements and State rece1v1ng-water quahty standards camonly be met __ ;-‘7 ;
by sizing wastewater facilities to meet the’ demands of the commun1ty rpliably, at least until

the next stage of " construction is- expected to be completed. Cast of unused standby.
capac1ty to be pa1d for with mflated currency. must be cons1dered in d termmmg the des1gn

penod L L el v AREAE

B Flow pred1ctlons must be based on. e‘x1st1ng and probable future zomng nd land use, and

" should consider local,’ regronal and State land use, transportatlon, utility, and business or

development plans ‘Differences bet gen! exrstlng land. use and proposed plans should. be

reconciled wrth the appropnate public planning and enguteenng agencles and mterested

_ citizen . groups Prediction of growth patterns--and. reglonal c0nﬁgurat10ns, with their

~ attendant’ wastewater flows, requires reasonable ‘estimates of: both low and hrgh optlons, :

3 " verified by local reglonal officials and anate developers SR

I

Some of the - more important env1ronmental factors that may be affected ifa wastewater
- facility is not sat1sfactonlys des1gned constructed, _maintained; or - operated are hsted below.
A d1scuss1on of these factors is presenvn reference (l) '

. " .
- W R . . . R . . Y
B . . . -

1. Locatmg the facrhtles in a,loakatlon compat1ble W1th such works, - s
o "-2.. Arranging the" landscapmg and arch1tecture SO as not to d1sturb nelghborhood
N - esthetics.

3. Des1gn1}lg the fac111t1es SO ‘as not to 1nterfere wrth flood” plam storage or w1th
" natural dralnage g : -



4.. Utilizing constr_yiction methods that do not affect: the native ecological systems;
- cause air pollution, erosion, or flooding; éxcessively exceed the ‘ambient noise* "
. level; or cause damage ﬁurin‘g'blasti_ng"énd pile driving operations. = Lo
5. 'Scheduli'ng tricking or truck routes conipatible with existing :conditions. N .
Pregenting the entrarige ‘Of, polluted water overflows or fleakages into surface or
S Sﬁ rface waters. S ' R : .

7. Siting construction and operation lighting so as not to caz_se a nuisance, - U
8. Designing facilities to prevent the escape of odors or ai pplluf'ants, and-pvroviding' _
~ . ‘means for control of potgn_tiai'Odors or of air pollutant 'ﬁﬁssion.' S .
‘9. « Designing fa_cili'?ie_s to prevent noise levels detﬁméhtal to the neighborhood orto -

the workers. ' | ) oot

-

" ' I:b ,Pro#iciing‘_fo‘r efficient opéra'tion and rfnain'.ten:iﬁce of the _facﬂiﬁes, and groundsin.
.* amanner that will not havé an adverse impact on'the nvirenment. SR

; E{)r more infg_r_ﬁ;atibn on site planhing,, see. refe_rencés ) thr_ouEh_(l'S). '

'2_..2 ‘Area Sé;vgd o ' y : 3

. The area-served by a.small treatment plant plays a signiﬁcan't'pa:t in the determination of: - -
flow and wastewater charactéristics. The limits- of this-area may be defined by natural N
‘drainagie basins, political boundaries, specific wastewater treatment requirements, or any - .
“combination of these. Within this area, the existing and planned future Tand use and accom- "
panying.:re'sident population are the prime determinants in estimating the expected volume

“and characte;is_ticé of the wastewater to-be treated. -

First, the ‘existing land'usage must be assessed and any available data collected. In portions -
' of the "g,ljgéa’_that'have 'rééched.'sat’uration .population or are completely,_developéd with éom-
mercial or industrial sites, only. existing data may be needed to determine expected waste- - |
~water flow and its. probable. characteristics, unless the area is expected: to be redeveloped. . .
~ If redevelopment occurs, the changes in land use may change i;he, flow and characteristics of .

the wastewater. ~ = - . 2. S

N
-3

- Most small wastewater treatment facilities are located in nir;iff‘_}j“f?ﬂbur_ban areas where large *.
~ portions of the service area are underdeveloped' or being develeped. Both local and regional
trends in development of the area; as well as possible future exparision of the plant, must be
examined. Local trends should include the-economic deyelopment and phén’g_g in tax base:
relative to’ construction costs ‘and taxes. Regional trends ‘Should include the location of -
-various economic activitie_’s su_ch as shdpping areas or in'dus_tfiaﬂ parks, the rate of growth for

suburban areas, changes in political boundaries, possible annexation: or service agreements .
‘with other communities, status of transportation systems, and possible use-of ‘other regional -
utilities. Other sources of this information include. regional plans, zoning maps and reports, - -
engineering investigations, . reports by regulatory agencies, and actual investigations and,
‘examinations of the area. . e R ' o
Much of this information on area’ development should.be availablé in the comprehensive
State, réggon,- and _coiqiminity wastewater planning reports required under Public Law 92-500. .



23 Populatlon Served L

Populatlon is a major factor affectmg wastewater flow and characteristics, and the densrty.,. '
of the populatlon living or ‘working in an area has probably the most 51gn1ficant immediate

effect Other factors related to populatlon SLf:h as socloeconomlc status however can also :
affect the wastewater quallty and flow . -

)
_1. ' . . . Lo .
— e R
. .,

23.1 PopulatiOn Data

e _o\

Population data are available frorn mahy sources: - .- -
Us. Census Bureau reports L. ' ) )
2 - Planning agenc1es (mcludlng mun1c1pal State, reg10nal or county agencles) .-
3 Utility records (installation records - from telephorle' electnmty, gas water and’
‘wastewater utilities). ‘ o :
: Bulldlng permits.
School records.
.Chamber of Commerce. ‘
Voter registration lists. e T
Post Office records. h . BRI ?”
NeWspaper"records. N S S

RISV

) 2 3. 2 Changes in Populatlon _
. There are three pnmary causes' of change in populatlon 1) the birth rate, whlch is affected
‘by cultural norms, sociopsychological factors; and. socloeconomlc status; 2) the death Tate,
“which 1s affected by living conditions and available medical technology, and 3) mf&atlon, o
.whlch is, affected by people trymg to lmprove their l1v1ng condltlons by movmg into.or out
“of, the c0mmumty T o - - , e . .
Some of ~the factors 1nvolved in populatlon mlgratlon are the desire for better econom1c
opportumtres “the ava11ab111ty of land for development, and the desire for benefits available
1n a new area (such as transportatlon for workers, matenals ‘and products education; and
jpubhc ut111t1es) The initiative shown by a mun1c1pa11ty for plannlng housing developments
and for attract1ng ngw 1ndustry is‘also an rmportant factor in populatlon mlgratlon
. 2."3;3 Population Projections :
- . |

Populatlon projectlons are the basis for. all major- planning declslons, and adequate tlme

: should be allowed for this. lmportant work. For wastewater treatment plant design, projec- =

: ‘tlons of future populatlons are used to calculate expected quant1t1es of wastewater and its
const1tuents The imethods commonly‘ used in populatlon projectrons 1nclude

*

. o . s "\ S B f
Graphlcal ) N '
~2 Mathematlcal (arlthmetlc or geometnc) _ . _
3. Ratao and correlation. ~ * - S v

'}5124hfgfdﬁb:}~ﬂ



. 4 Component. ST _
7. 5. Employment fo_recast:;\ - L

« The selection of a particular method will depend on the amount and type of data available -

. “and the,oharacterjstit:s of 't_hé_ area itself. Regardless of the _method'used_,.most experts-agree

" . that the accuracy of projections js an inverse function of length of period, area, size, -and .
" rate ST population chahg_e..'The’ ‘area served ‘by a small plant, although normally sﬁa}l,- may
~change at a high rate. Great care should-be taken in, forecasting future trends, To aid inthe

., -selection of the best miethod for use.in a ‘gi\;en.ar_ea,' the Hesi’gpel; should consult re‘fe_rq'n'ces".
(8), (Y, (14, (15),and (16). -~ . R
- 2.4 \Wastewater Flow . e R e

’ oo

- The stan érd base :éfe;eriée- m.éiziﬁg"'wastéwatef t;éat_rriéht units is thg.aye';age;dail‘y- flow—
- - the totaf quantity of liquid tributary to a plant in T year divided\by the humber of daysina
-~ year. Design average flow is the annual average daily flow during the last year-of a given -

- design\period. Maximum daily flow is the largest ‘volume expected duringa 24-houf petiod

sign year; peak flow is the maximum_expected ﬂqw during that pelfiod.'_Minimu_m L
~daily floy is the smallest-volume expected during a 24-hour period of the year; extreme

mme flow i the ‘mihimum expécted flow during that period. Peak flow isimportant in
the Wdraulic sizing of conduits and other units to-eliminate flooding. The maximum pump-

'ing.cgpacit}"' will normally be established by the peak flow. Mi{ijiﬂiumﬂqws are important in

g conduits to prevent settling of solids at low flow. Average flows ate ‘used for sizing

sl ge handling facilities. or determining cher_ni_ca!Quantities.'A d'esc;'ipt.ic_)ﬂr_i of the various
“flows;along with their determination and use, is given in subsection 2.4.7. B -

: (l . 'Thése_f:‘a\"efages' are plotted in- Figure ,_2_-1. Figure 2-2 shows-the ‘av,énégé.dmy domestic
wastewater flow rates as a function of average assessed property value-in ‘1960 and popula- =
- -tion size (18). Figure 2-3 shows peak -and minimum flow rates as a function of population " .

~ An ;.'n‘él'ysis of wasteWatér flows from smaller comr,gidm‘ties-in Texas_ Was cbn_ﬁilete_d in:1970

- ".size and aVel_-age assessed valuation of prbpefty m 1960( 18). - L o
-“'_The first of two basic ‘methods of estimating wéstevi(ater flows is to.gégie tﬁ‘é‘ﬂows in an
existing. system and ‘project these flows for the expected development of the area. The .

second-method is to estimate the ‘total flow from each of the various cbrn’ponents of the o

served area, such as domestic, commercial, institutional, ix_idpstﬁal,{tohnw,at@r, and ground- -
water contributions. Wastewater flows for the various components are often estimated using

- the average values from one or more ‘of many references, as shown in Tables 2-1, 2-2, and

2:3(19). Other'similar tables can be found.in references (20) and (21). These values have
- been developed only as a guide. The actual values can vary greatly, depending on factors
‘that will be-discussed below.-In all cases, any values used in the design should be <hecked

Cor ‘ T g

with the regulatory agencies. =~ o Coo
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R TABLE 2-1
| QUANTITIES OF WASTEWATER (19 -~ o

- - Gallons Per Person Per Day!l-

Type ofEstabhshment o . . "_(Unlgss Otherwise Noted) .
- Anrports (PerPassenger) _ - '- S s 5
~ Apartments, Multiple Family (Per Resrd,ent) coel .. 60 .
- Bathhouses and Sw:mmlng Pools . T S U
Caings N e S
- Campground WlthCentralComfort Statlons I o350
- With Flush Toilets, No Showers . SRV o 25
" Construction Camps (Semipermanent) . © ... =~ * .50 N T
Day Camps (No Meals Served) - S s
esort Camps (Night and Day) Wlth L1m1ted Plumblng C 50
ﬁuryCamps : S : o100
- Cottages and'Small Dwegings With Seasonal Occupancy. e s
‘Country Clubs (Per Resident Member) -~ - = . ° T 100 0y
Country Clubs. (Ber Nonresident Member Présent) oo .25
Dwellings B . . T
~Boarding Houses - IR R 20
.......Additional for Nomesrdent Boarders..- e s X
" - Luxury Residences and Estates = ' ., . oooaaso
. Multiple Family Dwellings (Apartments) L 60 *
" Rooming Houses o o a0
~ Single Family Dwellings. : h I L
[Factories (Gallons Per Person, Per Shift, Exclusrve of R
Industrial Wastes) - - e 35 U
Hospitals (Per Bed Space) . PR 250+ T
Hotels With anate Baths (Two Persons Per Room) S 60 ' :
Hotels With Private Baths ' h 50
Institutions Other Than Hospitals (Per Bed Space) B L 128
Laundries, Self-service (Gallons Per Wash, i.e., Per Customer)_ o 50
‘Mobile Homes Parks (Per Space) : - - - 250
Motels With Bath, Toilet, and Kitchen Wastes ' = '
(Per Bed Space) - _ S - 50
Motels (Per Bed Space) : : S T 40
Picnic Park,y(Torlet Wastes only) (Per Prcmcker) s
PicnidParks With Bathhouses, Showers, and Flush Toilets - 10
Restaurants (Toilet and Kitchen Wastes Per Patron) . R 11}
Restaurants (Kitchen Wastes Per Meal Served) - |
‘Restaurants Add1t10nal For Bars and Cocktall Lounges - )
Schools . - - ‘ » S T ' Lo _ )
. Boardlng o C B ST 1000 ~
| Day, Without Gyms Cafetenas or Showers S s
.‘4 . : (4“"’ : o I
: .2 11 .
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v T TABLEZ-l continued) ©

QUANTITIESOFWASTEWATER(19) o ;T I
: Lo ' N oo L Gallons Per Person Per Da‘{ ,
o Type of Establlshment o ~ (Unless Otherwise Note
Schools (contmued) Lo S - e
.- Day, With Gyms, Cafeterias and Showers T S 25
. Day, With Cafeteria, But Without Gyms, or Showers . 20
‘Service Stations' (Peryehlcle Served) o O SRS (I
Swimming Pools and Bathhouses . s - 10
Theaters . T -
" Movie (PerAudrtonum Seat) s . s T
Drive-in (Per Car Space) . - - - T
. Travel Trailet Parks Without Ind1v1dual Water anﬁ S'ewer S LT e
- Hookups (Per Space) . - - 50 R
Travel Trailer Parks With Indmdual Water and Sewer : : L < ,
. "Hopkups (PerSpace) C o T o0 . ...
'~Workers | _ | AR S ‘
* Construction (at Semrpermanent Camps) ot e 50
Day, at Schools and Ofﬁces (Per Shlft) A I

_ll gauoh/persori/day'= 3'.78'5'liters/person/_day,f ,

e

'.-2‘_12;' . . _ .



TABLE x 2

PACKAGE TREATMENT PLANT SIZING DATA iN Lo
BODi . M L Factora
1.b/<=ap/day2 B
oV, s
5 j00%0 '..-s; 16w
Joorms g . medium .

| S s N 00 16 medim
BowhngAlleys—PerLane(NoFood) - . RS 0150 8_,’,_"' _m_edTum.

Campgrounds-PerTent orTravel Trailer Slte— o RERS T |

Contrd Batthowse. g gy e, medxum
Campstonstructlon(Semlpermanent) S T (N1 KR T A  medium
Camps—-Day(NoMealsSerTed) ?. S 1) I R (R medlum
Camps-Luxury 0 o8 - o (. medlum
Camps—Resort(nghtandDay)Wlth R R
: leltedPlumbmg DI & 040 FoL 16 L medlum
C]ubs—Country (Per Remdent“Member) Lo 0 08 - 1 medlum
Clubs-Country (Per Nonresident Member Present) -~ 25+ 0w ot 16 medlum
Courts—TounstorMobxleHomeParksWTth R e T J

 Individuel BathUnits ~ .. . s 040 16 T dow
Dwellings—Single-Family - Y e medium
Swelhngs—SmdlI andCottagesWnﬁ UL e

SeasonalOccupancy ST e s 040 L 16 SN
Factones-(Gallons Per Person, PerShlft o e b

 Exclusive & IndustnalWastw), No Showers - - 2" . o0l 8 | high

AddforShowes o . 0 g0 I
Hospltals S 2503 W 6 midm

S R —.

‘&‘ o Typlof FacThty S




T T ] TABLE“

PACKAGE TR’EATMENT PLANT SIZING DATA (21)

e ————

gpcd1 lblcaplday2 b

TypeofFaolhty FlowRate | BODS. | '. Runoff N

Hotels—Wlth anate Baths (Two Persons Per Room) o0 ;.,0..1?§V . |
mmm\om~0merThmHospltals(NursmgHomes s 0260, ol B
lamdmat . o0 s e
Motels-(PerBedSpace) . oot 16

Motels-With Bath, Toiet, andKltchenWastes B I A R L}

OffesNoFood .~ + . . B N1 R A
Parks-m%uc(TooetWastesomy) I P
g (GallonsPerPlcaner) A C5 000 R i
Parks—Plcmc,WlthBathhouses Showers and e S R

" FiuhTolets N R e
Restaurants—(KltchenWastos PerMealServed) o s T &2 . hi
Restaurants—(ToﬂetandKltchenWastesPerPatron) o 11 00 o B2
Restaurants-—Addltlonal forBars and Cocktll Lounges R IR 1 I SV
Schools-Bowding ' A o0t 08 16
Schools-Day, WlthoutCafetenas Gyms orShowers Cogsoomee 8
§chools—Day Wlth Cafeterias, But No Gyms or Showers_ S0 0042 Co
Schools—Day,WlthCafetenas Gymsand Showefs IR B 0026 - 8
SemceStatlons—(PerVehxcleServed) B VA o . 8 e
ShoppmgCenters-—(NoFood—PequFt) L 6. . medum
ShoppmgCenters—(PerEmponee) S8 000 16 . medium
Stores-(Per Toilet Room) - | | ‘400‘ RE SN L - fedium
SwunmmgPoolsandBathhouses A R 17 S -8 high
SportsStadlums ,‘ E U SO SRS« T ,",'veryhlgh

T




TABLE 22 |

PACKAGETREATMENTPLANTSIZINGDATA(21) .
o S Shockl.oad
o IRy L v Raté B ol
R ‘g‘podl lb/cap/day2 | ,hf.‘

‘Theatres-Driv'einPefCar|Space)' L ;o ;0.010 . hlgh
Thetes-More QorAudtorim e}~ 50 000 6 high
,TrallerParks—PerTraJle[ e (T co 06 medm

it gal/caplta/day lhter/caplta/day - R
2llb/caplta/day 04536kg/cap1ta/day R '."‘

3'l'he shock load factor would be d1 ﬁcult to quantlfy, but 5 mcluded s mdlcatlono posmble condltxons causmg hlgh ﬂowo
strong concentratlons S o \ o

Y o
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subdrvrsrdns Better N

Subdrvrsrons Average
Subdrvrsrons Low Cost

Motels Hotels Trarler Parks ;

Apart;tte’ht Houses
Resoits, Cam_ps Cottages
Hosprtals o
Factories,or Ofﬁces

[ .. ". | ’}

TYPICAL DAILY FLOWS AND BOD CONSIDERA'I'IONSl (23)

~ Pesons 7

- per Unit

Factones Includrng Showers

Restaurants -

Schools, Elementary B

Schools; High
Schools, Boarding
Swrmmmg Pools
Theatres, Drivedn -
Theatres, Indoor .
‘Arrports, Emplayees
Airports, Passengers .

35 |

35
25

.‘-25”. :
250
~PerBed

Per Person |
Per Person .

*PerMead
 Per Student
PerStudent
© PerStudent
. Per Swimmer -~

Pt

Pt
Per Employee -
" ‘Per Passenger o

oo
s
A
S0
00
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|
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e
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0
o
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TABLE 23
TYPICAL DAILY FLOWS ANQ eoe CONSIDERATIONsl (23) Rt

, . L S BOD
L [ lb/person .
B TR . R wlthGa:bage
ol L perlnit Gnnder

i Mo T
Ba;s'Employees” © . DerEmployes 15 | 5 .
BarsCustomers © PerCustomer 2 7-'-‘-,:001 B B0
Dairy Plants 100 50 6502000 -

_ g
| ,..Dally Flow | Wastewater BOD"'
bt

Average

Publi Picnic Parks

Country Clubs Remdents
Country Clubs, Members
Public Insitutions * -~

@er Resident

 Per Member -

el 000 lb Mik
e Plcmcker |

510

,' 0.

50

;"100“./ |

S | 0'”

"""!056 o 166-w |
"‘001_ |
07
S

I
0

o

S
o
yi 4m‘ "“

- PérResident S S

‘ . \ ' \ . Wt ' . . ‘ : . “-
L e : .o ! c ) 4

_ (nonhospltal)_ |

'._l_

1Consult thh your State nd local health depaptment or pollutmn control agency for speclﬁc data . S
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';.'2.4..1- Domestlc Component o

The average wastewatel‘ flow from small residential areas is normally derived from the '
population denSrty times the est1mated per capita’ wastewater flow. rate. If available, water

records may be used, to determine, per capita ~consumptron and from this, per capita waste-'_ L

water flow can “bedestimated. The proportron of munlcrpal water supply that reaches the -
sewer ‘is normally about 60 to 80 percent of consumptron depending on ‘climate (20) How-
ever, the percentage can vary from as low as 40 to greater than-100 and is affected by such
factors as leakage, lawn spnnkllng, swunmmg pools firefighting uses, ‘consumers not:con-
. nected to sewers, infiltratjon, and water from pr1vate sources d1scharged to the sewer Y

. . N ¢
2.4.2’ COmmercial Componenf :
ln small commumtles w1th only a small amount of commercral development the com-
~mercial contribution. can be assumed to be included in the per caprta domestchastewater
flow. In areas where commercral development is significant, the wastewater quantltles can
" be estimated in terms of gpd/acre (1/d-ha), based on comparatrve data from existing devel-
,opménts Commercral .wastewater flow can vary greatly, and thus a'careful comparison of
' commercral areas is important. Factors such’ as the amount and type of- water-cooled air -

condrtronmg utilized can greatly 1nfluence the est1mated wastewater flow :

2 4.3 Institutional and Recre’atlonal Components .

Institutions such as hosp1tals schools or prrsons and facrlltres such as campgrounds resorts :
motels, hotels, trailer v111ages ‘contribute flows that are primarily . domestic. The best

method. of deterrmnlng flows from these facilities is by gaging existing flows or comparmg o

these flows with flows from similar facilities. Sources. such as schools, campgrounds, and. '
resorts will have large seasonal and weekend var1atrons in flow

'2 4. 4 Industnal Component

o

The mdustnal component can vary greatly, dependmg on the type of mdustry, its size and
supervrsron ‘and the control of varlous processes. Within the operatron

'Industnal wastewater quantltles are normally determrned by gag1ng existing flows and com- '
paring them with similar industries. In all cases the'flow determmatlon whether from exist- -
ing_ mdustry or new industry, should be accompanled by thorough 1nvest1gatlons conducted
with the industrial. representat1ves Some of the 1mportant questlons to. be asked are; |

1. What quantrtles of water can be reused within the 1ndustry for process coolmg, ‘
- Z/mlgatlon or other possible functions? - . . :
What control is requlred to prevent dumping of large quant1t1es of' rwastewater"_
3. What' effect do waste const1tuents and their concentration have on the allowable
-flow rate to the sewer" -

-4, Which- pollutants can be eliminated or reduced by changes in manufacturlno pro-
. cesses or by in- plant treatment and recycllng" '

B T
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A . N L, - ( PUREEE ERE o e . . . = to . .. ' -
‘5' Will detention tanks, /qualizatlon tanks or pretreatment reduce problems of :
x wastewater drscharges" , : : : _
. 6. Can nonpolluted water sources such as air condltronmg or 1ndustnal coohng water o
_ “be, separated from the wastewater system? a e L
LT, Is pretreatment of mdust\nal wastes desrrable—-—hpw much type étc.?
R L4 . : . . - \ )
-2, 4 5 Stormwater &d Grou dwater Components o
. .‘ . . l. . . : } .
: StormWater and grou‘nd\lVater .can ﬂter a collectlon system from many sources and in quan-'
© tities whlch can significantly affect a small treatment facijlity. The- -quantity of extraneous- ‘
_water can be greatly reduced by proper 1nspectron reparr and constructlon of a collectlon

"system T !

'

Pubhc Law 92- 500 passed in 1972 to amend the Federal Water Pollutlon Control Act re— g
qurres that sewer systems be’ free of any excessive extraneous water. In addltlon grants for
. treatment woiks made avallable ;hrough this act will not be approved without - suffiment ‘
E evidence. that the sewer system dlscharglng to ‘the treatment works is not sub_;ected-*to ex-
cessrve 1nﬁltrat10n The law does authonze funds for the requu'ed studles of the systems

E The sources of extraneous water to be 1nvest1gated in this study can. be cla,ssrﬁed as 1nﬁltra- S
.tion and inflow. Infiltratlon is pdrmally groundWater that enters a sewer through openings = . -
~ such as defective sewer pipe. ﬁnadequate pipe joint ‘connections; and cracks -in manhole
- walls. Groundwater mﬁltra‘tlon will normally- ‘increase *wrth rises il groundwater levels
~ porous subsoil condmons efective . material and poor workmanstup Poorly laid: ho’use _
connections, espe01ally, can have a great effect on tHe amount of lnfiltratlon and therefore -
the installation of such connectlons should’ be thoroughly checked for leakage.; Addltlonal _
: 1nformatlon on 1nfiltrat1on and allowandes for de81gn can be found 1n references (24) and’
(20) , R S e . .

rd
-

P Stormwater mflow is consxdered to be Water that enters a sewerz system from sources such as-
roof or .floor drains, footmg dra1n§, coohng water dlscharges manhole covers, or connec- -
: tlons with storm sewers. ‘This water normally does not require as, much. treatment as would' ,
be avarlable in"a wastewater treatment works and should be eliminated from the. samtary :
- system. A more detalled ‘discy ssmn can be: found in the ASCE/WPCF Sewer Desrgn Manual
M‘OP9(24) ' ) S - z

2.4.6 Wastewater Flow Varia-tion's : | e T
WasteWafer flow varies by day,, week and y€ar. with vanatlons in water consumptron mfil- .
: tratlon,. and’ mflow, The amount .of v, ‘1atlon tends to increase- with/ a decrease in sewer .

)system size, because of the lack of dam, et‘feCts_ rom 16nger. flow times found inl'arg'er;

ystems. The ratlo .of peak flow to extremg. ‘
systems servmg populatlons of about 10,008 to greater than 20 to 1 for some small systems
s “in which domest:c wastewater is the major component‘ of the total ﬂow.. Thrs large ’varxatlon

"is particularly true of flow from sources snuch as large reglonal schools or. aﬁcomplex ‘ofiapart-: r)
ment burldmgs where there may not be any flow during part of the mght The extreme lowx

21d37



flow usually occurs between 2 a:m. and 6 a.m., w1th two peaks occurnng during, the dayﬁght
hours around 9 a.m. and 6 p.m. The amplitude and time of peaks or depressrons are d1rectly :
related to the hfestyle of the -population served. ‘»An example of daily- household water use -
 yariation is shown-in Figure. 2-4 for several selected homes in Colorado whrch are represen-- :
tatrve of families: resrdmg in suburban “residential developments (25) e
'The da11y vanatron caused by commercral or. mstrtutronal sources are often more umform '
and will tend to damp "the household variations. Exceptions to this are’ hotels, motels or
smular estabhshments whrch usually have Vanatrons comcrdmg with households '

The effect of mdustnal flow on daily vanatrons w111 depend on the type of processes used
and the’ waste discharges involved. In many instances, an mdustnal d1scharge can. be con- :
trolled so that 1t can have an equahzmg effect on total waste ﬂow '

'Weekly vanatrons are most often caused by commercral mdustnal orre eatronal sources
: ‘Household waste flow is generally not varied throughout a week with the- exceptron of an
x actmty such as-washday: Waste flow from commercial or 1ndustr1al sources tends to be uni-
" form durmg daytime of the 5. working days, with heavrest discharges from recreatronal
a sources ‘Gecurring during weekends If both sources are located on the same system one may
g tznd to offset the other. - . - ,\’ : P R
a Yearly vanatrons are most often caused b mdustnes recreatronal actmtres or mstltutlonal _f

sources. -Some industries are seasonal and have drscharges wh1ch change throughqut theé'year. -

' (For instance, food-processmg 1ndustr1es operate dt their peak ‘when _crops are being har-

vested.) Other vanatrons in indiistrial ‘waste can be caused by the changes in productlon re-

-quired - by demand Recreatloﬂal activitjes stich as those in beach resorts camps or ski-

areas will cause changes m wasft;,flow during the year. Srgmﬁcant chahges in ﬂow can oceur ,»

..where there are schools such as regional schools or colleges in small towns ‘where' the

students contnbute a large part of the wastewater load on the treatment plant ’

Inﬁltratron and mflow w111 also cause 1mportant vanatlons dunng Wet seasons. Inﬁltratlon
“can affect’ variations in flow by- raising or lowenng the base flow level. Although mf‘iltratlon

is relatively steady, it can change. durmg the year and even “be; absent for several months;"
. depending- ori ‘the” location .and qualrty of -the system. Durmg the ‘wet’season. of the year .
when groundWater is.high, 1nﬁltratron can account for a large percentage of the ﬂow
Vanatrons rn wastewater flow depend greatly on. the size of the collectron system and
populatlon dens1ty (see Frgure 2-5). Ifa large systemhas a Jow populatron densrty, the varia- -

" tions ‘will be reduced ‘because of hrgher mfiltratlon, which- also reduces the wastewater

strength If, the derrsity increases;, the ratro ﬂ wastewater to infiltration wﬂl 1ncrease, causrng
j"jlarger vanatlons and: stronger wastewater Short-term flow variation3 affected by drstance
" ‘-and long-term.vanatlons affected by mﬁltratron and populatlon dens1ty must be consrdered

’_5:, K o _- . 15’-

- A final and very 1mportant source o}' d‘ampmg, e1ther at the source of mdustrlal d1scharges
. ata pumpmg station, or at the’ tr,eatment works, is flow equahzatlon The subjedt of flow
' eequalrzatrog 1s covered in more detatl -m Chapter 4, . :
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2.4-:7 Desrgn FlowRates = = = ...~ - . - C e
i In general it has been found that smaller commun1t1es (fewer than 50, 000 people) generate' -
. smaller wasteéwater flow per capita than larger commumtres The smaller the commumty,
_.-the less the mﬁltratron ‘ordinarily, and the larger the p,ercentage of household wastewater in
' relation to commercral or industrial wa§tewater,W1lhamson (17),i in Texas (1971), developed .
a, charactenstm Waétpwater ﬂow-_--', e, 'éhown i.n Flgure 2-l) in wh1ch the geometnc standard .
‘devitlon was from biout 1. 4 o160 . ‘

) ) . . ’ _A“’ PO ' ) ‘ o .\ fi . _: .
In ‘@esigning. wasteWateratreatment,-Works there are five flows that should be consrdered in
- 'process selectlon edimpment smng, and analysrs of operatlon peak maxirum 24—hour,'

. average daily, rmnlmum 24—hour and extreme mmlmum * The processes selected should be . -

" able to operate: efﬁc1ently over the entire range (A more. detailed discussion of how’ flow
“variation affects desrgn 3 | operatron is given m the relevant process - chapters) Each of
" these flows should be dete _ "ned for 1) the initial conditions of operation, 2) the future
conditions -at the end of : he ' srgn penod and 3) 1f staged constructlon is used the vanous
penods of developmen e :

'The maximum and m1n1mum flows safi be found by two common methods The ﬁrst usmg' '
" graphs that’ have been developed fro : exrstmg flow records: ’(avallable from a number of

sources), compares the average flow 'w; h the other 1mportant rates. Figure 2-6 shows the .

Vratlo of extreme flows ‘to average dally flow in New. England based on dry weather maxi-
" mums. for domestic wastewaters Other examples can- be found in the ASCE/WPCF MOP-9
'(24) R , :
For flows from large burldmgs such“‘as schools apartments, hotels or hosprtals the peak '
drscharge may- be estunated by the fixture-unrt method. Thrs method uses load factors for -
common plumbing Tlxtures which are werghted values, related to thé flow rate for each type.
of fixture. These factors are ‘expressed as ﬁxture units, which can ‘be defmed as approxi-
'mately 1 cfm of flow. Table 2-4; taken from the Natxonal Plumbmg Gode (26) hsts fixture
. unigs per fixture or group. To .determine the peak flow;,: the total number of fixture units
y wrthm the system is found, ugrng the load factors ‘and number of each type of fixture. The
. _-"tota'l ﬁxture unit value is then used on curves developed By R.F. Hunter (27) to determme
. probable peak flow Figure 2- 7 1s based on Hunter s curves.i- Wy

. 'The Hunter method is usually conservatlve because it makes mlmmum. allowance for faetor‘s ,
‘that. cause dampmg The avex’age single-family house or apartment has "about 12. ﬁxture
units and about: 4] persons per: famrly The*number of ﬁxture units varies from one location
~to another, thereforg, care should be taken using any one ﬁgure for d1fferent commumtres
. (e L T ,5 .

. 2 5 Wastewater Charactenstrcs

-
.

Wastewater is. used water contamrng suspende$ and drssolved substances from sources’ such
. as resrdences commerc1al bmldlngs ‘industrial plants, and mstltutrons along with ground-
) water and stormwater. Dependmg on amount, type, and- fom1., these wastes w1ll impart - -
o vanous characteristics to the flows An understandmg of these charactenstrcs, which can be Lo
- - . & W
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" TABLE24 - -

* FIXTURE UNITS PER FIXTURE OR GROUP (26)

o 'Fi.xture or Group" S . Fi):cture Unit 'Value'as Load-Factors-

One Bathroom Group Consrstmg of Tank—Op_erated
Water Closet, Lavatory, and Bathtub or

ﬁwer Stall
athtubl (Wlth or Wrthoqt Overhead Shower)
‘Bidet = - - . S
Combination Sigk-and-Tray. - s Ly
Combmatron Sink-and-Tray’ Wrth Food-Drsposal Umt - o
‘Dental Unit or Cuspidor o '
Dental Lavatory = '
‘Drinking Fountain
Dishwasher, Domestic
Floor Drains :
Kitchen Sink, Domestlc o
Kitchen Sink, Domestrc Wrth Food Waste Grmder
" Lavatory
Lavatory . : -
' ‘Lavatory, Barber, Beauty Parlor .
Lavatory, Surgeon’s
- Laundry Tray (One or.Two Compartments)’
~ Shower Stall, Domestrc _ ,
_ Showers (Group)‘ PerHead - .
Surgeon S o
Flushing er (W1th Valve)
‘Service (Trap Standard) - -
Service (P Trap) ' S B
“Pot Scullery,etc C oo L \
Urinal, Pedestal, Srphon Jet, Blowout o o
. Urinal, Wall Lip ' :
Urinal Stall, Washout
Urinal Trough (Each 2-ft Sectlon) ’ .
Wash Sink (Circular or Multrple), Each Set of Faucets _
- 'Water Closet; Tank-Operated o CL
Water Closet, Valve-Operated ' o -

i B W W N O

e
—~— -
| O]

W NN RN =W =N

00 B R BT 00 B W0 W

1 A shower head over a bathtub does not increase the fixture value :
: Note: For a continuous or semicontinuous flow into ‘a dramage system, such as from.a
- pump,, pump ejector, air-conditioning equipment, gr srmrlar devrce two fixture uriits shall
be allowed for each gpm of flow : :
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A WASTEWATER CHARACTERISTICS (22)

Physical ©~ - - Chemlcal | 7 ' Biological .

Solids . ‘ Organics : . Protista
"_Temperature o B " Proteins - L e _Viruse:s_' )
Color e Carboliydrates - . T Plarits
Odor S " Fats, Oils, and Grease .- . Animals
. Surfactants o - ‘Pathogens. .
"Phenols . - . :
Pesticides L
, Inorganics
- N - pH - . :
e Chlorides .~ - - -~
o ~ Alkalinity ' '
Nitrogen -
- Phosphorug
Sulfur L .
' Toxic Compounds.~ .ot
" Heavy Metals - ' :
" Gases
. o . - Oxygen '
S A o . Hydrogen Sulfide
SR : ' " Methane
d1v1ded into blologlcal chemlcal and physrcal is. essentlal in the desrgn and operatlon of a
_ treatment works. A detailed breakdown of thesé charactenstlcs is given in Table 2-5 (22) g
. and F‘fgure 2-8 (22). Descnptldns of these charactenstlcs and methods for their analysrs can
be found in Standard Methods (28) Proposed Criteria for Water Quallty (29) (30) and else-

where (31) (32) (33). In this chapter only- the general charactenstlcs and their. effects on

small treatment plants will be discussed. The specific effects of wastewater charactenstlcs on
the processes.are described in the relevant process chapters '

| 25, l. Physical- Characteristics-
'The more 1mportant physrcal characterlstlcs of wastewater mclude the varlous types of:
solids present and the temperature color, and odor. _ ' - o
: 2.5.1.1' »Solids - ' IR : '

Total sohds including ﬂoatmg matter can be d1vrded into suspended (settleable and nomset- o
tleable), colloidal, and dissolved solids. -Each of these can then be divided into organic and
nuneral solids. Total solids can be defined as all matter that remams as resxdue upon evapo- :

ration at 105° C (or. 180 C, to mclude metalhc hydroa%s if the pH is greater than 9)

--, o 221 et
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ohds can. be classrfied by ﬁltermg a known volume' of wastewater and determmmg the
welght of suspended solids (SS) greater than about-0.5 to 1 micron (micrometer, um) 1n
’ dxameter Suspended. sohds can be divided using a cone-shaped contau}er (Imhoff cone) tp
' deterrmne the solids that will settl€ in 60 minutes. A’ settleometer test, using a cyhnder 6in.
(152 mm) hrgh and S in. (127 mm) in diameter and measurmg the rate.of setthng and con- .
rsohdatron, is commg mto common use for operatlons . .. - S
Fﬂterable sohds consist of" collmdal and dlssolved sohds The collordal sohd,sfeonsxst of :
'partlcles between about 1 mllhrmcro,n (nanometer, 'nm) and about 0.5 to 1 n Bactena

- ‘viruses, phages, and other cellular debris fall generally into the collordal fractlon Dlssolved

solids consist of molecules or ions present .in true solution in water. Although the average. SS’
concentratron of mumcrpal wastewater generally ranges. from 150 to 300 mg/l thrs value

. may vary widely. The fraction dissolved may alSo vary wxdely, dependmg ‘on the age and |
- . sources of the wastewaters The. longer the travel time in sewers,  for example, the larger the

-fraction of dissolved solids" bécatrse 'of}mcroblal actl\nty, the shorter the travel“ time the
l_ Tsmaller the- fractlon of dlssolved sohds N . - : N

-

: J ) gy o

-Nonfilterable solids, aloryg w1th fhe nonsettleaiale portxon of the . SS . are not normally

- removed by plain sedrmentatlon and therefore requxre blolog.tcal omdatlon or chermcal
poagulatlon, with sedlmentatxon for removal . -., : - :

Each- type of sohds can be subd1v1ded into . orgamc (volatlle) and morgaruc (ash) fractlons =

based arbrtranly on volatility at 550° C. (At this temperature, ‘the orga.ﬁlc or volatile frac-

tion is driven off as gas, and the i inorganic, mineral, or fixed. £ractlon wﬂl remain as ash.) The

' volatlle solids content of sludge 1nd1cates the quantlty ‘of organic solids in an aetlvated o

sludge system. or the stability of sludge entermg or-leaving digesters. Settleable sohds mdr-
cate the quantlty of sludge that can be removed by plain sedimentation. If a wastewater
contains few settleable solids, the selection of a process mcludmg primary- sednnentatlon
may not be justified. Sxmllarly, if the settleable solids are largely organic-and the followmg'

process is extended aeratlon the pnmary clanfier may be omitted. LT -
: '.’J 2512 Temperature _ i B N -
", Temperature of wastewater varies throughout the year and w1th locatlon During’ most of -
- the year, the temperature of the wastewater is higher than “the ambient’ temperature Only -

: d’un.ra&h'e hot summer months will, the temperaturg be less: than the amblent “Fhe amount

of hot Water used in households -or recelved from industries .will keep ‘the wastewater

warmer than the ambient env1ronment and in the gase of industrial discharges can rafse the
temperature above the -normal range. Optlmum temperatures. for bacterial activity are from" _
about 25° C to 35° C. Aerobic digestion and- mtnficatron stops when the temperature rises-
to 50° C. When the temperature drops to about 15° C, methane-producmg bacteria become

quite inactive, and at -about 5° C, the autotrOphm mtrofymg bactena practlcally cease func-
txonmg At 2° C, even the heterotrophxc bactena actmg on carbonaceous matenal become"
_essentlallydormant R - L S -

. -
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Wastewater temperature is 1mportant because of 1ts effects on. aquatrc life, chemical and blo-": '
loglcal reactions and reactron rates, and’ suitability for reuse. Changes in temperature be- ..
cause of efﬂuent drscharges can xause changes in the type of aquatic. life.* In nany cases,
warmer water wrll promote the growth of undesrrable water plants and wastewater fungl

ngher temperatures wrll tendl'to increase b(Sh brologlcal and cherrucala;reactlon rates.
Oxygen is less soluble in warm water however, and ‘this will: decrease the amount of oxygen
transfer. These factors make the design of efficient aeration or ventﬂatron systermis cntlcal in
biological treatment to take full advantage of the mcreased brologlcal act1v1ty 1f oxygen
transfer is difficult. ~ . = . o tad :

Bl P . s
"H‘ X d -

In colder chmates, freezmg is an important consrderatron in selection and. desrgn of unrts. -
Tnckhng filters can develop ice formation, which may stop rotation of distribution arms. P
Spray from mechanical aerators can cause ice to formi on the aerators and the platforms“'.-

and can cause them to freeze sohd 1f there is a power faJlure. - . '

'2»5 1,_3 Color

- ) ) K3

Color of wastewater is normally used to desdnbe the cbndrtlon of waste w1th1n the treat-
ment and disposal process. Fresh wastewater usually has a gray tmt ‘as the orgamc material
' is broken down and the oxygen is depleted the color changés to black. Black wastewater is

nor:mallyu anaerobic or septlc In some locations the color is-changed by mdustrlal waste dis-
s ‘harge,s Changes in color should warn an operator of possrble prbcess upsets or fmlures

25 1 4 Odor
Odor in. wastewater is assocrated thh decomposmg and putrescent orgamc matter If indus- -
' trial wastes are added, odor may be caused by . chemical compounds such as ammonia,
phenal“sulﬁde, and .cyanide: OdOr and color can indicate the  condition of, wastewater.
: F resh ‘wastewater has a distinet, musty odor, which is much less. offénsive than that of septic '
Jor anaeroblc wastewater. More mformat1on on odor preventlon and control 1s pfesented in.
sectlon 2 6.

A}

\ 2 5: 2 Chemrcal Charactenstrcs

drssolved gas constrttrents which are closelyr related and‘; then mteracj't.zfl‘hls mt ¥
be both beneficlal and. detnmental to treatment and d15posal.. An undbrqtand

2521

Orgamc Matter
' ‘-n' i S :
Orgamc matter is present in settleable, nonsettleable, collo;lda] and drssol.‘ edc:\sdﬁds, and
accounts for a large part of the pollutants. In average strength wastewater, the SS are. about -
75 percent orgamc matter and the filterable sohds S1gn1ficantly lower: The settleable

_ . -~
- .

o 2-30
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organlcs can be removed by plam sedunentatlon Other sohds reqmre ‘biolo ‘a'l 'ﬂoct:ulation_,_

" assnmlatlon, or vanous forms of chermcal ‘or physxca} treatment o Lo '
. L. . I d - R

' Orgamc substances mclude protems carbohydrates hexane solubles (fats, greases, oﬂs etc ),

'surfactants phenols and pesticides. Many of the substances are readlly blodegradable if

o dlscharged unaltered to. a receiving: water, they. would cause a depletion of the available

oxygen and could damage aquatic- life and cause a change from aerobic to anaerobic condx—
't;ons. B1010g1ca1 treatment units take advmrta’gfa of’ thlS blodegradablhty mlcroorganlsms
growing under proper conditions (adequate oxygen temperature -pH, etc) oxldlze the
orgamcs to a stable form that can be removed under controlled condltlons

r . { :
: ,Other orgamc substances, such as. some detergents and chlonnated hydroca.rbons are hot
. -easily blodegradable or are degradable but toxic to most mlcroorgamsms These substances
can usually be removed by physwal-chemlcal treatment A ‘
_ Ba51c tests to determme{ the orgamc content of- wastewater are the blochermcal oxygen
demand (BOD), chemlc oxygen demand (COD), and tota] organic carbon (TOC) tests.
Other methods’ include letermination of the volat11e sohds fraction of total soltds, total,

album1n01d organlc and ammonia nltrogen or oxygen consumed

-
[

i

BOD can be . deﬁned as’ the approx1mate quantlty of oxygen that will be used by micro-
orgamsms in the blochemlcal ‘oxidation of orgamc matter It indicates the strength of
: -..domestlc and mdustnal ‘waste in terms of the oxygen required 1f the flow 'were dlscharged

mto a natural watercourse In treatment plant des1gp, BOD 18 bne of the pararneters used for -

o theé selection and sizing of un1ts -The bottle test fo:,BQQ is the one commonly referred to in
the followmg dlSCUSSlOIl o L ) eg--:(,p,:_;,} ’

R b

_ The major reasons for the ‘w1de use of the BOD bottle test are, first, the test does not re- .

quire expenswe equipment, and second, it has been the simplest test to measure the amount -

of orgamc matter that w1ll be blologlcally degraded under relatlvely natural condltlons .
The dlsadvantage of thls test-is that it is essentlally a b1oassay, wh1ch requires tlme and con-
trolled condltlons The BOD test does not necessanly represent actual field COI’ldlthI‘lS be-
-~cause temperatures, concentratlons, n‘uxmg IeVels and seed bactena in the bottle vary from
-actual condltlons The condltlons reqmred to, g,low aeroblc living organisms to funotion
umnhlblted mclude prOper temperaturq, sufficient oxygenj_ aill needed nutrients for bacterial
D growth, and ﬂo toxic  substances. ‘The condltlons in a diluted sample of strong wastewater.
‘held in a- bottle for several d&ys at.a constant temperature may not be representatlve of
actual condrtlons in the treatment process or stream - : : : - ‘

n

' There are several 1mportant measures of the oxygen dem:and of a wastewater S-day FOD

(BODS), ultimate carbonaceous oxygen demand (UBOD) ultm‘rate oxygen demand (UOD),
and n1trogenous oxygen demand (NOD): In a 20> C B(DD bottle test, the bacte,‘la present
break down organic material by metabolic reactions: Carbohydrates and 'sugars and then

proteins -are broken down to 51mpler compounds The heterotrophsc bactena that oxidize

carbonaceous matenal reproduce rapldly After the "mtrogenous matenal 1s broken down

. 2-31




and hydrolyzed to ammonia, the more slowly reproducrng autotrophic (nitrifying) bacteria
react. If they. are only present in smmall numbers, little if any NOD- will be satisfied until 6 to
10 days have’ passed The BODg test, then "usually represents only carbonaceous demand
. and average$ gbout two-thirds of the UBOD By the 25th to-30th day both the UBOD and
'the NOD . are ‘usually farrly well satlsﬁed The UBOD curve added to the NOD curve pro-.

. -duces the UuoD curve.

- A sample taken from a trickling filter 01; actlvated sludge unit can contain a 51gn1ﬁcant

-amount of nitrifying bactena, this amount will cause early nltnficatlon in the bottle and"
affect the. test. If nitrifying bacteria are present in large quantities, they should be mlublted‘--
for more meaningful results of the BODjs test, or to obtain UBQD. For more detalled dis-
cussion see references (20) (28), and (32). ' _ R »

. ’,
N

‘NOD can be determmed by runmng two series of BOD tests on the same wastewater ‘one
series with nitrifying bacteria inhibitor and one series w1thout Readings should be taken
from the 3d day 'of incubation to. the.ﬁOth ‘and the results’ plotted for each series. The
~difference in the final set of curves represents the NOD. This parameter can.also be. obtained -
by multlplymg ‘the. ammoma-mtrogen (deterrnmed by the total K]eldahl mtrogen test) by
4.6. oA ' . oo
Chemical oxyg'en‘dernand (COD) is a measure of* the strength of dornest-ic and industrial
".wastes in terms of the total amount of. oxygen required to oxidize most organic matter to
i carbon dioxide and. water. The major llmltatlon of this test is the 1nab111ty to dlstlngulsh be-
tween blologlcally oxidizable and blologlcally inert organlc matter. In the absence of cata-
lysts, COD results do not 1nclude biologically oxidizable acetic ac1d aromatlc hydrocarbons .
»and straight chain ahphatlcs ‘but do include nonbiodegradable’ cellulose As a result, the
- COD. of domestlc wastewater is normally hlgher than the BODs. The BODg and COD tests
can be correlated for a partlcular waste as long as the ratioof biodegradable to nonbiode-
~ gradable organlcs does not change. This ratio can vary greatlybetween unitsin a treatment
plant. The major advantages of the COD are that the test? is less time consumlng (3 hours
rather than 5 days) and more. reprodumble The test is also ‘useful if the wastewater. contams
: toxxc substances or for mdlcatmg the presence of toxic substances

& ‘
. Total organic- carbon (TOO) is another test that measures organic matter in wastewater A
~small known quantlty of sample is injected into a high temperature furnace The orgamcv
~matter is oxidized in the’ presence of a catalyst to carbon dioxide, and the carbon dioxide is _
‘measured with an infrared- analyzer The test requires relatlvely expensrve ‘equipment, but
! '_,'sresults are obtalned very rapldly

2..5.'2'.2_ Inorganic Mat‘ter '
"~ The most important inorganic substances present'in wastewater’ include acidic and basic
compounds of mtrogen phosphorus chlorine, and sulfur; toxic compounds; and heavy'

. metals. These. components alone -or by mteractlon with other, wastewater components can

affect the growth of organisms, cause corrosion, or produce odors Inorganic dissolved solrds
can be measure’d in terms of spec1ﬁc conductance in mlcromhos (per cm3) usmg a conduc— .

L



'I'he pH can affect both the treatment methods and metal eqmpment exposed to the waste- N
-water, Brologlcal .chemical, and physrcal treatment processes. operate optlmally in specrfic'
but often dlffbrent ranges of pH. The natural alkalinity of wasteWater in many cases’ wlll be.
‘a sufficient buffer to keep the pH within the normal, fmrly.n'e\ tral 'range for best blologlcal *
actlvrty If the pH goes outs1de’ this range, b1ologlca.l treatmeﬁ'f"_ Yy =
- or low pH waste could also cause corrosion problems TR

’

Alkahmty is 1mportant in chermcal treatment such as coagulatlon chlonnatlon, or amrnoma :

.,

removal by stnppmg (see Chapter 12). S R S
Nltrogen, carbon, osphorus, and certam trace elements are essentlal to the growth of '
plants and animals.“In the design of brologlcal treatment umts, the nutnents avallable may -
limit the treatablhty of the waste. If aii. adequate amount of the essential nutrients is not

o avarlable it may be necessary to add these nutnents to the mfluent. For further drscussmn
see. Sectron 2. 5 5. - g o
Nltrogen is present in nature in five pnncrpal forms. orgdmc mtrogen, ammoma, mtnte,
mtrate, and gaseous elemental nitrogen. Orgamc mtrogen is normally contamed in plant and,
animal protein. Ammoma is produced by decomposrtlon of orgamc matter, chemical mnanu- - - -
facture or bactenal reduction from nitrites. Nitrates are forrned by bactenal ox.1dat1,on of
ammonia to mtntes and then to nitrates. Gaseous“mt.rogen is produced under anaerobrc con-
ditions, if small -amounts of carbon are present, by reductlon of nitrates to n1tr1tes and then
to- mtrogen .gas. Nitrates are a necessary constituent of plant fertilizer and aré changed to the
organic - form . by plants For a detailed disc¢ussion- of the mtrogen cycle, see references (20)

and (32). N

s Raw wastewater contams mostly organic and a,mmoma nitrogen (the fr-esher the wastewater
«+ the more organic nitrogen). During aerobic biological treatment, the organic mtrogen is re-
- moved or converted to other forms Depending on -the time provided for treatment, any
ammoma-mtrogen present may be ox1dlzed to nitrite and mtrate by #wo specific forms of
bactena If waste is discharged before- mtnficatlon occurs, the effluent _will contain
arnmoma Ammoma in the effluent can be detrlmental for several reasons“' ﬁrst it is toxic -
«to some plant and animal life, and second, .the oxidation to: mtrate caif ocgut in the receivifig -
water and thus use up large quantities. of the free oxygen In addition, . the presence of .
‘ammonia can hmder chlorination or se\éd gepnmatton. Nitrate in the efﬂuent although it is
a secondary oxygen source, is also detritnental. Because of its nutrient value, it promotes ex-
© cessive growth of algae or. other organisms. JAn the case of reclalmed wastewater to be used
for groundwater recharge, nitrate.in dnnkmg water c¢an. have serious and sometlmes fatal
effects on infants. The type of treatment required for nitrogen is therefore dependent on
"the method of ultimate d1sposa1 For n1trogen removal see Chapters 7 9, 10 12 and 13

Phos horus, as stated prevrodsly, is requn'ed for reproductlon and synthesrs of new cell
trss e, and, therefore lts presence is necessary for brologlcal treatment Do:mestrc wastewater

o Y Lo
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}s relatwely nch in phosphorus because of 1ts lugh content 1n human waste and in synthetlc v

defprge)t "F_There is"tisually adequate phOSphorus in wastewater to allow- biotogical treat--“ '

ment Pliosphorus, as 'd nutrient, can am c.ause excesswe groﬁh of algae in lakes Or slow - -'

streams For phosphorus removal seet Chapter 12, Co T - _ v

. . ,..--’.‘\

0

Chlorldes and many other elements such as sodrum Whrch are dlssolved or d1ssoc1ate in |

water, are not removed in ordmary waste treatment processes ] -__-,;_-}-:_7. L -.‘_;-._{'.;

-3

Sulfur can cause corrosmn o.t}prpmg (in its ac1d forms) and odors (hydrogen sulﬁde gas and |

other sulfur compounds) ‘Sulfates are reduced by -bacteria under anaerobic conditions to.

B sulﬁdes, mcludmg hydrogen sulﬁde (H2 S). HZS can be oxxdlzed blologlcally to sulfunc acrd
wh1ch is hrghly corrosnye IR _-__.5.

\',:'.’ ' . - -

l}_ T
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Toxic: compounds and heavy metals are also present in wastewater and can have A S1gn1ficanf
effect ‘On treatment and dlsposal Many of the heavy metals are necessary n trace ‘quantities

- for growth of l;lologlcal life but are toxic in larger concentratlons The presenceland amount -
of these substances should bé determined and treatment processes ‘designed, if necessary, for
‘their removal partlcularly if- downstream ecosystems are to be. protected Most tox1c cor-

pounds and heavy metals g, frofn industrial sources and. can be eliminated by pretreatment; . i '. :

{?A Tist of sc)me chem1ca1 sul':"s,tances presented in 1ndustr1a1 ‘Waste is given in. Subsectlon 2.5. 4
For add1t10nal 1nformat10n on the toxrclty of sbme components see reference (33)

.r\‘T - o T . q-*r .f'-
st i"

works include itrogen (Nz) carbons: Qmmde (C02, s hydrogen sulfide (HZS’),'.ammoma

,(NH3), methane (CHy), and oXygen C02) Nrtrogen and ammonia are 1mp0rtant because of -

their -roles in biological processes. Nltrogen gas released by- anaerobic a¢tion from sludge will

" interfere with settlmg Carbon dioxide is present in the atmosphere and-is found in waste- )

‘water because of its solubxllty and its productlon by living: orgamsms prov1d1ng a carbon'
' source for some microbes.. Hydrogen sulﬁde and methane are denved'*from the anaerobic de- -

' -composrt10n of organic’ matter and are tox1c to wman. Hydfogen sulﬁde isa colorl’ess toxic, . .
, 1nflarnmable gas w1th an odor of rotten eges. Methane is.a colorless odobfe&s; toxic, com=-’

-’ bustlble hydrocarbon that if ava;lable in large quantrtles can be used as fuel for generators

, Anaeroblc \th;sters are sometlmes desrgned to collect and store methane as an energy source
atlarger tre ent plants o - e : C TS

Drssolved oxygen is essentlal for the contmued resprratlon of aerobic orgams,ms 30xygen is
\only slightly ‘soluble in water and may have to bé added if-bidlogical units. aré to function .

properly (see Chapter 7). Oxygen solubility decreases with. mcreased temperature and solids ;

content. In desrgmng ‘aeration units, the oxygen supply should satlsfy summer needs, and :
7 the detentlon time should be sufﬁc1ent for slower wmter act1v1ty

I ,,,1
',- . 0

i

ael N ’ . ' . N
- Gases sometlmes four!d in raw wastewater that are 1mp0rtant in the des1gn of treatment

- .




tions assoc1ated ?th actlve orgamsms and the chemu:als tha;t I'nayL be present ‘Much of this .
' mformatlon can.pe found rh’(:‘hapter 10 and m'references (20), (33) and (34) S

. The orgamsms present at ther poLnt of;.' dlsposal (to surface water or groundw’ater) can be
| . used to mdzcate e degree. of pollutlon or the tox1c1ty of treated wastewatefs The orga-
-.nisms jn:raw. Wastewater canbe: remoVed by treatment processes and Wlth’ chenncal addl- :
: tlons ug{der"controlled condltlons m a wastewater treatment plant CoRER T g

ns of microorganisms as well as the
per. condltlons growing populatlons
ents’ mto a removable form *

- AP

Most wastewater contams large well-mi)(ed populatl
f.-chermcal components discussed prewously Under pr
of these orga,rusms can. assrmllate many chemlcal comp

el .3 o

- Blologlcal treatment umts such as’ actwated sludge“ ts (Cha'pté"r_'-""-b)", ‘trickling fiitei-s -,
. (Chapter 9), and stablhzatlon ponds (Chapter 10) provide these condrtlons._Orgamsms can-.
- also be used .to"convert ‘organic solids (sludge) remoﬁed from wastewater to more stable and b
less obgeetxohable forms The condltlons for sludge,- blologacal conversion are usually pro—" Y.
_ wded in aeroblc or. anaerobic d1gesters or the sludge ‘Gan be chemzcally stablhzed (chapter. b -

’

'-shown in Table 2-6. References (20), (33), (34), (35), and (36) contain more detaﬂed
. mformatron on these orgamsms, and therr functron in treatment processes 1s‘d'scussed m;-?_"
Chapters7 9, 10, and 14 T : MR |

o o TABLE26 ’

B “ORGANISMS FOUND IN WASTEWATER TREATMENT

. '.’.};_( L : . L - _.

'»Mone‘rabi;i""'_'_ ‘ . Protlstan o o Plants
; Bact’:e'lz_'i;aj L o ..'Fungl _ ‘j.;;'-__,-:;,-,-'-;Seed Plants ST Vertebrates
© Blue-Gggen Algae * Protozoa -7, S Ferns o o T L ._Invertebrates L
' o 0. Algae . 0 Mosses. - L T LD
- ‘ Liverworts - R

- " o
R

: Vlruses are also’ present in wastewater 1n large quantltles and .are of concern because many '
- are: pathogemc In add1t1on to viruses; there are many other orgamsms that are pathogemc
: -Dependmg on the type and degree of. treatment most can be removed. Some of the patho— '
gens entenng a treatment plant will ‘die~ offrnaturally, given adequate tlme Others may find
hosts that can- sustam them and pass them on to other life forms. Vlruses and sdme protlstan
- phyla that form spores or cysts ‘can'survive for long periods and may eventually reach a host. | :
Becaust of, the poss1b1hty of pathogens passing through a treatmfent, plant and because of

the ways in- whrch they may survwe and cause dlsease, it is xmportan"t:.to prov1de rehable dlS- |
_infection facrhtles R L _ U :=..:: AL
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To determlne the degree of removal (or dlsmfectlon) of pathoge,ns m wastewater treatment
plants total cohform, fecal cohform and fecal streptococc1 determmatlons (20) (28) (34)
areused . . . " . o ) o feon ) v .‘ Lo ".5. l(rr‘

) '-Cohform organisms. are present in large num'bers in the excretlons of warm-blooded ammalsu p
:7.and are easily counted and more resistant to adverse condifions than- most pathogens Be- _
* cause of these facts, the presence of-fecal cohform drganisms is thken 2,2 valuable indicas.

......

tlor}/ of the presence of pathogens Dlsmfectlor; is dlscussed in’ detarl in Chapter 15 -

e “b iy .“‘. - \ e\ .

Composrtron refers to the combmed physrcal chem1cal and biologlcal components found m
wastewater The components can vary. in amount, type, and form, dependrng on the sources
. .of the wastewater In’ addltlon to, the normaI sources of constltuents the background com-
ponents present in water supphes and °the1r effect on the wastewater must be gonsldered
Water supphes are relatlvely pure and may dllute the wastewater' T.here are, however cons-#
strtuents ‘such as chlo‘hdes sulfates, and carbonates that are not. removed by. conventxonal v
*water or wastewater treatment and that can burld ub to problem~levels - This mmeral bulldup .
can result from mlnerals dissolved.in ground water, salt. spray reachmg water supplres in. areas
y near the ocean, and m1nera1 pickup during wastewater reuse cyclm'g lt’can alsb be the result
of such -treatment as mtrogen removal, by breakpomt chlormatlon : S

Sedn

K Wastewater composxtlon w1ll varyedaily, weekly,’and ye”ﬁly for reasons srmllar to those for
fl’ow varlatron Therefore, only major’ causes of compOSltlon vahatlon— w111 Be: dlscussed in:
-thrs chapter. Domestlc wastewater composrtlon can vary greatly, dependmg on tﬁe,llfestyle o
of ‘the population. Table =2-7" lists normal rariges qf the average compos1tlon of: domestic '
.! ‘wastewater. Garbage* drsp‘osals require relat1vely small amounts of water but can greatly
-mcrease the 'trength of wastewater in terms of BOD COD SS and grease ;-

F1gure 2-9 shqws the vanatlons of COD for ﬁve sources: of e ‘
- the. ourves for each source mdlcates the amount of COD contnbuted darly Tms proﬁle is an 2

'Commerclal recreatlonal, and mstltutlonal wastewaters contam constltuents s;,mllar to*
domestlc waste, but. vary in’ strength and quantrty, dependmg on-the- source Many eqmp— f j::
“‘ment. manufacturers have - developed ‘guides to deterrmne strength of wastewater from

' 'vanous sources. Tables 22 and 2-3 are: samples of these gu1des The des1gner will have to ase. '; o

+ this. information and any, ‘available, data"to determine the waste; strengths go be: expected.

2 Local pubhc health or env1ronmental protectlon authontres should be consdlted ‘to check
_des1gn cnteria requlrements for the speclﬁc locatron S “% RN '

) \,.':"- ..""»'

o Industnes can . have a S1gn1ﬁcant effect on wastewater constltuents, dependmg on the s1ze 1,

-and- type Some chemlca.l substanCes found in- mdustnal wastes are sh.owh in Table 2-8, along .

; w;th some. 1ndustnes prov1d1ng these substances The best metﬂod o determmlng mdustnal E
waste COnstltuents and strength ls by survey Lt T : - : RaS




¥ TABLE'z-"é' \ :‘. - CL

4

AVER‘AGE COMPOSITION OF DOMESTIC WASTEWATER mg/ll o

Composmon " ' s e ..;r»" L - Range. .

Solids, Total . . o o 700—1 000 fo
}Dlssolved Total - ... e e BLi 400-700. .
Mineral _k L S et T L e s 250-450-
’ O'rga'mc' RN j‘ e o . U 150-250
Suspended Total =~~~ ° > S S 180-300.°
Mineral Co R T R .. 4070
Organic . * -~ T g 00 o0 e BT Ygg0ag
'Se_ttleable,'Tofal o / S T s 150-180 .
" Mineral | if L .oy T 4050
 Organic AT w S © 10130
Biochemical Oxygen Demagd 20° ¢ . 4 ; st T
5-Day Carbonaceous =~ g - R B AT 160-280
“Ultimate Carbonaceous ~° - ! c o el 240—420
Ultimate Nitrogenous . N - e - 80—140
Total Oxygen Demand (TOD) A P e - o 400-500 |
Chem1cal ‘Oxygen Demand (€oD) S 550-700
Total Ofganic Carbor(TGC) ~ .- - 200250
Nitrogen (TotalasN) = -~~~ .~ = " . 40.50
Orgamc Lo B L T ' .. 15-20.
Freé Ammoma | S T S v 25-30
- N:trates N R . ST =
Phosphorus (Total asP) -~ e B - 10-15

]
. .“'__

’ ’ . H -'.'..-v“ N - ° . . . .
_Inorganic' . o S T 5 § |

‘Chlorides. .. : ' ' LR ~ 50-60 -
Alkalmzty (as CaC03) L L e T . 100-125
Grease o o SRR ‘ - - 9o110

G-,
L
-

v

‘1 Assurmng 100 gallons of wastewater per caplta with'a’ relatlvely soft potable water supply,
,no industrial’ wastewater, and’ .median | *use of garbage grmders from a commumty whose L
citizens have a moderate income. - .o o 4 e

. Q ¥ _"' . . . - o . PR . . by
' - . . . N . . . - .
> ! : . .
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B
* Chemical
®
'.'-A_cetic Acid
Alkalies

: Amrncmia :

" Arfenic
Cadmium
~ -Chromium
 Citric Acid

Copper
nCyarudes :
Fats Olls and Grease

e

. Fluorides

Formaldehyde'

- -Free Chlorine .
Hydrocarbons

. Hydrogen, Peroxrde
Lead '
Mercaptans
Mmeral Acids

T -.;'Platmg - PR

Nlckel _ .
" Nitro Compounds
.. Organic Acids -
‘Ph"enols' '

Silver h
Starch .
. Sugars

'S;ulﬁdes _

Sulfites
~ Tannic Acid
Tartaric Acid .’
- Zinc

" 'Explosive Factones Chemlcal Works -

_ Platlng, Photography -

- TABLE 2-8’

ll ’ . ’ -

SOME CHEMICAL SUBSTANCES IN INDUSTRIAL WASTES (33)

. Common Source

\l

Prckle and Beetroot Manufacture Acetate Rayon o SO

Cotton and Straw Kaerﬁlg, ‘Wool Scounng, Cotton. Mercenzmg,»_-_

Laundnes 4
Gas and Coke Manufacture Chermcal Manufacture
Sheep Dlppmg, Fellmongenng .

- F

Platihg’ Lo T o

Plating, Alumlnum Anodlzmg, Chrome Tanmng
- Soft Drinks and- Citrous Fruits :

Copper Plating, Copper chkhng, Cuprammomum Rayon Manufacture

Gas Manufacture, Platmg Case-Hardemng, Metal Cleaning

Wool Scouring, Laundnes Textile Industnes Petroleum Refinenes
Engmeenng Works :

'Scrubbmg of Flue Gases, Glass Etchmg, Atom1c Energy Plants Fer-

tilizer Plants, ‘Metal Ref'menes, Ceramic Plants Transistor Factones
Synthetic Resin Manufacture Penicillin Manufacture
Laundnes Paper Mllls Textile Bleaching

'. ' Petrochemical and Synthetic Rubber Factories

Peroxide Bleachirig of Textiles, Rocket Motor Testing

‘Battery Manufacture, Lead Mines, Palnt Manufacture :

Oil Refinefies, Pulp Mills .
Chemiical Manufacture, Mirnes, Iron and Copper Plckhng, DDT Manu-
facture, Brewmg Textrles Battery Manufacture Photoengravmg

‘

Distilleries, Fermentatlon Plants e

' Gas and GCoke Manufacture, Synthetlc Resm Manufacture Textlle

Industries, Tannenes Tar Distilleries, Chem1cal Plants Dye ‘Manu-
' facture, Sheep Dipping . . :

Food Processing, Textile Industnes Wallpaper Manufacture '

" Dairies, Breweries, Preserve Manufacture Glucose ‘and Beet Sugar,

Factories, Chocolate and Sweet Industries, Wood Processing -

h 'Sulﬁde.premg of Textlles,,T.annenes "Gas Manufacture Viscose

Rayon Manufacture.

"Wood Pulp Processing, Vrscose Frlm Manufacture Bleachmg ‘

—

Tannmg, Sawmills

: Dyemg, Wine Makmg, Leather Manufacture Chemlcal Works .

Galvamzmg, Zinc Platmg, Vrscose Rayon Ma.nufacture Rubber Pro- _;
‘cessing : ' : :

4

s «



2 5.5 Blologlcal Process Requrrements

. , , o
Blologlcal treatment processes requlre nutrients for proper operatlon Most of the nutnents

'. required for blologlcal activity are normally present in sufficient quant1ty in the influent.

The nutrient concentration, however, must be determined if industrial wastes are present.

- The n'ormal rule of thumb for determmmg N and P is that 5 1b of mtrogen and 1 1b of phos-

phorus are required for each 100 1b of BOD removed by microbiological act1v1ty Without
the proper nutrient. balance, the efficiency of a unit will decrease, and the unit may: become_

- overloaded w1th fung1 Wthh can flourish -on lower levels of N and P.

o

'Trace elements are also 1mportant in the de51gn and selectron of blologlcal units. Although

“most wastewater will support blologlcal growth the type of orgamsm is often controlled by
_ the avallablhty of these elements : o : :

~
LI

_Numerous studies haVe found that 16 elements and 3 vitamins (growth factors) are needed .

for the growth of microorganisms. The elements include N, P, K, Ca, Mg, Na, S, Fe, Mn, Cu,
Zn, Mo, B, Cl, Co, and V. If there is a deficiency of nutrients or trace elements, the orga-
nism populatlon tends to change to filamentous forms with the ability to subsist on minimal
nutrients. This deﬁc1ency may ocgur 1f the wastewater contains improper ratios of orgamc
matter to needed -nutrients to support a balance ‘of growth of convéntional organisms. The

“addition of the deﬁc1ent elements has in many cases 1mproved the degree of treatment ob-.

: ta1ned

[

: 'A deficrency can also - be aggravated by prec1p1tat10n of trace elements reaétmg wrth "
- hydrogen sulfide. This could be true if the plant flow were to contain a large percentage of
' septage or if there were a buildup of anaeroblc plume in a long collection system. Atthe pH

values normally encountered in domestic wastewater, iron, zinc, copper, cobalt -and vana-

dium’ will be precipitated as sulfides. The presence of hydrogen sulﬁde also may cause 1n— o

=3

act1vat1on of the v1tamms present (37)
The. optxmum pH range for operatlon of a blologlcal process is from 6 to 8 Fung1 will begm
to dommate below 6 and will take over almost completely at 4.5. As the pH rises above 9.5, .
a toxic effect occurs, and almost no microorganisms will survive at .11.0. Above and below

- the optimum range, the efficiency of operation w1ll decrease. A rapidly occurrmg change in

pH can have a toxic effect on the mlcroorgamsms_

i

) The tOXlClty of elevated concentratlons of heavy metals such as chrome, lead copper,.and

mercury, as well as insecticides, cyanides, and high concentrations of phenols, can signifi- - o

_ cantly affect efficiency. As with other blologlcal systems, & trickling filter can become

“acclimated to many toxic materials if the concentratlon is low and does not vary greatly A

. surge or shock load will upset a trlcklmg ﬁlter but the Jecovery is more rapld than with

o

most other systems.
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"'2.6 Odors and OtherAirbome'PollutantsV B - i -.,"".‘

There are many areas and processes:m wastewater fac1ht1es that can be potentral sources of i
airborne pollutants if not prevented fro bemg so by satlsfactbry desrgn, constructron
~operation, and maintenance. Airborne:po tants include odors; noxious, toxic, or asphyxi-
ating gases; part:culates from sludge incinerators; and aerosols from tncklmg filters aeratlon' .
- basins, coohng towers, stripping towers, and ventllatlon systems - S e e

Even “fresh” wastewater and “d1gested” sludge have odors that may not be acceptable to. .
", the general publlc Organic matenal contammg sulfur or nitrogen may, in' the absence of . -
oxygen, be’ partlally qudlqed anaerobrcally arid give off such odorous substances as
hydrogen sulﬁde, mercaptans, skatoles, indoles, and ammes Any locatlon (such as eddies) ;

; in which raw wastewater becomes anaerobrc 03 ‘organic solids (such as sludge shme scum,
or gnt) are allowed to accumulate may become source of odor Con

~.

Odor preventlon and control measures m‘clude:- . o ) N

R Passmg and enforcing strict. sewer ordmances to hmrt entrance . of potentlally
odorous substances. « - C ' e o
2. Regular and careful clean1ng, 1ncludmg frequent removal of shme scum, and grit
' .accumulations and regular inspection and maintenance of all plant structures.
3. Preventing anaeroblc cond1t10ns ‘or removing odorous conditions,. by addmg"- _
" chlorine, hydrogen perox1de ozone, potassrum permanganate l1me, or sod1um o
hydroxide. : : SRR
4. ;Mamtammg adequate levels of, d1ssolved oxygen by aeratmg, oxygenatlng, addmg
R ‘ozone, peroxide, or nitrate; or diluting with aerated wastewater. Q
S, Prevent1ng sludge accumulatmg or aging by frequent solrds w1thdrawals adequate-':'

" '~ mixing in tanks, sufficient veloc1ty of flow, or placmg smooth transrtlons in
structures to eliminate “dead” pockets. - . : - -
6.‘ 'Placmg potentially odorous units such as vacuum ﬁlters sludge th1ckeners or
“:- sludge holdmg tanks in structures with forced ventrlatlon ; placing a dome over the

odorous unit with forced ventilation, or placmg a ﬂoatmg cover on the unit. - +_ .
. 1. Preventing overloadmg by rec1rculatmg, equahzmg ﬂows or prov1dmg overﬂow_.
S units,. . T - 3 5
8. Pretreatmg to remove odor-causmg substances v : :
9. Preventmg incinerator odors by mamtaJ,nmg temperatures throughout the burnmg
~ area above 1,400° F (760° C): S e

10. Treatmg vented odorous gases by ozonating; bubbling through chlonné contact
tank; wet scrubb1ng, combustion at temperatures above 1 400° F (760°,C); cata- - '
. lyt1c ox1dat10n passrng through activated sludge -tank; activated carbon adsorp-
A " tion; treatl,ng wood ch1p adsorptron or ﬁltenng through a soil bed .

For more detarls on odor testmg, odbr 1ntensrty caqulatlons and solutlons to odor prob- ‘
lems see’ references (2) _and (38) throgfh (54) - B a S o




o8 , S, 5 , _ . _
Aerosols -are deﬁned ‘as suspensions of approxrmately microscopic (smaller than 5 to 10
mrcrons) solid or liquid particles, dlspersed in the atmosphere Part1culates are: con51dered to _
be liquid or solid particles ‘of any size dispersed in the air: Aerosols and partlculates may be - h
organic, morgamc ora combmatron of both Foams _mists, dusts, smog, fumes, and smoke
“are among the different.forms of aerosols and’ part1culates The liquid aerosols are generated
at wastewater works when bubbles of air from wastewater or liquid sludge burst and cﬁs-
'charge tiny droplets into the air. All aeration, ventilation,’ evaporatlon (coolmg towers),
' spray nngauon, and stnpprng activities’ mvolvmg wastewater or sludge'are potentral sources
of aerosols. Aétlvated sludge, trickling filter; and aeration units (particularly those handlmg
_raw wastewater) are probably the major potentral sources of pollutional aerosols ‘With the
increasing demands for reuse of wastewater, however, cooling and stripping towers may also
become a source of air pollutron Treated (but not disinfected) wastewater is sometrmes,dg
used in “these: t0wers for evaporatronal cooling for stnpplng out volatile organics and inor-
-‘gamcs Pathogens and tox1c or mjurrous organic and morgamc pollutants in the wast‘ewater
may be aerosolli‘ed : '

Recently, aerosols haVe proven to be deserving of attentlon Pathogens present in the aero-
sols must be: consr’dered a potentlal source of disease and 1nfectlon, because samples down-
- wind of wastewater treatment works have been found to include srgnlficant numbers of -
" E coli, A aerogenes, and pathogen1c entenc organisms. No'evidence,- however, has been
N found to indicate that aerosols affect the health of wastewater treatment fac111ty workers or
others. St g : : :

v

Gases that can cause arr pollutlon are emrtted from treatment works in wastewater, sludge,
and quuld sidestream processing; wastewater collection, pumping,. and ‘transmission; and -
. disposal operation. Explosive,. tox1c asphyx1at1ng, and ' flammable gases are also hazards
‘These are dlscussed in the U S EPA techn1cal report: dnd techn1cal bulletrns of safety (55)
f (56) (57) .
‘Controls for part1culates and gases from 1nc1nerators are-well establlshed EPA. has developed
) criteria and standards for permissible levels of pollutants in stack emlssrons These standards
: establrsh 11m1ts on partlculate discharge and opac1ty S
‘ Exploslve toxic, noxious, lachrymose, or asphyx1at1ng gases foung;l at wastewater works in-
_clude chlorine,. methane; ammonia, hydrogen sulfide, ‘carbon. monoxfﬁe, 4nd oxides of
'.‘n1trogen sulfur, and phosphorus If there isja possrb111ty that such a gas« can escape from the -
works or into wofk areas, in dangerous or nuisance concentrations, the knowledge might
affect the operatlon of the w0rks and the use and development of adjacent land Therefo%fe
it is of the utmost 1mportance that all precautions be ‘taken to insure agarnst the escape. of
‘such-gases. Thefare usualIy more detrlmental w1th1n wastewater structures than in adJacent
areas, . L R O
. Of the gases (1nclud1ng those above) collected from wastewater works structures by ventlla-
tion systems{, some could ‘be unsafe or could adversely affect the environment if drscharged
“Tdirectly to ‘the atmosphere""Con51deratron‘should ‘be-given- to«mon1t0r1ng~such~ventrlatron__
" discharges for o ectronable gases.’ Con51deratrorf should also be- g1ven to prov1d1ng standby




means. for neutrahzmg, stabmzmg, or destroymg gases that mlght srgnrﬁcantly affect the.
: .env1ronment : : '
o “r ' .
- Addltronal design, operatron and mamtenance cntena for control of aerosols, part1culates _
- and gases at wastewater works are: presented in WPCF Manual No. 1, “Safety in Wastewater. .

D _Works” (58). Safety factors and controls are presented in references (55), (5 6), and (57)

L] S
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Wastewater facrlrtres can be an unacceptable 1rntant to nearby mhabrtants 1f they are,""'
'_-desrgned constructed, operated or maintained in such a manner that they produce exces- -
s1ve noise. Noise prevention and ‘control measures, noise level standards, noise analysis, and v
examples of calculation on norse transmission at wastewater treatment works are drscussed
" in references (2) and (97) : "
Evaluatlon of noise levels m a commumty isa complex problem mvolvrng 1nd1v1dual percep-.
, tion of how an obJectronably noisy environment i is 'defined. Deﬁmtlons of these perceptions.” .
s drfﬁcult and mvolves measurements of.ainbient noise levels in the area. ' '
: : . . & . :
~ Maximum - noise levels for workmg areas are defmed by regulatrons authonzed under the -
Federal 1970 Occupatlo"nal Safefy and’ Health Act- (OSHA) and by its predecessor, the
Walsh Healey Act (59) (60) Acceptable levels for adequate speech communication in the .
- 'Wot‘king environment are available (61). Commumty noise levels’ haVe also been researched T
e and mformatron exrsts on des1rab1e levels. (62) (63) (64) oo e

or crlterron for acceptable noise levels at a lrstener s- posrtlon Sound pressure is sensed by a %
m1crophone and. ampllfled in a sound level neter for frequency analysrs oL dlsplay ona,
dec1bel nmeter (65). - . . _ o ‘-'? -
Sound power levels (L ). should not be confused with sound pressure levels (Lp), whrch are:
also expressed in decibels. Sound power level is felatéd logarrthmrcally to the total acoustrc-f
‘power radiated by a source. Sound pressure level specifies the acoustic “drsturbance” pro-,‘,‘
duced at a pomt Sound pressure level depends on the dlstance from the source; losses ipthe .-
mtervenmg air, room - effects (if indoors), etc. Sound power level 1s analogous to the. heat._v""'
- production of a furnace,. while sound pressure level AS analogous to_the. tempe_rature pro-'_ .
-duced at a given pomt in' a bulldmg In another example usrng frght bulbs, the wattage 1s,'~ 7
analogous to LW and ‘the brrghtness analogous to L... The norse of a piece of eqmpment may o
_ be expressed by the phrase “the sound”power level is 60 dBA”’ or “the sound pressure level_‘ o
is 60 dBA at 3 ft (0.9 m).” An increase of 3 decibels indicates 2 doublmg qf sound power S
whereas an mcrease of approxrmately 10 decibels indicates a doublmg of .perceived sound L
pressure. Typrcal sotnd pressure de.gybels are logarithmic units for measupng the relatlve R
—Ilevels of-various-acoustical-quantities: (66) on'a scale begmnmg wrth 0, fot faintest audrble I' :
'sound; through 130, which is the approxrmate threshold for pain. Average sound pressure
levels encountered are shown in Table 2-9. - . et : R E

2-43



* 150 to 200-ft From Défise r
" - Edgeef nghway ‘With Dense Trafﬁc \‘

TABLE 2-9

AVERAGE SINGLE NUMBER SOUND PRESSURE LEVELSK(Z)

Intenoersec o) _k

Bedroom At nght Toa
>~ Quiet, Resndence L -
Residence With Radio .-
Small Office or Store

Large Store .. S
Large Office K
Electric Typewnter At 10 ft
Factory Office ™" .
Automobiles

- . Factories -+~

- Garbage Disposals

School Cafeterias - j' o ,
Railroad Cars /
Airplane'Cabins- ’

}5 .
N01ses At {Bt From Source

./

) ;thspenng S S .

< . Quiet VentllatmgOutlet Lo
+ -Quiet Talking, -

* Noisy! V‘entllatlpg Outlet

Busm achmes :

; l Lath " " .

- Qmet Resxderitl _ ,Stréet

_Car At 65 mph At 95 gt
Propelier Plane At 1, ,000:t
Pneumatic Drill At 50
Noisy Street . '

. Under Elevated Tram
‘Jet Plane. At 1000 ft
Jet Takeoff '‘At:200; ft.
50-hp eren At 1Q0 ft

dBA
3040

39-48.

© 4759 -

47-59

. '51-63.
157-68

. 6267
'60-73.
6478

6593 .

7685
77-88.
7883+

8898

. 30357

r

~4147: -
- 59-66 -
. 6075 -
: 71-86

73-83
“74-80 -
93-101

794102
© 94:103
 97-108 .
100120

10-15

40—45 '

" 4052
*55.70 -
70-85

. 1580
7584

B Y

80-85 .

8494
- 8897

100-105 .
-120-125 -
- 130°135 .



Usually, noise can be ‘most efficiently controlled at the source A deslgner can. control
"-_ ;"machmery noise by speclfyrng the least noisy- equrpment consrstent with performance. To -
~meet acceptable acoustical- levels, the désrgner should 1) speclfy allowable sound power
levels (or.sound pressure levels at a specrﬁed drstance) fos the equipment; 2) subm1t labora-.
: tory or ﬁeld measurements for approval and 3) perform ﬁel:\bn.[ormance tests. = - B
Desrgners of wastewater treatment works should cons1der mcludmg noise- control measures-'
" *(such as source control of machmery noise, spec1al archltectural treatment to absorb sound
and to‘isolate noisy equipment, buffer zones within the plant betwee.n noisy and quiet areas,
Hand site planning and buffer zones) to~qninimize impact on commumty noise: ilevels These -
measures should take into account bot mtenor n01se and commumty norse cntena dls-"
cussed above S e : : ‘

R
SR,

e A
7 g

. e . -
The followrng techmques smgly"\o -'combmatlbn (67) (68), may be* used to redupe .

: machmery noise: . R

1. Segregatlng norsrest elements in groups T e,
2 Vibration damping (using matenals like lead sheet i in foundat1on)
3. Isolatmg vibration (mountmg 6n springs). e o
4.. Sound absorbmg enclosures (w1th"hard outer, shell and sound absorbent lmer)
‘5. Sound attenuating at exhaust or 1ntakes of fans or compressors :
6. ,Provrdrng full personnel enclosure observatlon bopths in aud1tory damage 'nsk
areas. . s o .”'- . R "‘
7. - Providing partial protective booths (open in rear) ) S o
-8, Plenum. treatments (dev1ces adm1tt1ng low-velocrty air, to prevent escape of exces-'
sive norse), i . .
R '.Prpe laggmg (lmmg or covenng that absorbs radiated norse)
2 10. Providing partial barriers. . e e
[ %A, Lining ducts. . - e L T &
12. Usmg srlencers mufﬂers or mutes (attenuatmg norse from hrgh veIoclty ﬂow of |
gases by mu.Itlple reaction of sound waves from acoustrcally absorbent surfaces
. ehmmatmg turbulent flow; and reducmg ‘ﬂow velocrty) o
13. Providing ear. plugs and muffs. . ' .7 T
14. Reducing motor speed (to. lowest practlcal reQun:ements in combrnatron wlth size
- w: and pressure to produce fequired power). e S e
IS, 'f_Selectmg valves not non’nally noisy (prlot operated or compound vaIves rather N
than d1reet-actmg or single stage). , ' : g e
16. ,Keepmg aJr out of hydraulic systems. -
17 Preve’ntrng development of cavitation in pumps (by keeplng suctlon line veloc1t1es "
~ to.less than 5 ft/s (1.5 m/s keeprng inlet lines sho‘ft ?1(1 w1th a minimum ‘of bends,"
: and joints, etc.). . . :
o180 Reducing turbulent flow next to flat metal plates é" >
19. .Usmg rubberllke flexible. connections in drive shafts.~ : :
20. Reducing gear norse by mamtammg equlpment controll1ng allgnment and usmg' .
.. .enclosures ’ . ; ) " R :

-

a0
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’ The followmg techmques may be used to reduce constructron and oper&)en noise:
. : \ _
Replacmg 1nd1v1dual operatron and constructron fechmques by less noisy ones for
example using ‘welding instead of riveting, mlxrng .concrete offsite instead of -
- onsite, and employmg prefabncated structures 1nst ad of building them onsite, _
2 Selecting the quretest alternative items of equ1pment for example, electric instead
- of dresel-powered equrpment hydrau11c tools mstead'of pneumat1c-1mpact tools.
3 “Scheduling . equipment operations to keep average noise levels low; for example, .
e scheduhng the noisjest operation to comc1de with t1mes of highest ambrent levels ;
@i T keéping ngise. levels relatively umform in trme, turmng off 1dhng equrpment and -
™ restricting w wofking hours. o « .
C 4. Increasmg"d‘le number of machmes at woth‘ at any one tlme (th1s wrll reduce the‘
’ duratron of norse @(posufe;’ although it will mcrease the noise. level during: that
phtticular time of operattoﬁ) . o - :
- _5 Makmg use Of speed. limits to control noise from vehrcles
6 Keepmg noisy qqurpment operatrons as far as possible from s1te boundanes
7. Pro é enclosurcs for stationary 1tems of equrpment and barners around partlc- -
o -'_-'-; Aularly n01sy -aréas o, the site or around the s1te 1tself
" ‘ tatmg haul roads behmd natural earth berms Qr embankments A
Mamtaming noise ¢ontrol devices. .. . . .- o S
"Rﬁplacmg mufflers Hefore breakdown.” B IS : S
:_eplacmg warped, bent, or damaged engme enclosures and meffectrve msulatro

P
4
. ’
.

Many small wastewater treatment plants wrll be located in rural areas or near small harbors
“Or' ports At these 'locatlons the plants may be’ requrred to treat waste from isolated sources
(whxch may be trucked to the plant) or waste from vessels (which may be conveyed to the
plant by several m thods) In many cases. the ratio of these wastes to"be treated to the
- normal load on the plant will .be hlgh and therefore the desrgn must take thrs factor mto E
consrderatron o S P ’

‘281 TruckedWastes PR S o (

Trucked wastes can mclude septic tank sludge "and chem1cal t01let wastewater as well as

-+ - almost- any chemrcal that is d1scharged by an 1ndustry ora ‘marine vessel. Extreme cautlon' -
‘ . . . . N : ' i

° St : . .
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.of. a treatment process

-
. »

should be taken to’ prevent upset of a plant treatmg trucked wastes, to avord shock loadmg‘_'

-~

Trucke% human wastes can be classrﬁed -as sept1c tank sludge (septage) pnvy vault wastes :
“and recuculatmg and chemical toilet wastes -The solids content, organic strength, and toxic

_ chemlcal concentratron of these wastes are the most 1mportant factors in developmg dilu- .

_tion &riteria for their . acceptance at the treatment works. The type of treatment available

“will dietate the dilution requ1red If the facility consists of a biological process with no pri-~

.mary clanﬁcatlon the brologlcal process must be desrgned to handle the add1tlonal load. or

- separate treatment mu'st‘be prov1ded Lo v

The mcrease of sohds from synthesls of soluble organic: matter in. trucked wastes can upset
_the equrhbnum of a brologlcal process A practlcal limit. f(w1thout pretreatment for the o
allo,wable 1ncrease in sohds) is.up to 10°to 15 percent of the concentratlon of the mlxed,: N
hqurd sohds to prevent a substantral upset in a brologrcal system (72 :

; t: ese wastes may overtax the plant s
fsufﬁcrent drlutlon 1s nqt rovrded or 1f the aeratron-‘:facrlltres are
not adequately s1zed 1o lce trucked wastes B :

. The addltlon of .hemlcal oﬂet wastes to blologlcal treatment processes should be avorded :
- if possible, because of the: accumulatlon of toxic chemrcals Processes otherthan biological

should be. used The chemlcals used in these toilets vary but pnmanly conS1st of zinc or.”

formaldehyde compounds _Therefore, penodrc checks should be ‘made to prevent these.:,:?.'_"‘
toxic chem1cals from retardmg or completely stoppmg the blologlcal process ‘

~
. =

Some of the pnmary requrrements of a transfer statron for handhn§§$rucked waste and con-__' _
trolhng flow to the fac1hty mclude o . R :
. . . ; g - [ 3
Jl. Adequate storage-capacrty to equahze flaws. * IR
2. Ease of truck unloadmg w1thout spillage. ~ S i v
3. ‘Comminution and screen1ng B UL
- 4. Odor control. o . & . s
5. Pumping flexibility andTehabrlrty S . : ce v -K '
b

) .Poss1bly aeratlon or mrxmg to prov1de oxygen or to keep solrds in suspensron
A ) \: N ‘ -

Addrtlonal mformatlon on the charactenstlcs of trucked wastes and the design of fac111t1es

to handle them may be found 1n Chapter 14, and in references (72) and (73)

2. 8. 2 Manne Industry Wastes ; . i‘;%

Manne mdustry wastes would mcIude waste from vessels and dock fac111t1es The waste from
~ véssels in some ways is similar to trucked wastes. Vessel wastewater would include dOmest1c~', '

‘waste bilge water and nonoily ballast water. Dome§t1c wastewater could mclude water from_
tollet galley,. sink, shower and Iaundry Many ships are equ1pped with holdmg tanks recif- -
. Cllating toilets, evaporating. systems, or mcmeratlon dev1ces which can alter the quantlty
and character of the wastewater

7 .- -~ g ’ . L
. P . N .
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The drsposal of wast&vater fro'l'h‘ vessé’ls requ1res consrdenng.both collectlon 4
To collect vessel wastewater, a Central pump-out faclhty in the harbor or & a’sey

oL

.‘"actrve docks or moblle collectro‘n by tmck, barge or rallroad car may be 'rov,lded he .

1.watermclude , ". R ‘- ):9‘?.':«_ e ‘ o iy

3 ;dally varlatrons, Lo 2

~Storagefor large , ', t
nabLe _'festa‘tr_on from forelg‘h wastes

. Potential agrrcultur
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- Remoteness- of mumqp
. Large volumes of' bidge'; sl g 2 \ .
" Time constramts on drsposal Sl SR e o
: Excessrve waste handhng under cm’rent practrce

\1 R N R

/Bllge Water is water collected in the low’est part Qf the ship, resultmg from leaks or SplllS
It. _may be contamrnated with oil, solvents, 1@* 'scale;, and many other materlals Treatment

_of ’bllge ‘water. would gnvolve oil sepa:a-tlon and dlsposal operatlons such as sklmmmg, '
chemu!al treatment flotation, adsorptlon 4nd incineration. Other processes may also be re- -

fqurred to elrmmate physrcal or vchemrcal contaminants that may be present. Treatment may. "~

‘ '_be possrble in-a municipal system wrth proper pretreatment or an mdependent treatment -

s}fstem may be requrred o A

3 a0

Ballast water is commonlyaused to compensate for underloadmg of vessels Thrs ballast-may = -

be takenfrom polluted harbors and eventually discharged in cleaner harbors ‘Ballast water
can have many of the physrcal chemlcal and blologrcal charactenstlcs of bllge water and
'fj'must be handled wqth s1m11ar caution.” -~ S
: vCurrently, there is. not much lnformatron avarlable on the charactenstrcs of marine mdustry
wastes other than samtary -wastes. There are: many studies-underway that will provrde more
»'--data on vessel- wastewater treatment systems and..the charactenstlcs of vessel wastewater

. For more detalled dlscussmn of the 1nf0rmat10n presented in this subsectlon see references e

“r

(74) and (75).

A~ o
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: Pollutants can be removed from wastewater to any degree desrred depending on the treat-- '_ _

‘ment processes. tised. The goal of sqund engineering in wastewater treatment is to provide a:
degree of treatment consrstent with the requrrements for: drsposal or reuse at adminimum.

~cost. The drsposal may be dilution:in lakes, rivers, estuarres or oceans Or drscharge on’.
~land by’ agncultural use, récreational use,’ groundwater recharge, or evaporatron Reuse\
overlaps the disposal methods by including .irrigation, groundwater recharge, and 1m~(“

poundment for recreation. In addition; reuse mcludes use as industrial water (wh1ch along
. with agncultural use, has great potentral %in the United States) and mun1c1pa1 use (wh1ch
“now occurs, mdrrectly, but may occur d1rectly in the future)

b



"Water pollutron control by settmg recelvmg water of stream qualrtystandards led to: -
. ‘removing a minimum of the pollutants and. lettrng natdre complete the job by, self-punﬁca~ e
tion. The amount of self- punﬁcatlon b assinulatwe capaclty depends on-‘many: factors in-
 cluding volume of flow, available oxygen ‘a'n'tl capacity, for reoxygenatron - Problems. of. over-f”:,, e
. taxing tl\e assumlatnte .capacity. of- the recervmg waters and the unfarr use of this capacrty by
,upstream use\rs"have prompted development of the ‘effluent standards” for wastewater dlS- o
"posal, now part of Federal law. ‘Statés and regmns still enforce. stream standards whxch are- D
more stnngent than Federal effluent standards in some locatrons '

. s,
.r,lu,. ;’—»,, ‘. _.{‘_.,__"._ .

The followmg isa bnef drscussxon of efﬂuent dlsposal alternatrves More detarled dlscusslons o
of standards water quahty criteria, and efﬂuent drsposal condrtrons are contamed m '

\references(ZO) ae), (1), (78), and (79) P e

Dlsposal to SurfaceDWaters

_2.9_.1

determmed

-2.9.1.1. Riyers qr .Flowing.Streams.,' ;’, |

C g . -

Durmg wet’ seasons, a river’s flq,w and velomty mcreases and carnes sorl- and Orgamc’ aterial' k
stripped’ from the surface of the earth -and the giver bed. When preclpita i jfstops, the ‘river,
loses carrymg capacity’ an .drops some of this matenal into pools and ponds along 1ts route

» With each- cycle the ec og1 equrhbnum is upset as water flow‘mcreases or decreaSes and
N sohds are scoured up and deposrted v S

. . . Y R I

-

The oxygen resource bf a stream is another f'actor that is unportant u’n the assrmrlatlv'~
capacity-of-a stream. Oxygen 1n a nver cah be obtaJned from 1ts tnbutarres surface dramagl
'groundwater inflow, reaeratron from the atmosphere and p otosynthesrs of aquatrc plants
and algae For a detarled dlscussron of these factors see references (20), (33), and (78)

. Human act1v1t1es wrll have varymg effects ona stream The most miportant facteors in wastew i
-water’ d1scharges include excessive orgamc loadmg, suspended matter nutnents and/ the S
v ,vanous 1ons or compounds that change the quahty of the water :

EURY . ) v

‘ Orgamc loadmg is a most srgmﬁcant factor in wastewater d1sposal to a stream because of
the limited ‘assimilative capacity. of any stream Dependirig- on the fl0w and the oxygen ,
resources in the stream the addition of orgamc matter, to a stream can have effects rangmg

- from no notlceable effect to septlc conditions with noxrous odors floatmg sludge and die- . .
off of all hrgher life forms. The majonty of the orgamc matter is assocrated with the SS of a |
-treatment plant effluent N T S SO

AN .
e ) . - e,

R W
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"Nutnents added to a stream may rncrease the aquatrc 11fe 1n the stream wluch in turq could i
. .cause an ox37gen demand when the addltronal organisms die. In addrtron to the reductron ofi:f, .
. 'dlssolved oxygen in’ the- stream, the 1ncreased aquatrc hfe can produce taste and odor nd‘t“ B
f___assocrated \yrth septrc condrtrons T SR P4 N L

- - . LaT . N . L .
L t

'»,'"Suspended matter ilra treated wastewater drscharge,rs nOrmally present 1n small quantrtres,'.i .
. yet can: srgmﬁcantly affect a: rrver An excess of fine materral can’ hasten the. ﬁlhng Qf the .

."nVerbed and ddmage much of the lrttoral env1ronment 1n whrch fish §pawn and the1r food'__ o
cham flounshes ' - : :

v oy

: Vanous 1qns and compounds in the effluent may have drfferent effects on drfferent streams
E deper;dlng on the stream s characterrstlcs Tox1c canpounds can reduce aqhatrc life. Other B
‘, 'ions ‘and material may be precrprtated in'a stream ar adsorbed on partlcles that settle to’ theﬂ"’

: *stream bed. Many ions and compounds will ‘be degraded or ‘converted to other forms that .
w1ll be harmless to the envrronment Some materrals such as; DDT, lead, of mercury can be
concentrated in-the stream food charn and may. eventua:lly harm many hrgher hfe forms_-'
ufcludmg humans ’ . o ‘ ST :

In determmmg the effluent lrmrtatrons for d1sposa1 to a nver, all of. the factors mentroned
prevr.ously mitist be- consrdered After the water. quahty criteria have been det'ermmed the :
avarlable dllutron and DO can ‘Be used to deterrmne effluent requr ments ,These reﬁurre-"

Lt T

ments «can then be-. compared with the appropnate effhiént stand s Each drscharge will -
have to-be cons1dered for its specrﬁc hmrtatlons The most cntrcal time for most fiver -
dlsposa] {Vlll usually be: When the flow is at.a mlmmum, reducmg drlutron and when waterf .
'--temperature 1s hlgh, reducmg oxygen transfer SR T R D S
29 l 2 Lakes or Store%Water N . i_'f:*_:" . o

WaStewater d1scharged mto lakes wrll normally reduce the concentratron of polltltants de-."
 pending on- the size of lake'and characteristics such: as straflﬁcatron and vertical mixing. -
Wave actlon, mixing, preclpltatlon, aquatrc plants, and ﬁlow can prov1de reoxygenatlon"'-
--and increase.the DO. The. b‘actenal content of stored water 4an decrease becauSe of lac‘k qf l_.’j?__ :
prqper food sedlmentatron, drsmfectron by sunllght and depredatron by other: organlsms
) ._3,. PR '\‘, Pr . .- - .. R ,- .

Mor;e umportant than the effect of lakes or reservorrs.on waste , the effect of wastewat_ e
“on the l%ke Or TeSefvoir: Lakes, dependlng on'size’ and amount of inflow ard outflow, cap"e o
serro%sl,y affected py many wastewater components ‘In areas where evaporatlon 4s srgnrﬁ-i"';'
cant, - concentrtatggn -of salts and total- so.hds in-a lake can be' mcreased .by. gvapbratro
- The most serious effects of wastewater are l) reducmg DO resultrng from the BOD of the -
waste 2l nutnents affectmg eutrophrcatron, and 3) concentratmg pollutantstﬁﬁ the ;-fbod

? thd f the. dlmua}_ ake .Smalle
g shallowiake& wrﬁ norma}ly be- consrdere eompletely mlf.bd and t-h 15 ;g grie avallable ",
: ffor dilution.. Lakes ponds and . reservoirs havmg dgpths %regter ‘thay ,LG“"

4.92 m) wrll be: subjected to’ season-nelated cyqles of sJaﬁﬁmtron grgd ve’i‘trc

SN r\
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Stratrficatron results from mcreased water densrty wlth depth resultlng from decreasrng

~ temperature. The stratlﬁcatron of a lake can be divided ‘into; three;ones .The top isa zone .
: ~of circulation known as the eprhmmo ~This Zone is subJect to mixing’ because of ‘wind 'f
action or-diurnal factors caused by the sinking of a thin layer of surface water that is.cooled -

" at night. Within this layer th‘e dissolved oxygen, hght and carbon dioxide are plentiful for
aquatic life. The middle zone is the thermdcline, which i is charact&n‘led by a rapid declme in -
' temperature and dissolved. oxygei. This zone is extremely resistant to mixing and’is often
‘the locatron of the hlghest quality water in the lake. The.bottom zone is the zone of- stagna- -
tron or hypohmnron ‘Within this zone, dead organic matter’is deposited by sedlmentatlon
and the water is devord of oxygerr and at a relatlvely low temperature R

Vertwal mrxmg of deep lakes usually wrll occur - once ‘or tw1ce a year at Teast when thql
te perature of the lake becomiés umform at, approxrmately 39°F @ C), the temperature at
which water densrty approaches a,maximum: When this condition occurs (normally in spring
anﬂ fall), the lake water becomes unstable, and wind disturbance can cause vertical circula-
tion in the entire lake Dunng thls upset period, wh1ch lasts a few ‘weeks, the lake- may
_'-become completely mrxed ‘

t

e _ Eutrophication is a term used to describe the process of maturation of a lake from anu

trient-poor (oligotrophic) to a nutnent-rrch (eutrophic) body of water Most lakes i in their
early stages of deVelopment were nutrient poor, with a small amount of nutrients derived

* from ‘Wweathered soil or degradable prganic matter As a lake matures, the concentratlon of
nutrients will bmld up, dependmg pnmanly on mﬂow and outflow condrtlons L
" Human act1v1t1es have caused artificial ennchment to occur, changmg the condition of many
‘lakes in the United States from nutnent-poor to nutrient-rich. This change has occurred over -
a very short period of time and in most cases has been caused by the dischaege of waste-
water into lakes and other stored: water, along with the runoff from agncultural land, farm
land and other areas where. commerclal fertlhzers may have been used: |

Because of the sensitivity of lakes to nutrient addrtron it'is very 1mportant to consrder very
carefully the discharge of nutnent contammg wastewater. The effects of. eutrophication can
be sgvere, and its development should be retarded as much as possrble Once eutroph1catron :
" has set in, it is very difficult and in most cases 1mpract1cal to overcome. A more detailed

dlscuss1on on eutrophrcatlon can be found in reference @8. -~ -

K

The concentration of tox1c pollutants “in the lake food cham is: another serious problem
"w1th the occurrence of waste dlsposal to lakes and other locations where ﬁsh and shellﬁsh
live. - - : R . R

Lead, mercury, DDT, and several other substances that can be found in wastewater have

‘been shown to become concentrated in the food chain. These pollutants, which may not be -

. harmful in low concentratiens,. can be concentrated to such an extent that they senously
" affect higher life forms. L R Tl '
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2 9 1. 3 Tldal Estuanes and Oceans .

[

) '_In tldal estuarles, drlutron is compllcated by tidal actron, whlch can carry portlon‘ﬁ of the .

Tt

waste ‘back and forth in the same regron for many cycles. This is caused ‘by differences in ~ ., .

density of fresh water, wastewater, and sea water; wind -action and densrty currents that .

. work ‘against vertical mrxrng, cOagulating and- flocculatrng effects of salme water; and, shore

: “and bottom conﬁguratlons Reference (20) discusses the dilution of wastewater in estuanes

and oceans. - . o o S

: | 3 BN

:Dllutron dlspersron, and movement of wastewater dlscharged- 1nto the ocean or 1nto large
-lakes offer special desrgn problems. The inltral dilution is normally provided by the gn ’

of diffuSers to cause mrxmg by jet action and densri\y d1ffereg£:es D1spersron by d1ffusron

cannot be controlled by engineering - des1gh but selectron ‘of an ocean outfall locatron

-where normal currents will assist in d1spersron 1samportant : o L e
: : 5 : : C L
2. 9.2 Land Apglrcatlon of Wastewater ’ B oo s

0

" Land apphcatron of wastewater 'hds been practrced worldwrde for over 135 years In Mel- .

- bourne, Australia, approximately 14 4,000 acres (57 km2)-of pasture have been irrigated with -
wastewater for over 80 years. In 1850 in Berlin, Germany, a wastewater farm was started,
in, which 21,000 acres (85 4m2)" were 1mgated by .1905. Since 1935 57, 000 acras (231
kmz) of pasture and” vegetables have been . irrigated in Leipzig, Germany. A gredt deal of

‘ mformatron on ‘this practrce’m North Amenca is contained 1n references (80), (81), (82), :
and®). . -+ . S
The most ‘common reasons for use of land application Would be to_provide supplemental

. 1rr1gat10n water to augment groundwater supphes distance and cost hmrtatrons of transport

to other suitable disposal locatidms, and cost advantages over ‘other forms of treatment. .

Land apphcatlon (uses include )] 1mgat1ng crops (such as grasses, alfalfa, com, sorghum,

citrus trees, grapes, and cotton), and 2) irrigating areas for recreational purpdses (such as «

» parks, golf courses, sports grounds, ornamental fountains, and. artificial l£s) Municipal
uses mclude landscapmg streets, highway media- stnps and school ground In- addition,
1mgat10n of cemeteries, college grounds, mrports green belts, and* forest pfeserves can be-
provided. Augmenting of groundwater supplies by rechargmg aqulfers wrth‘aeated ‘waste-

- water is bemg done to preventsalt 1ntrusron :

o

)

~ Me&hods of land applrcatron\can vary, depending on the condrtrons at each location. The -

" methods can be (lassrﬁed as irrigation, overland flow, and infiltration- -percolation systems.
'lmgatron is the application to the land of wastewater, by spray or ridge and furrow, to en-
hance ‘the growth of plants Overland flow is the application of wastewater to grassed slopes. -
.~ The vegetation acts' as a fixed film contactor. Infiltration- percolatron is the application .of
large amounts of water to a porous soil, whlch 1nﬁltrate the soil.surface.

] ~ v . . R

?

Although land d1sposal has been used for many years, there are a large number of unknown
factors concerning the effects of the treated wastewater ofi the environment, and vice versa.'
l\ﬁny research projects have-been- undertaken or are underway to pro ide the needed infor-
_mation. The research has shown that, with good management and preper: momtorlng and’
' dcontrol of the systems successful use of land applrcatron can be obt néd In desrgmng a
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. succgssfﬁtsystem, the fo'llowing factors must be.considef‘etd? D

- . - N ¢ - e . B ;

I Avallablhty and type ofland SiL T e SREIT I

2. - Aesthétics. U R e

3. «Economics. " . - ¥ - o

4. Topography. =" ’ . .
5. Underlying geologlc foxmatlons ' S T T
6. 'Groundwater level and quality. P Ll

7 Soﬂtypeanddramahlhty e A T e
8. _ Wastewater characteristics and degree of pr;etreatment. . D o ’
9. Punficatlon effects of soﬂ soﬂ bactefia, and plants

10. Public health: , _ _

11." Possiblé buildup of tomc substances s

A thoroug'h consrderatlon of these factors requlres the combmed efforts "of geblogists,
‘environmental epgineers, agronomists, soil scientists, social and behavioral scientists, and
medlcajehealth _personnel. Begause of the eomplexrty of land-application systems and the .

" ‘number of" dlsclphnes involved, grth care should b&aken in designing a land’ apRljcation .

system for a small plant. To. pomt out the complexity 1n shch a system some of the.more .

1mportant factors are d1scussed below ’ L e _ .

. ot : o '\ E
The degree of treatment before dand apphcatlon w1ll depend on the method of apphcatlon, .
the rate of appllcatlon odor problems "possible pondmg, type of vegetation to be 1rr1gated
'phys1cal chem1cal or biochemical propertles of the soil; and public health concerns. These
.factors 1mportant in detexmmlng the rtquired pretreatment are -interrelated with each -
other and with the* other. design cons1derat10ns mentloned prev1ously For example, in con-
's1denng public health’ concerns, the possibility of 1nhahng pathogemc aerosols from a spray *
~irrigation sdystem should be evaluated. Mosqulto breeding can be a problem resultmg from
ponding, if high rates of applicatipn are used The pfesence of minerals’ such as sod1um or

’ nitrogen, which carf build up in a groundwater supply, may be a problem. The m1nerals
presént in wastewater will be affected in different ways by the’ punficatlon effects of the
soil, soil bacteria, and plants. = 7 I , R
L NS o
The natural purification processes depend on the 1nteractlon of many phys1cal chem1cal or .
biochemigal factors. The effects'of these factors will vary, d;pendmg on:the cqndrtlons ata .

‘land appllcatlon site. Some og,the 1mportaht factors would 1nclude " . . /;{/;\-_
1. Oxidatitn or reductlon T e S,
2. Adsorption or desorptlon ' o e
w» . 3. lonexchange.- T ' ".f‘i ) | I ' T
4. " Precipitation or dlSSOlUthl’l e . o C '
5 Aerobic or anaeroblcclecomposltlon S, I
) 6. Antibiosis or symbrosrs e S L . .
7. Filggation. N I St R
* 8. Plant uptake of mlnerals : T , - : ‘-
s N . . . . 9 _ .

' ke IR
' More\detaxled discussron of these‘factors is 1ncluded 1n.eferences (80), (81) (82), (84) and

(85). Several publlcatlons are also avallable eovermg results &f land app'lrcatlon projects.

SN - Qg 3 y Lo e o
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: Major projects include the Muskegon County wastewater management system (86) (87) and :

- the Penn: State studies' (88) (89), both of wh1ch use spray- irrigation, and the’ Flushmg
‘Meadbws prOJect (90) in’ Arlzona Whlch uses 1nﬁltratlon for groundwater rechargp

2 9. 3 Reuse of Wastewater

B ]

-

Reuse of wastewater can be d1v1ded into, four categones mumclpal industri ‘recreational'

and irrigational reuse. Many prOJects have reclaimed-water for different: feuse apphcatrons :

_' Lawrence on tabulated some of the existing wastewater reclamation prOJects (Table 2-10),

..and discussed systems to satisfy effluent ‘quality requlrements for reuse of wastewater. Irri-
- gational reuse has been discussed in ‘Section 2.93. Factors involved in other reuse"

"

apphcatrons and some of the water quality. cntena are discussed below.

. R\creatlonal reuse is normally th:e impoundment ‘of wastewater for. recreatlonal purposes
~and is often combmed with irrigational reuse.. Indran Lake Reservoir near Lake Tahoe serves-_

as a reservolr for 1rngat10n water ‘as well as a recreatrona} lake. The water quality cntena
" must be strmgent because dilution is not. avallable or adequate in most’ 1nstances The waste-
_ water quahty parameters affectmg recreatlonal use theOrnost are S8, oxygen—demandmg
- ‘organics, bacteriological and v1rolog1cal quahty, nutnents ‘and toxicants. Reduction and
cotitrtsl of the pollutants defined by these paran’reters would allow reuse of treated waste- -
. water for thi$ application. The best documented example is the recreatron prOJect at Santee
California (9 D). ‘ - -

Industnal reuse acc(bnts for the largest quantlty of wastewater use in the Umted States

Most of this water is used for coolmg purposes, with smaller amounts for boﬂer—feed water E

and p%cess waters. Most 1ndustnes are accustomed to draw1ng avarlable water and treating

it to .a degree su1table for-a particular use. Water quality requrrements for/vanous industrial
act1v1t1es would 1nc1ude the foll wmg _ o : :

. ' U : A

L

1. Electromcs—hrgh quahty water, often approachrng Completely demmerahzed

- Quater.

3. 'Manufacturing (including chem1cals)—mun1c1pal water quahty or lower, depend-
- _ing 6n the product to be manufactured

4. Pulp and Paper Mills—specific requlrements on dlssolved morganlc substances— .

particularly chlorides and iron—and hardness (low color. and turb1d1ty also re-
qu1red for some operations): - Al :
5. Steel and Metals—generally used low-qualrty water partlcularly concerned about-
corrosion, hence restnctlons on chlondes and pH and temperature in coohng
, operatlons . . ' :
6. ‘BoilerFeed Water—requlred qualrty of feed water dependent on operating pressure
o -ran‘ge of boiler; specific requirements approaching complete demmeralrzatron,

‘able boiler-feed water)

- 7. Cooling Water—quallty requ1re°ments ‘low; blologlcally treated munlcrpal waste-
water often used directly as cooling water (low-quality waters may require chemi-
cal addltrons for prevention of m1nera1 scale or olplogrcal slime formation).

T 254 o

' 1nclud1ng removal 'of ammonia, phosphates, organics, dissolved inorganics, and -
deoxygenation’ (even mumc1pal-qua11ty water is treated before becoming accept- ‘

2. Food Processrn;mumcrpal water quahty or better, for specrﬁc processmg needs :

- -



TABLE2 0

SUMMARY OF EXISTING MUNICIPAL WASTEWATER RECLAMATION PROJBCTS (91) . '_.',,;'
R o ,' Recla_lmed | '. B ,'.":-\ v
L : - C o Water o o :
‘. * Rechimed Water Use Location . . Production - BasieType of Treatment . -

MUNlClPAL |

© Whittier Narrows, Cadifornia R -Setondary (Brologrcal) .. .
* Windhoek, South Africa .~ 14 Secondary (Brologrcal)+Pond+Phys Chem.”
Nassau County, New York ™~ 185 .Second,a,ry (BrologIcal) + Phys.Chem.

¢,

Power Plant Cooling Water '~ Burbank, California ™ 1 :,§econdary (BIologIcal) v

Chierrical Plant Cooling Water . -~ Midland, Michigan 6 - Secondary (Biological)

Power Plant Cooling Water =~ " Los Alamos, New Mexico 2 ; . Secondary (Biological)

Steel Mill Cooling and Process . . - " Baltimore Maryland 95" . Secondary (Biological)

Refinery Cooling, Boiler Feed; and Cooling = marillo, Texas .6 Secondary (Biological)

Refinery and Petrochemical Coolmg and Boiler Feed Odessa, Texas . * 25 Secondary (Biological) -

lndustrral Water T ‘ | Denver Colorado . 102 - Secondary (BIologIcal)+Phys -Chem
RECREATIONAL | N o |

Recreationial Lakes, SwrmmrngPool © . Santee,Califomia - 04 .‘.Secondary (BIologIcal)+Naturale\dra FIltratIon
Recreatronal Lake " % 0 Camp Pendleton, California 07]‘ Secondary (BlOlOglC&l)"'POndr .
lw SRR R S

Alfalfa Iigation - .+ : L G'alt,'California, o 03 . Primary +Ponds« .

Citrus Grove lrigation . -~ - Pomona, Califorsia - 6 Primay+Ponds - N
Pasture, Com and Rice Imigation * *~ ©~ Woodland, California . . - 1.9 Primary+Ponds - = Q \
Pasture, Com Irigation. -+ South Lake Tahoe, California 35 Secondary (Brologrcal)+Phys Ch »
Cotton and Milo [rrigation | ‘Fresno, California 18 Primary ( & o
Landscape Irrigation at CCCSD , Pacheco, California 05 Secondary (Biological)

Irrigation of Golden Gate Park -~ San Francisco, California I Secondary (Brologlcal) o

Golf Course Iigation o Ventura, California -~~~ 0. Secondary (Biological)

1Phys -Chem usually means coagulatron sedrmentatron, activated carbon adsorption, filtration, mtrogen control
. Plans call for capacity expansion'to 100 mgd by 1986 for general municipal use as well as Industnal use.




' :Mumcrpal reuse of wastewater has been practhed for about 50 years in nonpotable apphca-’"-f B
_tions.- Such uses mclude flushrng water in water-short resort areas, where dual dlstnbutlon
: 'systems have been prov1ded

Ry

: Ind1rect reuse of nver water (as potable water) occurs if _upstream commun1t1es dlscharge'
wastewater into the nver A smular condltlon exists in gr‘oundwatar supplles in areas where
-groundwater recharge is practrced In both srtuatlons, dllutlon water is an 1mportant factor

Drrect reuse is now receiving added attentlon because of water shortages in many areas The "

main experience in direct reuse has been in Wlndhoek South Africa, where about one-third

of the total water supply consrsts of treated wastewater. In this case, the treatment consists '

.. of*trickling filtration, maturation ponds, aluml flotatlon, foam fractionation, filtration, 3
carbon treatment, and breakpornt chlonnatlon

- The accepted quality  criteria for mumclpal water supplles are the USPHS drlnklng water
standards of 1962. These standards were developed to judge the quality of treated water
- drawn from relatively pure sources. These standards.are not adequate in the areas of trace
metals, trace organics, and virological quality, which would be:extremely important in.
- evaluating’ renovated wastewater for direct municipal reuse. There is also concern about the

concentration Qf sodium and nitrogen compounds in recla1med water and the rellablllty of
" reclamation treatment systems v

. There are many unansWered questions related to hum#n health about water reuse for munic-

ipal water purposes. Currently, reuse for drinking water purposes should be allowed only if

o all other reasonable water sources become unavailable. If reuse is considered, it should be
approached cautlously, w1th the maxunum amount of researchmg and mon1tor1ng

2. 10 Upgradmg or Enlarglng Exrstlng Plants

.

ngradlng or enlargmg exlstlng treatment p-lants may be requ1red{because of:

3

1. Inadequate initial. desrgn 4
2. ~Increase or change in loading patterns.
3. Detenoratlon of facilities. . .
4 Changes in effluent or recelvmg water quallty standards.

g

g , .
®The goals hsted. in Chapter 3 must be kept in mind in the upgradlng or enlarglng of exrst' g
e small wasteWater treatment plants. Dupllcatlng an ex1st1ng treatment process equipmeny, or
plant is not always the most cost-effective method of upgrading one or more characteri t1cs
. ofa plant effluent ‘The EPA publlcatlon Process Design Manual for Upgrading ExisH
WasteWater Treatment Plants (92), directs itself. to the upgrading of treatment facilities and ”
. should be consulted before any plant upgradlng is undertaken Thls subject is also dlscussed
in references (93) and (94) :
Representative' s_impler methods of upgrading .or enlarging treatment"plants are presented
below. Refer to the design.criteria presented in later chapters for specific information.

LS .
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.2.'10...1-Cla‘riﬁer,s_ L e R

-

-y

Generally, the efﬁclency of a clanﬁer: is measured by the amount of sohds separated from
. wastewater and retained in ‘the clarifier. Inefﬁcrent clarifiers are. usually hydrauhcally or .
orgamcally oyerloaded poorly 0perated ‘or madequately desrgned Upgradmg alter,natrves ;
. mclude - R Sl ‘ e
1 Addmg clarifier area. - ~ e
D2, Addmg flocgulation or. chenucals ahead of the clanﬁcatron process
'. 3, Addmg,parallel Centnfugal wastewater concemtrators
4. Increasmg the settleablhty of the SS by reducmg anaerobrc condltlons (m whlch

methane‘ m;rogm, or other gas releases buoy upthe sohds), preaeratmg, pre-.

7

;'_... o chlonnutmcg decreagl’g sludqe age o; shoftemng sludge retentlon t1me in’ clarlﬁer B
i to cont'rolgasformatron o T e
""" 5.6 Improving oil and: gréase | removal ’;_'" [ ]-_ T A
6 Improvmg screlm g andgnt removal - g o . SR R B
7. -Improving skimiming. - .-’ - SRR S - 'f;'._ P
8. Equahzmg,ffows intq clanﬁer by usmg an»equahzmgftank LT
+ 9. "“Eliminating sufges in flow. by usmgﬂlaller or vanable speedfpumps . ‘
lO_ Improvmg inlet and outlet desrgn T T e s
11 Improvmg sludge withdrawal system. .-" e ;' S S S, L
12 Improvmg écum r@moval system“E L e
o ", l3 . Improving eaning and general mamfenance s IR
N 14 Returning actry,ated sludge to the. pnmary lnfluent B ‘\', . o

B ~\LS Addmg actlvatedacarbgn to the prlmary mﬂuent

' umform organic feedmg (som_ ;__
sary for improving efficiency, A . .

;5. Hydraulic -and Organic Loadrng, 540 vanatrons or surges 1n erther hydraulrc or
e’orgamc loading (partlcularly in l;\n;;j’r’auhc loadmg) wrll have a marked effect
efﬁcrency : o } D n s '




4‘4."

6. ‘-.Vent{glon—essq‘ntlﬁl because aerobrc condrtrons are requrred for efﬁcrent mrcro-’.'

C - bial agtivity. .; M«_,., REE N / : .

e 7 Wastewater T% Wgioraf
" riorates- 1f tev e_n-'

'-The efﬁcrency
solved oXygen .a
_..vtank Table 2-12

/ ctWated sludge umt depends on marntammg over 1 to 2 mg/l of dis- '
it f«actwé populatlorr of aerobic m1crobes in a thoroughly mixed aeratlon
,' the upgradmg posslhlhtles for actlvated sludge plants . ' :

: contact with all the blodegradable wastewater con-
ofwﬁme and. 2) adequate removal of bactenal algal and
g '_ d effluent before drscharge :

;'populatlon ﬁt ’ 1 ,'
“stituents forsa spfficien

| '."_,other mICI?'

e

Techmques now a gradlng th1s type of treatment are d1scussed in several pubh-
patlons (95 ) (, b TOCESS modrﬁcatrons mclude .
oL pri ’&d outlet system to reduce escape microbial cells from. each
+ pond! ' ;o
2. Degctreasiny loadm,, e ' "-'_ L
& 3. he number of pond cdlls i in the sy}em/\ e
4 R ,rlecrrculatlon v ST

9*Addmg supplemental aeratlon or m1x1ng ' o T e
“10. Addrng polishing umts suejh as rock filters, 1nterm1ttent sand. ﬁlters land a

* tron chemical. addrtron mlcrostramé'is and chlonnatron-clanﬁcatron

# ; . .‘ ) . 1 . .7 | . — RN

: 'etai'ls for these modiﬁcations are presented in ,Chapt_er 10. - ...

i ry purposes o'f ‘sUch"modiﬁ'cations to ponds are to:

Prevent short crrcumng of wastewater in unaerated ‘ponds.
R Prevent escape of unstablhzed orgamc matenal in the. effluent T
(zg&t 3. Prov1de supplemental oxygen. -, o~
4" Provrde better condltlons for removal of algal and bacterial cells B
5. Provrde storage adequate to use 1nterm1ttent dlscharge 1f efﬂuent quahty is

perrodrcally below requrrements

B . i T . ) v i &
) " . ’ ) " .vl. . S . .
¢ . B _;‘ )
1 ' ! R .
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TABLE211 .

)

,IC”h'angefmcdia e

performance rmprovement

v Where: more bromass i needed to
increase treatment

':Add,a,CﬁVated‘sludgev, e
~+ After trickling filter - R If polrshmg is requrred afteranover
e e T tloa‘dedﬁlter | |

Add shidge recireulation .

l 'ﬁhead'of trickling filter | Ifthe trrcklrng ﬁlter can be used for
o ,I nrtnﬁcatron R |
After settlmg tanks of exrstrng
© secondary system, to provrde polrshrng
and mtnﬁcatron

Add nitifying ricklng filter

\EOSSIBLE TRICKLING FILTER PLANT MODIFICATIONS

Modrﬁcatron o When To Use -
Add posrtrve ventrlatron '_ For strong wastes and deep ﬁlters in .
» N whrch natural draft is not adequate to )
I provrde oxygen needed

. .
|

. °
. t

. \ .

Remarks ’

Check with rnedra manufacttlrers s

.:’ .

T rock fltefs in which i increase in medra Synthetrc medra are aVarlable with from
_surface (and biomass) will provrde needed two-to four trmes t)re surfice-to-volume
".natio of stone fing rock media cannot be

“used for high lo drngs, because of

L | o : }" __.dloggmg / o T ‘x
.In"r:rease.recirculation - - For lrghtly loaded ﬁlters in wlnch K May also be, needed for drlutron to marn
BT ”'rnrtral removal capacity isnot fully - tain aerobrc condrtronsmheavrly loaded

R I ~ utilized in ong- pass contact time, and * .ﬁlters ' |
o keep medra wet . '

. 'Requiresthorough pilot study " : .

o Advantageous rf first unit can be con-

verted to “lugh rate” hrgh loadmg)
operatron (AR

| Efﬁuent polrshrng such' 4 ﬁltratron can
o greatly 1mprove treatment -

g ..Because oflow shudge yild, efﬁuent

probably can be applied directly to o

- granular- medra"ﬁlters for solids removal;
s .advantageous if efﬁuent ﬁlters are to be
o -‘rncluded 1n upgradrngs,%



Modrﬁcatron - -

Add roughmg filter ahead of 0
tncklrng frlter I

Add recrrculatron and convert low
rate ﬁlter fo hrgh rate ﬁlter o
Add aerated equalrzatron tank

-Change dosmg tank of change to -

lmprove drstnbutor arm o

,'I' '

Improve drainage system -

i ]

.Add septage in off seasons to I
Aerated equalrzatron tank

-lmprove clarification by addrng
‘clarifier, by chemical addition, by
adding flocculator, andfor by -
upgradrng existing pnmary clarrfrer .

by, addrng clarifier and hrgh rate
.ﬁlter -

r.ponds, filters, actrvated carbon, or
‘post-aeratron o

- "

Change from one-stage to two stage ',

Add polrshmg units such as maturatron-,

TABLE 211 (contmued)

POSSIBLE TRICKLING FILTER PLANT MODIFICATIONS

,‘ . When To Use

. fTo reduce loadmg on overloaded
ﬁlter - - :

" T.q,i.n'crease cap:acity of low‘-ra‘te,»ﬁlter -

oo .
.

" To equalize Hydraulic loading rates ~ *~

 To reduce 'time .when 'not‘":rlgsing | " |
“Smallerpump orvanable speed pumps., L S

| Toechangé dosing rate or make
| drstnbutron umform

) To rmprove natural ventrlatron o

- T;erualize organicloading'at- plant .
- with large seasonal fluctuations ,

‘ To reduce. orga_nic loa'ding on filter o

. e
;"

.- ' N N
‘74

,To increase capacity of org'anically‘ -
o overloadedﬁplant. I c

before discharge and to reducg peak

, drscharges of BOD SS orE coh

78

Remarks

lntennedrate setthng not needed =

. roughing filters are qurte temperature

sensrtrve |

. Only 1f fmal clarrfrer has requrred
‘. capacrty ' e

- Willalso' reduce odors and’imp'rove. o
fSettlmg at fmal clarifier o
'- ’fSome small plants alrnost cease func

" tioning during school vacations, resort
ﬂ off seasons, etc. RS

" lf not overloa@h\wlrauhcally

+ N ., *
e

e

Ifnotoverloaded hydraulcaly

lfeffluent needs addrtronal treatment' o



e FOSSBLE Actrvnraosluocaf lirtt;.ploolalcnrlous;{
| Modrﬁcatron o .l When To Ue . .' t | Remarks
Trghten process controi To minimize. soluble BOD in avator “'v‘Requtres ﬂexrbrlrty m retum waste

B | efﬂuent and i 1mprove settling”. - “Sludge and air- rales and requrres eontrol

charactenstrcs ofsludge S . \.-Lrnstrumentatron
RARE

Add ﬁnal clanﬁer capacrty . '::'- It’ solrds loadrng on ﬁnal clanﬁer ’_ “ o Check burldup of sludge 1n clanﬁers at
lrmrts the solids level that can'be .~ * i :
mant aified rn agrator B o r.]r‘, |

Vo

=.'lncrdase,aer,atorrsolldslevel .r | “To mcre"ddoremovals of waste L Consrder effect on l'rnal tanks atld
i ( N "\‘,' ‘! constltuents assrmrlated by SlOW- O ',adequacy Ofoxygen supply
Sewm R R , growmg mrcroorgamsms o

Increase ir suppiyi rirripr'd\lefits I DO cannot be mamtamed aove Consi‘de'r"orcyv'gen-aeration e

"'dis'tr‘iotition e, K\ N ,'lt03ppmatallloadsandlocatronsl C AR g

Change contact trme to 15to30 mm In contact stabrlrzatrop system m '_'Check effects on settlrng charactenstrcs |
N L "’ which tests indicate rapid mrtral ",'of sludge requrres small vanatronrnflow
% e ' removal 1sbelow leveldesrred L S

Dlv1de redktor into multlple lfshort crrcurtrng\h]as srgnrﬁcant | I};* oo AP
“compartments inseries” 0 effectronBOD levesrnaerator efﬂuent ot jt

A T S . '
Change to contact stabrhzatron T For upgradrng overloaded plug ﬂow of g Avord in small plants wrth wrde drurnal
s | multrcompartmented tanks in whrch flow varratrons TEE TR,

e rnrtralremovalrsadequate " T

Y
S S T
- -

' -

B PRI P S



R TABLE2 IZ(contmued)

POSSIBLE ACT IVATED SLUDGE PLANT MODIFICATIONS

 \.
-

Change to step aeratron - ,\ o - -

| ‘F'or upgradmg overloaded plug llow of
§ . multicompartmented tanks to'higher
et 7/'._" “ AT removalsthanpoSmI)lewrthcontact o
N r'stabrlrzatron , -

Change to eompletely rmxed - o For upgradmg any conventronal ";Plpmg changeswﬂlbe very costly for
,actlvated SIudge j' actrvated sludge system and for long plug-flow tanks; step. aeratron

Lot I -7 | conversion of small contact. - preferable in such cases. o
S stabrhzatronplants L F%-%, B
Improve existing clarification =~ To decrease sohdsloadmg on aeratron i e
Change to completely mrxed and | | '-For mcreasmg llow capacrtymextended ; | R
addpolrshmgumts 'aeratronumts o , ORI Sy [

'y

q_"‘

Add. pohshmg umtssuch i Toi 1mprove efﬂuent quahty and to o Wl
maturatron ponds, ﬁlters actrvated . redge peak drscharge of BOD SS or. ot Y
-carbon o postaeratron S )

'tl
,.

‘Change from drffusedarrsystem to To mcrease drssolved oxygenm aeratron T T
mechamcal aerator:s oo tank wrt out mcreasesm emerggyor - ., '
BN R operatmg cost ol

‘:Addasecond stage aeratrorr and ' To obtain: mtnﬁcatlon wlule mcreasmg e e
'clanﬁerumt RO .z-';'""‘.-""_CapaCﬂY L J e

: R f',y-r

\

B I

ahead of aeratron unit e umts

‘Add super rate roughrng ﬁlter u : “V.‘To decrease solrds loadrng on aeratpon T B




'lVfE-y whether the treated sludge gan.be sat1sfactorlly— d1sposed of W1thout nuISance and

WHéther the process s1destream durmg handllng and treatment causes nu1sance condltlons o

~

6. Prov1de adequate storage for complete contamment if evaporatlon and mfiltra-' R

tlon equal .wastewater inflow (care must be taken to’ prevent such nursances asf
fhes mosqurtoes or odors if complete contalnment is used) ,

lO 5 Sludge and Process Sldestreams

. - ) Y cor ll-'

\
-
;, .

a(rhe effectlveness of sludge treatment ‘and resultmg pr0cess s1destream treatment is measured'

'\

m%erferes W1th other plant treatment processees or degrades the plant efﬂuent St

Deslgns for upgradmg the tr%atmént and ‘handling of sludge and ‘rocess s1destreams ‘are.

"‘descnbed in: refei'ences (93) (98), and (99) Desrgn detaxls are also summanzed in Chapter

"'f_.._14 IR SR TR

: .'2.‘1‘1 Pllot- and Laboratory-Scale Test1ng

i o _»’ . g . . :. ;_‘-._ T h B \.‘..".,.

Lo

o,

.Pllot- -or laboratory-scale testing of a treafment process ‘or- of equ1pment is sometrmes em-_

'ﬁloyed as a des1gn aid. However a pilot. plant for treatment _process testmg is seldom em-
ployed for domestlc wastewater- for small mun1c1pa11t1es unless a large proportldn of the

__flow is from mdustry ‘Some laboratory-scale testing i, adv1sable to determine biological rate.

CAYLL B

- coefficients for specific wastewaters, if -a pllot plant,ks ‘not. avallable f- feas1ble however,:; L

pllot-scale testmg of' treatment systems is the best: method of deS1gn oy
2.,12 Reliability Considerations | LR g e

It 1s very 1mportant that maH wastewater treatment facrhtles be des1gned and constructed

- in such amawer that they can rellably and cons1stently produce: a treated: wastewater meet-

) (ing efﬂuent and: reCelvmg-Water Quahty standards when operated and mamtarned properly

f . .
0 .‘,_ . . .

EPA rehabrl}ty guldéllqes ﬁoU wastewater treatment plants are presented 'in Deszgn Cntena -
- fOr Me’chanzcal Electnc and Fluzd System and’ Component Relzabllzty (100) These- gu1de- o

'llnes should be cons1aered lgyfdes1gn9rs of treatment facrhtleslfor small commupltles

»

’,;- ._-:‘.“-‘..‘ _ :__. N 5 . »7>‘ '»'. . . . . )
v 2 13 Process Selectibn n "'-'.{ N j,;_;\, I A
2 13 l Vanatlops%c; Meet Growth I S
’ t . ;_l ‘. . .7_5: = X.\I. o \

o"s

The ratlo of extreme mfnlmum ?low on, the mlmm\}m day in a year t.o peak flow on the
‘ .maX1mum day in the same .year ?nay be. from 10-20 to 1. at sma11 wastewater works Even

* . the ratio of the ma%‘ mum day ow g) average ‘day ﬂow ina year is usually from Sto10to .
KRR o Infiltratlon of gr undwater and. stormwat.er mto - tbe collection system can -double the .
' average wastewater flow from amcommunlty If a mamri,amount ount of the, flow to thq plant i o
. seasonal (schools .resorts, et ) vanatfons can be\even greater Englneers must take mto"-'.'
account these large var1at1ons in t des1gn of the : B

'lant e




T

» tron of j}ows;' See Chapter 4 Treatment ponds and e;(tended aeratron umts alre less affected ‘
by large flow vanatlons than are other ty'pes of treatment commonly used in; mall plants .' ;:;-' ’

. o L “!"
. ‘__\“..._ . o P TERAEE AN Lo .<.‘A —-@,;y_.,.

; Some types of structhres are more amenable to upgradrng than others Fo mstance, 5 to

umts can be converted to step aeratlon ‘then to completely mrxed unrts an later to contact b
.stabrlrzatron units,. wrth forethought on the part of a desrgner Another me thod Sf meetmg w0
variations of flow i in activated sludge umts is to compartmentahze the tanks and use suffi- S

" "crent portlons to make volumes roughly proportronal to. the flow. - TR '/_?'. R S
2.‘13,.2 ' Wastev\f{ater' 'Freat_men’t Proces_ses ' j' S ; RS TR

Y
. Al

k l'

'»..__..mumcrpalrtres of 100 to lO OOO perSons are those requlrmg a: plant that can meet fhe goals
- stated in Chapter 1. The effluents from most plants of less than 1 mgd (O 044 3/‘s) wrll be T

BN

o rrequrred to ,j

Typfcal plant conflguratrons that 1f properly desrgned could meet secondary,ireatment

fstandards and also the other. goa]s of Chapter 1, are shown in Figure 2-10. If the hydrauhc f o
'f_.-'.and organic loadmgs do not- vary greatly, the equalrzatlon tankangght not: bes needed If

S adequate operat;on and malntenance -are avallable the polrshmg process may not be needed

LA . - [ . . n'-.-. a8

e Condrtlons under whreh. these processes should be’ consrdered. are llsted m‘T able 2-13 (37)

o i

| ﬁ;A comparrson of operatronal characterrstlcs of some systems 1s?9,resented in Table 2-14

".'- -3 [3"3 Sludge Treatment Processes o ”:f e T .' ot ondt ey
Tl C : : S
7% For small treatment plants most type% of sludge procéssmg are too co.mphcated and requlre
o .,a hlgher level of experrence than is wsually . aya,xlable The; types most COmmonly employed“
v"are aeroblc dlgestlon and anaeroblc drgestron Stabrlnzed sludge 18 usually dned on drymg
beds althougha other pr0cesses are sometlmes ‘used m‘la ger or more. sophrstlcated plants
The various. sludge treatment processes* avallable are’ descrrbed in’ Chapter 14.. Detaﬂed
"'mformatron on the treatment of sludge and process srdestreams 1s found in references (98)
. Only sludge dewaterlno is requlred for sludges frOm well des ned stabrlrzatlon ponds and
'sométlmes, under certarn cizcumstances, for oxrdatron drtch for extended aeration. actr— .
~ vated sludge and for extended fltratlon tower systems Sludge drgestl,or\ may . not - bev «‘
. needed, if the sludge aging in the 1ast three. processes is sufﬁcrent for adequate stabrlrzatroni‘u,
- and if the plant is §uff1c1ently rsolatedb Lune treatment may allow satrsfactory drymg of an 1 |

o e _ . .
M e a L
e - S

. 2P64 ' c 8,2 ‘ N ’ ] ‘.Q‘-- .l




vt R N
. e :
P R -~

~ undigested sludge that has undergonp alonger biological treatment. The séa'bilized sludge h
. should be withdrawn for dewatenng and disposal before sohds accumulatron mlght beginto -
_ affect SS removal mthe final clarifier. . C e : -

<

2.13.4' Integration of 'Pro_cesses . . '
1_ , : ; ’ . :.' ' ' 4 .
Once the mformatlon on present ancf’ pro;ected ﬂows and orgamc loadmgs (with expected ,
. variations and. charactenstles) has been determined, ‘a preliminary study should be made of -
‘the various combinations of processes that can efficxently meet efﬂuent requrrements Then,
; _ three to five of the most feasible processes shol!'ld be selected for mpre detalled,cost-effec-

tiveness stud1es (see Chapter 18).

The need for some commonly mcluded process units in treatment systems depends on loca- .
v'_txon climate, hydrauljc leading, orgamc‘load“mg, charactefistxcs ‘of " the ‘brganic loadmg, :

effluent requirements, type of operatlon and. maintenance pe el avallable and fundmg
. possibilities. Such units mclude screens commmutors equ
- .sludge stabrhzatron processes, and pohshmg ux}rts All seco I
_disinfection and sludge-handlmg capabilities. For operatlon tenance lfplants w111 _
require a laboratory and a workshop “although these may . ‘be. I‘llmlted lo bare necess1ﬁes
‘,dependmg on avallablhty of’ backup semces and facrlltles U Y o

' anary clatifiers may riot *be requrred or the size. may be 11m1ted to that needed to remove
’ only the coarsest settleable sohds and floatabl¢ greases and oils (if the blologrcal process, can

. effectxvely handle the mcre%sed lead ata cost less than that cf addmg clanﬁer Capaci‘ty)

e

A ﬂow dragram (such as that show°f1 in Flgure 2- 11) should be developed for. most of the ‘
: altematrve systems those ‘that include recirculation of recycled process: s1destreams—to ik
iisure that all mputs into each umt are considered in the design. Recirculated sludge and re- o

.cycled supernatant centrate or filtrate’ usually carry high concentrations of solids, even
though the ﬂow rate, may be small, The dramage from sludge-drymg beds shortly after the
beds are loaded can also be a temporary 1 problem. Some sohds are gas1ﬂed during treatment
E processes and thus a careful balancmg is requ1red o :

-+

2._'.1 44. Operation and Maintenance Design: _Requirements . "

.. The. optlmum space and facilities for operatlng and mamtalmng wastewater“treatment pro-
cesses vary. for each type of equipment, each layout pattern, and each specific plant site.

) The equlpment manufacturers’ manuals mdlcat&recommended operation and maintenance

space and facilities. (They are rot, however necessanly o;iﬁmum undemall condrtlons) '

" . Some des1gn manuals list a 3- to 4-ft .(0 9-to-], 2-m) clear. space.; around pumps, wh11e the

.opt1mum on d1fferent srdes mlght be O 3 8 or 20 fit’ fO 0.9, 2 4, or 6 1 m) LA

_ Indmdual attention must be grven 'on how to best«mstali replace repair, operate, and main- -
' tain each ~piece of equ1pment in conjunctron with all adjacent equ1pm§nt taking mto con-.’
. ‘sideration site and structural llmwatlons Questions that should be consrdered by des1gners
- __m optumzmg operatlons and mamtenance space‘and facrhtres 1nclude e d"{

b.
RS
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.4 RMARY SOLIDS . - -BIOLOGICAL CONTACT SURFACE
SEPARATION——\ = . =" «m “UNIT (FILTER OR BIO-DISKS)

,,-éQUAL|z-AT|d‘N ~— "—FINAL.SQLIDS REMOVAL

i

B POLISHING UNIT
'IF NECESSARY

o

SCREEN,NG AND| | 'DI“SIN'FECTIONJ B

“* GRIT REMOVAL | = —m— — = =
| "t . 4 SLUDGE DRYING »GD'SPOSA'-

SLUDGE T f\____,‘n A S \WASTEWATER
PROCESSJNG - ’ 4,______'_1 ..j-' $ ; -——-—SLUDGE )

I DISPOSAL L TTED gsggg;s SIDE-

e _-‘° BIO~ DISK OR;BICKLING FILTER PLANT . T

e -8

VCHEMIC_AL'MIXING\ : COAGULATJON AND | . A T
- 1 |/ FLOCCULATION -FILTRATION o

: T /. RECARBONATION | -~ B ACTIVATED i
- S S (FLIME USED)7 o, S CﬁBONﬁ-u‘:"’"M%

. D

i o O Gee . !
v ] . E* ‘. . - iﬂ .o ! 3 : o .v P ]
o S R T uk IR
: o L ke ke
N N/ .t by d o

PHYSICAL-CHEMICAL TREATMENT PLANT -

3 ° 9‘%

IR '-Z-c’oNTACT 'BAsmL'

_'-1——-J ' ce o
N, __—REAERATION, TANK |
. G N e E
TR R S—— l..-—--
Ly N .L-.-—J- '
5"__“”'__‘.‘,,_.’.' | P3 ’ ‘ : . .. ,\
% . CONTAET STABILIZATION ACTIVATED SLUDGE PLANT
v, FIGUREZ210 . T
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'.COMPL'ET-.E‘MIX‘ACTIVATED_.‘-,S'I:UDGE PLANT

FI

EXTENDED -
. "FILTRATION TOWE'R-\ '
A

]

. e 1 -‘\_.—.,S'I"ABIVLrZATI.ON POND OR AERATED'
IR r- “], - ';, LAGOON SYSTEM -
. . ‘ L___ S .

':% ‘ AERATED LAGOON OR STABILIZATION POND FACILITY
- .t . ﬂ( .

v
N

OXIDATION DITCH FACILITY

FIGURE 2-10 (continued)
- SECONDARY TREATMENT CONFIGURATIONS

.

»



Process

- Rotatmg Blodrsk

Tncklmg Filters
Low Rate . °*
Intermediate Rate
High Rate

-~ Super Rate

- Roughing
Extended (Tower)

" Activated Sludge
Complete Mix

: Gontact,‘StahllizatA

L
L

Extended -Agration

*w
>

:. Oxidation ‘Ditch

D

.
<

 Physical-Chemical

_..."/\_"
. -Stabilization gonﬂ,s a

" semiannual d1scharge Completely contamed type can be used_
if ﬁ'lﬁltratron .and evaporatron exceed 1nflow and prec1p1ta-'

s

v TABLE 213

Y .

2 APPLICATION OF TREATMENT PLANTS FOR SMALL COMMUNITIES

Type Wastewater and Locatlons Avallable -

Small commumtles Cover agamst freezmg, heavy precrprta-v

. tion, or to control odors. Can be used if filamentous orga-

nisms would trouble otw biological processes because they_ _ '

are less susceptrble to.such act1v1ty

Cold weather affects efﬁciency, SO covering may be required.

Nitrification possible. with deep filters and low loadmgs ‘Can
. be used if ﬁlamentous organisms would trouble other bio-
logical processes. Low contact surface loading . rates nécessary
to achieve high removal efficiencies. | -

o

S}eg{eral‘ application. Resistant to shock' ‘organic or toxic load-
. s-. a " . » ‘ ‘ ;r A

{,
ood if | BOD is largely colloidal or suspended Used in pack-
ge plants if large fluctuatrons in flow are not. expected

Good for smaller commumtres Good for package plants m'

housmg developments and recreatronal areas. '/ ’

i

‘General apphcatlon Good for smallpr commumtles Gen- ,

erally rehable with minimum operatron

. n

| _'Goovg if large land areas are avallable Should process for -

microbial cell removal before discharge or providesstorage for. .

.tlon

Can be used if. 1nterrn1ttent organic loading makes glologrcal .
gtreatment unreliable, if space is limited (e.g., cold climates - '
Joor housmg), and if high-quality effluent mclud-,
L 1ng phosphorus removal, is required. :

require

268 °



OPERATIONAL CHARACTERISTICS OF VARIOUS TREATMENT PROCESSES S
T PROCESS s ‘,
| lem -+ o RotOtianDisk o (. TricklingFilters Aétwated Sludge . .A'cuvateu mudge?. Rt mm,r
Process Chagacterisics® ’f; | | ) o 2
R 'bﬂitywithreupec?to: Ea : T B : e S . \“ A
{Basic Process 4w Good G%Kd S Fair . VeyGood . . Good
Influent FlowVanatlons %}% Fair Y R - - FRr . Geod . . Good ;
Influent Load Variatiods o Rir - - Far - Fr, o Good -~ Good -
~ Presence of IndustnalWaste' | , ~Good Good - Good . - Good © Good -, -
 Industrial Shock Loadings . . . Far * - Fa R . God - P
© Low Temperatures (<20° 0) Sensitve 0 Semsitive ., . Good Good Very Sensitive
‘ : o 4 ' L] v - - : ‘ o
ExpandabmtytO‘Meet ' S v .  ; : R 4 R o '
Increased Planlt LOadmgs © %' Good,mustadddis Good  * . Feirtogood if designed ~ Good, ultimately more Fau, additional ponds
| . o modues . T oneratvly ‘volumewulbe mq':ed requued
MoreStnngent stchargeRequuementsgy T IR o . g"“ co A T o
? wnhRespectto A S S : . BE SRR
88 o " Good,add filtrtion or - Good, add filration or - Good, add filtration of "Good,add ﬁluation or +- Add additional lagoons '
- " ’ * polishing lagoons polishing lagoons + polishing lagoons. ~ 'polishihg lagoons =~ and ﬁluation' L
~BOD ¢ - Improved by filt :atiorlﬁ Improved by filtration  Improved by filtration  Improved by filtration . impfoyed by ﬁltru‘ti‘O{i?
Nitrogen T Good, denitrification ~ Good, denitrification . Good, nitrification-,~ Good, denitrificatonl ~ Fair - '
IR 1}' © mustbe adged  mustbeadded denitrification must be mﬁn:t beadded . . . j;\,,'.j_'
© Openational Clmplexiy ' Some,!#o'.s'imple © Sometosimple Moderately Complex . Some o Simple o 3"3
Eype of Gpenation nd Manteunced, ~ VeryGood ~ VeyGood = R - VeyGood - VeGood - i
" Pover Requirements , o - % - Low " Relatively High Hgh - - ReltielyBgh o Lw | o A%
W’teProducts D Sudges ~ Sludges, o Sudges . Sudges O Sdges .+
: ‘PotentlalEnuronmentallmpacts © Odos. -~ Odors. R ‘ L .Odor‘é".l‘ S
' Site Considenatons - B S _ o f . o ' , o T
Land Area “equirement's Moderate plus buffer - Moderate plus buffer .MOderate plus buffer * - Large plus buffer zone L'uge plus buffer zone
S wone . zone S one. . U L
HAqungalphy o Relatively Level ' 'Relenvely (le’yel. o Relutively Level. -  Relatively Level Relauvely Level
. C - ' : v : o, o BRUETEN :
Complete mix and contact stabilization. . A o 4 ;
2ExtendedaerauonandO)Odauonduch N I v R ‘

v o . .’ | ‘ | | ‘ ; | | ‘v ’. I
- : . . . - o RETY s . io] .
l. ‘v‘-
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'_10.

1L
| '1'2.
s
4.

- 15.

. What nummum space is requlred on each side, top, and underneath, for installa-
~_tion, replacement mspectlon repair, operatlon and mamtenance (IRIROM) of
- -each piece of equ1pment" S !
“Will scaffolding be required for any IRIROM procedure" If so, which, if any, g
" parts,-including wall and floor attachments of the scaffoldmg should be made
: permanent" Should space be provrded for temporary scaffolding? -

"' Should space be provided undet the equlpment in-the form of p1ts or tunnels or"*
- by plac1ng the equlpment on platforms to make’all required IRIROM procedures .
. -feasible? Can such spaces underneath be used for placmg other facilities. also" ‘Have
all underfloor spaces been -proyided .with adequate drains and' beén made safe
- against toxic, flammable, or :)Yploswe gases" Have methods been 1ncluded to -

ventilate-and to prevent or control possible odor emissions? -

. Are fac111t1es and space available to remove any and all parts and to bnng in and
install any replacements? Are OVerhead traveling ‘cranes, wmches or chain hoists
needed for any IRIROM procedures" Will there be enough use for these to make -
.. some permanent. provisions in the structure? Have provisions been made to store
the temporary equipment or otherwise make it read11y avarlable by leas1ng or rent-

mg"

V-

Are adequate llghtmg and ventllatlon facrlrtles avallable for all IRIROM proce-

“dures? :

. - If pieces of equipment must be replaced are wall or celhng openings sufficlent to
"do so without enlargement? . : '

Are service outlets for all utllities such as electricity, gas, and. water requlred to .
- complete all IRIROM procedures readily available near each piece of equ1pment
‘or facility? For instance, are hose bibs for flushing purposes located close to all. g

areas that require regular or periodic cleamng"

Are drains, or drainage channels, or low curbs available around tanks equ1pment
and facilities to intercept a]l leaks of water, wastewater or chemical solution that
might otherwise flow over worklng areas or walkways" Are such channels below
floor lével and grate covered? -

Have momtormg, sampling, and flow—gaging locations been des1gned into tl{e

- facility? Can the monitoring, sampling, and flow-gagmg equlpment be eas1ly Te-
_ moved for cleanmg or repair? Are they easily accessrble" }~ A ’

Are all piping, valves, and fittings below flaor level, on walls, 6r more than 6 6 ft

. (2.0 m) above the floor? Are all valves on the work spacé side of all piping? Is

there sufficient space to loosen stuck valves? Can all valves be removed for re-

 pairs? Can all sludge-carrying lines be cleaned after each use?

Have all equipment and machmery been de51gned to keep noise levels below the
EPA standard levels? . N .

Does the chemical storage area- have suffic1ent room to maneuver both the pallets ’

and the pallet-handlmg equipment? T ; .

Are a—llJ heating ‘and ventilating ducts located where they w1ll not 1rgdrfere with
_placement of piping? _ BT 0

Have mechanical or pneumatic means been furmshed to remove%creehmgs or gnt
from pits so it will not becarned by hand up stalrways"

Wlll all work areas be sufﬁclently well lit and robmy for efficlent use of ejpersonnpl

“..,

o S
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i

. HYDRAULIC CONSIDERATIONS .
3:1 ','Iptroduction _%-I:_ = - / : o L ..""-' /

Hydraulic theories must be properly applied during the design phase of a wastéw;itqp plén't,;:’ E
to insure that ghe plant functions satisfactorily. ‘Hydr_al}lics must be considered in designmg" o
pumps, valves, flow measuring devices, and equipment/ controls, as well as pipes; channel§, - .
and basins. Hydraulic flow characteristics must be defermined for all critical combinations’

of flows into conduits, channels, and 'b'asi'ns_. This chapter discusses hydraulic criteria rr_el'é» ~

vant to the de,sigq'()f small wastewater treatment plants. BRI e ” / P
v : - / ‘ ‘,'/ : . S ! . o .\ ."“/ _/ "
3.2 Ffow Considerations . 1 s ST e RO, i
‘321 Limiting Velqcities / B D &
: - : X - : LAt
1,

. Velocity of flow and tu,rbulencé__'affect; the e ﬁcichcy and reliabfﬁty of hydraulic co‘;'_f ol
pumping, valving, fluid- measuring devices, ;{nd varidus processes. Some consideratigns in- - ;

't
A . ; ! SR

fluencing the hydraulic design of thes¢ items.are-discussed below. .- - T
C&nduit_s carrying -wastewater with gnt and S;ettlea’ble organic solidsshoula be designed, if -
" possible, to have a scouring velocity at légf’stfdh_ce".a day. Peak velocities, at the beginning and
end of the' design period, -should be gonsidered in’selecting’ the design "scouring velocity. -+
Scouring: velocity depends on the density and other characteristics of the wastewater and
the grit. Scouring velpcitic;s'vary from 1.5 to 4 ft/sec (0.45 to 1.20 m/s); 3 ft/sec (0.9 m/s) is

sually satisfactory. If horizontal velocities are fess than about, 2.0 ft/sec (0.6 m/s), grit will
- settle. v : T R
» ] : R S . 5

5

“should exceed. 20 “'ft"/min (0,10 /m/s) .('l). Therefore, a design -bottom velocity of "ébo'u‘.t_' '
-30 ft/min (0.15 m/s) should be uised to keep organic solids in suspension. In the initial ;;r)taggs ’
“of plant operation;-when 'minimum, velocities ‘may become less than 30 ft/min, scouring

' If floc is to be'kept in suspensio7thé ﬁori?dhtal velocity at the bottom of the basin or tank

velbcities of 1.5 tq 2.0 fe/sec (z‘ibbu't‘OJ*.-'j:S- to 060 m/s) must be scheduled for about'] hy
daily to scour sludge deposits. . | . ] S Ty o \u D ’
“Head losses from friction and obstructions in a conduit are approximately proportional to - -
‘the square of the velocity. If pumping is required, the maximum head loss used for design
should "be déteﬁhihed by c_o§t_-efféctiveness_ studies, considerifig ‘¢rergy, equipment, and .
“effects on prQcesses. Upper limiting velocities should be establishdd in- designing specific -

plant piping, to prevent possible erosion of, or damage to, cqndits or their linings. This
maximum velocity (which can vary far specific conditions) shoul range ffom about 5 to 12

ft/sec (1.5 to'3.6 m/s)..Sugercritical;vélocities should be avoided./ .

N ./



.13"2!'2 ‘Flow Division N S o

o

Equal hydrauhc d1v1s10n of flow does\not necessarily d1v1de the organ1c load equally Unless )

the SS are homogeneously dispersed thtoughout the liquid and the relative momentum of all

particles is approx1mately equal at the point of flow d1v1slon the SS will usuam divide
unequally. Some turbulence is desirable at each point of d1vers1,9n to ‘achieve suff1c1ent :

homogenelty - . ' ‘

- [
| . ¢

In general flow ll sp11t equally lf 1) there is a suff1c1ently Jlarge head loss through the con—' ,

_ trol, compared to the dlfferences in head loss available, ahd 2) there is an equahtyvof head

- loss across the we1r if weirs are used. If the head loss constraint cannot be met symmetry.‘

.of layout tends to ach1eve the same purpose B

/ o

Flgure 3- l shows several methods of obtarnlng equal flow division. The veloc1ty through an-
orifice or other pressure control device varies as the fractional power of the head. A small’
"percentage of difference in head: losses through &e device stlll results in relatwely equalized..

R 4

'velocltxes of fluids entering several channels (or chambers) from one channel (or chamber)

The requlred head loss for a st1pulated deviation in flow—such as where the flow varies as -
. the square root of the-head (e 2., through onﬁces)—can be determlned from the follow1ng _

bquatlon (2) .
~hg _='(2Ah)/(l.— m2) o
where . _
ho = .head loss through the outlets in whryh the avarlable head is greatest (the head
- lossis usually based on equal flow spht) _ '
ZAh= greatest difference in head . (p1ezometr1c head or water surface elevatlon)_ o

= _' . avarlable for dividing the spec1ﬁed flow '
.om = minimum permissible ratlo of ,dlscharge rates through the outIets deter-.

m1ned from the.ratlo of m1n1mury to maximum d1v1ded flow/
o : o/

/

. In consrdermg the flow d1v1d1ng structure §hown in Figure 3 1 (1I1), assume ‘that friction

losses in the mﬂuent distribution channel upstréam from the four tanks are negligible, com- -

. pared to the 'velocity head. Assumlng that the plant flow is to be equa ly split, with a devia- -
- . tion of no more than 5 percent, the value of “m” is (100 — 5)/100 or 0.95. Flow is

/ﬁsumed to enter. each’tank through’ two submerged ports with'a d1scharge coefficient of
0.6. If the velotity in the distribution channel is “to be about 1 ft/sec (0.3 m/s), Ah would'
then’ be the-last. velocity head when the water changed direction (90° x Ah=v2 /2 g=1/64.4
.016 ft). The head.loss (ho) that must’ ogiur at- each port would be hg'=. Ah/(1 = m?2),

| or ho =0.016/(1 — 0. 952)=0.164 he size of the port can thus be determmed from the
".‘\equatlon for head loss through an onﬁce _ T, .
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,=: Q2/(ho)('2g)(06)2105 ‘- o
o [0. 12/(0 164)(644)(036)]05 L ‘. |

= (4A/,1r)0°§.(l2irr./ft)=3_'-:06'8 in.. o ° -

A = area, ST

D = diﬁmeter S T -
Five of the’ more commory’ methods for un1formly drvrdrng flows and organic loadmgs are '
shown in Figure. 3-1. Short drScussrons of these methods follow. (It.i i§ assumed in each caSe .
.that gnt separatron has taken place before flow: dmsron ) e :

'Plan 1 If the flu1d is completely mrxed when drvrded the suspended solrds load in
each- part of the flow will be proportional to the volume. Several methods are used to
obtam compléte mixing (i.e., to attain a minimum velacity of about 0.5 ft/sec (0. lﬁ
o m/s]) mechanical mixers, diffused aeration, Jets of recirculated effluent, and vanous—
“~combinations of these methods. V-notch WEITS, rectangular weirs, or. orifices may ‘be -
" used to separate the flows un1formly from a completely mixed body of water ' )

M .

Plan 11 When a flow is d1V1ded there wrll normally be more suspended sol1ds m the . -
portions having the more distinct change of d1rect10n For example, if flows are Spl1t )
~ from one channel into. three parallel channels the two outer channels will contain"
more solids (1f the m1x1ng was not complete) If flows are divided usrng a series of tees; -
the upstream berids will create centnfugal forces that affect the path the sollds take *.
~ . downstream. To create a sufﬁcrent increase in velocrty to-obtain the needed turbulence- _
ahd mixing and thus insure maxrmum homogenerty at.the point of d1v1s10n bar racks,
or posts can Ibe placéd in thefchannel upstream of the 90° bends. If 'plpes tees, or wyes
‘are used for the division of settled,flows bars can be placed, at: the. upstream joint of
“the tee or wye, to cause the requlred ‘mixing before dmsron JIf a straight section of .
conduit 6 to 8 diameters: (or channel” wrdths) long tan be located upstream of the
. divider, effects of centnfugal forces will be well damped and w1ll allow a division of
solrds more nearly proportronal to the subd1v1ded flows. '
Plan 111 If flows are splrt from a. channel at. points not equrdrstan from the entrance
flow, the hydraulrc head at. successive points’ along‘the channel will. be different, -de-
- pending on ‘the velocity - heads .arid friction. losses Reference™(2) contams detailed |
_ analyses of this problem. To obtain a relatively even ‘split of flows, the equatlon hig =
- (£Ah)/(1 - m2) applles Here; also, an’ equal split of suspended matenal requires suffi-
cignt mixing ih. the dlspersron condurt to obtaln a relatrvely homogeneous solids dis-
ersion. t e . _._/ '

34 .
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/ PJan IV If a relatlvely umfo head is: avallable Cross a channel (ie .no nearby

' " . ,-’,. " upstream changes in dire¢tion), #ith approach velo l/tﬂres of less, than about 2 to 3 ft/sec

o (0 6 to 0.9 m/s), Parshall or cut-throat flumes may be used to d1v1de the flows equally

) : The des1glﬁ of such flumes is ‘given in referent s°(3), (4),(5),(6), (7),(8), and 69)

o _". Every effort should be made t insure a relatiyely homogeneous mixture beforé divi-~ |
- ston. : o o

-

',r"

_;*,,-,‘ : Plan ’V A s1mple method of ob a1n1ng g od mlxmg (1deal for small plants) is use of a -
SR | bottom eptrance td the sphttmg OX. The w enters {'\e box in the- m1ddle and can be
‘ ' spht’ tnos\t accurately there with ows at 90° to.the denter line of the 1nverted srphon '
or \at the s1d-es of'the Laox The e trahce veloc1t1es should be kept relatlvely low with -
resp,qtt to ‘the. depth of the Spllttl g box, to prevent excessive surface turbulence and'\
. resu}t}ant vatiations of hea,d’ at the flow control device: Weirs, or orrﬁces with sufﬁcrent._- R
: headg’loss can be used to dwlde ¥ e flows’ sat1sfactorlly For works built in two stages, . -
.' flow ‘from A amd B can,\be used, for ome stage and from C and ‘D' for the other stage.
. Wlth aln odd number of dmsrons a ound spllttmg box § is srmpler o , . "

i : i

3‘2 3’ Plant Hydraullc Gradlent

'

Ll

~

t’ a,

Hydraullc gradlent d1agrams of . the maj stream and .all s1destream flows at the treatment'.
plantchould be prepared to 1nsure that a equate ‘provision is made for-all head losses

Al . : \ . . . .
‘Becdusd cost and avarlablllty of ¢ energy are\srgmﬁcgmt factors in the operatlon of d plant the
/desrgn %lowances for the head loss of each 'unit, as well as through the entire plant from the
ntrance through the outfall, must be carefully cons1dered part1cularly if pumplng is re- ,
~ qu1red Unnecessary head allowances lncrease the cost of pump1ng, 1nsuff1c1ent allowances
' make o eratlon dlfﬁcult and expansron costly/__ - =R
- Bernou llS theorem (basic. to’ hy(lrauhc system design) states that, under conditions’ of )
‘steady "flow the sum of the-velocity- head, pressure ‘head, and head from elevation at any °
polnht along a conduit or channel is equal tO the sum of these same heads at any other down--
" stream |point plus tlre losses in head- between two p01nts result1ng from friction or. turbu-
lence. A line represent1ng only the sum df the pressure head and the elevation head ata
number; of points ‘in a system represents the hydraullc grade llne orF equivalent free water
surface. In wastewater treatment plant designs, the hydraulic grade line (or free water sur-
ifaée‘ only).is usually shown. Although the total eénergy’ grade line is frequently not shown it
— sh'_ould always be- calculated to obtain a’more "accurate representation’ of the changes in
"‘w_ater.s rface elevat-ron References (3),(5),.(\)’ (lO) (ll) and (12) d1scuss th1s in more’
.det"ajl.- S : 7 - : :

L A, ; _ r

r

Energy " hanges usually requm_ng cons1deratlon 1n developlng hydraullc profiles lnclude the .

follow1n :
ﬁ -

' "-“'; ' %1

| 3 '

Head losses from wall fr1ctldn in condults : .

L 2 Head losses caused by sudden enlargement of such as’ flows into tanks and

¢ ' ' larger condu1ts sudden contractlons, such as at’ e\ntrances orrﬁces 1nlets welrs -
. - a . ¢ j o N

. .. . 3 . , . . . . : o
[ B LN !
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R and flumes, sudden changes in d1rectron such,as bends elbows and tees; sudden
‘changes ini. slope or. drops, such as- after weirs and flumes and possrble obstruc- N
tions because of deposrts in a conduit. . .~ ,‘ : PR '
' .*'3. Heads requrred to allow dlscharges\ over werrs and through flumes onﬁces, and

, other measurmg, controlling, or flow division devices. R
4. Head gains or losses from momentum charges. ~  * I T
5. Head allowances for expansron of facrhtres, to rheét future requrrements
6. Head allowances for ‘maxinum water - levels in -the receiving waters to prev n.t
backup of flow in the cutfall, if,that mrght-cause difficulty. . s gL
. Head allowan¢ »for unusual restnctrons in the downstream flow, wh1ch could s

“back up the was ewater stream. and submerge measurmg or control deviced. -
8. Head gamed by pumpmg K l'," - ,- A R ,
~ 9. Head requrrements for ﬂow through commmutors, b‘arscreens ﬁne screens ‘mix-
" .ing tanks, equahzatlons tanks, flocculatron tanks, clanfiers aeration tanks,sfilters o
- carbon contactors, ion. e’xchangers chlorme contactors ozone c9ntactors andall °

" other treatment processes. ' P R

10 _Head losses that may result if air causes bulkmg, or escapes from the wastewater -

L “to form air pockets, thus restnctmg flow! « . . S [ e

l'l, Combmed momentum nd srde-wall energy losses in a condurt if the flow is’ Spllt-
along the side of the- conduit (two-thirds of the héad requrred may be needed to
provrde the changesln momentum) R T
In addltron to the average des1gn ﬂow grade hne the»desrgner should prepare grade lines for -
m1n1mum flows at the time. of startup and peak flows at the end/of the desrgn penod '

,

Y

.\]r

a

VA

.o

;

4
- —'"»' Ll :
Hydraullc profi les serve as a ve-ry useful tool for insuring that all. pertment head losses are )
accounted for and that the plant can satisfactorily function hydrauhcally, both now ,and in

' the future Hydrauhc profiles should also be prepared for all feasrble aLternatlve des1gns

Flgures 3 2 3-3-' 3—4 and 3-5 show typrcal hydrauhc proﬁles for fnall wasteWater treatment :

P plants Figure 3-2 illustrates umt’s that ma’y be requiredin a Jefter stage of construction in.
_developing a hydraulic gradient to upgrade an eXxisting primary plant. Figure'3-3 shows the'
hydraulic gradlent of a small plant on a site’ where the flow can be mamtalned by gravity. -
This plant is desrgned to meet vanatlons in flow whrle reliably producing-a propefly—treated'
 effluent. Figurg.3-4 shows stf'uctures that Cross the prmcrpal stream of flow and create a

' *need' for bends, causrng adgltronal head losses - :

v LN

& .

~ This: plant was expanded once ‘and is curren'tly undergorng a second expansron and upgrad«,
ing. Note that provrsrons are made fog energy d1ss1patlon and reaerat-ron when the stream-
flow 1 i$ _average. Because two. -pumping: stations are involved, there'aré srgmﬁcant head losses
to consrder in addition to the static head; to obtain the dynamic head requrrements for the\
: pumps Figure 3-5 shows a typical small- secondary treatment plant located in-a flat area
near a stream. Pump1ng requued before treatment provrdes sufﬁcrent head for gravrty flow
throughtheplant e ’- - . . Lk o

¢ v

' Reférences (5) and (l2) contain detarled d1scuss1ons of the various types of head losses and .
how, they are calculated. References (3), (4), (6), (9), (10), (11); (13), and (l4) also contam
detailed information,on head losses. , o . NS I T
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* . 3.24 Sludge Flow.Hydraulics '

. N . . . . ..
’ - ce- R

tem 4

'The flow charadteristics of sludges vary accordmg to the types and concentratlons of orgamc ‘

_solids and chemicals, Some sludges ‘have flow characterlstlcs similar to clear water; others -
have* pseudoplast1c flow charactenstlcs Many sludges are tluxotroplc in-nature; that is, the1r
v1sc051ty mcreases with tlme 1f ina stat1c state but on ag1tatlon returns to 1ts or1g1nal value

\

The flow of sludges with lower SOlldS contents ‘and viscosities close. to that of water may be -

.calculated using turbulent flow friction losses in common hydraullc formulas Return acti-

ﬁvated sludge and sludge from mtermedlzlte or final clarifiers generally have waterlike flow:

characteristics. Sludges from primary clanﬁers scum th1ckeners holdmg tanks, and d1gesters
have pseudoplastlc or th1xotrop1c charactenstlcs e S . Wﬂ" . :

- -
T

If pseudoplast1c type sludges are to be pumped long dlstances veloc1t1es must be: kept in the :

‘laminar flow ranges, to keep the head losses down Reference (lS) contams desngn detalls on

-"thls type offlow : . S _ , aoe

e ) T

"T"‘.In wastewater treatment plants sludge ﬂ%sz are normally 1ntek'mittent ‘Thus, to scour any.

" solids that separate durmg periods of qui
l 5 m/s) or higher for more waterhke siudges, should-be kept. For. heav1er sludges and
grease veloc1t1es of § to 8 ft/sec (1.5 to 2.4 m/s) are needed.- Because all sludge piping
‘must pass 3-in. (75 mm) solids and must be at least. 4 in. (100 mm) in.diameter to pass the

. solids "and pez cleaning, the flow 1nvar1ab1y w1ll be in the turbulent rather than the
ovlded the drawoff rate is sufﬁc1ent) Therefore once sludge flow has .

laminar- Tange
» started, formulas for. turbulent flow of flUIdS can be used If the Hazen-William$ formula is

used, C factors (dependent on condu1t roughness) f,tom 60 to. 90 .may bé used (20 to 40 -

_'percent less than for wastewaters) R .
'To prevent dlsruptlon of treatment processes provmons must be made in all sludge COIIdllltS
vfor cleanouts vent p1pes taps for stearn or hot. water; and access for mechamcal cleaning.
Pumps if at_all p0551b1e should have a p051t1ve suction head of at-lest-3: ft (0 9.m) or hlgher

: . (partlcularly for rec1procat1rrg pumps) plus head losses in-the stction lme Staﬁllby sludge ‘

pumpsmustbeprowded(lS) S R o

.33 Pumpmg g

vl

" References (3), (5) (6) (10), (1 l) (13), (l4), and (16) and the catalogs and data issued by'--
.. pump manufacturers contain a-wealth of detail for, design, procedures Current techmcal_

'_'7pub11catlons rg;gularly contain d1scussnons of some aspect of pumping.

.

.Because wastewater flowing mto a plant contmlxes—although pumps may stop—spare'

pumps spare power sources, screenmg, overﬂow pond storage etc,, which will automat-

: 1ca11y begin functioning when a unit stops, must be prowded Reliable, efficient pumping - .

tandby equlpment should be mcorporated in the de31gn of the system (15)

)

ence, sludge velocities, of 3 to 5 ft/sec (0 9to .

<«
-
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33 1 Types of Wastewater and Sludge Pumps

‘Types of p/umps avallable for use at wastewater fac111t1es for various needs are hsted in Table
3-1. The pumping system' selected must be able to meet the varying head conditions ¢aused

by differencesin free water level in the wet well and the receiving body of water, plus dll the

head losses in the conduit. Head losses in the conduit, which depend: on flow variations

" throughout the llfe of the pumping system, include wall friction and ‘losses at entrances out-' :
* . lets, valves, measuring dev1ces elbows bends, tees, reducers, ‘and any other locatlon Or Cross-

' “sectional area where the flow changes direction. Whenever two or more pumps will be trans-

" ferring liquid from a single source into a common conduit, head curves for all combinations )

of pumps in the pumping system must be developed to determme a program that wilt n}eet
~ . all head flow comb1nat10ns e e . e .

: A process for selectmg the best pump for handlmg raw wastewater is descrlbed in references
_(l2)and(l7) e o s I

3 3 2 Pump Dnve Equlpment

D1rectly connected electric motors are. commonly used to drive pumps at small wastewateé
. treatment plants If. two mdependent sources of electrical power. are unavallable (as .is
B usually the ¢ase), mtemal com‘bust10n engines that burn diesel oil, *gasollne propane or.
methahe may -be’ used to° prov1de standby electr1cal generatlon capac1ty or direct power for
, 'pumps(15) I = St :
Squrrrel Gage motors are most commonly used in small plants becauSe of their’ low cost
: re11ab1hty, and ruggedness They- can be used if the pumping operatlon is contmuous and the
loads uniform. Auxrlrary control or’special ‘windings are adv1sed if operatlon is intermittent

. or the load fluctuates, to prov1de better starting condltlons Wound rotor motors are gen-

- erally used for variable speed operation. High-speed motors with- reductlon gears are used to

operate valves gates, screens, mixers, flocculators and other slow-speed equrpment
. A 3 .

‘Factors to be consrdered in compann,g alternatlve drives include energy usage, rehablhty, |
srmphcrty of operatlon and mamtenance ruggedness, and cost of each type of drive meeting .

~ the pertinent: condrtlons(vanablllty of flow, head and available power). Characterlstrcs to.be
'determmed by the engineer for each drive are type of motor or enging; horsepower (kW);

electric current, voltage frequency and’ phases startmg torque, voltage, and currént; speedy -

,speed reducer requirements; alternative drive requirements; overload, underload overvolt-

‘ age, undervoltage, and other required motor protection deV1ces type of bearings, insulation,

and ventilation; noise reductlon mounting or setting; ﬁre-proof and safe. fuel supply; and

. means of simple replacement or overha,ul on site. The details’ on this subJect can be. found in
' :references 3), (5) (10), (1 l), and (12) and from manufacturers of drive equrpment

ot
<

3-13.
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0T RPN ALTERNATIVESFOR VARIOUSTREATHENT PLANT EEDS
* PumpType. DR “Deserption B \ | MayBeUsedFor-

- Arlit 'Used for lrftrng quurd lrom wet'Wells or basins. Arrunder pressurersmtroduced ,Second.ary Sludge Recirculation -~
Lo oy intoghe liquid to reduce apparent specific gravity of the arr/quurd mrxture°and - and Wasting |
o thusjpausef to rise to the discharge outlet. | D

Centrifugal - i"om sts of an impeller fixed on a rotating shaft and enclosed in a casing w1th Raw Wastewater
RS )

. a1 infet and discharge connection. The rotating impeller creates pressurein  Secondary Sludge Recrrculatrdn
' the Liguid by the velocity created by the centrifugal force. Pump is . and Wasting,
*com only cléssrﬁed accordmg to unpeller as radial, mrxed ﬂow, of ax1al ~ " Settled Primary and Secondary
| o l - Effluent S
R ‘Draphragm ’@es flexrble draphragm or drsk , generally made of rubber, metal o vChemrcal Solution A
- ! comflosition material, fastened at the edges of a cylinder, When the diskis - -~ .
‘moved at its center byaprstonmone direction, suction is created and ‘
*Jliqui ente (}rom the siction line, When the disk is moved in the other -
o direclion ﬁessure forces the liquid out the drscharge line. Check valves A
W . e u?donbothsuctronanddrschargelmes o ‘ | R
' f’ Plunger ‘l' ~ . Arectprocating pump wrthaplungerwluch does nof gontact the cyhnder o anary Sludge A :
o walls{but enters the cylinder and withdraws through packrng glands thus - Skimmings T
3 altem fing suctlon and pressure. - , - "+ Secondary Sludge Recrrculatron o
\ — - S mdVating
o L Thickened Sludge
S o . ° " Chemical Solution. .
Progressive|  Posft edtsplacement SCrew type pump that usesasmgle-threaded rotor, Skimmings . .
J + Capacity ~ opgrating with a minimum of clearancemadouble threaded hehx of " Thickened Sludge
¥ sftorhad mbberorother materidl/ - -~ Chemical Solution
- Sorew Usesasprral srew operatmgmanopen inclined trough . RawWastewater
- | T * Settled Primary and Secondary
St o Effleent
S R T S
Torque-flow - Uses rotatmg inducing element which is entrrely out of the flow path ol o RawWastewater C
the hqurd through the pump oot Primary Sludge R
| . | | L C T Secondary Sludge Recirculation .~ ‘
co L r' st . and Wasting ‘
B T "+ Thickened Sludge |
“Vettical " A centrifugal pump, which uses a pump shaftin a vertical position. " Settled Primary and Secondary
Twbie T < Eifet
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4.1 ,Introduction _ . o .
. - . B ey ) . S R N .
* aly ! N ) ' ) ) T . ) AN ' , ¥

) Equalrzatlon of fluctuatmg wastewater flows w1ll make hydrauhc pollutant loadings more.

|

uniform and may improve the effectiveness or- reliability of essential treatment processes. -
‘ Equahzatlon can, therefore be a valua le techmque in the upgrading of existing facrhtles-

- and should be consrdered a fedsible de 1gn altérnative for new treatment"‘facrhtles If the

. system experrences large, erratlc discharges-of 1ndustr1a1 wastes equahzatlon may%e easrly,

-f'lustlﬁed e | L , -

P .o . ) .
-~ . . . s . . .
. - . . .

5 Stormg above-average flow in ahasrn pond tank or condult (a less desrrable altematlve) for:

uniform’ release to. treatment prOCesses durrng penods of . below-average flow will actueve K

equahzatron A. detailed dlSCUSSlOﬂ of flow equahzatlon for large rggmcrpal faellltres can be

found in the Process Deszgn ‘Manual for-Upgrading Exzstmg Wastewater Treatment Plants. :
"(1).- This chapter “discusses the  criteria \for the desrgn of equallzatron fac111t1es for small -

o 'wastewater treatment plants

~.

3 -'4;’.2 Variatioéigi?t'v‘l’astewater 'Fl:o,w

) The darly wastewater flow’ from ‘a small commumty usually varies more in quallty and

I

" quantity than. does the flow from larger communities. (Details of variations are presented in -

" Chapter 2). Hydraulically, the major portron of flow from a small commumty occurs during -
the dayllght hours, with’ mlmmal domestic Wastewater flow from 2 a:m. to 6 a.m. .Two or
three peak flows during the day and one mlmmum flow at night may occur. For some treat-
ment processes to operate and use space most efﬁcrently, the-influent flow should be kept

: relat1vely consrstent in rate and concentratlon of constltutents . : S ‘\

! -
2

In smaller commumtres quallty control during the ccmstructlon of household p1p1ng, service

.connectlons and sewer installations is often madequate resultmg m mﬁltratlon and storm-'

‘ water inflow. Ground. water may infiltrate sewers if- the water table rises above the pipes at
_any time, thereby doubling ok tripling the average flow durmg that period (as long as several

months in some locations) _Although stormwater mflow may be for'a shorter period, it'may. .
full for up tera week at a tlme Stormwater mflow results largely -
g-drains connected to the (sanitary sewer; 2) stormwater_' :

_qulckly reachmg gravel pipe, bedding and then entering the sewers"?rrough leaky Jomts and .
- 3).inflow through ‘faulty manhole- constructlon Storrnwater inflows may temporarrly dllute*»« g

keep the collection. systi

"~ from- l) roof, cellar, of footi

and mod1fy the concentratlons of the pollutants in the raw wastewater. It may, under some -

circumstances, be feasible and cost-effective to provide some capacrty in the Equallzatlon' .

.unit, to mod1fy some of the effécts. of stormwater mflows lt is' seldom (if ever) worthwhrle

however, to provide sufficient capacrty for equallzatlon of large flows resultmg from sea-' -

Con

sonal ground water mﬁltratlon . .
: o ‘94




' Irregular wastewater dlscharges ¢an be’ expected from schools and small industries (dames

, cannerles tanneries; etc.), which often have high flows for llmrted periods dunng weekdays,
and mrnlmal flows during: n1ghts kends, holldays or vacatlons Resort or tourist busi-

,nesses usually dlscharge wastes nore heav1ly on weekends holldays and- dur1ng vacatlon :

: perrods o : -

.
.

ln“smaller commun1t1es the c0ncentratlon of the varlous pollutlng constltuents can vary .
consrderably by the hour, day, season, and ‘year.. As shown .on Figure 4-1, the BOD of
domestic wastewater usually . is somewhat proportional -to flow If the flow contains signifi-
cant portlons of nonresrdentlal wastewater these var1atrons in concentratron wﬂl seldom -
' ,.follow the pattems of the hydraulrc flow variations.. EE . o '

o , .
' Small duratlons of h1gh concentratrons oft x1c mater1al caused by a Splll will “porson a
'brologrcal process Normally blddegradable substances, if h1ghly concentrated may, 1nh1b1t a
' blologlcal process Equallzatlon lessens the adverse impact of such shock load1ngs ’

- . e . LS
o . . . «

A common problem at small t;eatment“plants is the 1nterm1ttent dumplng‘ of sept1c tank-
pumpage (septage) collected from nearby’unsewered -homes. and communitiés, It is good

desrgn practice to prov1de a spec1ally designed rece1v1ng facility- to equalize or treat. septage
.prror to. its-introduction to the treatment facility. Small industries. co(r:n(monly dlscharge
certam process wastewaters on an 1nterm1ttent basis i in: batches that are o.f.t@ﬁ trucked.to the
treatment plant for disposal..If these concentrated dlscharges; are compat1ble with the treat- _
~ 'ment processes, . ‘they may be mixed in an equalization tank ‘with the domestlc wastes and
“fed to the treatment processes unlformly However, these discharges, along with chem1cal'_
torlet collections, are often quite toxic to the treatment facility and require separate treat-
' ment by chem1cals etc to prevent serjous upsets in treatment plant operat1ons : '
g '-‘The large number of factors causrng var1ab111ty of flow and strengtkh of wastewater makes it _
"partrcularly 1mportant in analyzrng the feaslblhty of equahzatlon to gage and sample ex1st-

ing wastewiter flows. The gaging -and sampling should: take -place during periods of dry

" weather when the ground water surface is below the sewers and during periods of hlgh x

ground water and ramstorm runoff to determme the effects of each on the flow rates and*’
.wastewater constltuents b -

A reasonable 24-hr wastewater flow curve must be developed asa basrs for the desrgn This

PP

~ diurnal flow curve should consider. the existing variations- in darly, seasonal, and annual -

24-hr’flow- and the probable increases in flow throughout the design period: In general, the
-24-hr curve showing the largest var1at1Qn ratios should be used for the" expected design
flows A typlcal diurnal flow curve is’ shown in, Flgure 4-l

4 3 Beneﬁts of Dry-Weather Flow Equallzatlon o

- . , : \
’ Flow equallzatlon has a positive 1mpact on all treatment processes from pnmary treatment
to advanced waste treatment. ‘
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. 4.3.1 Impact on Primary Settling
' The most beneﬁclal 1mpact ‘on primary settllng is. the reductlon of peak overflow rates, re- .
‘sulting in 1mproved performance and a more uniform primary, effluent quality. Flow equali-
'zatlon permits the sizing of new clarifiers on the basis-of equallzed fTow rates rather than .

' peak rates. In an existing primary clarifier that is hydraullcally overloaded dur1ng perigds of -
peak dlurnal flow equalrzatlon can reduce the maximum’ overflow rate to an acceptablé_.
level. A constant influent .feed rate also prevgnts hydraulic disruptions created by sudden
flow changes in the clar1f1er~part1cularly those caused by addltlonal wastewater llft pumps
suddenly com1ng online. - . ., . , o '

[

£l S
-

: LaGrega and Keenan (2) 1nvest1gated ‘the effect of flow quallzatlon at the 1. 8 mgd waste-

‘water treatment plant'in Newark, New York. An. ex1sting aerataon tan’k was: temporanly con-v o
jverted to an equilization “basin, and-the - performances of prrmary settllng under. margmal o

.operating condrtlons\ w1tfn and w1thout equalrzatlon were compared }he results are shown

fl"lnTable4l e L T . e
' TABLE 4-1
r EFFECT OF FL’OW EQUALIZATION ON PRIMARY SETTLING
C . | NEWARK,NEWYORK' . .
e { - o - ‘.'J \ ' Normal Flow ‘_Eq‘ualized-Flow, .
Primary Influent S, mg/l . . 1367 - . 1280 . - .
~ Primary Effluent SS,mg/l. = - 1054 , - 680 ) I
* SS Removal in anarles percent o 73 S 47 T

Note Average flow sllghtly hlgher in unequallzed portron of study

;
w

It has been demonstrated (3) 4 that preaeratlon can s1gn1f1cantly lmprove primary settlmg,.
‘as dlscussed in Chapter 8. Roe (3) concluded that preaeration preflocculates suspended °
-solids, thereby improving settling: characterlstlcs This benef1t may be realized by aerated
. equalization basins; however, it may be d1m1n1shed if the equahzed flow is- centr1fugally
pumped to the.primary clarlfler' because of the shearing of the floc. ) TR

. Ty e . - .
If recrrculatlon is ‘limited or nonexrstent trlckllng fllter media may dry out and the blota
' -activity may be reduced thus reducing treatment eff1c1ency Equallzatlon may be beneﬁcral o

- if rec1rculat10n ratios above’ 4 to 1’ are needed

. .." Y e -

L , , . oy . . N
_The detentlon t1me in the contact tank of a contact stabilization . .type of act1vated sludge ‘
plant should be between 25 and 40 minutés for the process to achieve its best- eff1crency
Flow equalrzatlon may be necessary in maintaihing control of th1s detentlon penod in small
plants if flow var1at10ns are excessrve o —_

;



: -4.'3.2 Impact on Bidlogical Treatment I Lo e e

. . ,_ . . . . c . ! ‘ ‘/4’~..

. In contrast to primary treatment or other marnly physrcm processes in wh1ch concentratlon _

dampmg is- of minor benefit, blologlcal treatment performance can benefit 51gn1f1cantly
from concentratlon flactuation damplng and flow smootlnng Concentratlon fluctua{-loh

' dampmg can protect biological processes from upset or far‘lure from shock loadings of toxic -

or. treatment-rnhrbltlng substances. Inline equahzatlon basins are, therefore preferred to -

srdelrne basrns fot)brologrcal treatment appllcatlons

R . »
‘e X . : t: )

Improvement in effluent qual;ty because of. stablllzed mass: loadrng of BOD on blologrcal
- systems treating normal domestic wastes has not been adequately. demonstrated to date.’ The“
effect is .expected to be- srgmficant if diurnal fluctuatlons. in- organ1c mass load1ngs are .
extreme; that is,"at a wastewat treatment plant receiving ahigh strength 1ndugtr1al flow of
short. duratiorf. Damplng of flow and mass load1ng will also 1mprove aeratlo’ffftank perfor-
. mance, if aeration equipment is margmal or 1nadequate in satlsfylng peak d1urnal load1ng
oxygen demands (5) T . -
' The optlmum pH for bacter1al growth is between 6. 5 and 7 S. Inllne flow equallzatlon can '
'-["be effect1ve in ma1nta1n1ng a stablllzed pH w1th1n this range L :
’ FIow smooth1ng can be expected to 1mprove final settling more than prlmary settllng In the
. act;vated sludge process flow equalization w1ll also stablllze the SOlldS load1ng on the ﬁnal‘
N clanﬁer Fora g1ven size clarlfler, thls means:” - IR . 2
o . o BRI
*.. 1..The MLSS -conoentratlon can be 1ncreased thereby decreasrng the F;M nd":in'-'
creasing the SRT. This may result in an increased level of nitrificatio hd a dé-‘
Crease in blologreal ‘sludge productlon It may also improve the perfOrmance of a
system operating at an excessrvely hrgh daily peak F/M.- - . .
o2 Dlurnal fluctuatlons in the sludge blanket level will.be teduced, thus reduc1ng the‘ ’ﬂ
R potentlal for solids be1ng drawn over the weir by the hrgher veloc1t1es in the zone

.

-, of theeffluent weirs. .~ _ . : T
B o y e , : .

.

..In a new. desrgn, equahzatron perm1ts .the use of a smaller clarlfier, wrth a better probablllty'
of consrstently meet1ng effluent regurrements w1thout loss of efﬁclency

]
«
[

4.3, 3 Impact on Chernical Treatment

"In chem1cal ‘€0a ulatlon and prec1p1tatlon systems using iron or alumlnum salts “the quant1ty

~ of chemical coigulant requ1red for phosphorus precipitation is proportlonal td the mass
flow of ph05phorus entermg the. plant If lime is used the amount required is proportlonal
to the i 1ncom1ng alkallnlty of the wastewater and desrred reaction pH. Other chemlcal eat-
,_'ment apphcatlons in smalt plants also require proportlonal ¢hemical dosmg For denltnﬁca- N .
.tion, the amount of methanol to be added is proportlonal to the mass flow of n1trate enter-_ '

) ~1ng the demtnﬁcatlon reactor o : : ‘

.



‘Because .in small plants the mass flow var1atlon of these contammants is generally much

greater ‘than it is in large plants the degree of automatic control requ1red and assoc1ated

capltal osts are ‘proportionally h1gher Equahzatlon of the flow, and -some damping ¢ of éon-
L _centratiop variation will permit utlllzatlon of less SOphlSthdted control equ1pment and will

. reduce cohtrol equlpment cost; result1ng in moreeffectlve use of chemlcals

'4.3.4 ' Impact oit F-iltrati'on L L s .
Rapid %uym"e?s\are usually~des1gned for a constant rate of flow aad are more efﬁcnent 1f
- operated at an equahzed flow rate. A more constant flow rate will reduce the requlred sur-
face area and produce more uniform filtration cycles. If glow sarfd filters are operated on: an -
= ~1nterm1ttent dosmg-restlng cycle treatment will not be senously affected by flow variations.

4 3. 5 Impact on Actlvated Carbon Adsorp n ’ . R
. _,é\ . w . ‘) . .
If the act1vated carbon process is snzed for peak flows and the capacrty of the carbon regen-
eratlon syste i »adequate for use during surges .or organ1c Ioadlngs equallzatlon is. not
necessary Smaller (or fewer) carbon contactors may be requlred however if ﬂow equallza- '
tlon 1sused (6) T L e S :
4.3.6} Impact on Pump,ing and .,P’iping SR ‘ '

Pump and p1pe capac1t1es downstream of equallzatlon un1ts can be reduced in new de51gns
quﬁaanann tanks upstream of long lines to the treatment plant can reduce the size and
cost of° such pipelines, as well as equallze the flows through the treatmem processes

_",4.3.7 "Impac_t on Plant-Operation I . R B ;‘%‘_,Ila de o,
Process control‘ may‘be simplified l)y equalizatim reatment prqcesses, typically sized for
the average flow of the max1mum day, often do not completely méet the peak demands of
- the -incoming wastes. This short- ‘term ~overleading: has an adverse effect on the treatment
. efficiency (2). Equallzatlon tanks can also be used for temporary storage of. wastewater

- removed from units undergomg repa1r or maintenance.

' 4.3,.,8' ’Miscellaneous. Beneﬁts o U SR f'_ RO
The equallzatlon basnn prov1des an excellent pomt of return for recycled concentrated waste
streams such as. dlg'ester supernatant, sludge d‘ewaterlng ﬁltrate and polrshlng fllter back-
wash "y , “
Some’ BOD reduetron is llkely to occur in an aerated equahzatlon basm (7) (8) (9). A 10- to .
20-perce’nt reduction has been suggested (9) for an inline raw wastewater basin. However ..
the- degree, of reductlon will depend on the detention time in the basm ‘the. aera.tron pro-

vided, the wastewater temperature,\ and' other factors.



- 3
A . ‘
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Roe 3) observed that preaeratlon may 1mprove the treatab111ty of raw waste_water by creat-_

lng a positive ox1dazion-reductlon potentlal and thereby reducing the degree of ox1ﬂat10n re- .

C e »

qulred in subsequent stages of treatment." 4

Equahzatlon of flow reduces the probablllty of excessive chlor1ne dosage wh1ch in turn ,

' reduces the posmblhty of producmg toxic chlorme compounds _ e

A

4 4 Dlsadvantages of Dry-Weather Flow Equallzatlon B ' ’ o Coe o :
'—Dlsaﬁvantages occurrmg un_d_er.certam c1rcumstan'ces include:

' l-_'.. 'The operatrom and mamtenance costs of the equahzatlon facllltles may nulhfy 1ts

. advantages. . . - - : SR . .

. W2, 1t may strip. out H,S if the raw -wastewater is anaerobic, causmg an odor problem

- 3. If equallzatlon retention times are excesswe the, drop in wastewater temperature
’ in cold weather may affect clanﬁcatlon disinf ctlon and some blologlcal pro-

- cesses. .

t

.'4;5 M.‘etho'ds'.of Equaliz’ation ;

, Normal domestrc wastewater ﬂows excludlng most groundwater infiltration or stormwater
1nflow may be equalized. In many cases, however, even the dry-weather flow will include -

some ground ‘wafer mﬁltratlon Every feasible effort should be made to reduce both ground
water 1nﬁltrat10n and’ stormwater inflow to a minimum before the treatment facility is con-
struéted (1) (10). The treatment plant, however must be designed both for the existing and
expected future wastewater flows, that Aw1ll reach the plant w1th1n the de51gn per10d Flow
equallzatlon methodsmclude ’ el < <

e A good method for. small-flow plants is (after degnttmg) de51gn1ng equahzatlon

Lextended aeratron tank by allowing . for var1able depth operatlon and a discharge
~controlled to:near the- average 24:hr flow rate.’ The Dawson, Mlnnesota waste-

. water treatment faclhty uses a.variable volume ox1datlon ditch as a steady:state
: control device: to equalize the flow to subsequent units (1 1). - -

. I N
-

L2 Sideline_ equallzatlon tanks. may be sized to receive and store flows in excess of .
<, . the average dally flow rate and then to retury ‘the stored wastewater at a rate. that :

will raise subaverage plant flow to the average rate (see Figure 4-2). ‘The orgamc .

" .'flf)admg varlatlons on the subsequent processes are partlally affected, partlcularly,'_

' dunng penods of less than average flow. This scheme.mlnlmlzes pumpmg requlre- -

“ ments at the expense of less effective concentratlon damping.

o into a treatment process un1t such as an aerated’ lagoon an oxidation ditch, or an

g

3. Inline ehuallzatlon tanks 51zed in the same manner as sideline tanks, equalize the S

) foutflow at near the average daily flow rate (see Flgure 4-3). This equalization re-

et sults in:significant concentratlon ‘and mass flow damp1ng An orbal inline equahza-.,.

tion basm (Figure 4-4) has been lncorporated into the Duck. Creek Wastewater
Treatment Plant at Garland Texas(l2) R S
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4 Extra capaclty prov1ded in large trunk or 1nterceptor sewers leadlng to ‘the treat-
ment plant for mterrmttent stormwater inflow may be used for storage of peak‘
flows. The flow from the trunk’ sewer can then be controlled at near the average .

.'flow rate. Such velocities may allow deposition of solids in the sewer, however.
Nightly or sem1weekly drawdown, with adequate velocitiés to flush out deposited --

' sohds must be designed into such a system, if some method of continuous mixing _
in. the condultl_ls not prov1ded Above average BOD concentrations may occur
dunng the flushing. This method of equahzatlon is less attractlve to smaller com-
mumtles however g g o ‘ s - o

Prov1s10n of compartmentallzed or multiple bas1ns will allow flexrblhty in dewatermg a por—
tlon of the facility ‘for mamtenance or equ1pment I pa1r while stills providing some flow
equahzatlon Slngle basin mstallatlons which may“be used for small plants must maintain
complete treatment dumgﬁewatermg Thrs will’ requ1re a bypass line around the basin, to

- allow the downstream portion of-the plant to operate 1f the flow equallzatlon faclhty is out

of service.

The equahzatlon unit may be placed at a pumping statlon site at the edge’ of the collectlon
system,:to reduce the size of the trunk or interceptor sewer to the treatment plant. Thrs will
reduce the required sizes of treatment process units as well as of the pipeline and may make

. cost effective-the use of an equalization unit (particularly if thé pipeline affected i isover 0.5 .
. mile [0.8 km] 1n lengtH) (13). This location for equahzatlon is partlcularly good if odor

-

problen;us from sept1c wastewater in the p1pelme occur

46 Equalization Design a

Factors requ1rmg evaluatlonr in the selectlon of the type size, and mode of operatlon of an

" equahzatlon process are hsted below n (2) (8) (1 l)

1 Deg,ree of flow rate and orgamc loadlng equallzatlon requlred to insure re'llable s
. and efficient process performance
Optimum locatlon in the system.
- Type of equallzatlon best suitéd to items 1 and 2
Optimum volume requlred for equahzatlon
Compartmentallzatlon needed to best handle present and future flqws
‘ Type of construction.
Aeration and mixing equipment.. . _ .
- Pumping and discharge flow rate control - - ' ' yd o -
Minimum operation and mamtenafnce requlrements under ?se weather and

3

V0NV A WN

flow condltlons :
F eastfe alternative treatment components s12ed for peak ﬂo s

I3 ' .
| A e
d’ . B

Treatment processes s1zed for p\ali flows at minimum water te peratures to ellmlnate the
need for equalization -for cons1stent rehablhty, should. be corfipared with sizes. reduced .to

__tam the cost effectlveness for each At ‘some smalle treatment plants; some degree o

meet equalized needs of processes operated at equahlji}b@s and charactenstlcs to ascef%
1
¢

'\ _.‘ . . : . ':{ . . RN ﬁ VA

¢ ' S
S - ¢u/124
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equalization may be essential if consistently acceptable plant-effluent' is to be obtained,
particularly' if the quality of the effluent must meet very strict standards. '
Some variation’ in the feed to any process is normally. permissible, because the‘desrgn of '
most processes 1ncludes some allowance for, such variations. For example, final clarifiers for
actrvated sludge units are desrgned for the rate of flow expected on the average day of the
desrgn year, but the overflow rate at maximum flow is used to ‘control. the design. After
studying the settling characterrstrcs expected of the suspended solids and the provisions in-
cluded mﬁ desrgn to optrmrze settlrng (such as the spacmg, location, and size of the
.effluent ladMMers), the clarifier overflow rate is selected taking into consideration the ratio
of peak to average flow and assocrated solids loadmgs on the day of maximum flow in the
design perrod If the day’s.flow is equalized, the ‘peak overflow rate wrll equal the average
and allow for- reduced- capacrty The designer must’ evaluate the proposed design and 1)
- determine the amdunt of fluctuation that can be satrsfactorrly handled without impairing
performance 2) provrde equalrzatron sufficient to insure fluctuations no more than ‘that
amount and 3) compare that scheme 'to cothers requrrmg greater or lesser degrees of equalr-
zatron to deterrmne the optrmum desrgn .

“\

ro. _ _ -

—~

4.6_.'1 De'term-ining Necessary Vo)dme for Equalization' e
To-determine the required equalrzatron storage capacrty, the maximum variation in 24 hr
. flow expected in the design should f1rst be established. Figure 4-5 1llustrates a typical ex-
ample-of a set of flow and BOD curves for the maxrmurrl day at the end of a desrgn penod.

\The mass dragram hydrograph or 24- hr maximum day flow can be developed from Frgure"
4-1 and plotted as on Frgure 4- 5 To obtarn the volume required to equalrze the 24 hr flow:

-1.-Draw a lme between the pornts representrng the accumulated volume at the begrn-

‘ ning and end of the 24-hr period. The slope of this line represents t the average rate
of flow. 2 : :

- Draw parallel lines to the first line through the pornts on the curve farthest from
the first line. These lines are shown as A and B on Figure 4-5.

3. Draw a vertical’ lrne between the lines’ drawn in No. 2. The length of. thrs lrne.

o represents the minimum, requrred volume '

o

s

The equalization volume needed to balance the diurnal flow is a larger percentage Of the .
.day’s flow for smaller than for larger wastewater treatment: ‘plants. The volume needed for' .
equalization of: flows will usually vary from about 20 to 40 percent of the 24-hr flow for‘
smaller plants and fr m about 10 to 20 percent'.of the average darly dry- weather flow for
laruerﬂplants " :

AY

s

' ln addrtron t,xtra storage volume is needed to (4)

;u’ ' L
1.. Balance unexpected changes in drurnal flows ' -
: , Y -

qwll A . AN
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'2._ Provide continuous operatlon of mlxmg and aeratlon equ1pment
3. Provide some volume for (at least) partial equalization of 1nterrn1ttent organic

" tion tank, shock discharges of septage or discharges of. process s1destreams
4. Prov1de freeboard above maximum water level. ' ,‘
It should be noted that, although space outs1de the operat1ng volume cannot be used to
compute flow equallzatlon it does enter into concentratlon equahzatlon
.. 4.6.2- Basin Constmction , .
: Equahzatlon basms may be constructed of earth, concrete or steel Earthen bas1ns are gen-
~ erally ‘the least expensive. They can nermally be constructed with side slopes varymg be- .
" tween 3:1 and 2:1- horizontal to vert1cal depending on the type of lining used. To prevent_,
- embankmerit fa11ure in areas of high groundwater, dramage facilities should be provided for
' boundwater control If aerator action and w1nd forces cause the formatlon of large waves,
précautions should be taken in- des1gn to prevent erosmn Provision of a concrete pad

loadings from, for example, recyclmg of sludge scraped from bottom of equalrza- .

directly under the equahzatlon basin aerator or mixer is customary. ‘The top of the dikes .-

should be wide enough to insure a stable embanKment and, for economy. of constructlon,
-_ sufﬁclent to accommodate mechamcal compactlon equ1pment

Inhne basins should be des1gned to achleve complete mlxlng to optmuze concentratlon :
damping. Elongated tank des1gn encourages plug flow and should be’ avolded Inlet and out- -
- let configurations should be designed to prevent short c1rcu1t1ng Des1gns that dlscharge
" influent flow as close as pos31ble to the bas1n m1xers dre preferred

' 4.6;3 Air and Mixing Requiren’lents. ‘ ;

- The mixing.and aeration‘equipment for equalization basins must be selected carefully. Ina
typical equahzatlon unit, the level of wastewater in each cell in use will fluctuate about 40 to -
‘90 percent of the design depth As the cells fill-and empty, the aeration and mlxmg power
requirements-vary. In freezmg cllmates ﬂoat1ng aerators may become “frozen 1n dunng a-
'poweroutage("‘e\ . . P

¥

' Mixing' equipment should be designed to blend the contents of the tank and to prevent
deposition of solids in the basin. To mlnlmlze mixing requ1rements grit removal fac111t1es K
shoutd precede equahzatlon basins if pnsmble Aeration is required to prevent the wastewater
from becom1ng septic. Mlxmg reqmrements for blendlng a mun1c1pal wastewater hav1ng an
. SS concentrationi of approximately 200 mgjl range from 0.02 to 0.04 hp/1,000 gal (0.004
to 0.008 kW/m3) of storage. To maintain aerobic conditions, air should be supplied at a rate
of 1.25t0 2.0 cfm/l 000 gal (o 003 t0 0.0015 m3/m3 'mm) of storage 3.

. Mechanlcal aerators will prov1de both mlxing ahd aeratlon The oxygen transfer capab111t1es'
_of mechamcal aerators operating in tap water under standard conditions vary from 3to4 1b
Oz/hp-hr (1.8 to 2.4 kg/kW-hr), Bafflmg may be necessary to insure proper mixing, particu-
larly"with a circular tank conﬁgua’atlon Minimum operating levels for floating aerators gin-

erally exceed 5 ft; and vary.w_ith'the horsepower and deign of the unit. The horsepower - -
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_ equalization un1ts e

"4, 7 Examples

" 4

-

Note" that other. factors 1nclud1ng maximum operatlng depth and bas;n conﬁguratlon affect
the size, type, quantrty, and placement of the aeratlon equ1pment In all eases; the manufac~ '

turer should be- consulted

—~ -
r " . A\

Addltlonal 1nformatlon on m1x1ng and aeratlon desrgn is presemted in Chapters 7 and 10
4 6 4. Selectlng Pumplng Equlpment N o | L -

A _44

' Because of the large vanatlon 1h hydrauhc head necessary for the operatlon of equalization

tanks pumpmg is normally required. If a pumping station is required in the headworks, the’
pumps can be desrgne'd for the -additional head eeded for equallzatlon basin. operatlon
Gravity dlscharge fro-m equallzatlon will requ1re an automatlcally controlled flow-regulated
device. ‘

)
EiAs

\‘Flow-measunng devrce@are requlred downstream of equallzatlon unlts to monitor the
. ‘equalized flow. Control of preselected equahzatlon rates can be e1ther automat1c (w1th
" manual standby) or manyal

-~ ., 5

4.6.5 - Mlscellaneous Design Considerations "

¥

The followmg features, based on recommendatlons presented in Process Design Manual for -

Upgrading Exzstmg Was[ewater Treatment Plants (1), should be consrdered 1n des1gn1ng

1. Prov1d1ng a means of measunng, monitoring, and controlllng the flow from the v

equalization basin. ‘ :
i 2. Providing a means ofﬁvaryrng the mixing as the depth varies, to conserve energy
' 3,. Screenlng and degr1tt1ng raw wastewater before equallzatlon to prevent grit and
. tag problems. . ' . . :
4. Requmng adjustable legs and low water cutoff for protectlon of floatlng aerators
5. Prov1d1ng means for clean1ng grease and solids accumulatlon from equallzatlon
unit walls. :
6. Prov1d1ng means for remov1ng scum foam and floatlng mater1al
7. Prov1d1ng an emergency hlgh water overflow '

- ” . -

o

N »

_ Two comparatrve examples, 1llustrat1ng 1nplant and sideline equalization follow In both
" cases, the data shown on ngures 4-1 and 4-5 will form the basis for the computations. The
' plant to be studied is an extended aeratron actrvated sludge plant conslstmg of bar screens

Cudes

,ir.requrrements to 15revent deposrtron of solids ‘in the basin may. greatly exceed the horse-.

) . power needed for blénding and oxygen transfer. In such cases,_k may be more economlcal

_ to install’ mixing equlpment to-keep the sohds in. suspension .and furnish the air ret1u1re-
‘ments through} d1ffused air system or to mount a surface aerator blade on the mixer:



wedge-wrre screens pumpmg, aeratlon tank clanﬁer ‘and ghlonnatlon fac1hty The compu-

_ tations will deal only with 1) add'rtromﬂ fac111t1es required to equalize the flow to the clari-
fier and chlonnatron units, and 2) \resultmg changes in the srzes of the aeration tank, clari- -
. fier, and chlonnator fac111t1es R -

"'4.7.1 Inplant Equahzatlon e
The mplant equallzatron will prov1de the needed equahzatron volume (16, 000 gal or

' 60.6 m3 [Figure 4-5]) by. adding that amount to the size of the aeration tank. An example
g of the detailed design of an extended aeratlon, actlvated sludge system is shown in Section

7-9. For this example (Figure 4-6) the volume is assumed to. equal the 24—hr average ﬂow o

(67 000 gpd from Flgure 4—5)

The aeratlon tank size, w1thout equahzatlon volurﬂe willbe . - | e
B

V= 6,7,300/7.48 = 9,000 ft3‘ U

v Assuming.a depth.of 15 ft, the area will be

- A9,000/15 = 600t
. The diameter will be' ‘ B : . o ._ ‘ o e
| D=(4 Alm0S
‘Deﬁbhf;'hf;” o
. e

The equallzatlon tank volume to be added wxll be _ |
V= 16 000/7 48 2,139 ft3
The additional depth will be -

S Ad= 2,13'9/600 =361t

- To mcorporate the equallzatlon volumg in the aeratlo.n tank the depth below high water

* will be 18.6 ft.(5.7 m\. This additional depth.requires the amount of re1nforced concrete 1n'
‘the walls to be mcreased by 11.8 cuyd (9 02 m3) :

. The steel bafﬂe in front of the effluent port w1ll be 4 ft by 4 ft (1.2 m by 1. 2 m) The baffle

- will open on the sides, 1 ft (0.3 m) from the wall and centered on the d1scharge port .

A proportlonal controllé,wrth a hydraulrcally controlled butterﬂy valve placed on a metal

: platform ‘on the out51de\of the aeration tank, will be- used’ to contrdl the daily flow The - .

da11y flow will be adjustable, between 20 and 60 gpm (1.3 and 3, 8 l/s) A venturi-type meter '

and. transm1tter wjll bg used to measure flow and to actuite both the butterfly valve control -

and the chlorine dosage control. A 3-in. (76 2-mm) butterﬂy valve will be operated and -

L 416 SR - Lo
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g controlled hydrauhcally The plant pressunzed potable water system Wlll provide ‘water for
K the hydrauhc system Head loss through the meter and valve will be 1 ft (0 3 m)°or more.

‘The add1t1onal average requ1rements for pumping will be about g ‘;_-’

| hp = QWH/SSO (effiC1ency) . . -» Ry . .
b S 167 300)(8 3)3. 5)1/[(2)(550)(0 oEs400
. Jhp= 0.034_ s
where, R R
e L J
. Q =fﬂow’ mgd o .
. t'.‘ '-'W': ._(l.eﬂSity, lb/fté . . J_
- H= head ft oo

. By equalmng the flows, the clanfier volume and the chlorination faC111ty capaC1ty can be
" halved, because the peak flow (144, 000 gpd or. 545 m3/d [from F1gure 4-11]) w1ll be re- .
duced to 67, 300 gpd (254.7 m3/d) o :
v < .
" Because the clanfier overﬂow rate at maximum flow should be no moré than 800 gpd/ft2 '
- (32.6 m3 /m2:d), the clanfier area requrred for unequahzed flow will be -

= (l44 000 gpd)/(800 gpd/ftz)

E I A—/180-ft2

. -To obtain a minimum detentlon trme of 120Q, milﬁu‘"‘.‘

, . the side wall depth at unequalized '
_'flowwﬂlbe T - : o :

(144000)/[(12)(748)(180)] . v L

i d= .
d= 8 9 ft (use 9ft+1.5ft of freeboard) o o - ’
- The d1ameter of the tank w1ll therefore be T —

D (4A/1r)0 5= 15 1ft

BN .-

With equaltzed flow the clanfier area may be reduced to

A= (67 300 gpd)/(800 gpd/ftz)

131
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o ,Tﬁedepthwillr;;nain_9ft('2.7m).'.., co

| ‘ Th’e.diameterw'illthen bé . e e S o SR S

/D= (4A/1r)°5 163’ ft
' .,Th,e requlred quantlty gf remforced concrete will be reduced by ll) 4 cu’yd - R
'The chlorine contact plpe needed for 30 nunute; d,etentlon for unequalxzed ﬂow w1ll re- :
- '_quxreavolume of S S e , .
| e 144 000/[(:4)(2)(7 48)1 4'00 ft3

E Assummg a3t (0.9-m) dlmeter plpe the length needed W1ll be N

o

L= V/A 400/ [(0 7854)(3)2] =56.6 ft (use 60 ft)

The chlc)nne contact pipe. for equahzed flow w1ll requlre a volume of

| | V= 67 300/[(24)(2)(7 48)] = 188 ft3

.Assunung a 2-ft (0 6-m) dlameter plpe the length then W1l1 be o | B o -

L= V/A" 188/[(0 7854)(2)2] = 60 ft '.- -

The length-to-dlameter ratlos would be 20:1 and 30 l respectlvely, 1nsur1ng a relatlvely
plug»type flow ! : S . : e Je e d

L~ i

4772 Sldehne Equallzatlon - :",: e '

" The change in plant conﬁguratlon from that shown on Flgure 4—6 to add 81dehne equahza-

tion, is shown on Figure.4-7. The volume needed for equallzatlon remams 2,139 £t3 (59. 9. )

Y m3) for the 24-hr demgn flow. Assummg an operating depth of 8 ft (2.4 m), the area ‘
of the 81dehne equallzanon tank w111 be b

‘A= 2139/8 2674ft2,.' P
The diameter will be - - : \_ \
T b |

\18 5 ft o . |
An addltlonal depth of 4 ft (k2 m) below low water level will be needed for operation of
" the turbine; 1 .5 ft (0.45 m) above hlgh water leve w1ll be reqmred for freeboard makmg
Tthe total tank depth 13.5 ft (4.05 m) .

P
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'~w _
A submerged turbme aerator, sumlar to; that used in the areatron tanks, should be used for
aeration and mixing in' the equalization basm The turbine should be large enough to prevent .
/ anaeroblc cond1t10ns The horsepower needed for the submerged turbine wrll be S

Lo

(0 04 hp)(l6 000 gal)/l 000 gal !
‘ ’, =0. 64 hp (use a 3/4-hp drive)

- The compressor should be able to prov1de a1r agamst a ‘head varymg between 6 ft and 15 ft

'_(l8mand45m) S ; _ o S .
. R A1r requ1red (l 5 ft3/m1n)(l6 000 gal)/(l 000 gal) Loy o

v a4 f3/min

E Thiree add1trona1 pumps w111 be requ1red each w1th a capacity of 25 gpm (l 6 l/s) agamst
~about a 25-ft.(7.5-m) head; one \perhaps should be variable speed. These wﬂl require addi-

: tlonal space in the pump1ng statlon , plus add1t10nal wet well volume p1p1ng, and valves
It is poss1ble to substrtute a contact-stablllzatlon act1vated sludge system for the extended
aeration system, if s1dehne’ equahzatlon is used. However because'of the added sludge to be’
. -wasted and its drymg ca ty, this system would requ1re anaeroblc digestion tank of 15 to-

- 20 days ‘retention I:'or waste sludge for further stabilization, béfore it 1s.placed on the sludge- _
B drymg beds. This altematlve should also be mcluded m ‘the- cost-effectrveness study for a
o treatment plant foraspemﬁc locgtron N oo

. e

| 4. 8 Costs oquualrzatlon o, o ’ ', . s
. The’ costs of addmg 1nplant or srdelme \equahzatlon to a 67 300—gpd (254 7 m3/d) waste- _'
: ,._.~water treatment ‘plant, using the examples in' Section 4.7 and a U S EPA Treatment Cost A
Index of225 are presentedm the followmg subsectron AT T g v

a .,

- 4.8.1 Inplant Equahzatron |

Cap1ta1 Cost Changes - ":;"’;i-f" e TR
Ad&d aérition tank volume '(ll 8 yd3 W [ T
g8 t - reinforced concrefe) | n.T - ' , ;
o Proportronal controller and butterfly valve m,stallatron ' =S
Clarifier (reduced srke) (10 4. yd3 reinforced concrete) : A _"""f’{
_,jChlorme contact pif (reduced size) - - |

<% Subtotal, Lo -

N
.

;_,Annual Cost Changes T LT
o Added electrical power use (at $0 04/kWh) -
AddedO&Mlabor SO SN

i Subtotal

PR} : '~> . ¢ .‘,'.:» B

_ 4 21
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2 49 Case Studres ‘n

R

IntanglbleBeneﬁts L IR o
_ Better chance that ‘effluent . wrll consrstently meet standards mrmmlzatlon of
_ chlonne dosage reduces chance’ of toxic chlonne compounds in efﬂuent

\.-\

w

Better chance that efﬂuent will consrstently meet standards, mlmmrzatron of

chlonne dosage reduces chance of toxrc chlonne compounds in efﬂuent
: ‘. i: r , . X .

.’\.l "B . ! .’\ ’ . - ’4 ! L. . '»' . ". Y

o 1. : ) ’ R - ‘..r‘.i:‘;'?f v

' 491 Walled Lake-NoVrWastewater Treatment Plant . 2 “‘" 5

The Walled Lake-Novr wasfewater treatment plant isa new (19‘71) 2 l-mgd facrhty employ- o

ing sideline flow equalrzatron It was desrgned to meet stringent efﬂuent quality standards, \
mcludmg 1) a summer mqngﬂy’z average. BODZO of 8 mg/l, 2) a winter monthly average :

vlowed by multimedia tertiary ﬁlters Ferrous chlorlde and hme aré added ahead of aeration - P

BOD,q of 15:mg/l, and 3):1Q g/l of SS¢The facility used the activated sludge process, fol-

- for phosphorus removal.- Sludge is. processed by aerobrc drgestron"and gewatered on sludge

| drymg beds. A schematrc dragram of. thrs facrlrty is shown in Frgure 4-)3v o "_._

A major factor in the decxslon to employ flow equahzatron was the desrre to load the ter-

tiary filters at a constant rate. The equalrzatron facrlrty consists of a 315,000-gal (1. l90—m3)

*concrete ‘tank; equivalent in volume7ta 15 ereeﬁ of the design flow. The tank is 15 ft,

o (4 5 m) deep and 60 ft (18 ) in drameter Aeration and mixing are prov1ded by a drffused s
- aif system with a capacity of 2"cfm/1,000 gal (0:015 m3/m3-min) of storage. Chiorination;;.
. is provided for odor control A sludge scraper is used to prevent,consol_rdatron.p‘f the sludge,

-4.8;2 Sidellne Equali_zatjon‘ e
Caprt‘al Cost Changes : : . }
Equahzatron tank (48 1yd3 remforced concrete) A i 811,230
Equalization pump mstallatron o \ L 17,380 .
Flow meters (two) o L ’#’_3 600
- Extrapipingand valvgs . - +© . . : , L2570
Submerged turbine and compressor ;- I \ 12 120)
Reduction in clarifier size (10.4 yd3 reuﬁqxced concrete) . 1 005. .-
v Reductronmchlonne pipe contractor srzle“ _ '_ ' L 6207 ¢
Subtotal B L Y L
) '.-‘_.’fAnnual Cost Changes E R e |
© " Added electric power use (at so 04/kWh) T, 81450
- vAddedO&Mlab&r - B 1,350+
- | Subtotal :_}* C S e T L 82800
. ’u . 3 . .;‘ o o . -. ',. o .I "T-;;:"' . » 3 A . K
' o Tntanglble Beneﬁts 5:4{,‘_' : 1_, '.45’- R S

~

:
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Operatrpriof the:equahzatron facdrty 1s descnbed below (14) The process pump;.ng rate is
preset ongthe. pump controller to. dehver the est1mated .average flow to the treatment pro-
cesses. Flow delivered hy" theSe, pumps is - monrtored by a flow mieter” that automatrcally
adjusts the speed of the pumps to mamtam the average flow rate When the raw wastewater
flow to the wet well’ exceeds the preset average ‘the wet well level rrsesthereby actuating - ’

variable speed equahzatron piimps, which deliver the éxcess flow to the gqualization basin.
When the inflow ‘to the. wet well is less than the average the wet well lev£l falls and an:auto- .
nmatic- equalization basin effluent control wvalve opens The valve releases enough wastewater
to‘?the \}ot well to reestabhs’ the average ﬂow rate through the plant ‘Because this is'a new
plant (as opposed. to an upgtaded,plant) 'o'-comparatrve data exist. However, the treatmen‘b
facility is- generally producing a hlghly treated efﬂuent with. BOD and SS less than 4 mg/l :
cand 5 mg/l respect1ve1y (13) . C e : -

3

e
v

4.9.2 Novi' Interceptor Retention Bés'm'

The Novi 1nterceptor retentron basin (15) 1llustrates the utrhzatron of an- equalrzatroy)asin
wrt'hm the wastewater collectron system R L. oo A
. :g\w; s . , .
A portron of the wastewater collectron system for the c1ty of Novi, Michigan, d1scharges
to the exlstrng Wayng County Rouge’ Valley mterceptor system .Because of the exrstrng"
‘connected load on the Wayne'. County system, NOY! s’ wastewater d1scharge to ‘the inter-- .
~ceptor system is hriﬁfed‘“to a' maximum flow rate .of 4 cfs (0.11 m3/s)..o ‘This rate was .
matched .by the existing. maximum drumal\flow form the crty‘, To serve additional popula-
tron,? 1t was decrded to.equalize wastewater flows to the 1ntercep¢or system. By continuously
W dxschargm‘g to the*interceptor at’ ah average rate of flow, total W’astewater flo‘ws from Novi
to the Wayne County Rouge Valley mterceptor system could Be mcreaseﬁ by a factor of
2.6. :

An 87 000-ft3 (2 4Wbasm was ceﬁ;ﬁucted for eqUalrzrng flows. 'I‘he tank has :
a diameter of 92 ft'(28.m).and a depth of 10 S fv(&Z m). Aeratién and mixing are provided -
by a drffused air system ~capable of dehve’mng 2‘cfm/l 000 gal (b 015 m3/m3'm1n) of stor- .
age' " .R ¥ . -f ’_'-‘a'« N "_‘ . ‘ - '

RN T ) . »
T a5 .

A manhole located upstream of the equallzatron basﬁi“ mtercepts flow in the ex1st1ng Novi
trunk sewer. This intercepted. wastewater flows into weir structure whith allows a maxi-
" mum of 4 cfs (0.11 m3/s) to d1scharge into the Wayne County. system Wastewater in excess -

of the preset average overflows info a wet well and..is pumped to thg. equalrzatron basin. If .

flows in the 1nterceptor fall below the preset average, a flow control meter generates 4 signal
o%enrng an automatic valve on the effluent line of the basin, allowrng stored wastewater to
augment the flow : : ce : ) o

". v . . . i » Lt

4 9 3 Dawson,Mrnnesota s e peo N

] . R o ‘ ) _ :f?.,.

To improve operatron and reduce the cosf 5 of brosollds clarrﬁcatron chem1ca1 treatment
fifial -clarification, and chlonnatron equalization was considered necessary at the ‘Dawson,
Mrnnesota wastewater treatment plant. Rather than burld a separate equahzatron chamber,, .

R 4-24 T,
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the aeration un1t was des;gned asa vana,gle depth oxldatlon ditch, to obtam bot‘h hydrauhc
and sohds loadmgpquahzatnon (16) LA g . ‘ T °
) / . L . C ' B ' "n' o
The vanabl depth ox1dat10n dltCh shown in Flgure 4.9 1llustr\tes this process. De51gn cri-
tena for thx? plant are contamed in Table 4-2; performance data are mcluded in Table 4.3, .

'
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" TABLE42
J AT

'PRINCIPLE DESIGN CRITERIA, DAWSON, MINNESOTA,
' WASTEWATER TREATMENT PLANT

K
e
M

.AreaS'erved, L C e , . R CltyofDawson Minnesota

. 1970 Population E 1,800
- 2020 Design Population ' - . ) . 2,200
2020 Design Population Equivalent S . A 2400
- 1970 Flow, mgd . S < - 020
2020 Design Flow, mgd - T ST o 0026
Influent BOD, mg/1 R L o 230
+Effluent BOD required, mg/1 - - : o 5
Estimated Industrial Flow (first 5 years) - - - o -7+ Negligible 4 _
" Receiving Water . o - West Branch of the Lac Qu1 Parle River
) Aera‘fion Channel . _ B : o . ‘. -
Overall Length, ft = - =" "~ . gy
* Overall Width, ft o L o . ‘ : : 84 -
‘Minimum Operating Depth, ft = ) S J 30
Maximum Operating Dépth, ft S Al
Volume (minimum depth), ft3 . - 5 o L 25,675
Volurne (maximum depth, ft3 - ' - 36,730
BOD Loading (minimum volume), 1b/1,000 ft3 day - B 19.5
BOD Loading (maximum volume), Ib/ D@0 ft3 day L 135
Detention Time (minimum depth), hr . ‘ o a1a
 Detention Time (maximum depth), hr T 254
.BIO-SOhdS Separath Umt o )
Volume, @l R T 32000 ,
‘Volume, ft3 . - S as
Detention Tlme hr— o o “ -3
Surface Area, ft2 ) . o o 450. .
Demgned Hydrauhc Loadmg Rate, gpd/ft2 : Ce -7 580 -
' ' ~
Chenucal Quick Mlx Tank o ) . .
'Volume, ft3 _ . o 95
Detention Tlme sec : o : g ' 24
'_:Chemlcal Slow Mlx Tank - L £~ 7
Volume, ft3 o o 360
- Detention Time, ‘minutes . o » 15
" ‘Biochemical Solids Separatnon Unit ’ . .
© Volume, ft3 | o S 42,400
Detention Time, hr o o T o 5,670 e
© Surface Area, ft2 ' _ - T 4
‘Designed Hydraulic Loading Rate; gpd/ft2 ' S _ .. 648
L ' 400

add0 |
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TABLE 4-3

PERFORMANCE DATA, DAWSON MINNESOTA

C s Average’ . Concentration’

-Period . - - -~ No.of Samples.  Characteristic Influent - Effluent

. . : a : I . v mgfl o mg/l "~
9/7/73 18 12/13/73 9 . Nitrogen . 46l 21.45

- 9/7/73t012/13/73 . = 8 . . Phosphorus 98 39

- 9/7/73t012/13/73 .- 11 BODs . 245 .
-9/17/73t0 12/13/73 1 s 2675 . 7)

- 9/7/73 12 12/13/73 .13 CoD 908 45

. Note Without chemical addrtron : : . ' \

Analyses were "based on grab samples or composrtes collected between ll a.m. and
3 p.m. ) : .

Average flow from 9/7/73 to 12/12/73 was 185, 000 gpd.: :

MLSS varied between 3, 000 and 9,000 mg/l wrth the hrgher MLSS value in colder
weather, :

F/M varied between 0.3 and 0.6 Ib BOD/lb MLSS.

- Sludge age was about 30 days.

e
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CHAPTERS. A o s

HEADWORKS COMPONENTS |
5,1 ‘Introduction "
""The components of a treatment plant upstream of and prov1dmg pretreatment for pnmary
~ 'clanﬁers flocculators, equahzatron tanks, or bloIoglcal units; are consrderéd paﬂ of the
headworks. Typical'headworks components are wet wells and units fgr. screenmg and com-

'mlnutlng, gnt removal, .grease and 011 removal, and pumplng. g

These components prov1de prehmmary treatment for wastewater to optimize the operatron
and performance of subsequent treatment processes Headworks components: d1scussed in
. this chapter relate to treatment of wastewaterf that is substantially domestic in origin. In-
dustrial wastewater, it can be assumed, has been pretreated to such an-extent that it can be
~ treated as domestic wastewater w1thout loss of plant efﬁC1ency Federal rehablhty require-
- ments (1) must be considered in selectmg unit processes and equlpment for ‘wastewater -

pretreatment in the headworks o S S /

P
s

Desrgn criteria and calculatron methodology for headworks components are glven m'several' o

publications (1) () (3) (4) (5).(6) (7). Table S5-1 lists the units or processes commonly_
" found in headworks-and their functlons Under special crrcumstances some, functlons may
~ be combrned in one unit. '

TABLE 5-1

HEADWORKS UNITS
“Units or Processes - ; - " " Functions ’ _ :
Racks.and' bar screens - . Strain out coarse wastewater solids v
Communitors and grinders - ‘Macerate and grind wastewater sohds into smaller.
I R particles :

Grit remoyal. S Intercept and remove sand and gnt _
Skir'nming',(aerated or unagrated) . Remove lrghter-t an-water particles (such as grease, °
' o oil, soap, wood, dgarbage) .

- Preaeration - - . © : " Add oxygen to ‘wastewater, 1n1t1ate natural ﬂoccula—
’ , - tion, and control odors
Fine screens- o B Strain out smaller suspended organic matter .
Pumping ..3 o . - Add sufficient head to wastewater for gravity flow
o : through plant . K
_ 'Measurmg devrces ) Deterrmne 1nﬂuent ﬂows o
'Sampllng wells R Prov1de location to sample plant influent -
M1x1ng.tanks ‘ ' . o _ Mix influent wastewater recycled sollds efﬂuents or
R S . ~ sidestreams and chemigals -to achieve homogeneity’

- throughout the 'wastewater

ESN



5.2 Racks, Bar Screené, and Comminutors
One process common 'to most. treatment plant headworks is screen1ng out larger SOlldS (rags,
pieces of wood, dead animals, etc.) that would be, un81ghtly or ‘cause difficulty in down-
stream processes For small plants the screen1ng is’ usually accomplished by a hand-cleaned
bar. screen or two bar screens in parallel channels. Somet1mes the bar screenis followed by
comminution. If the comminutor is down for repa1r or if peak flows exceed the comm1-
nutor’s capacrty, the bar screen may constitute- the entire pretreatment :

In a bar screen 3/8 in (lO mm) wide by 2 in. (50 mm) deep or larger bars are welded to
crossbars on the downstream side with a clear opening between bars of 1 to 1.75 in. (25 to
45 mm). The bars, raked by hand, should not’ be so long, that they are mconvement to clean.
*An easily drained floor (w1th closely placed drain holes) for temporarrly storing the rakmgs
,should be placed downstream from ‘the top of the screen. The average veloc1ty of flow
through the bar screen should be 1 ft/sec (0 3 m/s) or greater :
Mechanlcally cleaned racks are usually consrdered 1ll~su1ted for ude in small plants..iTheir
de is. covered in. references (4) (5), and (6) _ " ."f".- : RN S o
Screenmg 'from the racks or bar screens can be- dlspOSed iling them to approved
landfill areas that are desrgned and operated to protect groundwater from leachate pollu-
tlon ’ -

Commlnutlon devices-cut up the solids in the raw wastewater to prevent an adverse effect
on the efficiency of later pumping and treatment processes. If grit removal is included, the
comminution dev1ces should follow grit removal to protect their cuttmg surfaces However,
they should usually precede any pumping un1ts to protect the’ pumps from belng clogged by
rags and large objects. " ~ .

the: channel 1s not desrgned for easy and thorough cleamng Dmly “housekﬁeplng s

required. _ o . . T

53 ~ Grit Removal.

Grrt contalns substances w1th speclﬁc gravities. much- greater than- ,those of the normal
putresclble and oxidizable organ1c ma rial in wastewater. o N

., '
i

Gnt removal units should be mcluded in the design of small wastewater treatment. plants

These units are particularly 1mportant if the wastewater contalns enough grit to cause.faster
detenoratlon and subsequent” replacement of equrpment such as pumps, centnfuges and
comm1nutors to increase the. frequfncy of clean1ng of d1gesters or to result in excessive

.\. -
\r\ V. )
Vo '_ : (S
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d'e'posits in pipelines, channels and tanks. Grit is usually removed in controlled velocity
" chambers, detritus -tanks, or aerated gnt chambers Design criteria. for these un1ts are in
references(l) 2), (4) (5), (6), and n. : ' '

~‘In smallerTreatment plants when grit removal has been necessary, manually cleaned parallel ’

grit channels have been used/ in combination with a downstream control to maintain a uni-

form velocity of close to 1 ft/sec (0.3 m/s) through the grit channel. The velocrty must be-

- kept within a range that permrts the heavier inorganic grrt to settle whrle llghter orgamc.
, SOlldS are kept in suspensrot’ ' .
Carc must be taken’in selectmg a downstream control for grit removal channels to insure
that the velocltles are not excessive, particularly along the bottom of the channel'during
- higher flows. Parshall ﬂun,‘les or Camp weirs provide such control. The Parshall flume iggglso
‘commonly used to measuf e. the.influent flow. Proportional or Sutro weirs control the aver-
age approach velocity, but tend to cause excessive bottom veloc1t1es

A detntus tank is a grlt chamber in wh1ch the veloc1t1es perm1t an apprec1able amount of
. orgamc matter to settle out w1th the grit. An aerated detntus tank, or aerated grit chamber,
Cis'a tank in 'whrch the organic. matter, that would .pthe.rwrse settle out s mamtalned in’
suspension by rising air bubbles or somie other form qf 2 "J;t}tlon s
24P

Aerated grit chambers have the following advantages:

.71, Gtit removed is clean enough for disposal without further treatment
* 2. Variations in flow have little effect. on the efﬁcrency of grit removal. ,
3. The removal of grease, or other floatables, by flotation and ski mmg ‘can be com-
' bined in oné chamber with grit removal. ' : :
4. The chamber, because of its mixing capab111t1es may provide a&good- locatron for
~ chemical’ addrtlons to :improve plant sohds “and phosphorus removal and for odor -
.;;.control and prechlonnatlon Rt o
Y .Preaeratlon aﬁlds DO to 1ncom1ng wastewater normally devoid of oxygen before
St 1s d1scharged to the next process. ~ o

-The major glrsadvantage of aerated gnt chambers for small treatment plants is that they
require more operatron and mamtenance than do manually Cleaned gnt channels
. . -.' . ‘,‘&
in general gnt removal efﬁcrency depends pr1mar11y on surface area. The areas commonly
: used are hsted in Table 5 2 (6) ' ; - ' '

(s

- 5.4 Oil, Grease and Floatlng Sohds Removal

n

Oil, grease, resin, glue and floating sohds such as soap; vegetable debns plast1cs $ruit skrns

and pieces. .of coerk and wood 1nterfere wrth some processes “dnd should be’ removed in the

headworks if large quantrtres are present in the raw wastewater. Aerated.- skimming tanks
-with detention trmes of about 3 minutes are commonly used for, oil, gr!ease and floatmg

~ solids removal. “Air requ1rements are about 0.03 ft3/gal (0:22 m3/m3) af | w_pstewater for

these un1ts 3). References (3), (4) (5) (6), and N contam deslgn cnterra fm tlreSeLunrts




TABLE 5-2 - \

THEORETICAL MAXIMUM OVERFLOW RATES FOR GRnJ CHAMBERS (6)

= Size of Grit Particle - L ' 4 “ Overflow, Rates] |
oL . S gpd/ft L
.. Approximate . - , o . . \ b L
- ScreenMesh  ~ Diameter . o Specific Gravity -~ '
Moo Noo ~ mm - 265 L2200
Y4 . 7030 65500 L 39,600
60 .’ _ . 025 ‘ 58,000 - - i 35200
65 021 46,300, - C 728,000 o
80 . 0.18 ; © 40,900 o o248000 .
o0 - 0I5 S, 323000 1 19;600
.lLiquid temperature 'about 15° C : o ‘ \ |

Skunmlngs from these un1ts are normally pu.trescent and may cause odor | nuisances. Bio-
- degradable solids of Vegetable or animal ongnr may be discharged to sludge dlgestlon units.
Other types -of skimmings (such as those containing mineral oils) may be buried w1th screen-
irlgs. Skimming volumes usually vary from 0.1 to 6. 0 ft3/mll gal (6) \ . \‘".

5.5 Preaeratlon o R o o C \

Preaeratlon of wastewater has been used throughout the Un1ted States for over 50 years to .
control odor in downstream units (aeration may cause odors by releasing st gas). and to =
1mprove treatablllty of the wastewater. Short aeration penods up to 15 minutes, have been
found adequate for these purposes. For longer aeration penods the addltlonal benefits of
grease separation and 1mproved floceulation of solids have also been observed (8)

\
1

oo ' ’ |
"‘Although the use of | aerated gnt chambers is becom1ng 1ncreas1ngly popular as a pretreat-

Y “unit in. wastewater treatment pl'ants ‘they shduld not be expected to 1ncrease substan-
. tlally BOD or SS removal during primary clanfcatlon because of the relatively | short deten-
tion times normally employed. Aerated grit chambers can-be combined w1th pieaeratlon if
grit- removal is llmlted to the upstream portion of the tank. o . | :
’ /, : : ‘ o . .
Preaeratlon is sometlmes located in the d1str1butlon channels Wltll aeration in th‘e channels,

T there are added benefits: absence of settled SOlldS even . at reduced veloc1t1e’§; and unifi \
distribution of SOlldS to multiple units. : / '

The major parameters to be considered in the deslgn of preaeration facilities are ate of air
appllcatlon and detentlon time. To maintain proper agitation,_the air supply syste\m should
" provide a range of 1.0 to 4.0 cfm/linear foot (0.0015. to 0.006 m3/m s) oflltank or

' channel This range will insure adequate performance for nearly -all physical tan layouts
" and types of aeration equipment used, if there'is more than 0. l ft3 of air supplied per gallon.
of wastewater (0 Ol m3/l) S ,

» . !
|
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' 5‘.6 Physical Screening

5.'8.;Flow_Measuringarld’Sampling o o

s

Effec ive. preaeratron has been achreved at. detentlon t1mes of > mrrfutes and less (8) 9.
“The 'I'jn States Standards (2) recommend a detenti,on»tuyﬁof 30 minutes for effect1ve solids- -
flocculation if inorganic chemrcals are used in conjunction with_preaeration. For appre- :
oD reduction, a m1n1mum of 45 rmnutes is recommended The use of polyelectro—
lytes mdy alsp affect these detentron times. . o T g e

Physical . screenmg can be defmed as the removal of solids from_ the wastewater flow by a
screening. edrum (such units have no apprecrable thickness m the direction of flow).
Screemng units -are also described in Chapters-6 and ll leferent types of. coarse and-fine

~ screens are used to remove coarse material at'the head of the plant or to'remove SS as a part

of, or in lieu of, primary treatment Design cntena fol‘ screenmg un1ts are presented in -
references(2) (3), (4), (5, (6), and(lO) '

’

In the past; ﬁne screens used in wastewater plants were mechamcally cleaned devrces w1th' '

' openmgs 1/8 in. (3 mm).or less. Wedge wire screens are becomlng accepted as efficient and

economical devices for small treatment plants (10).

- 5.7 Pumping

et

Qurte frequently, wastewater must be pumped from its point of entry to the treatment pro-
cesses. Pumping fa0111t1es often form part of the headworks. The wet well is sometimes used -
as the point at wh1ch to recycle some plant influent or to add chem1ca1s for odor control.
. Stibsection—3- 3<;ontams descriptions of design cntena and other aspects of pumpmg at smally :
~wastewater treatment plants : :o . '

¢ - l . o k_';,

. Means for efﬁcrent\flow measuring and samplmg must be cons1dered by des1gners of small
wastewater treatmeit facilities. The flow and time of day should be noted for all samplesof -
wastewater taken.-Locations in a treatment facility where flow measuring and sampling

A\
- should be considgred) are plant influent, equalihtion tank effluent ‘recirculation streams c

process s1destreams, sudge w1thdrawals from the wastewater treatment _stream, and plant
_effluent,  ° g
i

.

: Measunng dev1ces used i 1n small wastewat‘er treatment plants 1nclude Parshall flumes, Palmer-

Bowlus flumes, and we ‘is in open channels; venturi tubes, Dall tubes, orifices, nozzles mag-
“netic meters, and pipe l:)ends in closed p1pe11nes and parabolic flumes, California pipes, and
-Kennison nozzles-in pipes d1sehargmg freely to the atmosphere Gravrmetric and volumetric
containers are ‘used to alibrate flow-measunng devices and. sometunes for regularly sched-
uled measunng ‘on a ll-and-draw basis. Positivedisplacement * pumps can be: used to obtain
relatively accurate
‘uled basis.' Descriptjons ‘and design criteria for these devices can be found ut references @,
(5) (6), and (11 apd in manufacturers catalogs and bulletms

urements of sludge flow if they are calibrated on a/regularly sched-. . - |



Fa%tors mterferrhg W1th one- of more of the commonly used measurmg ’devrces are grease
 floating sohds grit, SS,. excesswe variation in. flow and inadequate available heads. Flow
veldcrtres through mea5ur1ng devices, must be large enough to cause perrodrc scouring of
'any solids that have settled durrng time of low flow, but should never reach supercrrtlcal '
levels. Upstream conditions may !influence flow measurement if flubhes or weirs are used.
) The approach flow: velocrtres must: be‘less than critical under all conditions. Drops in the in- )
vert should be located far enough upstream from the: open channel measurrng device for the__-- o
'hydrauhc jump and resultrng turbulence to have been dissipated before the ﬂow reaches the
‘measuring device.. Small' pipelines under pressure which mrght enter open channels -ahead of
flumes .or welrs fat supercritical velocity, can also cause erroneous measurement, if not v
located a sufﬁcrent distance upstream from the flume or werr A straight reach should be "
' -Pwﬁied, far enough upstream for, the 1ncom1ng ‘velocity/distribution to become uniform - ..

) acro,ss the entrre rectangular cross-sectron at the entrance ta the measuring device. o o

; . . ;,\“v-' ) . "-».-

The dlfference between llqurd levels upstream of a control and control elevatlon 1ndrcate the -
' .-;flow through a flume ‘or Werr. Liquid-level mdrcators commonly used are floats pressure o
cells, electrical’ probes and - pieumatic’ tube: .bubblers. Conditions downstream ;of open
‘channel measurmﬁ_devrt:es must be desrgned to avoid -any backup of flow that wlll Hlood -
out the measuring device: With a sebarate float chamber the float can belmarntamed satis-
-factorrly by most operators. Floatless liquid-level- 1ndrcat1ng devrces sometrmes require

semcrng by ma.nufacturers representatrves when they malfunctron ' -
To measure raw wastewater ‘and other open channel ﬂows prefabricated ParshalL flume
- liners, with 1ntegral float chambers installed in concrete channels are relatrvely Lrouble free.
PalmerBowlus flumes are also prefabrrcated for installation in pipes or manholes»(l2) One’
type of flume carries an 1mbedded“Sensor—element ‘electronically - providing mformatlon to
relate water depth to flow rate Installatron of such a Palmer-Bowlus flume is shown- m' .
Flgure 5-1. This ‘monitor canalso be used to provrde an output for automatrc cén’trol of
. treatment processes or samplrng ! - / o )

‘AdJustable-level V- notched welrs make good overflow an) measurrng device from actwated -
sludge-recrrculatrng and flow-sphttmg boxes. Constant heads dn these bons can bé main-
tained, using progressive cavity pumps or telescopmg valves. The liquid-levgl indicator used
here can be relatively trouble free if a separate float box. is used

e ’ i

P

Magnetrc flow meters are expensrve and drfﬁcult to mamtarn but can rrzeasure accurdtely "
over a-10: “t flow range (larger than most) without interference from orga ic sdlids, if grease
has been r'emoved from the wastewater To functron most efﬁcrently, owever, they must

.....

of head Stephenson and Oates (13) descrrbe an arrangement usrng a V-notch weir, a fl
a small stilling well, a recording meter and a 24—hour composrte samp er, all of v@
shown in Figure 5- Lo "".‘:' :

v
.-
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‘iManhole 1nstallat10n of the Palmer—Bowlus flu’me is 51mpIe and efﬁc1ent (5) "Thls dev1ce is, ‘_ ,
: ,espec1ally useful if flow measunng dev1ces are, to be added to éxrstlng fac1lrt1es v "ﬁ:-:"- '

o Many automat1c samplmg dev1ces havé: proved to be. satrst‘actory and have been developed
> and patented The Handbook for Monztarznandustrzal Wastewater Ql l) pomts out that ob-
_ tamrng good sarnples and the resulting analytlcal data depends on: : -

’LE‘\ .
s '_.:..' o

o ., Insunng that the sample. taken fs tru'ly representatrve ot‘ the llde IR R
: 2 Usmg proper samphng techmques L | ) . e
3 Pro‘tectmg and prese‘rvmg the samples untd they are analy‘zed . e
Sampl_rng procedu'r'es ar;'é described in‘references~(8) and ('1.-1 ). .' '. O ,'?;“ \;,Iu ‘ :
59 'E'ciuaﬁ;atid'n‘rafiks{{»3.{"", e RN

L Equahzatron tanks are sometlmes us‘ed for small treatment plantsL and can be 1ncluded rn the R
o _general category of headworks components Methods used to equallze hydrauhc and orgamc

. -- Chemicals for: drsmfectlon pH control -and odor control are somenmes added to the wasre- ;._j
R water in thé headworks Chemlcals may be’ dlspersed by adding’ them to. aerated gnt ‘
chambers ierated channels hydrauhc jumps, and pump suctlon hnes Desrgn for Chemloal

_b‘addxt' n i dls "ussed in Chapter 6 ¢ s “’- '
l Deszgn Crzterza for Mechamcal EIectrzc and Fluui System and Cdmponent Rellabzlzty
u. S EPA Techmcal Bulletln No ’430—99 74—001 (1973) IR :
Ly . e LR
'-Z'.," Recommega’ed Standards for Sewage Works Great Lakes-Upper MnglSSlpm Rwer
. Board ofS 1tary Engmeers (Apnl 1973) C e o
B ' . Coe . - e '\ . ‘,' . .
.3 v-Falr G M Geyer, J C . and Okun D A.., ,Water and Wastewater Engzneermg New
C York John Wlley &Sons(1968\') oo e e ' Loy -
- . I ST »'.‘."":._ »jo‘..‘:‘.' . ..'.";i“.

bbltt J;LE and Baumann E. R Sewerage and Sewage Treatment New York John '

A
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¢ CLARIFICATION OF RAWWASFEWATER =~ - ‘o
” ‘, X . . g . : * <. . N " = ._ N I .
‘ o v . B R T T
. 6,1 General . Y S A s T A
: .. , . - ) . - -, e . .| . = o

.Allargéfpoftion_ of the BOD _'fdund‘in faw_domestic_\yastewgte'rs is in the formlégusp'en'de‘d' -
 solids, part of which can be removed by plgin" sedimentation or, to a greater exfent, ‘by‘_' .
~ chemical. coagulation, flocculation, ' and,'sedimc_r_;ta.tidn. ‘General desigp details and' case -

studies of facilities pest'suited to accomplish .thls can be found in the Process Design Manual o
" for "Susps"e)?ded' Solids Removalif1)-and :the'Prdcess Design Manual forfhosph_on_zs Removal’

. (2). For additional information on the theory ‘and design'of chemical coagulation, floccula-

. tion, arjd clafification, refer to Chapters 12 and, 14 and references (3) through 11y

e

. 6.2 xCQégulatioﬂ and Flocculation - RN T e L S

T . ‘e - . ’ . : .

Coagulation,” as the térm is used here, is t?le_ destabilization and initial agglomeration of col-

loidal or fine suspended matter by adding a floc-forming chemical. The jar test is the normal -

way to.determine bath the coaguifant ‘dosage required for optimum SS removal and the- _

_characteristics of the floc. This test attempts.to simulate the full-seale coagulation-floccula- %

- ""tiQn pgocessf‘;in the labqratory. Test procedurégcmay vary, depending on the type of é‘quib':f .
~ ‘Mment in" the plant, but there are common elenients. If the wastewater temperature varies

- appreciably, jar tests"conducted at the lowest expected temperature should represent the ry

0«9{

* . most exacting conditions, because 'c0agu1a'tiop' and settling are retarded by lower fefnﬁera-

-tures. If co'a'g'ulari_fs- are used, they must be thoroughly dispersed by "adequaté mixing m the
.- wastewater. To ‘insure complete mixing, a rapid mix basin, equipped with mechanical
mixers, is normally required. Adgquate nﬁ_aging can be. acco_mplish'ed in 10to 30 sec‘o'nd}s.‘ ‘ .
‘ . . S o . . _ .
‘ F_loccula:tiorr'is the “agglor'r_ieration-of colloidal particles after coagulation, accomplished by .
. " gentle stirring, using either mechanical or hydraulic means. The mixing, provided in a rapid ¢ .
. mixing basin, will promote particle collision but is much too intense to promote floccula- -
_tion. The design of the flocculation basin and the characteristics of the chemically treated -
 particles will determine the limiting size and the settling characteristics.of the floc. Velocity
+ gradients in the flocculation basin pramote ,particle collision and growth. These growing
-flocculent particles, however, are fragile and ingreasingly subject fq i’l{pttjr_e by_she;r”force.'
of the velocity gradient: A typical turbine-type flocculator is shown in Figure 6-12> "~ .

,,,,,

| s S T -8 ' . - : . - ‘ . v ' e )

. The peripheral speed of any agitator in a flocculation basin_ ;hogld generally not exceed - .
© 2 ft/sec (0.6 m/s), and a vagable speed drive Should be provided so the speed can be
~ adjusted to 0.5 ft/sec (0.15 m/s). Mére detail .on the design requirements for efficient
RN [ - ] -

» . .

flocculation is presented in referencé (1). o - % v
- . . . ’ 4 . . . . - . » . . =
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6.3 Solids-Contact Treatmént o S »- L

As far as complete utilization of added chemicals, such as aluin, iron salts, and lime, is con-

cerned it

has been found beneficial to continue chemical add1t10n mixing, and flocculation

s1multaneously, in the presence of prev10usly precipitated solids (3). This procedure is .
usually practiced w1th specially designed systems in whrch clarification takes place in a
smgle integral structure (called a_solids-contact treatment unit), as shown in Figure 6-2. "
Sohds-contact treatment can also be s1mulated by recyclmg settled sludge from the clarifier
to the rap1d ‘mixing basin in a conventional clarification sequence However, as high a con-
centration of solids cannot be maintained in this manner as in an integral solrds-contact unit.

Solids-contact ireatment is especrally beneﬁc1a1 if lime is used for phosphate precipitation,

because it decreases the tendency for supersaturatron and: subsequent deposition on equrp-

~ment and

condmt surfaces, whrch can be quite severe with treatment at high pH
. B

6.4 Sed1mentat10n

Qurescent condrtrons must be mamtamed for sedrmentatron un1ts to be effectrve Gravity
sedrmentatlon is un1versally used to obtain ptimary separation of SS from wastewaters and
also to separate biological and chemical ﬂocs produced in various treatmeﬁ‘t processes Al-
-though dissolved air. flotation has been employed for pnmary clanﬁcatron the effluent SS,

in general, are higher than that from gravity units. Usmg these units to sepasate chemical
flocs has shown promise but has not yet been adopted in municipal treatment. Flotation has

proved both technically and economrcally effective for sludge thickening at larger treatment .

plants. Some treatment plant des1gns%have omitted primary settling. This may be advan-
tageous, if one or more of the followmg condltlons apply (l2) ' ‘

1.
2.

If it is possible to eliminate ~primary settling, the foll0wing beneﬁts "may be achieved: B

Sludge from the facrlrty is to be treated away- from the facrhty
Aerobrc d1gestron or extended aeration processes are to be uséd.

The construction, operatlon and mamtenance costs of pnmary clanﬁcatron are -
eliminated. : ' :

The total dry welght of the sludge removed is reduced
The activated sludge solids settle faster.
The potent1al source of odor is removed.

The pnmary clanﬁer is usually needed pnor to tnckhng filters and rotat1ng blologrcal con-' ,
tactors (RBC) to avoid' clogging problems from floating objects, oils, greases, and the larger
SS. In some newer installations, wedge wire screens have been successfully employed in lieu
of primary. clarifiers. If the primary clanﬁer is followed by brologi’cal treatment and sec-
ondary clanficatron it is usually not necessary to remove the finer SS in the primary settling’
tank making increased overflow rates permissible. If the wastewater contains larger-than-
average amounts of grease and oil, an aerated gnt chamber, followed by a quiescent grease - ‘
“removal unit, may be uséd instead of a pnmary clarifier equipped to remove floating solids. .
Wastewater treatment ponds and oxrdatron d1tches do not requrre pnmary clanﬁers '

—— .

.
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6.4.1 Basis of Design
Analysrs of the 1deal settlmg basm shovvs that 1ts area should be equal to:
R s
f_ where Q L:ﬂow through, ft3 /mm (m3/s)

V. _Settllng velocity of part1cles to be removed. ft/m1n (m/s)
‘ surface area, ft2 (mz) ' R L

~

Thus the basrc parameter controllmg the srze and performance of a settlmg basin is the

~ settling velocrty of the individual particles to. be rémoved In the case-of a concentrated .

' suspensron such as activated sludge mixed lquOl‘ this parameter. is the initial settling ve-
locity ‘of the suspensiorn;- efbre the proximity . of the partrcles slow their subsidence (7) h

Refer to Chapter 7 for desrze‘Ff secondary clarlﬁers L : :

The settlmg rate of particles depends on-their srze shape and densrty, and on llql.lld tem-
perature The lqu.ud temperature has'a very significant influence: settling veloc1ty canbe 12"
’ft/mm (62- mm/s) at 25° C or 6.5 ft/mm (33 mm/s) at 5° C, because of the- srgmﬁcant
changes in the density and vrscosrty over thlS temperature range s

Concentrated suspensions, present in activated'sludgemixed liquor,_ or the slurry in as'olids-,_
contact treatment unit, ‘settle as a mass of particles and leave a distinict interface between
_the floc and supernatant. The settlmg occurs as shown in Figure 6-3 and has three zones (6)
(13): During the dnitial period, the floc settles at a uniform rate under conditions of hind- -
" ered settlmg The magnitude of this velocity depengs on the initial solids concentration. The
next zone is a transition 2one in which- the settling velocity decmdsés "contmually Finally,
there is a compressron or thickening zone.. The initial settllng velocr,' for any given set of
“conditions is important, because it determines what the max1mum h raullc overflow rate
can theoret1cally be before the sludge blanket 1n a clarifi 1er n;rght expand and eventually .
overflow (6) (13)

N 6.4.2~ Basin Design. R N

T~

In raw domestlc wastewater the range of partlcle sizes in suspensron is very. broad. Experl-
ence has indicated that about 50 to 60 percent of the SS-can be removed in reasonably -sized
settlmg basins. It is customary to size such pnmary basins for an upflow velocity or over:

-flow rate. Both the upflow velocity and the 0verflow rate are equal to Q/A gpd/ft2 (0.04
" m3/m2+d). The peak overflow rate may-be 2. 500 to 3,000 gpd/ft2 (100 to 120-m3/m2- d)
for. pr1mary clarifiers followed by biological treatment processes (1). If the flow is extremelyﬁ'

vanable as may be the case,in small plants, the tank should be desrgned dn the basis of a
peak over,flow Tate of less than 2,000 to 2,500 gpd/ft2 (80 to 100 m3/m2 *d). If waste-
activated sludge is returned to.the primary clarifier, ,the peak overﬂow rate should be
reduced to about 1 200 to 1 500 gpd/ft2 (48 fo 60 m3/m2 d) (l) :

’
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% Although bas1n depth is. not cons1dered in the analysrs of the ideal basm in practlce 1t plays -
/‘’an important role. A’ certain depth is needed to store Settled solids, because they are not re-
“'moved- as soon as they dre deposited on the bottom and .depth must be provided to accom- -
“ plish some thickening. The depth also deterrmnes the detention time, which should be at
:'5,:. - least 120 minutes; to allow possible flocculation to take place In addition, the flow-through
} ' veloc1ty must be kept low, to 1nsure that solids settling on the bottom are.not scoured: up.
The maximum horizontal velocrtles allowable near the sludge layer in a primary clarlﬁer are
© " on the order of 4 to 5 fpm (0.02 to 0.025 m/s) to prevent possible resuspension of settled
" ‘solids (2) (5). Because the effluent takeoff pomt is quite localized, hlgh upflow veloc1t1es
approaching the -overflow weir can transport solids, if sufﬁclent depth is not pro ided be-
tween: the sludge blanket or solids’ on. the basirt bottom and the overflow weir. Although
weir loading (expressed as gpd/ft) is frequently specified, it is not an 1ndependent param- :
eter because hrgher,loadmgs can be compensated for by deeper basrns <
PR 7 . . ..‘ . i . . : :
Clanfiers handllng chermcal flocs such as from al-umrnum or iron coagulants should be de-
signed for peak overflow: ‘rates. no longer than"600 and 800 gpd/ft2 (24 and 32 m3/m?2 -d),
" ‘respectively . Wlth lime #reatment, these peak Joadlngs can be as high as 1,600 gpd/ft2 (64
m3/fn +d), if. g*d coagul_a.tion.is obtained. For _unlforrn'_;;dispersion of the influent to. the
sedrmentatlorfs" it orif ’ he inlefs shou - velod

_ ‘ 1o . nﬁces passmg wastewater confarnlng
ot-be: maller than about 0. 3 to 0 5 in. (7 5 to 12 5 mm) to m1n1mlze floc

<

Settlmg basrns can ‘ charact_énzéd by the predomlnant d1rectlon of flow horlzontal or .
vertrcal tZr.m 1nlet
- as shown if Plgure 6 HoweVe

6-5) may ;have,‘.ﬂ_o j

» :‘honzontal and_vertlcal by placmg efflu

en/t)aunders -at

.

Units, and preferences relatmg 0" §

.removal arrangements .For treat- "
*. . ment. works w1th flows less tha .

_.r'cular pr1mary tanks are generally

qulzontal flow basms can be e1ther rectangular or circular, .

relat;ve €conomics of constguction

gibe: St ] t? clrcular basins. consists of at least
two revolvmg rad1al a1‘ms w1th attached angle’ scrapers, wlnch move settled SOlldS to a cen-‘

tral sump. (shown in Figure- 6;' -regt 2 ns.” "
.charn and fhght colﬁctor (show
 inlet end

- . L. RER
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's A sludge collector (ora c1rcular basin (used to move sklmmmgs toward their discharge pomt)
<...consists of & radial arm connected to a submerged plate with an attached flexible: sweeper
"~ which rides on a sloplng bottom pushmg the sludge. to-a sump from whxch it is pumped to
the sludge processmg system A S Tt

»
i, b ~

. L . S . , e
In clrcular units, sludge sump solids can be §tirred gently by a blade attached' to the scraper -
- 'mechanism, thus combining the: ‘processes of sludge thickening and keepmg the th1Xotrop1c, '
sludge fluid enough to be d1scharged by gravity or pumping: '
a trmed cycle. Similar stirring of sump contents is not norma ¥ possrble in rectangular umts

” have been encounte ¢ ‘rectangular tanks usect'is_‘

and problems with sludge “han -up
pnmary clanﬁer un1ts "

_‘Sludge collector mechanl 0T ]
'frnamtenance than’ cham and fllght collectors for comparable rectangular un1ts hence, travel-
- ‘ing ‘bridge (instead of chain and ﬂrght) collectors have béen developed and used extenswely
o in Europe for rectangular basrns handling flows greater than about 1 -mgd (0 044 m 3/s).
" Recently; they have come into use 1n the Umted States but not for small treatment plants
Although secondary clanﬁers for tnckhng ﬁlter plants can be srmllar to those used fOr pn-'
 mary settling plants, secondary clarifiers for act1vated sludge plants will require spec1al con-
' 51derat10n Refer.to chapters 7.and 9 for the desrg'n of secondary clanﬁers for small plants
. e A - : _:,,,.{
‘ Thrckened sludge. concentration obtarned from a primary clarlﬁer w1thout clmmrcal treat- :
ment w1ll be approxrmately 3106 percent by we1ght while the average volume w1ll be 0 3

to 0 5 percent of the raw wastewater flow .

_ ‘ _ . , 5 ,
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o . . . . : (_. [
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T CHAPTER7 i

: I'- ACTIVATED SLUDGE

77\1- Introducti'onw R 0. L L‘-,__'; R T L

Actrvgted sludge has become the most versatrle brologrcal process avarlable to the desrgner of
wastewater treatment plants.. The act1vated sludge process desrgned for large commun1t1es
and some preengineered (package) plants in small communrtres, has been succesefully em-
ployed for decades in the Unrted States. EPA’s Mumctpal Waste Facilities Inventory (AUgust =
1974) hsts over 3,000 act1vated sludge plants, with des1gn flows’ of less than 1 mgd servmg g
. about 6 500 000 people i in the United States. Package p]ants for use in smaller commun;tres .
are drscussed in Chapter 8. 2 SR '

7 2 Descnptlon of Basrc/Px/esses o : o : . o
7.2.1‘2 Deﬁmtrons L o AP ( "
| Deﬁmtlons of terms used i 1n descnbrng the act1vated sludge processes are 11sted below . DIRTRE

F/M Food-to-mrcro-orgamsm ratlo or process load1ng factor pounds of fresh B0D5
" applied to the activated sludge system per, day per pound of MLVSS m the aera-
 tion basin, 1b BOD/day/lb MLVSS S B R R

MLSS ered quuor suspendea solrds suspended solrds in the aerator mlxed hq‘uor, mg/l

MLVSS Mlxed quuor volatile suspended solrds volat11e suspended SOlldS in the aerator
: mrxedquuor,mg/l o ;‘ o : R R

SRT Sludge retention t1me total pounds of MLVSS in the aer or per pound of VSS,
N wasted per-day (or net sollds produced),,days ' K L A

~ SCFM Standard cub1c foot of gas measured at a dry pressure of 1 0 atmosphere (10 13
kPa) and 20°C... - . ' SO

: SVI Sludge volume mdex volume in mrlhmeters occup1ed by 1 gram of- act1vated
sludge, after settling the aerated m1xed quuor for 30 m1nutes in a 1,000:ml gradu-

atedcylrnder : '_ S : Lo e
L '.\- o svi= (ml settled sludge X 1 000)/(mg/l SS) 5 ;
ISV In1t1al setthng velocrty of aerator-mlxed hquor determrned after a few m1nufes of
settlmg in the settleometer test' (1), =~ = . T N

.' Completely mixed—Sohds throughout a fluid, mcludrng the efﬂuent are homogeneous ‘

Plug ﬂow—Partlcles in the 1nﬂuent pass through the system as n group or plug in the same o
perfod o,ftlme X T “’,. _ : :

—



722 symbols. e r
Symbols 'for temis used’ m this. chaoter arc as_follc"_;'w's': S ,
N ST e '
- Q Average deslgn (24 hr) flow gpi - S

oy T

) .."°"V “ Aeratron tank volume t‘t3

; O At : N A
v T . SiNe

Ll -'_ anary efﬂuent (to aerator) BOD5, mg/l ' ‘~ '

Le AeratorefﬂuentBODs,mg/l ] S R

]
h’

':*rF*_ - 5' Total BOD5 apphed to the actwated sludge process 8 34 (Q)(Ll L )/ 106,lb/day

."/ Clanﬁer effluent BOD5 lb/day R °°
_: JF_S7 B Clanﬁer sludge BOD5 wasted lb/day h_. g

.S':_; : anary ‘efﬂuent (to aerator) SS, mg/l. = l ' ) S T

| S;. anary effluent (to aerator) VSS mg/l
Sg Clanﬁer efﬂuent SS mg/l
Sy Clarlﬁer efﬂuent vss mg/l

~-.r s .l. : ST A

| .Clanf;.er settled sohds mg/l

efﬂuent SS lb/day

,m . [

Excess VSS produced lb/day (See._

K

Oxygen requlred lb

- ta :Aerato,r retentlor_l tlme.._ A PR Y




R,- : Recycle ratio, Q/QR

Qr Recycle flow gpd o
L5123 Qonventional ‘{_x__ctivated_'Sludge I e )
- (“Activated sludge™ desc#%es 'a’ continuous. 'ﬂoyv"biological treatment'system characterized -
by a suspension of aerobic micro-organisms, maintained in a relatrvely homogeneous state by
"«-the mixing and turbulence induced in.conjunction with the’ aeratron process. These condl- "
tions are in contrast to'those in processes characterized by fixed growths of micro- orgamsms
' attached to solid surfaces such as. tncklmg ﬁlters (see Chapter 9)

%

Basically, the actrvated sludge process uses m1cro-organ1sms in suspensron to oxidize soluble
and colloidal organics in the presence of molecular oxygen. During the oxidation process, a
- portion of* the.organic material is synthesrzed into new cells. A part of the synthesrzed cells
" then undergo auto-oxidation (self-oxrdatron or endogenous respiration) in the aeration tank.
Oxygen s requ1red to support the synthesis and auto-oxrdatron reactions. To operate the
. process on a continuous basis, the solids generated must be separated in a clarifier; the ‘major
- . portion is recycled to the aeration fank and the excess sludge is withdrawn from the clarifiér"
underflow for addrtronal _handling and dlsp0sa1 (2). The two bas1c units in an activated
sludge system are the aerator and the ¢larifier. In a conventronal system (as shown on Figure
* 7-1) the primary effluent and the_return sludge enter one end of a rectangular tank (length-
to-width ratio of 5:1 to 50:1), move- turbulently through the aerated chamber in a sub-
N stantlally plug-type flow and are*drscharged asa treated mrxture at the other end ‘

In the actrvated sludge process several brologlcal physrcal and chem1cal subprocesses in-
' ﬂuence the total performance of the treatment system These subprocesses are:

Dﬁsolutron of oxygen lnto quurd o -

Turbulent mixirig. t ; '

Absorption of organic. ‘substrate by the actlvated ﬂoc . : : »
Molecular d1ffusron of d1ssolved oxygen. and soluble subst‘rate (nutnents) 1nto\the
- activated floc. -
. Basic metabolism of: m1cro-orgamsms (cell synthesrs) :

6. Bioflocculation, resulting from the: productron of exocellular polymenc sub-_
' stances during the endogenous respiration phase.
~ 7. Endogenous respiration of microbial cells.
" 8. Release of CO, from the active cel] mass.
9, Lysis, or decomposition of dead microbial cells.

LN

W~

(9]

Because of the mteractron of the above subprocesses and because more than one of these
processes can be altered by some external change (e.g., the mtensrty of mrxrng) the exact
“cause-effect relations are frequently obscured A temperature change can affect all the sub-
processes to some extent T \7’_. ' :

." C e
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R »
The heterogeneous nature of the m1croorgamsm populatlon in the activated sludge bro-_
‘._mass—wrth different metabolic' fates and opt1mum m1croenv1ronnfental conditions for the
'dcfferent organjsms—makes the entire process exceed1ngly complex Furthermore if the
process is applred to.domestic wastewater treatment, the organic and hyd@hc loads on the
system change cont1nually, a true steady state is nonex1stent in full-scale plants ¢

1The followmg factors are essentlal m the design and use of a conventlona&ctrvated sludge

‘plant (1): - '.'o .y T L o _. . %

.-
-

L If the wastewater is mixed w1th a portion of the secondary clarlfier sludge and .
s - aerated for'a period of 6 to 8 hr (based on the average design’ ﬂow), the rate of 3
T sludge returned to- the.aerator (expressed as a. percentage of the -average waste- '
\witer desrgn ﬂow) is normally about 25 percent with mmlmum and maximum -
rates of 15 to 75 percent. :
2. The normal organic loading rate for conventional act1vated sludge (expressed as
' F/M,;) should be about 0.4 to 0.6 Ib. BOD5 /day/lb MLVSS in the aerator, or 0 2
to 0.4 1b BOD; /day/Ib MLSS (expressed as F/M).  ~ -
* . 3. Volumetric. BODs loadings ‘are usually 20 -fo 40 lb/day/1,000 ft3 of - aerator
Py “volume (320 to 640 kg/1,000m3+d).
4. The SRT should be sufﬁ\crent to complete removal of the organic wastes and to -
enable“the microbial cells to improve in settleability. SRT’s range between Sand
15 days, normally achrevmg 85 to 95 percent BODs removal with proper opera- .
ﬁon“.
. Initial oxygen demand i 1n the head end of the aeratron tank is hrgh and diminishes
~ toward the outlet. Thrs can ‘be matched by ‘tapering the air supply.. ) .
6. Because of the extreme vanatlons in hydrauhc and organic loadings’ common with
~ wastewater from small conunumtles there may be less operatlonal stability than
1n extended aeratron units.

l.v '

.'

W

>
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, starved ‘and undergo partlal.auto-omdatron The .loadmg (F[M ) is the iow rate range,
.{

\

7.3 Modifications for Small Communities
7.3.1. General R
The wastewater flow and, organic content from the average small communlty iwill vary -
greatly during each 24-hr period, makmg some act1vated sludge treatment processes less
dependable than others.
In a completely mlxed system, the entire blomass is subjected to any increase in BOD shock
loading or tox1c1ty, Ina plug-flow system the blomass near the entrance 1n1t1ally rece1ves
the full 1mpact of an 1ncrease in BOD or- toxrclty )

The biomass in act1vated sludge systems w1ll normally have an oxygen uptake rate of 50 to,
lOO mg/1/hr, dependlng on the cbncentratlon of MLVSS. If a sudden i increase in BOD5 load
increases this uptake rate by lO mg/l/br when the DO level in the aeratiori basin is'6 mg/l

the DO will drop to 0 in 30 nunutes if the DO is mamtamed at 2 mg/1, it will drop to 0 in

12 mlnutes :

. .
at

A study comparmg completely m1xed and plug flows was rhade at Freeport Illlnors (3) This :

-

‘study was done with full-scale parallel systems The' report on the study concludes:

- 'An inherent- dlfference in the biological env1ronment in completely mrxed and plug-flow systems is
- the uniform substrate composition throughout the- -completely'mixed system compared with the vari-
able concentration in the plug-flow sygtem A't' the head of the plug-flow system the mﬂuent is dis-_
‘persed in only a small'part oPthe tank volume into which return,sludge is added. Not only is the F/M
ratio high in the head of the plug-flow system but the return sludge orgamsms face another shock -
situation! inasmuch as they are coming from the reglon of the system in which substrate concentratlon
is ot only the lowest but o{ dlffer'ent character }han that presented by the influent. )

&
" On the basis of the data developed it can be concluded that the. completely mixed syste

vide for improved treatment during penods of extreme shock ‘loads involving a decrease
time and increased orgamc load. . o F o) D
g , o - : . )

The (es nt1ally) completely m1xed act1vated sludge system?now commonly used to treat
wastewa?er fr small commun1t1es are 1) extended -aerdtion (low loading rate) -2) oxida-
tion ditch (low load1ng tate), 3) condact staﬁlllzatlon (hlgh loadlng rate) and 4) completely
mlqu (hlgh ladlng rate) , _

o
J
. .

9
Inl’ormatlon in this chapter is cgpﬁned l’fo desrgn of tlvated sludge aeratlon and clarifier

units Tor small communities. The general charactenst es dlstmgulshlng pe,rtmént act1vated =

sludge stems are sumiparize nsec ns732through736 . ‘
v 3 w7y SR

7.3.2 Extendgd Aeratlon Sy;tem . : ‘x,; e . _' c
This system (1llustrated on Flgure 7-2) pperatea in the endoge‘nous resplratlon phase of the
bacterial growth‘cyclepwhlch octurs when.the BOD, loading is'so low that organlsms are

d de!entlon I

t
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about 0 05 to 0. 15 lb of BOD/lb of MLVSS/day Because of the oxidation of more volatlle
solids’ during the long sludge retention time, the ‘waste sludge production is relatlvely low.

The MLSS ranges from 3,000 to § 000 mg/l."The ‘hydraulic retention time in the aeration

“basin is about 24 hr. In col cllmates at such long retention times, the temperature of the
llql.lld can drop to below 40(\\: (5° C), with a resultant slowing down of bacterial activity. It
is customary to,omit the _primary clanﬁer in these systems to srmphfy and reduce the waste
studge handlmg arrangements A e - :

N L ‘ : : - P
A

-7 33 0x1datlon Dltches Y .

.'\ : ’\

This system (1llustrated in Flgure 7 3) was or1g1nally developed in the Netherlands for the- |

extended aeration process in small towns It con51sts of a continuous channel, usually in the
form of an oval “racetrack” or rmg, w1th an aeratlon rotér or rotors,Aevolving on a hori-

zontal shaft, which supply oxygen by intense s\lrface agitation and also impart motion to~

the liquid around the channel (4). There are over 100 installations;in the United States,

many in the northern part of the country. They are cons1dered to be a low rate system W1th .

acompletely mlxed flow _ - \ . : - v

]

For an oxrdatlon ditch to function satlsfbctonly, the veloc1ty gradlen and DO s in all partsv‘ .

-
-

of the d1tch should be relatwely constant. Horizontal aerators tend to create more turbu- :
lence at the surface than near the botto ‘ ' . In rectangular (morg so than in trapezoidal}

channels, means must be employed to prevent eddies and sjidge settling next to the ;.

inner wall immediately after a 180° bend. Using tummg vanesfon the bends or placing the
- horizontal aerators, 1mmed1ately after the bend can prevent the\settling. To maintain a rela-
tlvely uniform DO, the velocity in the channels should 1nsure that the travel t1me between
aerators is no more than 3 to 4 minutes. : v

The pnmary clanﬁer is usually omltted in these 1nstallatlons the wastewater is only. screened
and degritted before aeration. The MLSS in the ditch is usually about 3,000 to 5,000 mg/l;

and the hydraulic retention. time is about 24 hr for domestic wastewater. A ﬁnal clarifier
follows the ditch, with the sludge recycled to a pomt ahead of the aerating totor, where the

’

_Taw wastewater also enters o e

s

1y

A system someWhat six
Unifed States from\Sg
connected cha pels iff a i'oncentrlc arrangement Aeration and liquid movement along the

.otbal sybteny© anffels are obtamed by perforated vertlcal disks, submerged for about 40‘

@i/ their dlameter r%tatmg on a horizoktal shaft. L :

* e . l. ' \ ) ‘
Anothe’t alternative oxidatign d1tch system from the Netherlands is the Carousel system,
shown?“ﬂx Figure 7-4. The volumetnc loading of the. aeration units in these systems is about
30 v BOD5 per 1,000 ft3 (480 kg/1,000 m3). A vertical shaft, surface-type mechanical

1

v,,aerator is ‘'employed for “aeration and to impart a spiral flow through the channels. The.

e

'lax§ to the oxldatlon d1tch has been recently 1ntroduced in the
1 A;}lﬁpa Kncxyvn as the * orbal‘s;ystem ” it consists of several inter- ,

depth of the channel should be greater than the diameter of the aerator up to about 9 to 10 -

ft. About 0.6 lb/day (0 27 kg/day) of dry sohds are produced per Ib of BODg removed

KA
£
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7'.'3.4 COntact’Stabilization Systern '

.

Thls system is’ adapted to wastewaters that have an appreclable amount of BOD in the form :

.-t"‘,-of suspended" and collordal soll'ds The h1ghly adsorptive . prépertles of activated sludge are
-used to phys1caLly adsorb' the. suspended and colloidal solids upon-the activatad sludge ina

:--.short contact period. (Thecflovﬁ dlagram is shown in Flgure 7-5.) Primary settllng may be:,' )

om1tted' .but. an equahtatpn bplt m@f pe,ntcessarwaor rellable performance if- the ratlo of o

~peak to minimum flowis gretite’r than about 3:1.or 4 1, as.is’ expected from smaller com-f

a -munities. Thearaw wastewater is c‘ontacted with, aerafed sludge in a contact basin and com- -

P pletely mlxed and aerated Suspbnded collo;dal and some dlssolved Organlcs are adsorbed
“on. the- act1vated sludge «in;an average hydrauhc retedtlon tuﬁe of 20 to 40 mlnutes The

sludge is then settled and returned to a stablhzatlon (reae’ratlon) basm w1th a retentlon tlme

" of 4 .to -8 hr, based. on the sludge flow For very smll or package plants ‘the’ retention time

" in the’ stabrllzatlon “baslp has been 1ncreased to 24-hr-with good results “Theadsorbed

‘. organics undergo oxr,datron gnd ar.e synthes1zed 1nto microbial cells 1n the stabrllzatlon basin,

e

a

- ,Generally, ;the tot )

" In a lugh-rate '
: Atlgns of the

’ sh wn in- F1gqre76 T .

'Th1s process can handle shock organ1c and tox1c Joads: better than can a conventron prof'_"-
. ‘cess -bgcause of: the buffénng capac1ty of the sludge reaeration tank wh1ch 1s 1sola
- the, mamstream of ﬂow S ¢ : ¢

733, and 7.34. i

e
A

, . . ‘ . . S \::. r..- v ',,1. Lo . .. . -
Y R Y R T

eratlon bésm volume (contact plus stablllzatlo_n ' s1ns) is only aboutcj

_system’-is_caICu iy

.. p_letely mlxed systems all por—”-.
; .,resul,,tlng 1n a uﬁlform oxygen_‘,'.",‘

sy metrical-(sq 4 qﬂpr crrsular) basrn wrth a smgle .‘
. The raw waétewaterv and return’ sludge ente

aera W) wherét ¥ are quickly d1spersed throu ou i)

mechanlaal aerators or’ dlffused air, the 1ncom' Ve

L At . ; o
; All parts of th,e«basm receive the same organlcl@i{d and all organlsms are fed un1formly,

o penmttmg hlgher loadings, result1ng in-a moreftable system and allowrng shock amd tox1c : "
. loads to be Handled without as detrlmet‘al an effect on m1croorgamsms as-that occumng in e
'.plug flow systems ¢7) (8). However,

hlgh-rate completely mrxed system w1th F‘/M

above 0.75 to/1.0 is slightly less efﬁcre i hat the three systems descnbed in sectlons 7:3. 2,
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w»‘736 PurerygenSystems S o T S

’Smce 1969 pllot and full-scale plants stud1es have been made us1ng pure oxygen for acti-
“vated sludge systems The system most extensrvely studied involves- covering and, compart-

. mentahzrng the aeration basins to obtain a high percentage of oxygen- utilization. Turbine

derators with compressors for oxygen: recycle are used to 1ncrease the oxygen d1ssolutlon

, efﬁcrency(9)(10) BERE T 4 _ T o L

&
W

s.
B

The oxygen must be produced onsite w1th an oxygen generator or llquld oxygen must be
purchased and stored in tanks : ‘ :

Pure oxygen, activated sludge package plants are available and are used for 1ndustr1al appli- -

_ cations; however they are not yet used to any extent'in small municipal plant’s because of
the costs and the operatlon requlrements for small un1ts ' :

7 3.7 Selectlon of Spec1ﬁc Modlﬁcatlons of the Actlvated Sludge Processm

. 'Table 7-1 summarizes cr1tena and charactenstlcs for exten%’d aeration‘; oxidation ditch,

portant 1n select1ng a proce‘ss are:

cont'gct stablllzatlon and h1gh-rate ‘complete mix processes

onsiderations particularly im- -

1. The amount of excess sludge is less for sludges from extended aeratlon and ox1da- o

. tion d1tches or for sludge from contact- stablllzatlon un1ts w1th longer detentlon, '
- time in the stablllzatlon basins. :

2. If low-cost, siiitable land is avallable nearby, the ox1datlon d1tch may be the most .

.. cost-effective system. S : :

.3.. If equalization of flow and loading for follow1ng treatment is des1rable it is pos-'
sible to design an extended aeration or an oxidation ditch for a 15- to 20—percent
variation in operating depth .and achieve the needed equallzatlon of both ﬂo%
.and BOD load within the aeration basin itself. :

4. If the peak-to-minimum flow ratio is greater than-about 4:1, it w1ll be dlfﬁcult to”

" achieve efﬁcrency us1ng a contact stablllzatlon system w1thout some prlor equal-

. 1zatlon of flow. R :

. s, Influents w1th grease ‘and orl concentratlons between 75 and 200 mg/l require
' *-grease- removal pretreatment for thh-rate completely mixed act1vated sludge or.
contact stabilization systems but not for extended aeratlon or ox1datlon ditch
systems. : : : S

6. A completely m1xed low—rate extended aeration or ox1datlon ditch system can
“Handle toxic or shock loadings better than can h1gh-rate completely mlxed‘or con-
tact stabilization un1ts : S .
- 7. .If nitrification to reduce ammon1a-n1trogen levels in the efﬂuent to l1to3 mg/l is

required, the extended aeration or oxidation ditch can be des1gned to accompllsh

+ - the requlred removals. "

o | 7-115173
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DESIGN CRlTERIA OF MODIFIED ACTIVATED SLUDGE PROCESSES (1 1) (12)

Extended | ..Oxldat;qn; Coqtact . ngh Ra;
\ hein - Dieh Sﬁgb_ilizatibn - Complelfix

. ®
' ' '

F/Mv,leODslday/leLVSS L oosms 0.034).10*1 C0M6 030
-Sludge,zesldencetlme,days o t20-30 2030 612 . L '6'-1,2‘ |

MSSmgt - 0006000 | 3,0005,000[ 1000300 < 20005000
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7, 4 Applrcab]e Desrgn Gurdelmes T T.' :- e gﬁ_ -

7.4, 1 . Food to Mlcro-orgamsm Ratlo (F/M )

-

The most 1mportant basrc desrgn parameter for act1vatcd sludge systems is the orgamc load-'_ :
mg, expressed as food- to-mrcro-orgamsm ratio (F/Mv) Different loadmgs are used for varlous'.- '
systems; the value -of the rd will change depending on’ effluent qualrty requrred This

loadmg also mﬂuences the wast? &ludge produced mixed liquor settlmg charactenstrcs and'’

the oxygen. requrrements It is represented by the’ equatron o oo
S N%= 0.1'33-(Q/V)(Li,-.Lg)/MLVSS L
TR . My ] - RN
wh'ere ' B

PO . e
b » - N - Lo o

P/M = food to m1cro-orgamsm ratro lb BOD/day/lb MLVSS
) l : Q 24 hrdesrgn ﬂow gpd ’ R Lo

'.'.V-.:=aerator'tank volume» ,ft3 _ o o

5

o -L BOD5 m aerator mﬂuent mg/l

-L = BOD5 in aerator efﬂuent mg,‘l

' '.'"MLV,StS' = volatile suspended solids‘ in aerator mixed liquor mg/l |
Before the aeratron bas1n volume can be determmed the engmeer must select the BOD load- ,
. ing, or F/M ratio, at which the- treatment plant will’ operate for the desrgn flow.. The F/M L
- ratio under w'hqgh the plant operates will control the ﬁnal effluent’ qualrty (by the. settlrng'
~ characteristics achieved. for the sludge) the degree of organic removal and- the amount of
~ waste sludge produced per pound of BOD; removed. If the F/M, value is above 0 75 to 1.0
N lb/BOD5 /day/lb MLVSS the plant is consrdere;l a hrgh rate system

” The soluble BOD5 in the efﬂuent isa functron of the F/M ’I‘he F/M ratro has a moderate ,
‘ effect on_the amount of soluble BOD5 in theeffluent for values of 0 25 to.0.5, with the

: BOD5 increasing slrghtly as the F/Mv increases. The effect is.more pronounced‘ at hrghe,r
F/M values and -is also affected by the ﬂow regrme (plug ﬂow or complete m15() in the\ '
aerator Efﬂuent SS: may be hrgher at very hrgh or very. low’ F/M values, because of. the ..
‘M_poorer flocculatmg propertres of the. bromass at-very low BOD loadrngs and at F/M values '
. of 1.0 and higher (12). In well-operated plants effluent SS*will be:least for F/Mv values i m

- ,.the range of 0.25 to 0.50. The primary reason for desrgmng fora relat1vely low F/M value .-

”-_ls to minimize waste sludge productron because the ‘disposal of waste. actrvated sludge is -

g expensrve For example for sattled wastewater at'an F/M value of 0. 25 the excess VSS is

v.about 0.38 lb/lb of BOD5 removed ‘for an F/M value of"O 75, ,VSS 1s about 0.60° lb/lb

o t

7413
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_BOD5 an increase of 58 percent Proper evaluatron of F/Mv requlres balancmg hlgher
.v capital cost and operating. costs . for drsposrng o,ﬁ the larger sludge’ volumes agarnst smaller
3 aeratron basrns with hlgher F/M values aE

' The BOD5 Hf the effluent SS varies wrth the F/M va]ue For F/M values below :25, the’
- BODjg of the SS is about 50 percent expressed 'in milligrams per liter; as. F/M value exceedg.
0. 75 the BOD5 increases. to 75 or 100 percent of the SS expressed in mllhgrams per lrter

R

" Before the aeratron volume can be calculated the MLSS must' be pro;ected on the basis of
the MLSS that can normally be carried for any ‘particular activated sludge system and the A
~ aeration method. With drffused -air aeratron syst’ems the rate of cxygen 1nput will usually S
limit the concentratlon of MLSS that can be carried in the aeration basin. With well-oper-" a
'ated drffused,—arr systems the usual’ range of MLSS for, normally loaded plants is. 2, 500 to -
4 000 mg/l Thie hrgher values are for“treatment of unsettled domestrc wastewater ( 12).

!
.

‘,;&Wxth mechanjcal aerators (lncludrng both surface aerators and submerged turbrnes drspers- T

mg compressed arr) MLSS values have . een ‘carried satrsfactorrly in the range of 3 ,000 to. -
4,500 ‘mg/l (12). The solids in extended aeratron ‘plants have lower oxygen requrrements be-. .

- cause of the g>wer rates of. oxygen uptake. during endogenous respiration; therefore, hrgher;

» tvalues of ML S {up to 6, 000 mg/l) can be carried (3) For design of extended aeration tanks

* ‘and oxrdatron dltches, ari-MLSS .vatue of 4,000 mg/l is average forormal munrcrpal waste-"

water In high-rate systems beCause of the hrgh rate of synthesrs ~and the resulting i 1ncrease ‘

' in concerltratlon of volatile solids, the normal MLSS will be: in the range of 1,500 to 3,000
mg/l dependrng on the aeration, method (12). For desxgn of completely mrxed tanks and the
"contact units of contact stabrlrzatron systems, a"t; MLSS{yalue of 2, 500 mg/l is. average for
‘normal munrcrpal wastewater _The 'MLVSS 1scabout 15 to 80 percent of the MLSS for

R settled domestrc wastewater anda65 to 70 percent for unsettled but degrrtted wastewater

i (17) N : Lo ‘

1
I .
Y :

These values can vary when 1ndustrral wastes enter the system If in

‘. 'are present (e E., paper frbers from a papermill waste) the amou't‘

part of the MLSS must- be estrmated in determininyg, the MLVSS A

selected to provide good settlrng characterrstrcs as well as, a good F!: _

.I.for addrtronal mformatlon on settlmg ) : / J_; g ;

Y The'aeratlon volume can‘be 'calculate'd‘fromtl?e'follo.wing: '
. ‘ S e

e VEI0I33QU - LI IMLVSSEM)]



N ' : : T A
tyﬂhe aeratlon basm can be square rectangular, ar crrcular Coe A

In"desrgn of a treatment planl; determmatron«of the F/M depends on the waste sludge pro-A e
o duced the MLSS that can ‘be.carried ‘with any specrﬁc aeratron system the sizing of the o
ﬁnal clarrﬁer and; most 1mpo‘i'tant’ ‘how much of a safety factor‘ should be 1ncorporated in .-

the plant <o accdunt for unusual and unexpected condrtrons th@t could adversely affect -

setthng of ‘the aeratron SOlldS - " g

K Y
K]

: Although BOD loadmgs fqr aeratlon basms have also been expressed as pounds per l 000 (.
ft3 /day, comparrsons of aeration basm or process performance should be based on thej.

BOD5 Ioadmg expressed as F/M S P A
Retentlon time 1s computed from the fol-lowmg equatron o R -

E t—[0133(L, Le)]/[(F/MV)(MLVSS)]

where . S . ] : . . .’ | 4 -‘ . - .Q B ,' e a ~ .‘

. . o . ‘ " .' N - x M. . . .

e tretentiontime,day. oo
7.4-.2 -Sludge Préd'u&iori.' S 5

The amount “of excess sohds produced by an actlvated sludge system 1s equWalent to the

anloun't of nbndegrad“able ‘selids entermg plus the net volatile solids synthesrzed in the treat- o

ment process The net. Volatrle solids, are equal to the synthesrzed solrds minus those oxr- : "
dlzed by endogenous resprratrg)n For domestrc wastewater, the nondegradable yolatile solrds_

" plus the net synthesrzed §Oll’ds" can.fe. calculated from ~the followrng equatron developed
from ba51c brokrnetrcs"(l3) T « e S

S ¢ v v _,_. e e _.’” S " r - .'.’-'J;i :

S '\:’c .x. ‘ .‘ ‘ . c 5 = a b
R PR~ S "".*‘.\ (F) M.,

where B R 3’ N ; oo .\. : '

. g ;:’ ) S ‘- ‘ ' L] . . : '-xv:,“‘.‘»‘;=| .. ?

n 'M ool 00 S

F, = BOD5 removed = 8343Q(L1 L )/106 lb/dly,, R e T AP
' L ‘{l$ v._'.»._l,.; : ’ r ' \7'
o M = total aerator MLVSS b " L , e s
8D b = constants o :' e - '- O - % o, o

PR TR B

The constants a and b can be obtarned emplcally or from analyse,s of srmrlar plants For,.

settled domestic wastewatetﬁ,a 0. 70 and
IlOandb 008(13) - e




The aboxe relat'ron can be transformed to calculate the excess volatlle s,olrds produced per ’
day (M ), in terms of pounds per pound of BOD5 removed by the equatron

M /F. =a- b/(F/MV) : _.; :'"-f , |
) - o B !“. , N :
Thrs relatron is 1llustrated on Frgure 7 7 for both settled and nonsettled wastewater S
The total éxcess SS produced (m pounds per day) can be calculated by d1V1d1ng the value of
M by the ratio of MLVSS to MLSS Thus 1f thrs ratro 1s0 75, the total exceSs SS produced
. ls:’ . L . i o ) o .‘- . o A o :
R M Mw/O 75 2%

To calculate ; net amount of excess SS- produced by the System the amount of~SS passmg

over the werr. rom the final’ clarrﬁer w1th the, effluent should be. subtracted front the quan- ‘_;: .f::

trty of SS in’ theuclarrﬁer underflow For: low values of F/M theSe effluent solrds can be a ..
© relatively substantlal .amount. Thus for settled domestrc wastewater 1fthe fmal effluent SS ‘i.;"

concentratron is. 25 mg/l.. for an’ F/M ‘value ‘of about 0.25, the sollgls carrred out wrth the

effluent wrll be equal to about 35 percent of the total solrds to be wasted e
RARa B : Lo noe ik o .

. 4 3 Sludge Retentlon Trme e . e
R . RE ? L ,".'-”
. ne . . v ‘ . 5
Sludge retentlon trme isa useful parameter beCause it J.ndr ates ?he tlme the solrds remam 1n‘: Cn

the' systgm. Because the. ‘amount of -solids i in_the ﬁnal clarifier-of an actrvated sludge syStem'. )
depend oh fhe depth of sludge blanket kept the solids in. the clar1f"1er are not used i in cal-

culating the -retentron time of the solrds m the system The' sludge retentron tlme is numerj--: 5
o cally e(’lual to - ; :

'L\'

e ‘ v SRT=M/My .
where , ' k
M= L AP
L. Mg —excess SS produced lb/day r,, v S
. Sludge retentron tune can also be calcul_ated‘ffrorn; ' A N *
B . "..‘ 1) o B ) B . ".>‘l T ': . - -. N X
' SRT = My/My, = 1/[{a(F/My) bl - -0 e e 20
c ’ . ._ 0 : . . ~" ) " . : ’ g : -."" 4 ..
‘ ‘ . "' b ) A B : L '
‘ Loooe R o .
<, o - . -‘ . PR ER
- 4 N N T . »."lv- ’ b_. ) l_' > .\ :
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“Sludge age’-”rs thestarm frequently used to 1nd1cate sludge retentron time; however a some-, -
what different* definition than is given above for.sludge retentron tim® ha’ sometimes been

. 1mp11ed In older literature and textbook§ sludge age is often based on, the MLSS in the

aeratlon basrn and the'S$ enter1ng the,basrn with thswastewﬂter o -
- A ) . . .‘;; . ' : :&Q, . w .
7.4.4 'Snludge- Reclrculatlon . A T *

e )

The rec1rcLlatlon rate ‘required to maintain the des1red con?entratlon oﬁMLSS in the aera-

tion basin can be calculated on the basis of mass balances e
S : S QR = st/(-cs - Ss.) =RQ < | T
. o - P . Ca—- - . . N
where S ‘ - ™ . & :
. Qr=recycte flow,gpd v =l | &
- - B - s
2 v " i N T r : : . " .
_~Q-= influent. flow, gpd R M o . N
- . ‘ LA ’ '

S = MLSS enter1ng final clar1f1er mg/l

S R C concentratron of settled solrds (sludg‘ in ﬁnal’c_la)xl(ler mg/l"
3 ‘

~

'R= recycle ratro =S /(C Ss)

lt is advantageous to concentrate the mlxed liquor solrds from the aeratron bas1n as much as._

is practrcal to reduce the recycle pumping. Recycle pumprng capacity should be at least

~equal to, 100 percent of Q, il‘ the MLSS do not settle well and the C is no more ¥han about °

tw1cethevalueofS ‘ .. L e

Frequently, plant operators use. the sludge volume 1ndex (SVl) determrned by the procedure o

. givén in® “Standard Methods (14) as a basts for adJustrng the recirculation rate (R). The SVI is

. the ratio of the percentage solids settled by voLume after 30 ‘minutes of settling to the per- -

- ‘centage-suspended solids by weight in the unsettled aerated liquor. The valué of R. selected

-

0 will depend on the settleablllty of the sludge. A poorly settling sludge—one that has a rela-

~ tively high’ mdex will regurre a lugher recycle rate, to maintain the necessary' MLSS. For

concentratronS/ of MLSS m the range of 1 500 to 5 ,000 mg/l, an SVI below 100 indicates”

a w‘ell set i g ‘sladge. As. 1s.d1scussed in section 7. S, the settling rate is consrderably affected
by th ~dctual value.of MLSS‘for examplé it decreases for higher concentratrons

L

‘cipal causes of poor plant performance However, because the SVI is not a basrcfparameter

Sludges w1th SVI’s above about 2\0&, generally called “bulkrng” sludges :are one of the prin- .

its value s not necessarily- indicative of a bulking sludge. Thus, if the MLSS is-1,000 mg/1 . -

s> and thie sludge settles to 25 percent of its orrgrnal volume in 30 minutes, the SVI equals 250.
In this example,-the sludge is not bulking. Bulkrﬁg sludges. may cause a high less of solids
‘with the effluent from the clarifier. Causes of bulking and poss1ble remedles are d1scussed in

-

. sectron5’65 L _ | ‘ T
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7.5 Oxygen Requirements - o '
[ . , -
! .

o

The oxygen iequired for carbonaceouy oxidation in the activated sludge. process can be cal- -
culated from a relation derived from basic biokinetics, w1th empmcal coefﬁolents that
depend on the ‘type of wastewa"ter The relation i is: L
- . Oge 5 [a" (F/M,) +b'1 My L
;-where.
3 R e o \
. Orc = carbonaceous oxygen required, Ib/day
‘; . . .. * . . L ,. v .. ) . . ‘ . )
F/M, = b BQDs/day/lb MLVSS in aerator Ty
.. . A ‘ . . : : -

.a’' = constant (about 0.55 for dornes'tic_ v_vastewater) -
" = constant (about 0.15 for domest;g/wastewater)

MV i'MLV.S'S in aerator, Ib. :

" The" “value” of F/M",' affects- the ‘oxygen reduirement,;in that the amount needed for .
'endogenous resplratlon becomes relatlvely high™if. the BOD5 load is low, and v1ce versa, as’
. shown below j' ' -

Actlvated Sludge System‘ - F/My ORc/.F .- o, e
: o _ o day"l . o '
I ngh Rate C ' 1.0.- .. 070

LowRate o .01 - '“’1'65'

Note that the oxygen- requlred is dependent on the amounts of mﬂuent BOD and MLVSS in’

. the aeration basin.. Values: of a’ and:b’ from a number of sources are shown i in Table 7-2.'If
_ 1ndustr1a1 wastes are added to the mumclpal wastes and the wastewater influent is un.te

' -septlc or a large- proportlon of residences have garbage grinders, the Values in Table 7-2 for

a' and b’ do not apply.: Dependmg on the completeness of the oxidation (the‘amount of )

i synthesxs and: endogenous respiration), the BODj4 may not truly represent the orgamc

lng_‘ . o - ’, . .Jl . . . o _- ' \' .
- If nitrification occurs, oxygen-must be su‘ppiied in-addition to the oxygen 'req'uired ' e-
"~ moval of the »carb'_onaoe_ous BOD. oxidation of ammoma-mtrogen to mtrate requlres‘

‘about 4.6 b of ‘Gxygen per pourng- ammoma-mtrogen oxidizéd, which must: be added’ to
that' calculated for removmg BOD5 The addmonal oxygen requlred for nitrificatidh can be

found us1ng the followmg equatlon _ : S ,.a o
S ORN.—(384)(Q)(ANH3)/106 o o | y
L e |



ORN = nitrogenous oxygen required, Ib/day ' ) -

Q = plant .i.n'fl0w, gpd

* ANHj3 = [(influent NH3 *N) ~ (effluent NH3*N)], meg/1

. - TABLE 72

{
COMMONLY USED VALUES FOR SYNTHESIS :
' CONSTANT a AND AUTO-OXIDATION CONSTANT b’

A T

bd

Method of

Oy Supply _a' b - Reference’ .
7+ . Oxygen _ 0.635  0.138 EPA, Varivus Plants(15) ,
v Air - 05 _ ., 0.055 Heukelekian;Orford&Mangelli(l6) .
. ., 0706 - 0.049 = Bergman arid Borgering (17)'
S " 048 ° 008  Eckenfelder & O’Connor (18)
, 052  "0.09 . Logan&Budd(l9) '
3 0.53 ., -0.15 . Quirk (20)
o~ 05 ol . Emde (MLSS = 3,500-10, 000 mg/l)(ls)
T 077 7 0:0757 - Smith (Hypetion Plant) (15) 7
76 ‘Clarification RS . B o / :
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The two pursteTer‘\Ted by a final “larifier are removal of SS from the effluent and thicken-
.. ing sludge to be returned to the aération basin. In an act1vated sludge system, the final.clari- -
fief must be considered an 1ntegral'part of the process and des1gned accordingly. Its area
- depends on the settling rate of the MLSS coming from the aeration basin; its depth dépends
-on the’ th1cken1ng characteristics of the sludge in the clarifier. Because activated’ sludge solids
- -form a relatively conceritrated suspension, their settllng takes place (see Flgure 6-3) under

conditions of hindered settling. The initial settlrng velocity (ISV) remains constant until the *

- particles in suspenslon become s0 concentrated that they-“rest” oneach other the process '
- is then, termed th1cken1ng A v’ ‘ _ _M

AThe ISV is‘the parameter that must be used in deterrmmng/ the: pemmssrble hydraullc load1ng
on the clarifier. The ISV cannot be accurately dete)\nmned m a standard 1,000-ml cylinder. -

For operations. in smaller ‘plants, the 2-liter ‘Mallory type’ cyllnder S in. (127 mm) in

~ diameter and 6 in. (152 mm) deep; has produced relatively »g00d results. For desrgn pur- -

poses however, procedures similar to those developed by Dick and Ewing (21) ‘which in- . -

clude gentle stlr@n are preferred. These pracedurds use: columns W1th heights more nearly
that of the sludge’ dep in the clarifier (i.e., 3 to 6 ft. 109 to I. 8 m]),ydiameter of about
3.5 to 4in. (89 mm), 4nd t1p speeds on the st1rrer of about 10 in. /min (234 mm/min). .

»
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Primary clar},ﬁers ar 1scussed in chapter ‘6. For additional 1nforr;yéon and details on final
. clarifiers, see chapteg 93 12, and 13 and the U.S.*EBA Process De zgn.Manual for Upgradmg
Existing WastewaterWnent Plants (2)." : , . -
o oo - '
The initial settllng rate of a suspensjon of sohds w1ll depend on’the denslty and size of the
individual particles, the) concentration ofsthe solids, and the water temperature/The densrty
of the n;drvrdual part;cles 4n the MLSS will depend on the type of organisms, which w1ll
vary with the.type ofworgamc matter in a waﬂe\vater a}l*d the SRT ‘Also, the amount and
- type of inert matenal entrained in the floc will havp a srgrﬁﬁcant influence. For example,.an
activated sludge develOg from“umsettled domestic wastewater will have heavier part1cles ‘
. than that develgped from settled wastewater. The relative amount of soluble organic matter -
" in a,wastewater does not necessarrly determine the denslty of the floc particles. Certain
_ types of, soluble drganics present in industrial v\‘/ﬁstewaters can produce very dense blologlcal '
: growths Actl.vated sludge floc is an aggéomeratron of Heterogeneous micro-organisms held to- #
gether by the bioflocculation causg# by extracellular polyrqenc products produced by cer- -
tain orghismst In the floc, the 1nsoluble and inert materidl that was present in the waste-..
qwater i enmeshed In ggeral the floc particle is an amorphous mass w1thout consrstent or
physically 1dent11’lablep pertles : ' /
- Proper bioflocculatiofi in theaCtivated"sludge-basin‘isextremely important for the adequate ™ -
erformance and functioning of the treatment process. ThlS type of flocculation is quite
strongi‘even after severe handling of the act1vated sludge mixed liquor by pumps. in the.
sludge recycle step, the flocs reform ‘Agitation- in the aeration basin usually results in an .
«energy gradient (G) of about 100, “higher than’ normally used for flocculation. With very low -
- and very high F/M values, activated sludge does not flocculate well. Act1vated sludge solids
may become somewhat dispersed, because the flbcculatlon is weak; this dlspersal prevents
proper, clarification. Insertion of a mechanical flocculatlon step between the aeratlon basin

and. the ﬁnal clarifier, to assist in agglomeratmg poorly -adhering floc, is beneficial. The

‘retention. tlme 1n ‘such a basin heed not be over 10 m1nutes the value of G should be below,: '

- 50. S ’ : ‘
'Flgure 7-8 contams a conservative approx;matlon for settling data obtamed from some 10 :
‘sources reported in. thc’hterature The references, listed at the end of this chapter, are keyed
-to- the numbers and symbols shown. These data are for good quallty, nonbulking sludges,-
‘ corrected to a lquId temperature of’ 20° C (68° F) with-SVI values below 100 g

_ The BODS 1oad (F) in pounds per day and the value of MLSS determme the aeratlon or
- reactor basin slze Also, the value of MLSS determines the clanﬁer size, because the settling
velocity of - the solids decreases as the _concentration 1ncreases The ‘initial. settlmg veloc1ty
for three values of \'ILSS with’ correspbndlng theoretical peak ‘overflow rates are glven ‘be- .
low. Because conditions for settling in secondary clarifiers are not ideal, the theoretical peak

_ _overf'low rate should be reduced by 15 t0\30 percent for actual de51gn T
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Because the final clanﬁer 1s mcntlcal un1t in the act&sﬁted sll.x@ e process goo gin g
practlce démands’ adequate sizmg For small cOmm ty tre hent plants% fin nclarr ers
deslgn should be’ based» on peak if'lows Partial equahzatlon. of ﬂow,to reduc;e peak ﬂow 1{3 s, .
may be \f/arrantgd Because clarlﬁcatlon }s sens1t1ve to. su'dden ch’épges 1ns ﬂow rates o;nly '
var;able speed” gu;nps should pnecede the olarlﬁer in the’ ﬂlant Tyfllca} overflbw"ra‘te %d

so'hds lqadmg cntena afe glven in Table 7-3. 9 ‘,{ : b :‘-.,,r.&;' ,
2 ’ \ ’. ) ..} . ’ Vg - ;: ’ / Ky . _‘ R v o “"'. ' ":‘ o 3 ) -;‘.»“'
» ‘.__‘~'> ,,‘ ‘\.&4 ‘TABLE 7-3 o ‘ ‘4 X b r:
) QA” . ’ ui 0", wy < . ? i
SN Q‘INAL CLARIFI{SR DESIGN CRITER#R (2)
- ..“.' ‘ .‘ _..~ .;(F ., p Eer e LA . b
S e A Tl -, - %’Wt‘ ;%;};«-. . ‘B‘l' Peak Over_ AT -
T 1.0 -8 . A‘i ’ 1 '
Y § en , fl w Rate
S 2 _F"—‘%“ . 0_—'
CE s e 4"

,@xtendgp Aeimtlon %Oxldatlon F’r

Dltch o
Comple‘t:ely M?% or @ﬁltact
_— Stablllzatlon & ﬂ\‘-.

‘ lThé‘éeak ov giﬂo raté does not mclude sl recYcle ﬂow which -
léaves tﬁt uﬁh?.the Q)ott‘om ‘of, the clanﬁer sh ge settling’ c’haractens— S
_ ' tldﬁ & the owest temperat‘ures to be eXpepted should be cons1dered -
i SRR 2Loa=dlngs ar based on peak plant inflow plus the slud%e recycle flow o
¢ " - The p&sslblgmecbsm reducing loadmg to meet subnormal settlln&

charactenstacs shouldsB® considered. @" g
A I P e S

The depth of clanﬁé’rs st be suf;ﬁc1en permlt 1e development of a sludge blanket

. especially if it-is poss1ble tha‘t sludgeqnﬁ bulk The Sldf ‘Water depth should be no less than -
10 ft (3 m) foran MLSS' of 2 000 mg/l; fds. ml um should be increased about 1 ft (0.3m)

N per each MLSS increase of l OGO%/L to l4 ft (4. 2 th) for an MLSS of 6,000 mg/1 (28). _
The deptp of interface between clarified astewater and the top of the sludge blanket
should be designed to be no Agss- than about- 4-to-5 ft (1.2 to 1. .5 m) below the effluent

. weirs; the sludge blanket should. be no thfcker than 3 to 4 ft (0 9t01.2 m) dunng normal
_ operatlon | X 2?:,‘1 . -‘ . .
| e 185 ;.
P . M . . . .
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Tne final clanﬁer 1n an act1vated sludge system cannot be used effectively: to. obtain sludge
as thick as is desired for the sludge to be wasted. The solids in the clarifier are part of the -
process and must be kept in proper eondition fo} use in the aeration. basin to treat the in-~

N coming wastewater. Because of the oxygen uptake rate of the activated solids (from 25 to

___entire-basin-area w1thout being -moved-to a central-sump:-Equipment of this type is available .
as standard design mechahisms. Desirable operational features in suction- -type mechanisms -

conveyors) P o ‘

100 mg/l]hr) any dissolved oxygen ‘in the liquid from the aeration basin will usually dis-
appear rapidly in the clarifier (generally, in§ to - 10 minutes) Therefore when the solids
subside 1n the clarifier, they are out of contact - wrth any dissolved oxygen for a prolonged
- period—as long as 1 to 3 hr. This env1ronme t 1s not a desirable one for aerobic orgamsms

~ therefore, an effort should be made to recy le them as quickly as posslble to the aeration
basin. '

Furthermore, if such solids remain under -zero oxygen copditions for over 30 minutes de-
pending on the llC[Llld temperature, anaerobic conditions wﬂl develop with resultant release -
.of methane, carbon dioxide and other gases and flotation of the-solids. If nitrates have been
formed because of nitrification in the aeration basin, the facultative organisms will break
~down the nitrates and release nitrogen gas, with resultant buoying of the solids A high
degree of thickening should not be attempted, to move the solids rapidly thrbugh the clari-.
- fier. The solids that settle to the basin bottom should not be allowed to remain there for _
more than 30 m1nutes ' o

To insure proper handling of the activated solids in- the clanﬁer a rapid sludge removal_ _
system is. recommended for use "with the scraper mechamsn} by placrng several suction '
-drawoff -pipes along the scraper arms, so that the settled solids can be drawn off over the

include. independent flow controls for each drawoff and v1s1ble outflows. An alternative to
suction drawoff pipes is placement of a radial channel from the sludge well, into which the
sludge is scr;aped on each rotation and then removed to the sludge well by a screw conVey6r

3 in the bottom of the channel. Waste sludge issusually drawn from the central sump, to which

any heavy grit or sand- that may have entered, the basin is moved. by the scrapers (or screw‘

The velocity of any part of the collecting device through the water, 'particularly near the

_sludge blanket, must be restrlcted suffieiently, to prevent interference with solids agglomera-:

tion and settling. The excess activated sludge to-be wasted W}ll not normally be thiqjse ed in'

the final clarifier to the degree required for futther process1ng Sludge will leave the’ clamt‘ier -
- with about 0.5- to 2.0-percent dry solids, depending on-the concentration of the aeration

basm SOlldS and whether the wastewater treated in the act1vated'tsludge process has received
primary. settling The volume will be about 1 to 2 percent -ofiraw wastewater flow. Wﬁstev
actlvated sludge may be further thlckened to about 4— to 5-percent sohds (see chapter 14) _

' 1f desired . ' i

po .‘.;

a

An act’ivated sludge can have poor settling charag ristics, because of 1) poor bfd‘ﬂoccula-

tion, 2) excessive bound Water, 3) small gas bub le entra1nment in the fld’c 4) gr0wth of
* types of bacteria or fungi (ﬁlamentous organismis) that- have a large sL}Fce area compared to

their mass, or 5) eXCessive amounts of hexane soluble 01ls and greases:

186
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7.6.2 'Poor,Bf@'dée‘ulz@h- B

i B4

Too low or too high an F/My, ratio to'xicants in the wastewater, a- lack of essential nutrients,
-Or some unknoWn reason may cause carryover of solids in the effluent The flocculation of

the ‘'solids from the aeration basin can sometimes be aided; by
culator ahead oj or integral with, the clarifier. If industt

sjow—speed mechanical floc-
v.WaStes aré present in varymg_

: amounts m domestic wastewater such mechamcal flocculatlon equlpment has sometimes

S been used to counteract any effects of poor bloflocculatlon The addltlon of a coagulant -

such as alum may be very, elpful

'_7_.6.3 Bound Wat r S . T | ;
Bound water occurs 1f the bacter1al cells composing the floc swell, because of‘addltlon of__
water untll their dens1ty approaches that of. the water (2) (3 l) ‘

) 6.4 Gas Bubble Entramment A ' B

N
1

Poor settlmg is frequently sa1d to, be caused by overaeratlon ” Usually, thrs term indicates

< condltlons of high dissolved oxygen in the aeration basin. Bacterlologlsts have shown that
__values of DO above .2 mg/l have no effect on-the bacterial metabolism. For values of liquid -

DO above about 2 mgfl, the limit to bacter1al growth is the transfer of food to the cell sur-
" faces or the inherent maximum growth rate ‘of the organism. Therefore h1gh DO is neither
deletenous nor beneﬁc1al However, other conditions assoclated with obtammg a h1gh DO
-may cause poor settlmg The excessive agrtatlon accompanymg high aeration may degrade
bloflocculatlon it may also cause fine bubbles of air (most llkely nitrogen, with which the

‘_,,-" liquid is saturated) to a&herlggl to the floc, keepmg it from separatmg out, fhus retardmg the

settlmg rate or éven cau&g
RE

\]

765 Bulkmg ' g

“Sludge bulkmg is general used to describe MLSS that settle very poOrly in the ﬁnal clar1- _
. fier. However it should @nly be used Jt% descrlbe aeration basin solids that'are llght and
volummous and that, under a m1croscope show a heavy growth of. ﬁlamentous organisms -

(elther bacteria or fungr) The termshould not be used to describe SOllClS that do not settl;,,.
well because of poor bloflocculatlon Although ﬁlamentous organisms are always present
7 the heterogeneous populatlon of organisms- in the actlvated sludge, they are not a dominant
spgcies unless she - -environment is partlcularly favorable to thé'lr growth or unfavorable to
nonnal sphencal orgamsms ' : !

.4 5@ .

l%r small plants the SVI i is.a good guide for the operator s use in determmmg the rate of
;gslrddge return required, and- ‘When sludge must be wasted to lower the MLSS. After 1dent!fy-‘
mg aybull(mg condition w1th the SVI test, a m1croscop1c exammapon of the mixed liquor.

otatlon ' - . _ T

-

) can B¢ made, to- 1dent1fy the orgamsms (if they are the cause of the’ bulkmg) Bulking. will

often.be. caused by fllamentous organisms. Fllamentous bacteria found inctude Sphaerotzlus

'.’ nz{ztad'.s‘; Bacillus cereus var. mycozdes Thiothrix supp and Beggtatoa supp. (32) Occas1onally, :




L o TMEM. - [w'

' ; atME :

ou FOR SOLVINGABULK@JG PROBLEM (32) T

1. v'ldentlfy bulkmg s dtstmct from madequate de51_ l‘poor ope fition, deﬂocculated sludge
* foam-forming sludge, rising sludge, septtc slul}ga, etc Y
_ l , 't n;‘, C
Charactensucs of bulkmg Studge settles and leaves a clear supematant but §V1 s lugh |
- (>150 mlfgm); low solids concentrattonmretum sludge and lugh sludge blanketm -
-+ final'settling tank. ~ . - O , | ‘ '_
(dentify if filimentous of nonfilamentous -,-f-‘-bNouﬁlamentous bulking = Chlorinate retum sludge at 5 to 10 mg/l.
- bulking by microscopic exammatlon_of . Ve : . .
mixed liquor and return sludge A S
. ‘
'Fllamentousbulkmg o -
3. Determine if ﬁlamentous orgarusms are, . —Fungal buligg - + +~==-Look foPindustrial waste problem.
' 'bactenaorfungtl | o e o " -
Bacterial filamentous bulkmg 1dentlfy " o L
-orgamsm if possible. ~ L _ IR

S8

4. Look for soutce of massive inoculum of: -—*Masswe moculum of ﬁlamentous -—-bUse bactencnde to ellmmate moctllum
filamentous bacteria in wastewateror - bactena R S oo
processretumflows v o t - S S [

" Filamentous bactena growmgmacttvated SR S D ‘
sludge. S S e '
5. Establish theoryof treatment: = —>Unsuccessful ' - = o
Kill sludge and start qver. - RS ot
'b Use bactericide on returnsludge. -~ I R oo
~'¢. -Use flocculant or Weighing agent T
10 decredse SVl Ct SR -
l‘ ‘ : v ‘Tl ‘ Co,
6. Establish objectives, minimum, n e and L e e
coutrolprocedureslorcourseol treatment ' | o | . 2
| R o oA - ' B S
7. Carry out course of treatment and collect o S : Pk
data forevaluat1onof freatment, BT - L
8. Evaluate treatmer‘tt,resdlts. o —Buecessful ~—¢ Continue as needed.
~— Unsuccessful ~ =~ ' o ‘ E a ' -
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ﬁlamentous fungr specres such as Geotrzchum Candzda ‘and Trzchoderma have been iso- .
lated from bulking sludge (32): Other factors sthat smay cause poor settling include poor

: clanﬁer design; poor operaton and m1crob1al problems such as deflocculdtion; septic sludge;

 rising sludge®! floating® ‘sladge; plnpomt floc and toam formrng sludge. An organlzed trial-
and- -€rfor approach to solvmg bulklng problems is presented in reference (32) and shown in

* Table 7-4 The rate of sludge return should be speclf"cally determ1ned by the concentratron
‘of VSSi m the recycled sludge-—not by the SVI. The rates 6f sludge return requrred to main-

* tain an MLSS at 2,000 mg/1 for vatious;SVI values are shown in Table.7-5 (32) However'v_
for the operatlon of a specific plant, if one or more specific values of MLSS adre des1retl the _
engrneer should develop a table slmllar to Table 75" durrng plant startup for- operator use,
because the SVl must be correlated with- the correct MLSS A I

T TABLE75 L
 RETURN SLUDGE RATE REQUI RED TO MAINTAIN MLSS AT 2 000 mg/l
-~y . FORVARIOUS svr VALUES (32) R
S ’ Retu'r\n Sludge . Requrred Return O
cLosvilo 0 solids” L .+ " Sludge Rate” .~ _
: . L Comg/ll - e %of'lnfluentRate'-
oL 500 TTTT20000  w oLl e
10010000 25077
200 05000 . 667 o
©oo2500 40000 - T 100"
; 400 v 250 0 . 400 L e
500. . 2000 T Infinite ... .~
lsvr—(ml settled sludgeXlOOO)/(mg/l SS) o

_ Detarled 1nformatlon on determlnmg the cause of bulklng and the ,use of chemrcals to con- '
trol it is grven in reference (32). AETEER \ ‘

L . ) '..\'~"‘: v A

' Although h1gh carbohydrate wastes are frequently thought to cause ﬁlamentous growths
this cause-effect relation is not quite valid, because many activated sludge plants treat in-- .
“dustrial wastes having sugars, alcohols, and other carbohydrates The' 1mport§nt crrterlon is .~

.

the carbon (or BOD) to n1trogen (or pholsphorus) ratro because a h1gh rafe is detnmenta}
'to the growth

_ organlsms that are not frlam’tous : i\

- »

. . .‘ . \ .
Wastewater tl at “has relatrvely h1gh sulﬁdes wlll cause e owTh>of a special -filamentous . .
type of sulfurabacterla If this process occurs,: only chlon tro’n the recycled sludge will °
beeffectlve “ A A . ‘ '
Fungus organrsms are generally fllamentous a pH below. about 6 favors the1r growth This .
conditidn can occur if h1gh BOD. load1ngs produce large amounts of carbon drox1de whrch

may not be effectlvely removed by aeratlon

-}
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- 766 Hexane Solubles

- - . : [ : ST

Because of the relatrvely large surface to-volume r’atlo of” fllamentous types, compared to

- more compact organrsms fllamentous types have an advantage if the DO level is very low ‘
(below 0.5 mg/l) or the concentratlon of essential nutrients is low. These organlsms are,”

. however, aerobic and are destroyed by completely anaerobrc condrtrons In fact sorne plant
_operators have found thatthe growth of these organisms can be control!ed 1f the sludge is

: subjected to several - hours of anaerblc condltrons for example a long detentron tlme in a
frnal clarifier. “They gan also- be controlled by -continuously add1ng a tox1cant such .as -
chlonne or hydrogen peroxrde to the recycled sludge for.about 24 hr. The chlorrne dosage -
should be between 10 and 20 mg/l or about 0.2 to 1. 0 lb of chlor1ne per 100 Ib of return;
sludge SS (2). Because doses of chlorine above 20 mg/l miy cause deﬂocculatrop, the dosage: '

-should be determined in the laboratory Although chlorine is apparently effectrve agarnst

. Sphaerotilus, Thiothrix, and Beggiatoa, it is not effectrvel' agarnst Baczllus cereus The: =
.. hydrogen peroxide dosage sho‘uld be about 200 mg/l based on plant 1nﬂuent ﬂow ). The :

large. surface to-volume ratio of these orgamsms makes them more susceptrble to such. toxl’?
. cants than more compact organrsms - . ol f\é _

‘ é: PO ,» ) N Co ‘ . Sa

G Rarsrng the pH to over 8.0- w1th llme to control bulklng' has"a mult1ple effect scausmg
' welghtlng of ~ the ﬂoc actlng somewhat as a bacter1c1de and causrng some addrtronal ﬂoc- '
5 culatlon L o "

) S
. - ‘ . . ".. o
. . v .o T R Ky
S e - 4

' 1Commun1t1es WJth a large: number of restaurants and filling stations— such as those in lesort ‘

’

or tourist areas—may have abnorrnallsl hlgh concentratlons of greases and oils i in their waste- #

waters. To prevent interference with sludge settlrng (by lowering the densrty) grease and-oil ;

in the. conventional act1vated sludge derator tank ‘influent ‘hould be less than 75‘ mg/l and’

preferably less than 50 mg/l The hexane solubles load1ng should be less than-about 0. 15
lb/day/lb MLSS (33) . “

.0

nd o - S ,
) . . . . . . i . .i ‘a ' ‘. ‘ - . .
7.7 ;\eration .System D_esign-;" G B R e BRI
. 'w.:v’ ,.v . .,‘ 4 '@\ ’ » ’.N ,'...v
7.7.1 _;.-General D'esign Con.siderationsn:~ | R e
. . . ’.' 4. - . v § u

'After the oxygen requrrements ﬁave been calculated for an actlvated sludge systyn (or any

other’ process requiring aeratlon), thf. type and capac1ty of the aeratjon system can:be deter~

* mined,and the cost evaluatlon made The three general typés of aeration system use for

the act1va;ed sludge process and ther un1t processes requm% oxygen 1nput areﬁ > a‘f“ - ;
T lefused air. - ,--b' S "";_:._,~ A ., S
©afingbubble © T o o Ty

b. coarse bubble

2 Submerged turbine with compressed air spargers ST

~ 3. Surface- type mechamcal entrarnment aerators S

i , o » : L . S s " \-:.4;.

“ ot U

A 4 o 1G IR |

e 728 . T
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The ﬁrst two systems requlre air compressed to a press
“static head above the’ a mletsﬂ?ﬂ’ﬁers m,the aeratlon basm, ‘plus’thé head losses in-
1) the diffiisers or spargers’and 2) the p1pmg ﬂttlngs, and t}ie plpmg, ﬁttmgs, and valves be-

tween the compressor and the ae.l‘ﬁtlon bésnn The- agltator-Sparger system has an operatlonal >

advantage over the d1ffused air unit, because }although air may be r(dulced dunng low ﬂows o

_ the necessary m1x1ng may be contlnued by th'e actlo\nof the turbine: The third type of aera—_

tion. system uses agitators located near: the lquld surface w@ch entrain -air. and pump lar,ge

' 'quantltles of liguid through the aeratlon -zone surrounding the surface ag1tator Tmobtam .

: ",'-'Manual ofPractzce 5 (34)

detailed. 1nformat10n ‘on the use and mstdllatlon of vanous aeratlon systems see. WPCF"

T
‘. r

o _varlous aeratlon systems from an energy requ1re;nent standpomt ‘the method of rating such
systems'.on the’ basrs of - o:?ygen 1np 1t per umt time, per un1t of apphed power (lb/hr/kW)\

shouldbeused o ! SR

w . . . . ‘.
.
)

§ The pnn01pal parameters that cont.rol the Trate of oxvgen d1ssolut10n 1nto wastewater for any y

o ,aeratlon system are T) hquld temperature 2) part1al pressure of Jthe oxygen charactenstlcs
of . wastewater, COmpared to clean water; and 3) dlssolved oxygen to.be maintained in the -

/1!« . :- P E Nll C l - C L] '> ‘ P - . . :.
O T e’ et (L T”‘)(l 024)T 20 T s
| where 3 ,, R TR R S R l.' 4
: ) .'1 o . ,‘ . o ' : 3 PR ] "‘ K '
E= actual_oxygen ab,solptlo'n efﬁciency o 5 ”, F ?_
,i' '.-f.j‘ S IR -\-" » S A 4
. E = oxygen absorptlon efﬁcrency undqr stanqard condr ns". , o T,
z,\,l v o, é . e l : -‘."".‘ U ’
. .N = rate of oxygen 1nput‘1nto wastewater under actual cond1t:ons lb/hr/kW o
) . IR ..1:\. ?;~-: W . , r
W N§ = rate of oxygen 1nput under standard con 1txons lb/hr[kW .o_,_"- .

A

. . . 1,.,
oo . KA _»'

Aeratlorﬁsystems are rated far standard cond1tlons def1ned as 1) qlean water at-a: temper-

-~ ature oft20° C. (68 F), 2) mean sea leve] atmosphenc Bressure (10. 13 ‘kPa), and 3) zero dis-

solved S#ygen in the aerated hqu1d Knowmg the ‘efficiency or . oxygen mput rate for

'stangrd cond1t10ns ﬁermlts calcuI’atlon for actual condltlons usmg the followmg

’sufﬁelent to overcome the hydro-

'To select the proper capacrty tor any aeratlon system for the actual condmons at a treat-: e

ment- plant it is necessary to cons1del' the rat1ng of the aeratlon system To corppare all the

C e
N

-liquid under des1gn conditions. The fi rst two parameters are taken into account by thesatu- - .
o ratlon level for oxygen.for condltlonslat the tréatment plant and by temperature correctlon "
The effect of the wastewater charactenstlcs must be est1mated from pubhshed 1nformat10n
or measured in the ]aboratory -_‘-“ : S g

AL S
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. Cae
v

e C sw oxygen saturatron concentratron for clean water under actual condltrons W/l
(Csw values are grven on Frgure 7- 9) R o -

Ty

CL des1red oxygen concentratxon mg/l R o ; L S

P L ' '
g= the ratro of satur on V ues of Wastewater to’ clean water at wastewater tempgr-v

RPN atux’e and actua‘l atmosp erc pressure (approxrmately 0.95. for dOmestxc Waste-
Lo ey 4," water - o : ) _

h .

LT X

' o= relatrve air- water mterface d1ffusron rate about 0 90 for mechamcal aerators and
.. ,about 0. 40 for’ porous -diffusers, for normal domestlc wastewater as compared to
LA clean ‘water; varies pnmarrly thh the effects of ';:hangmg eoncentratlonsﬁtof sur-»,_‘
R aceact1ve agents TR "’e,_ f_ SR :

R

compared to clean water depends on the varrous solub‘le and suspended substances in, the'_
wastewater and the method of - aeratron Soluble surface act1ve agents such as detergents o
can haveasrgmﬁcanteffect IR ST T SR

The relat1ve ab111ty to d1ffuse oxygen through a1r-water mterfaces is measured by the factor
Ta. Although for most wastewaters thrs is less: thaﬁ(unrty, for sor{re wastewaters and aeratxon‘?'_"

methods it can be. greater than unity. For raw dome‘trc waste 7y

‘ th1s factor varies from
..0.35 to 1.50, dependmg on the aeratron ‘method (36) (37)

e vklue-fo.iise m’actrvatedf

sludge aeration basms equrpped w:th mechanrcal aerators is-0. 9 Fo \ d1ffused air systems, k3
__rﬁc sys ¥ (,lt 1s usually about
——20 measures the

' the value is. much less and must. be determrned for tie sp
0 40 for’ porous dlffusers) The number 1 024 raised to’ the: powe
relatrve effect of hqurd temperature on the moIecular drffu'

B sludge aeratron basms 1t 1s usually 2 mg/l o s

& .

In” the above relatron for relatxve oxygen mput 1€ hqurd temperature affects the o:(ygen "

- input rate or efﬁcrency in two ways that almost ncel each other Thus the vales. of E/E ' _— _
, or:N/N,,, for liquid- temperatures of 10° C(50° F) and 30°»(Z(86} F) are only. drfferent by SR

A

about 5 percent—the lower value being at-the hrgher tempe
perature itself does not fave a great mfluence on the oxyge!

crency SR e . ';_-;’f s UETERT
1. 7 Drffused Arr Systems sl e e 5, ,,~'1"2' i: e
& o e ; : . e e

ek . i 'l'

Drffusers commonly used in actlvated sludge systems 1nclude l) pogus plates la1d i the. ;

A

,"‘

& abasm bottom, 2)’ porous- ceramic domes or. tubes connected to a.p e:header. and latera] !
o ". system 3) tubes covered with synthetrc fabnf: or wound frlaments, and 4) specral’ly d,esrgned

_ ; spargers wrth multlple openrngs Because cloggmg of porous dlfquers by precrpatatron of
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- sohdd exterior, by orgamc growths and by dirt carrred in with the compressed air has
/ een d p/ro’olem ‘regular cleamng 1s\necessary—although the time interval depenﬂs on the
' compositron of the wastewater and the size’ of the openmgs in the diffusers. -

' 'The mixm'g equipment for aeration or oxygen dissolution must be sized to keep the solids
" in uniform suspension at all times. Depending on basin shape and depth, 4/000 mg/l of
MLSS.require about 0.75 to 1. O hp/1,000 ft3 (0.02t0 0.03 kW/m3) of basin volume to pre-
vent settlmg, if mec‘lamcal aerators are employed; 30. cfm of air per-1,000 ft3.(1.8 stﬂ m3/

h- m3) are needed, if a diffused air system is used. Usually, the power requ1red to supply the - ..

- oxygen Wlll equal or exceed these values, particularly if oxygen is to bé supplied for nltnﬁ-{.
" cation. Values of . MLSS hrgher than 4,000.mg/1 would require hlgher power inputs for m/rx-
-ing. Power values will also vary wrth the type of solids produced from drfferent wastewaters '

' Oxygen ab'soer ion efficiency varies from 4 to 12 percent under standard pondrtrons (E )
for diffusers and spargers in domestic wastewater activated sludge aeration basins. The varia-
tion depends ‘on\opening (bubble) size and the general design’ and arrangement in the basrn

.(38). The higher efficiency is obtained with diffusers producrngaﬁner/bubbles If the value of

. is 8 percent, the actual efﬁcrency, E, for sea level c°ond1tlons if maintaining 2 mg/l of '
d1ssolved oxygen in the aeratron basin and treat1ng domestrc wa( tewater, will be about 5 pers,
cent . . v/

4

0040 L
Qe

where e
Q —a1r requlred scfm\ i} SE | " '

OR = oxygen regurred lb/s y.

'_culated from

4 / .
AR o : P7 .

S
i

."‘.‘V.h'el'e & ’ -
| P = po\yerrequired to‘c_ompress -air; kW
.' Q ;airre:llufired', scfm'v",\ -.: ._ . B o . e ‘
e= compressor efﬁcrency, usually 0. 60 to 0. 85 .

.p= compressor dutlet pressure lb/sq in.



e 9 N . - . o L . e [ .
‘The followmg relatxon can be used to calculate the pounds of oxygen that can be d1$ lved 3-" ;

.'per hour per horsepower u‘l\put toa compressor o : M b
! -’-.‘...," T A 4

| S +147 0283 - T
where‘l'_- , .. L | : - " " ,!":‘.
N = oxygen that can bedissolved,-.lb'/hr/lcw.-:' "_," - ._"‘_'..,. " ,‘ ;"l o B , |
R E.T—‘xoxygen absorption ef_ﬁciency (as arat_io)'uff&?%:/'éctual;:coirldithns: o K /,f_ : ‘
'_ = cor"\npressor%ﬁciency{(as aratio) - ~ ’ , | Y / : .,1 :
pé.compressor outlet-preSSure;'lb/Sq in.'. ., . ‘ ' i:.’-v 3‘ "/ i
. 3

For example, usmg E= 0 05, e= 0 70, and the compressor outlet pressure as 7 ) ps1 the
vall7ofN would be 1.74 lb/hr/kW (0.79 kg/kW h). _" L S /*/ _ _
. ! 4 Lo
- The oxygen absorptlon efﬁclency of d1ffusers of all types is s1gmﬁcantly affe)ctedfb}/ sur- -, \' 3
. '/ ace-active agents ‘(such- as detergents) in wastewater. Long bubble retention; tlmes in' the \
o / liquid allow the surface-active agent to accumulate in the bubble-water interface and present ' ‘
/.a barrier to rapid transfer of oxygen from the bubble to the liquid. It has been shown that a ‘
Jtypical . domestlc wastewater detergent concentration can.cause a reduction in oxygen ,
absorption efﬁclency of 40 to 60 percent of that obtamed in clean water for porous d1f- o
- fusers (31)(39) (40). Oxygen transfer efﬁclencles of various aeration systems are shown in !
oos Table 7-6. Because manufacturers rate the oxygen absorptlon efﬁc1ency of theu“ equipment -
us1ng ‘clean water, it 1571mportant to account for the poss1ble effects on oxygen absorptlon

ﬁuh,.{),
. of surface-act1ve agentsmdes1gn calculatlons s _ . ey

o -f.._', ’ R
'- Oxygen transfer efﬁclency in wastewater using mechamcal aerators is mgher than in clean C
" “‘water. The turbulence and rapid restricturing of. interface surtaces apparently pre\/ent any

- accumulat1on of surface-act1ve agents in the air-liquid 1nterfaces , S b

N
. M
T ' —

"The oxygen absorptlon efﬁ.clency or oxygen input rate per unit power for any aerat10n
system or dev1ce must be corrected for the actual conditions that-will occur at the treatment
- plant. Any test data_used for aerator evaluation must be carefully checked to 1nsure that °

" .the tests actually s1mulated installation cond1t10ns and were not made under completely dif- .
- ferent hydrauhc and geometnc cond1t10ns :

TR

773 Submerged Turbme Aerat1on Systems .
Smce 1950 the submerged turbme (used widely in the chemxcal process mdustry) has comé
into .use for act1vated sludge aeration (41). It has beeii used prxmarlly in-industrial waste

" activated sludge treatment plants and is cons1dered the desrred aeration system for very deep e

. basins, for activated sludges having high oxygen uptake rates and for h1gh concentrat1ons of
. MLSS asin aerob1c d1gesters : . ! g

-»{e' . 733 195
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"TABLE 7-6 .' N

& OXYGEN TR _ SFER CAPABILITIES OF VARIOUS AERATION SYSTEMS (2)
\ o Standard - Effectrve
e \ .- Transfer | " Tsansfer
. Typeof Aeration Systém . Rate! .~ - = Rate?
T Voo %, 1b Og/hp-hr b Oy/hphr
Diffused Air, Fine Bubble / - 25 s
Diffused. Air, Coarse Bubblg * / 15 0 L 09
- . Mechanigal Surface Aeration, - o P ‘
' Vertical Shaft © - "/ 7 32 . . 1.8 L
A Agrtator Sparger System N\ 5’,"-' . 2.1 ) 1.2 - Feo
‘, ) \ L S . ¢ . . . n
L lTransfer rate at standard condltrons, le , tap water, “20° C, 760-mm baro- R
~.metric pressure, and initial l}iQ—Omg/l -
" 2Transfer rate at following specific field conditions:
, «=0.85 ! '
Ciop=09 - )
T"15°C(r82° F) o . ‘ ST -
' Alfitude’ =500 ft (152m) [ | A N
- yOperating DO '2'mg/1 for ai aeratlon 6mg]l for oxygenatron . Y

v .
" The system cmmal-ﬂow turbine located below the mrd-depth of the basin. Com--
‘pressed air is supplied to the turbme th: ough a sparger (see Frgure 7- lO) The total power re-
- quired for this system is equal to. the um of the air compressor power and, that needed to.
drive the turbine. The oxygen absorp ion effic1ency depends on the relative atr loadmg of
 the turbme and its penpheral veloc1ty : : - :

'-;Stud1es have shown that, for opt1 um power consumptlon, the power should ‘be about T
" equally divided between that for the air compressor and that: for the turbine (41). Under -
standard cond1trons the oxygen a 'sorptron efficiency for minimum power will be in the
_range of 15 to 25 percent —20 .pergent is-a reasonable value. Thus for most conditions, the :

" required air volume will be less than one-half that for an air drffusron system. The com-. - I

f-pressor pressure will be less, because the turbine is usually located several feet above the -
basm bottom and the air’ sparger as msrgmﬁcant head loss: A convenient and relatively eco-

' nomrcal method- for upgradmg verloaded activated- sludge plants is afforded, because by
.installing turbmes in the exrstmg aeration basms the oxygen mput can be doubled (42)

) 'The penpheral speed of the tur 'mes for least total power consumptlon is 10 to 15 ft/sec

(3 to 4.5 m/s). For standard -c ndrtrons the oxygen input averages 3.4 to'4.0 Ib/hp-hr (2.0
to 2.4 kg/kWh). Generally, the power usage for a glven oxygen 1nput wrll be 30 to 40 per-
“cent less than for a1r d1ffus1on ystems (43) ) / . . .

734/ T s
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4

- ‘aerators molnted on the same vertical shaft

"‘r. .

‘_ ST 7.7-.5- M_i)}.lpg.'Requirements S 3 SN

' umts entram atmospher1c air- producmg 3 reglo of mtense turbulence .at-the. surface]

-

774 '_“Surface-TypeAe:rators, S,
. .'.‘\ . v AT )
The most recent 1mprovement in- aerat1on equi

surﬁace entrainment aerator. (A genéral des1gn is

: ent for activated sludge systems is in th
own in Frgure 7-11). These turbme-typek

alr and ag1tat1ng and mixing the basin contents. These aerators are. the most efﬁment from a
. ‘power consumption standpomt because they will' prov1de 2 8 to 3. 5 lb/hp hr (l 7 to 2
kg/kWh) of oxygen under standard cond1t1ons Yy B

|

'l ]

.To attain optlmum flexrbrllty of oxyge 1nput the sunface aerator can hé combmed w1th

.Ihe submerged turb1ne aerator. Several manufacturers supply such equipment, - with b“othﬁ
¢h-an arrangement mlght be. ad\lantageous,rlf _

space lumtatlons reqture the use of deep aer ion bas1ns

o e
’

[

.In add1t10n to supply1ng the necessary Qxygen any aeration or oxygenatron system must

-vvv

<

y prowde the _necessary mixing and agltatlon of the aeratlon basm contents "This m1x1ng re- .

 quirement ‘is usually expressed as the pQwer needed per unit :basin volume. For dlffuser'
- systems, this power reqmrement can be converted to an air requirement; which will amount )

‘.,to about 20 to 30 scfm’of alr per hour. per 1 000 ft3°(1 2 to 1.8 std m3/h- m3) ofj basin

' Another type of surface aerator 1s the Kessener “brush which.is c0mmonly used in ox1da-- ,

X jtron d1tch\ systems. This aerator has a horizontal shaft spannmé« the’ basin, ‘to which are -
‘attached radial prongs w1th some transverse fnembers that impart, when rotat1ng, intense. -

. "agitation of the lquid at the surface and -also induce a: flow m the d1tch of about I ft/sec

C "volume For agration basins preceded by pnmary settling of domestlc wastewater, the power

needed, if ising surface turb1nes whose peripheral veloclty {515 to 20 ft/s (4.5 to 6. m/s) is |

about 1/2 to 2/3 hp/1,000 ft3 (0 013 to 0.018. kW/m3) ‘Without prlmary settlmg, the
pOWer needed to prevent setthng out of wastewater solids is 3/4 to. 1 hp/ L ,000 '£t3 (0.020 to
0. 026 kW/m3) For submerged turbines, as descnbed in section 7.6.3, the turbine power‘

a should be about half the above ﬁgures to 1nsure proper mixing. Power 1nput is not a suffi- )
- cient criterion for keepmg solids in suspens10n manufacturers of such e'qurpment should"-_ :
- guarantee that their un1ts will keep the: MLSS at-all p01nts w1th1n plus or minus 10 percent :

of the average.

o .
'.-‘ ¢

(0.3 m/s) which keeps the act1vatéd sludge solids in suspenslon .

-

7.8] Nltnﬁcatron o | - '. '

t 0 .

N1tr1ﬁcat10n (blologxcal ox1dat10n of ammoma to mtrates) is accomplished by a spec1al R

group of aerobic organisms called nltnﬁers In the presence of oxygen, an inorganic,source.

of carbon (carbon’ dioxide, carbonates, and b1carbonates), and ammon1a the bactema,,,
Nitrosomonas w1ll catalyze 1norgan1c chem1cal react10ns, producing mtrates In turn, a -

..

.s_econd species of bacteria Nztrobacter produces nitrates from the nitrites. These autotrophic -

»
°

‘198



n1tr1ﬁers have a lower. rate of populatlon growth than the heterotrophrc a‘erohes,
' oxrdlte carbonaceou$ miaterial—ab ut 1:to2 percent of the E coli growth rate (12). The - -
R A ,mtrpﬁers are also’ temperature
’ gamc toxicants. .- .

l .

jmaintain a healthy populatron of mtrlﬁers

. "'sludge or nitrifying unit efﬂuent contammg a'sufficient cancen

ald

%

A SR )

>;o.m'-=.e:'

e "”'f.. FIGURE711 IR

S . .
O : - ‘ ~

: MECHANICALSURFACE AER;\TOR .

N

whrch

pH sensrtlve w1th httle res1stanCe to orgamc'and mqr-

s o e

o . . ."‘_ . s ;
Pow A . Lo : . s,
HE P . . . . . ’
l. c 5 . . ../

An env1ronment th will rnamtalma stable heaIthy populatlon ‘of pltnﬁers will sattlsfac-

LI

tonPy reduce ammoma content for’ effluents»re(;urnng low ammoma This env1ronment cary -,

T be accomphshed ini -activated sludge unrts and in- tncklmg filters and Totatin blologrcal con- g
- tactors. Aerated facultatlve ponds with' adequ;rt’ qec1rculat10n and retentlon tu’ne can. alsj

¢|‘

LIy

\ .

<" ’ .. : T ot
i~

in the. mtnﬁcatlon unit for a relatlvely long period. This req?rement mems recuculation of

P . -

v mfluent of the mtrlfyrng unit.o Ty e

. " ?

t

. The optlmum growth rate of mmﬁers woceurs at a. temperature ‘of about 30°C. and apH of

T

~

about 7.2 to 8.5, although- some stud1es 1nd1cate that nltrrfiers may become acclimated. to a
lower pH- and reproduce at near the maximum rate (12) In-activatéd sludge mtnﬁcatron

the F/M is about 0.05 t0 0.15 day~ 1. The SRT should be greater (bya safety factor of about' L.

1.8 to Z.0¥ than the reciprocal of the Nitrosomonas’. growth rate cbnstant to allow .for the

upsets to nitrifier growth w,hrch can occur from shock loadmg in the wastewater\ influent
(44) Figure 7-12 l}ldrcates the effluent ammonia-nitrogen, concentratjon to be ex-pectedeor .
. s1ngle-stage, completely m1xed nitrifier: reactors for, vanous o

values.

W

" : : ,'F“; . /7-37189._, g " : ‘ .

,‘,_Because of therr slow reproductlon rate the nrtnﬁers must bé retamed 1n adequate numbers -

tration of- the n1tr1fiers to- the -
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‘The growth rate of Nitrosomonas is desciibed by the equation (13): " °. |
i‘ I‘max km ¥ NH:,,
.";where’ SR e _ S .
2 o o . :
oo " u growth rate othtrosomonas day o o
. . (‘ " - . N "" . . ‘ _—
l‘niax maxrmum growth rate, day 1 N |
T "~ NHg4 ="concentrat1onof—ammonia-, mg/l -
STl e o o : . .-_-. ' L
kp = concentratron of ammonia, when'u = 0 5 p,m ax> mg/l o ‘ -
For Nztrosomonas at 20 C ; A
P , .

;_x,m=o.3’3day-l._‘\ R R \%

kp = 1.0 mg/l of ammoni.a-nitro_gen o

. _'FOletrobacter at 20° C, . o o ;b . . E ‘ .
umax'—omday Voo ‘ o B
e | ‘A typrcal vanatron of nrtnﬁcatron w1th temperature is shown in Frgure 7-13-(44). | " |
. Ammoma-nrtrogen concentratron‘s of less than 60 mg/l do not usually thbrt mtnﬁcatron'.- '

o Theoretlcally, alkahmty is destr‘oyed by n1tr1ﬁcatron at the rate of 7 2 Ib for each pound off- E
; - ammonia-nitrogen oxrdlzed to nitrate (44). If the influent alkahmty is not sufficient to leave
" ¥ aresidual alkahmty of 30to SO mg/l after nltnﬁcatlon is completed additions of lime, soda
. ash, or causfi¢ soda may be requu'ed to hold the pH at the optimuin level for the nitrifiers.
- At pH’s below 7. %, the CO7 resulting from mtnﬁcatron will be: washed out of the hquld by
‘_ the aeration process Whlch w1ll markedly reduce the lime requlrements
A summary of th _ condrtrons advantageous to mtnﬁer growth is grven m Table 7-7.
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| TABLE 7-7 i :
SUMMARY OF CONDITIONS ADV@NT‘AGEOUS %O’R NITRIFIER GROWTH
_ S (13) (44) (45) (46) ' -
_ Charactenstrc -~ 4' ) " Design Value ‘\
o Permlssnble pH Range (95 percent of Nrtnﬁcatlon) . 1@9 o 7. 2 8 4
. . 'Permlssrble Temperatures (95 percent N1tr1ﬁcgtlon),°C ' ; 15 35 -
o Optimum Temperature °C - f o ' 30° (approximately)
| . - DO Level at.Peak Flow, mg/l . - (' o L >10 _
o MLVSS, mg/l . ' L 1200 2500
Heavy Metals Inh1b1tmg Nrtnﬁcatron ’ ' i | , | , o
| Cu - oL !~_ S <35 mgfl-
Zn o o . o <S5mg/l
Ni P A < Smgfl
, Ppb o B o <5 mg/i
T o e <5 mg)
" Toxic Orgamcs Inh1b1tmg NltrlficatIOn " 3 ?-;‘:'i S e
D _Halogen-substltuted Phenohc Compounds i S - .< Omg/l '
P Halogenated Solvents A S <O0mgl -
_ :‘, . " Phenol and Cresol o S <20 mg/l"w
\ ' Cyamdes and All Compounds From Wh10h Hydrocyamc s 4
-Acid Is Lrberated on Acidification " - o - <20mgfl
: Oxygen Requrrement (Stoichiometric, 1b 02/lb NH3 ‘N, '
- .. plus Carbonaceous Oxidation Demand) - . = - 46
: Maxrmum Clanﬁer Overflow Rate gpd/ft3 ~ R 1,000
] .
. ~ o . ' : o ©
: , B " t _--2,03‘

7-41 .



b. . ,‘: v. \. .. 3 . ). . . f\ -t . . . . R ‘ ",‘\ : . . ‘ 5 . ‘ ‘ ,
_7.8.1 Two-Stage Nltnﬁcatron e e I T '
Because condltlons for the oxrdatlon«)f carbonaceous ma;tter and n1trogenous matter are
.different, partlcuIarly durmg col weather, tivo- stage act1vated sludge may be used for small '
‘plants’if shock loadings. or abrupt changes in temperature or pH are probable In this system,
the first stage-is designed to oxidize the carbonaceous BOD5 and the second Stage is de- :
signed for. nitrification. Essentlally, thrs system is"two separate actlvated sIudge processes\ .

actmgmsenes _— N - T "“ . L . IR

'The ﬁrst stage can be desrgned‘ as a hlgh—rate completely m1xed unit,. to lessen t;h,e 1mpact of -
vanatlons in loadmg JFor normal NH4 concentratrons the BOD5 in-the first stage clalrﬁen. L
effluent should be’ about” 50 mg/ l to maintain a satrsfactory MLVSS level in the second stage' .
aerator, “because the weight of cells syntheésized from am¥gonia-nitrogen is on'ly about 10. -
percent of the werght of" the ammoma—nrtrogen "“The BOD#g to NH3-N ratio in the second' .
stage should ‘be between 2 and 4. Higher BODg values lead. to undesuably hlgh solids con-
tent for good nltnﬁpatlon lower values . result in ‘poor: ﬂocculation Sludge return sludgev
wasting, and oxygen control in the flrst stage are mdependent of those m the second stage ‘

The second-stage nltnﬁcatlon u,mt ‘can f'hen more easily be deslgned to carry an SRT match-. S
ing the ammonia-nitrogen load, to ptevent a “washout” of nitrifiers. Because the ammonia-
to be oxrdlzed is soluble and is not adsorbed by the activated floc, it is not removed in the - :_. e
clarifier and its oxidation time is the same as the actual detention fime. Because therate of - -

- ammonia oxidation is esse.ntlally linear, plug flow is desirable in the second. stage Plug flow ‘
can’ be -achieved in the second stage by dividing ‘the aeration basin into three or more com- T
partments in series, as shown in Fjgure 7-14. In two-stage systems, the first stage should be . -
completely mixed, to reduce the possibilities of shock loadings on the mtnﬁcatlon umt/ Pro- ;
visions should be made in the deslgn to ‘maintain. adequate. anmunts of” alkallnlty in the
sécond stage influent; for- example lime add?tlon to maintain=a relatlvely umform pH of

about74to76durmg nltnﬁcatlon T e
S NITRIFICATION e
o . e N t . f\ VTN
e canaomceous " INTER. \ 1 - FINAL .
— T 80D - cLariFiER[T] | | |
~ Tl removar [ \CHARIFIERTT NIRU, \CLARIFIER ‘ ;
-t K ' ' ‘ | | t . ‘: “_'H:».‘. . “ ; \
RETORN sLuoee . | | : RETURN' sLupce 3
_ Excéss - . .. Y .+ .1 EXCESS ' . i .
: SLUDGE . Y. .- .} SLUDGE - . -

 ‘FIGURE 7-14 ———————

"TWO-STAGE SYSTEM FOR NITRIFICATION .

-



Y

_ . The extra caprtal and operatrng expense of a two-stage system for a small communrty is
= seldom _]ustlﬁed other altematrves should be examrned ' ' :

7 8 ,2 Smgle-Stage Nrtnﬁcatron .

- If: nrtnﬁcatron is not requrred dunng cold weather or 1 to 3 mg/l of immoma-nrtrogen in
the "effluent i is permrsSrble single-stage nitrification may be used. Because nrtnﬁers are easrly'

" killed: by shock toxic loadmgs or aerpt changes in pH or temperature j;omple‘tely mixed - ,

~extended aeration is most commonly used for smglee‘stage nrtnﬁcatron (Frgure 7-15).

[]
. _ e i "
RETURN SLUDGE | "+ . EXCES$ -
' S e : SLUDGE

’ 2 R .
o -‘E?“f'°*";€/:f '- C'L;::_F"Lej T g
v FIGURE715 :

SING LE- STAGE NITRIFICATION SYSTEM

’ 'For consrstent smgle-stage (as i in two-stage) oxrdatlon of both carbonaceous anduutrogenousi '

' - matter, the reactor must be designed and operated under loadrng cond1trons and controls

' that will insure marntenance of an adequate populatron of. nitrifiers. The  minimum SRT’

- necessary for nittification (shown on Figure 7-12) were. developed to predict the nitrificas .

fficiency of a completely ‘mixed reactor (15). In practice, a safety factor.of 1.1 to 1. 37
mz)e used based on the probabrhty of toxrc of hydrauhc shock loadrngs ?_ S T

_. The F/M, loadmgs should avegage about 0.05 to 0 15 1b B Ds /day]lb MLVSS in'a srngle—"- )
. stage nrtnﬁcatron system and lower for nrtnﬁcaﬂon b\low %(4@ F) L

7.8. 3 Denrtnﬁcatron L
B £ the ammonla-nrtrogen is oxrdlzed to nrtrate and the DO 1s less than about 1 mg/l (prefer-. -
" ably 0.0 to 0.2 mg/l), heterotrophic bacteria can’ utilize the oxygen in the nitrates and\.__f
‘nitrites for metabolism, releasing the nitrogen to .the atmosphere as'a gas. Controlled de- ‘

3 '-mtnﬁcatron can take’ place in-1) a third-stage aerator-clanﬁer system, 2) a completely sub-.

- me rotatlng disk contactor system, or 3)a lugh-rate granular media filter. If a Suspended
. .grow system is used, the MLSS should be in the range of 2, 000 to'3, 500 mg/l (44)



N

The denrtnﬁcatron rate vanes consrderably wrth the temperature as mdrcated in Frgure 7-16

(44) Until more data on the effect of _temperature on the demtnﬁcatron of drfferent_
mtnfied wastewaters are secured, pilot studres will nomaﬁy be necessary : '

.
. \ . r . . . . -

The efﬂuents from mtnfymg units are deﬁcrent in carbonaceous matenal To supply the -

essentral carbon nutnent mgr.hyl alcohol‘ (methanol), glucose. (coan sugar) ‘or a carbona-
ceous waste such as brewery waste, is added. Each pound of nitrate requrres about 2.5 to
3.0 It of- methanol ‘or its eqmvalent to complete the reductron process. The methanol -
requrred can be estrmated from the followmg equatron R o .
lb methanol = [2 47 (lb of NO3 ‘N reduced)] + [l 53 (Ib of NO7 °N reduced)] + C
w [0 87 (lb of DO consumed)] o ‘ﬁ . :

Y

.-“' - &

The amount of methanol to be added should match the demtnﬁer needs to meet effluent- . |

,BOD and N requirements; therefore it may be necessary to equalrze the- loadmg, as a pre-

treatment process - w S R S O

LY .

Because of the possible hrgh c0ncentratrons of both mtrogen and carbon dioxide in the
'effluent of denitrification aeératars,. ‘which _create a supersaturated condition rnhrbrtrng
iSettlmg, it is recommended that - abdut 5 to 10 minutes of separate aeration be provided
before clarification, to strip .out gaseous nitrogen. After separate. aeratron, the setthng
propertres of denrtnficatron sludge are’ srmrlar to conventronal actrvated sludge.

)

7. 9 Operatron and Mamtenance '
‘The’ operatronal procedures for the actrvated sludge process prepared by the US EPA
Natronal Field Investrgatron Center. prov1de excellent mformatron (l) '

’ . . ,‘r*'

parallel so" that if one must be taken out of service, the plant can operate with one basrn for
‘a short penod (although it may be overloaded and the treatment deteriorate. somewhat)'

Small plants (below 0.1:to O 3. mgd [0.004 to 0.013 m3/s]) would .not normally have' '

v'parallel aeration “basins or dual clarification: facrhtres however, if reliably meeting effluent
requlrements is essential, two small plants should be constructed ‘in parallel. Rehabrhty
guidelines, as established by EPA, may requrre (dependrng on where the effluent is dis-
charged) spare motors and drives’ for any mechanrcal equlpment It 1s customary to. prov1de
-a standby compressor for drffused air systems. »

e

tron basm and the MLSS

. : . e \
"It; is des1rable to mamtam a mrnrmum aeration tank DO of about 1to 2 mg/l Inrtlally,
plant will normally be underloaded and the aeratron may prov1de more DO than is required. .
‘There is no benefit in carrying hrgher than 3 to 4 mg/l of DO, if the aeration rate is kept

reasonably adjusted to the oxygen’ requrrements of the. biomass in the aerator. If the DO

"_'7'44 o o

_ , : _ .
The. most rmportant control’ parameters in actrvated sludge systems are the DO in the aera-

levels are not controlled locallzed regions may become saturated with ox gen .or super— b

] L - [

-

e
. .
. \}‘ B . . . . L7 ;".' .
P

iy :

‘In actlvated sludge systems it s c@stomary to prov1de at least two aeratron basins in = -



Pl

/1B MLVSS

.o~

DENITRIFICATION RATE

.~ LBS OXIDIZED NITROGEN REMOVED / DAY

-

<

I . FIGURE 7-16
R ‘ :
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e

equal' ation of flows should be 1nvest1gated R , SR i\

Dufing the plarrt startup period, it is 1mportant to establlsh the aerator mrxed quuor charac-
'strcs that will. most relrably meet. effluent requirements. Factors characterlzrng the mixed -

1quor ‘(e.g., the 1n1t1al settling velocity, the size and relative concentratron of floc partlcles o

“the clarity of the seftled liquid, and the compactability of the settled sludge)- can be estab-

lished in a srmple settleometer test (l) Such characterrstrcs should be’ determmed for

'_vanous combinations- of MLVSS in the aerator, F/M ratios, and SRT s. when tl{e influent

wastewater has its, hrghest and lowest temperatures and its largest daily varratlons in load-
ings. To obtain optlmum effluent qualrty for plants employrng ptimary clarrﬁcatron the

'effects of each variation in effluent BOD5 and SS must be monitored. and evaluated In addi- -

tion, influent BOD5, SS, VSS, temperature, and pH must be carefuyy noted, to epable plant '

' personnel to make dcgurate Judgments regardrng operatrn%condrtrohs S . R

L

‘ An emergency actron that can be taken {if the quahty and character of the mlorobral solids

deteriorate, is addrng powdered carbon t§ the wastewater enterlng the aeration basrn and to’

‘the basin itself. Such’ short, perlodrc additions of carbon can improve the se’ttlrng of the ’-
'solrds adsorb toxrcants and reduce the soluble organ1c load the opgamsms /hrust handle,
: thus provrdrng raprd correctrve action (44) (47) - T o / . '

K Bulkrng sludge is an operatlonal problem that occurs. 1n hrgher loaded plants if care is not

- cycle rate high enough to keep the concentration of MLSS adequate and the loadmg within b_ i
* design limits. Bulking results from 1ncreased growth of fllamentous bacterla at- the expense
-of normal spherical bacteria and. w1th resultant poor settllng of-the MLSS i in the final clari-/ . =~

effect on the desrrable organrsms (48) _ " ST

taken to maintain l) sufficient dissolved oxygen in the aeration basrn and/2) a sludge re-

fier (see Sectlon 7.6). To correct this condrtron rapidly, the. ﬁlamentous orgamsms becaus
of their large surface-area-to-volume ratid, can be selectively . destroyed by large doses of .
chlorrne or hydrogen peroxrde The: latte1J is more effectrve*becaLise it has a less deleterioys:

. If solids” do not settle or settle poorly because of buoyancy causedpby denrtnﬁcatron injfthe =

‘t1ve in suppressrng such den1tr1f1catron S e oo

~(13) TR N

final clarifier, the addltlon of hydrogen peroxide to the secondary clanﬁer inflowis e fec-




. Rrovmons should be mader to bypass a mtnﬁcatxon unit, if there are excessive concentra-.
- :--txons of any substance that inhibits nitrifiers (sée Table: 7-7) If the mtnfier populatlon is .
. destroyed it usually takes several ‘weeks for recovery : o

Y

710" Example Des1gn R

o 7.10.1 - Site and WasteWater Charaeteristice‘ So@ .

-.",.‘Pnnc1pally Domestchastewater - e
~ Limited Land at Plant Site, Elev. 1ooo ft (304 m)
_Inﬂuent BODs,mg/l L e .
'.Inﬂuent SS, mg/l S S
: Inﬂuent VSS mg/l ; f o : R :
.Influent NH;-N, mg/l e

. v'lFlow, gal/cap/day

Peak-to-Average Ratlo | . - i
Average-to-Mmunum Ratlo .
4Populat10n B B < ‘ A
" Minimum WastewaterTemperature °c e
~+ Minimum AJrTemperature C L
- pHRange' . . ’ "
- :Hexane Solub,les mg/l
_ “Effluent BODs, mg/I"~
. Effluent SS, mg/l
B v7__.’1o.2l' Design. " |
Assumptxons ,V _ 7 B
'Extended Aeration System SRR : T
Two Duphcate Aerator-Clarifier Umts e UL,
_-Pretreatment (Screenmg and Grit Removal Only) - LT
F/M,, IbBODs/day/bMLVSS -~ .~ - © .- olo
 MLSS,mg!l - C el 4000
 MLVSS,mgll Lo 280
- :.BODS Loading (p 7-2) s o | "' = t"

F 8.34(QXL; - Lé)/106 . - BRI
" F=18.34(200,000)(200 — 30)/106 T Y
CF=28e T |



3 SIudgeRetentlon Tlme(p 7-16’) - o o S RS N,

. "“g.-'

: '. Minimum A erato'r L_lqu-id Te?mp"e'ratur’e )

Micro-o:ganism Massi Aerator C ' R DR .
L EMysol0 R : .
M, = 284/0:10 | -, . -

M, =2.8401b - o

[0133(20 000)(200 30)]/[(2800)(010,)]" SR '. <
\v,=-_16,150ﬁ g ST

e\

SRT—I/[a(F/Mv) bl o R PR

. (asumea= 1, landb 0.08) . Lo PR

| SRT=1/[1. l(010)—008’] ‘ S T

. SRT= 33day»s» ' ‘ R L

NetSIudgeProduction (VSS to be wasted)(p 7-16) BRI B \
Mw (M,,)[a(F/Mv)—b] e T

: —284;0[11(01)——008] ' JEPTEET

Mw = (2 840(0 03) 85 lb/day (38 5 kg)

quutd Retentlon sze Enot mcludmg recycle ﬂow)

t—V/Q (15, 960)(748)(24)/200000 T
t—l43hr R L

. ‘_".
’ . o

-“For the short penod hqurd is exposed to cold air in’ the aerat0r and clarifier, and- the many

factors that determine the amount of heat loss, it {s assumed in’ this example. that the tem-

,,,,

Co perature drop is about 5°C(41°F) under desigh cbnditions. Therefore the hquld tempera— R ‘
':»ture in.the aeratxon chamber may drop to as low as..l 0° C (50° F) :

...1.,‘4_.

' ~'Nit_r1ﬁcatlon_ -

'At 10° C (50° Fy, w1th an SRT of 33 days and a llqurd retentlon t1me of 14 3 hr it can be

_ _assumed that mtnﬁcatxon w111 be: relatxv ly complete

- Oxygen Requlrements

o

Carbonaceous Oxygen Demand (p. 7 19) .
Ogc =1a' (F/Mv)+b] My o

748



. -
. - o

RS diffused aeration would be more efﬁcrent

' Pa'werRe_quirem_ems(p'._ _7,-29) : ' _ o RN

- vFor operatroh perrpheral velocmes of about 1S5 to 20 fps (4 5 to 6 m/s), use an aer' ;
. .under standard condrtrons wrll prov1de 5. 8 lb 02/hp hr (2 0 kg 02/kWh) Under acy

AR N=N, I:ﬁ—m—l‘] @(L024T-20

"~ where -

N o :N_ 58[(095)(96) 20] (09)(1024)"

Qre = [0.550. 10)+0151(2840) T |
. 7 Opg =582 lb/day (264 kg/day) . IR TR
| * Where &' = 0.55 ' '
Whereb’v 0.15 . - - N
NrtrogenousOxygen Demand (p. 7-19) ' R
. ORN = (46x834xQxANH3yuﬁ o
OrN = (4.6)(8.34)(200, 000)(203/106 -
* ORN = 153 1b/day (70 kg/day) *
Total Oxygen Requlred ORC “"ORN '.
—582-+153 ..
=735 b/day (334 kg/day) P
' | N T e

,A'erat_.or Selez't_io_rt_ : .

~ N

e Smce freezmg is no‘t hkely to be a problem and surface aerators aré more efﬁcren ‘in the -

use of power, surface aerators will be sele&" d for this desrgn If freezmg were a pijblem; |

1 CE
: Y

*drtlons |

C

No=58 - s
=095 o T
Cow —96(ﬁmnF@umdd‘f-“ T |

' Cp = 2:0 (assumed) - R R R
Cg=92 .- T SR
Ta=09 . Lo e e
_TC:&;IIS N P . .

9.2
'--"'1‘, o . ,T"' }

77492‘ ‘



~ N=(5.8)(0.77)(0.9)(0.888) -
~ N=361b0/pshr - - . o
Power prov1ded (735)/(3 6)(24) 8 S/hp hr, or 4. S/hp hr for each aerator N

- Aerl_?ﬁOnTank- R '. _ - -..' B . _' N

Provrde two lS ft-deep 45 m) square aeratron basms mth a common wall
Area of each’ basin: ' e

A=16 150/(2)(15) S Y S
A=538 ft2 (somﬂ) B A ' |
Clariﬁers L , S ._ - e o N ~

' Prov1de two clanﬁers Wastewater with an MLSS of 4 000 mg/l and a depth of 12 ft (3 6 m)' _

at 20° C (68° F) will have an ISV of about 6 ft/hr (1.8 m/hr) and a peak overflow. rate of

"“about 1,100gpd/ft2 (44 m3/im2 d). At aliquid temperature of 10°C (50° F), the ISV might - -

~ reduce to about 5 ft/hr (l 5 m/hr) and the peak .overflow - rate to about 800 gpd/ft2 i

T (32 m3 /m2- day) The area requlred for each clarifier would then be
4

LT AfQedo - S st
A= (200000)(4)/1600' TR T
A= 500ft2_6m2) R
The dlzineter of each would be Cet e _ ‘
" p=fogym}os L ov o X v
SN »-.25 ft (7.6 m) | -

_ The solrds organic loadmg to the clgmﬁer, wrth lOO—percent recrrculatron w0uld be:
v/A 2 800(8 34)(200 000)/(2)(500)(24)(105) '
. =0.191b/ft2/hr (0. 92 kg/m2 /hr)
or well below the limit of about 1. 25
If thg solrds concentratlon in the settled solrds is 1 percent and the MLSS is. 4 000 mg/l the re-
cycle flow. would be (p 7-1 8) : -
QR QS,/(Cs - S).
QR (200' 000)(4 000)/(10 000 4 000) o . :
Qr = 133,333 gal/day (503,998 1/d§K L
. where =10, 000 (asumed) . L

~ .




_v.__Em'ergergc}-*,Opefatlan L e ( B NN
: 7-If one aerator-clanﬁer ‘unit is, out of operatron the plant could be-operated as a conven~fil o
p  tional system. The F/M ratio .could be mcreased to 0.4, wmch‘wquld still meeth and
"~ BODs- efﬂuent requiggments of’ 30 mg/l ‘each; however, the capablhty to meet-shock load-' '

mgs and mamtam the MLVSS in the smgle aerator and clanﬁer units would be reduced

. s

: -__VSS wastmg would. be mcreased to: - , S — Vs o
M,, = 2,840 [(1,1)(0.40) — 0.08] I
Mg,;.—1022lb/day(463kg/day) T el G
oo L - N
.."The SRTwouldvdropto L. . o
< . . toe " . .. o . ot -
CSRT=1/t(i1j04) —008] . - A \é

| SRT 28days e

y ~Therefore mtrogenous oxy'gendemand would n'ot.-be ex ed. - L Ol
' Bt T .

“If one clarifi er’must be removed from servrce the MLSS concentr'atron should be reduced to : .
2,000 or less and the MLVSS to about 1 400

. .
3 ‘ i ; . R ‘.

. :7".411. Case'Study I -‘ o PR
‘7 Ll l ‘Woodstock New Hampshrre OX1datronD1tches e ’

.vThe Pemrgewasset River, which flows through the town of Woodstoc‘k ha’s been classrﬁed: "
" for C use requiring that the plant. efﬂuent does not. l) cayse a reductron of the-DO- Below 5

c mg/l 2) cause a pH outsrde 6.8 to 8.5; 3) contam che ftals mumcal to fish life; 4) cause -

unreasonable sludge deposrts 5) cause. unreasonable turbrdrty, shck or bdors or 6) dis-

. charge unreasonable surfage-floating ‘solids. In addition, ‘the State of New Hampshrre ruled 6
" that-'a m1n1mum of secondary treatment was ‘necessary.. To meet EPA requrrements for
secondary treatment‘ effluents, the BODs and the SS both must e reduced to 30 mg)1 or.

* less'and the MPN of colrforms reduced correspondmgly. ' :

' To meet these requrrements a wastewater treatment plant was constructed in l97l whrch
mcluded bar screen,. commrnutor, wastewater pumps, two grit chambers two Qx1dat10n »
'drtches two clanﬁers sludge storage. tanks chlorine contact chamber, sludge pumps scum’. -

A-;;prt ‘and sludge drying bed. The conﬁguratron of this plant is shown on Flgure 7- 17 Desrgn

‘-and operatronal data are Iisted in Table 7- 8

N . 3

l O 751 ,A o | | \ .

s
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‘ ‘ _ VA
cr .. TABLE7S.
" WOODSTOCK, N.H., OXIDATION DITCHES .
.o @"ﬂ"ﬁ% [ .. .r«,;- .» | ,.; \ \ s “ Design Data | L .. _.;
: CHRE . N B 3 SRR :
Des:gnYear IR 1990 S AeratmnTank ' SR
Population To Be Served - 1,100 L FM, b B0D5/day/1b MLSS } 00§
24HrFlow .. . . B - T Slu_dge Recycle Ratio” - - 1:1
Average, mgd . 040 " Average Retention Time,hr .~ 26 .
| Maximum;mgd % 0650 .  Surface Aerators, hp 12 S
: Mlmmum mgd 5 .. 0.040 | -
S Secondary Clanﬁer '
R RawWastewater R I * ———  Maximum Overflow Rate, gpd/ft2 550
IR /) BODs,mg/l o os220 0, DepﬂlaLWeir,ft ' - 8
- 'S§;mgnt - v . o218 Retentxon-Tune atMax”
vsS,mgt N0 0 CFlow,min, . 165
_ ' o PerformanceData,Jamary 1974 to Apnl 1975 e _‘ .
- Primry  Fimal . Aeration . - sm.a Pﬂmaryl Final'
: hﬂumt ' ‘Efﬂmnt - . Tank - Vob.e " Influent “Efflueat ,
SS : _8S. 7 . MLSS BOD BOD;s - - Flow -
Rt ngT . wgl meme? gt gt e S
min/max2 min/max2 'min/max‘ . : min/mnx ST
1974 o ' DU . " ’ , ) : ' ._‘:" ' . . .v ol :
- Jan. -20/92  6/10 - 3080/3590_ 2 () DS V-7 N T 091/138
‘Feb. 10/130 , -'6/14 3330/4000 -.'.89/105 . < 96 10 ’ .088/.161
Mar., - -18/92 -~ 2/10 - 2320/5180. 83136 = 72 7 076/ 161"
. Apr. 6[3¢. 210, . '1980/4670  81/103 . 126 3 - 087175
0 May  2/60 0 214 3000/4410 . - 74/96 - - 93 ’ 9 .093/.161
. lune 828 . "2/8 . 3680/4520 - 7286 . T 093)437
o July 12218 . 6/18° 4100/4900  65/89- & B .098/.122 -
. Aug 10170 2/8 '3610/5150  81/11i" 2 9%  .078/130 - -
< Sept.”  8/72 . 4/14 . 4220/5630 81/90""\ " 126 3 .070/.133 - .
Oct.. 14/66  ~ -.6/14 ' .5030/5640 8897, 124 5 .058/.116 .
o, Nov.  58/142 ' /54 - 44307460  89/I38 "  165. . 3~ 060/093
' k _Déc. 20/108 T 614 ¢ 3400/5360 - 86/102 A 141 5 .072/.129_‘ :
Jan. . - 10/94 2/t4 . 4020/5620 = . 84/97: ".~ 201 10 . 070/.108
Feb.  '22/128: 2/16 * 3230/6190 '~ 73/106 . 132 . ..22 077/.102 -
Mar. . 14/134 . 212 " _4710/6470  72/142 94 . 7 - 066812 -
Apr.  24/100 4/14- . 3360/5740. 7 7278 - 102 T 06140 -
. lOne composite sample amonth analyzed for BOD, . ! A ‘\
. 2Minimum and maximum valuesmthe anth. T , Jw C
e ) T e
).
1 R15%, ‘
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_ West A W Operattgnal Control’ Procedures for the Acttvated Sludge Process part 1, N
- observations, and part 2, control tests: U: S EPA, Natlonal Freld Investxgatron Center,
’ Cmcmnatl (Apnl 1973) . : : '

-0

-Process Destgn Manual for Upgradzng Extstzng Wastewater Treatment Plants U S. EPA _' .
: Office of Technology Transfer (October 1974) [

Coy el

o Wastewater Engzneenng Metcalf & Eddy, Inc New York McGraw-Hill (1975)

4

Pasveer, A Developments in Actzvated Sludge Treatment in the Netherlands Proceed-'“'. '

. +ings, Conference on onlogxcal Waste Treatment Manhattan College New YQrk (Apnl

BN

11.

,12

'13

14,

15.

,(Mayl966) T

1960).. R ‘_

o
b
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